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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
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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
SPRUSON & FERGUSON
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ELECTRONIC BUILT-IN SYSTEM
Abstract

<P>PROBLEM TO BE SOLVED: To provide an electronic built-in system for instailation in a support structure mounted
in a passenger compariment of a vehicle. <P>8CLUTION: The system comprises at least oneg electronic module, a
housing {(100) for receiving the at least one electronic module, the housing (100) being mounted to the support structure
of the vehicle comprises a front control panel (110} with operating slements for operating the elecironic system, the front
control panel facing the passenger compartment, a cooling unit (370) provided in the housing which is guiding cooling
air through the housing for cooling the ai least one elecironic module, at least one first opening (140) provided in a culer
wall portion of the housing (100} for supplying cooling air {o the housing, at least one sacond opening (380) provided in
an outer wall portion of the housing for removing the cooling air from the housing, wherein the at least first and the at
teast second openings are arranged at different wall portions of the housing, the different wall portions being separated
from the passenger compariment by the support structure when the built in system is installed in the support structure.
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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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This translation is machine - generated. It cannot be guaranteed that it is intelligible,
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commercially relevant or financial decisions, should not be based on machine -
translation output.

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
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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

12-

SEC et al. v. MRI
SEC Exhibit 1022.1854
IPR2023-00221



WO 2020/081687 PCT/US2019/056542

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.
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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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- {0085], [0094), [0120]-[01286]. 34, 36-41
v 4,9-24, 28-28, 32-33, 35
Y US 2018/0053215 A1 (VENIAM, INC.) 22 February 2018; paragraphs [0050], [0237]-[0238], 4, 10, 14-15, 19-24, 29,

32-33, 35
9

11-13

16-18, 28

July 2015; see machine translation. 17-18, 33

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“D™ document cited by the applicant in the international application

“E™ earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which
is cited to establish tl c;éaublication date of another citation or other
special reason (as specified)

“O" documentreferring to anoral disclosure, use, exhibition or other means

“P  document published prior to the international filing date but Jater than

the nriarity date claimed

“T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

04 February 2020 (04.02.2020)

Date of mailing of the international search report

27 FEB 2020

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300
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Shane Thomas

Telephone No. PCT Helpdesk: 571-272-4300
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INTERNATIONAL SEARCH REPORT Tnternational application No.

PCT/US19/56542

-***-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.

Farm; PCT/ISA/2Hol {extraisheet)} (July’ 2019)
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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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Espacenst

Bibliographic data: JP2002006282 {A) — 2002-01-08

LIGUID CRYSTAL DISPLAY DEVICE

Inventor(s): SUZUKI SHINGO * (SUZUKI SHINGO)

Applicant(s):  TOSHIBA CORP + (TOSHIBA CORP)

Classification: - international: G0ZF1/13; GOZF1/1333; GOSFS/00; HO4NE/T4;
(IPC1-7): GO2F1/13; GO2F1/1333; GO9F9/00;
HO4NS/74
- cooperative:
Application JP20000192361 20000627 Global Dossier
number:

Priority number JP20000192361 20000627
(s):

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,

https://worldwide.espacenet.com/publicationDetails/biblio? CC=JP&NR=2002006282A&K... 9/1/2017
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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
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(¢
()

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.
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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]
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{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
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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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(57) The present invention provides arrangements
for electroluminescent displays 10 comprising a pack-
aged semiconductor light emitting element 12 that has
a light emitting display side 16. A heat sink 22 is dis-
posed in the region of a rear side of the light-emitting
element 12 opposite to the display side. Electrical con-

nections 28 from the light emitting element 12 pass
through said heat sink 22. Drive circuitry 30 for the light
emitting element 12 is connected thereto by the electri-
cal connections 28 and spaced apart from the heat sink
22 in such a manner that at least one cooling channel
34 is defined between the heat sink 22 and the drive
circuitry 30 for the passage in use of a cooling fluid.
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Description

FIELD OF THE INVENTION

adjoining tiles would all be dissipating heat around their
abutting edges. In addition, it will be noted that at least
a portion of the heat generated by the LED's must be
transported from the LED heat sink fo a further (i.e. rear)

[0001] The presentinvention relates to light emission 5 heat sink before being dissipated. Thus temperature
from displays, e.g. flat panel displays and in particular gradients are probably inevitable except at low power.
to methods and apparatus for cooling a flat panel dis- Also the display has a considerable thickness or depth
play, especially a large size segmented or tiled display, and weight caused by the plurality of heat sinks which
e.g. an LED or OLEO display. The displays are prefer- need to contain significant amounts of metal to be effec-
ably suitable for display of varying digital or analog in- 70 tive.
formation, e.g. video films, television or camera pic- [0004] [InUS-6255786 an LED display is disclosed for
tures. The displays may be for use indoors or outdoors. signs and proposes passive and active heat dissipation.
Passive dissipation is proposed in the form of conduc-

BACKGRQOUND TO THE INVENTION tion from connector legs of the LED's to a solder pad of

15 a circuit board. The whole circuit board is in turn con-
[0002] Itis known to provide an electroluminescent el- nected to a rear-mounted heat sink via a heat pad. As
ement, arranged for example in the form of a lighting the density of LED's increases, an active heat transfer
unit or a display, especially as a flat panel display. Flat device may be intreduced in the form of a fan blowing
panel displays are described in "Display interfaces”, R. onto the heatsink. Like the lamp of US-6161910, atleast
L. Myers, Wiley, 2002. The electroluminescent element 20  a portion of the heat generated by the LED's in this pro-
of a flat panel display may comprise one or more devices posal must betransported from one heat sink {the solder
such as light emitting diodes {LED's), organic light emit- pad) to a further (rear) heat sink for dissipation. Thus
ting dicdes (OLED]), Liquid Crystals elements (LCD), temperature gradients will be caused. An arrangement
Plasma elements (PDP), electroluminescent inorganic such as the one proposed in US-6255786 may prove
elements (EL-Displays), Field Emission elements 25 bulky for use in a tiled array. requiring a rear mounted
(FED). If only one such device is used, or a small fan for each tile. Cooling air being blown onto the rear
number of them, dissipation of heat generated during of the heat sink may be deflected sideways off the heat
emission of light does not generally pose any great prob- sink and interfere with the equivalent arrangement of ad-
lem. Many devices of this type do not, however, produce jacent arrays.
much light individually and need to be grouped into ar- 30 [0005] i is known to tile flat panel displays. Two types
rays in order to be useful for many applications. The col- of tiled displays are shown schematically in Figs. 11a
lective heat generated by such arrays may prove harm- and B. In Fig. 11atwo tiles 90, 91 are shown of the type
ful to the devices forming the array and the ability to dis- where connections 94-96 to the light emitting elements
sipate it will dictate the density of devices in the array of the arrays are attached to the side of the panels. LCD
and their durability. This problem is particularly acute in 35 tiled displays can be made in this manner as described
tiled display apparatus, which may be assembled by jux- in US Patent Application 2002/0080302. The side con-
taposition of a plurality of arrays and provide little scope nections require a T connector 96 between the tiles in
for peripheral heat dissipation due to their abutting each one direction which should preferably be as narrow as
other along their side edges. Further, electrolumines- possible. In the other direction T-connectors 94, 95 are
cent materials used may degrade at different rates at 40 provided. A mask 93 obscures the unsightly connection
different temperatures. For example, aging may result between the two tiles 90, 91. The connectors 94,96 ex-
in lower luminosity and/or colour shifts and therefore to tend in a direction opposite to the display direction.
variations in display quality across a large display area. [0006] In Fig. 11b two tiles 97, 98 are shown of the
Where displays have to be sealed against water or dust type where connections 99,100 connected to the light
this sealing can increase the difficulty of extractingheat. 45 emitting elements of the arrays are attached to the rear
[0003] In US-6161910 an LED reading light is pro- side of the panels 97, 98. LED tiled displays can be
posed in which an array of white LED's are provided with made in this manner, for example as supplied by BAR-
a tubular housing including two heat sinks. One heat CO N.V. Belgium, the Dlite 7, 10, 14 and llite 6, 8, 10
sink is to the rear of the device behind an LED drive ranges. Back connections are much more suited to tiled
circuit and a front heat sink is interposed between the 50 displays as the mask 93 can be very much smaller. As
LED array and the drive circuit. The front heat sink is shown in the drawing the connectors 99,100 extend in
connected, via athermal pad, to the rear side of the LED a direction opposite to the display direction.
array. Heat generated by the LED's is transferred by [0007] i can therefore be seen that, in at least the art
conduction to the front heat sink, from where it flows ra- of electroluminescent displays, it is desirable to produce
dially outward to the tubular housing and then rearward 55 an arrangementthatprovides adequate heat dissipation
tothe rear heat sink. Such an arrangement concentrates and that is preferably also suitable for assembly of mul-
heat dissipation around a periphery of the array. This tiple arrays to generate tiled display arrangements.
makes it less than ideal for use in a tiled array, where
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SUMMARY OF THE INVENTION

[0008] It is an object of the present invention to pro-
vide improved addressable displays and in particular to

may comprise semiconductor light emitting elements
such as Light Emitting Diodes (LED's), for example in
the form of surface mounted devices (SMD). Such de-
vices may also be field controlled devices such as are

provide improved cooling arrangements for such dis- 5 used in plasma displays or field emission displays. The
plays, especially tiled or segmented displays. light emitting devices may also be made of other mate-
[0009] Itis also an object of the present invention to rials, e.g. they may be Organic Light Emitting Diodes
provide improved addressable displays and in particular (OLEQ), EL-displays with phosphoers or Liquid Crystal
to provide improved cooling arrangements for such dis- elements.
plays suitable for use where the display mustbe sealed, 7¢ [0015] The array is preferably packaged when itis to
e.g. against dust or water, or out of doors where they be protected from dust or water or other environmental
can be subject to moisture. influences. For example, said light emitting array may
[0010] It is an object of the present invention to pro- comprise a plurality of Light Emitting Diodes (LED's) in-
vide improved displays and in particular to provide im- tegrated into a silicon wafer and the packaging may
proved cooling arrangements for such displays, espe- 15 comprise encapsulation for environmental protection.
cially tiled or segmented displays. For instance, the elements may also be OLED's which
[0011] Itis also an object of the present invention fo are formed on a glass substrate which forms a barrier
improve the compactness of displays having cooling ar- in the viewing direction. Generally the glass substrate
rangements. will be sealed and therefore may be described as being
[0012] Accordingly, the present invention provides a 20 part of encapsulation. Such encapsulation usually com-
display, especially a flat panel display comprising a sub- prises, at least over a working area of said first side, a
strate having an array of addressable light emitting de- substantially transparent material. Tough, glass or shat-
vices. A light emitting device may comprise a combina- ter resistant plastic materials are preferred for the en-
tion of elements which, in combination, form a light emit- capsulation such as polycarbonate or epoxy resin.
ting device, e.g. as isfound in an LCD. The array hasa 25 [0016] The heat sink may comprise a heat fransport-
light emitting display side facing in a first direction. An ing plate having holes defined therein through which
input is provided for inputting an arbitrary image, e.g. said electrical connections pass into. The connectors
video, data or a still image. Drive circuitry for said array may pass through said cooling channel. Said heat sink
of light emitting devices is provided for driving said light may comptrise a metallic material and electrical insula-
emitting devices to display the arbitrary image. Electrical 30 tion may be provided between said electrical connec-
connections are provided from said light emitting devic- tions and said heat sink. The electrical connectichs may
es to the drive circuitry, said electrical connections ex- be completely insulated. The heat sink material may
tending from a rear side of the substrate in a second comprise, for example, aluminum or an alloy thereof.
direction substantially opposed to the first direction. [0017] Said cooling fluid may comprise a gas or may
Said drive circuitry is spaced apart from said array in 35 comprise a liquid. A preferred cooling fluid is a gas, es-
such a manner that at least one cooling channel is de- pecially air. A suitable liquid may comprise water. Said
fined between said array and said drive circuitry for ex- cooling fluid may be forced or drawn through one or
traction of heat from said array and said drive circuitry more cooling channels by a fluid propulsion means. In
by passage in use of a cooling fluid through the cooling the case of a gas cooling fluid, said fluid propulsion
channel. The cooling channel is sealed with respect to 40 means may comprise afan, blower or air pump arrange-
both the array of addressable light emitting devices, and ment which either blows or sucks. in the case of a liquid
with respect to the drive circuitry for said array of light cooling fluid, said fluid propulsion means may comprise
emitting devices. a pump or turbine. The cooling system may be open
[0013] The cooling channel may be arranged so as to loop, with the cooling fluid being discarded after pas-
extract heat from said array and said drive circuitry in 45 sage through the cooling channel. In the alternative, the
parallel. cooling system may be closed loop, with the cooling fluid
[0014] It is understood that a flat panel display does being recirculated. In the case of a closed loop cooling
not have to be exactly flat but includes shaped or bent system, the cooling fluid may be cooled itself by means
panels. A tiled display may be constructed in a variety of a heat exchanger. In the case of gas-cooled closed
of geometrical shapes if the substrate on which the light 50 loop system, a refrigerant gas may be used, such as
emitting devices are to formed can be shaped in this those used in air-conditioning systems. If a liquid-cooled
way. A heat sink may be disposed in the region of a rear closed loop system is used, the cooling fluid may include
side of said array of light emitting devices opposite to a fluid other than water and may, for example, comprise
said display side and forming one side of the cooling distilled water with additives such as ethyl glycol, forex-
channel remote from the drive circuitry. Preferably, the 55 ample as anti-freeze and for corrosion inhibition.
heat sink abuts the rear side of the array. The electrical [0018] The present invention also provides a tiled
connections may pass through said heat sink and panel display formed from a plurality of display panels
through the cooling channel. Said light emitting devices according to the invention, said plurality of display pan-
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els preferably being juxtaposed and configured to form
a unified tiled display. The inlets and/or outlets of the
cooling channels need not be linked between said plu-
rality of display panels forming said tiled display. Each

array of light emitting devices by means of electrical
connections passing through or adjacent to said
cooling channel, and

d) passing a cooling fluid through the cooling chan-

cooling channel may discharge the fluid separately, for 5 nel.
instance. Alternatively, the coocling may be provided by
forcing acooling fluid through several or all of the display [0023] The present invention will now be described
tiles, some of which are connected in series to form a with reference to the following drawings.
cooling circuit. In some cases, e.g. if cooling is very crit-
ical, it is advantageous to only have short coolingchan- 7¢ BRIEF DESCRIPTION OF THE DRAWINGS
nels. In this way, the temperature drop between the be-
ginning and the end of the cooling channel is reduced. [0024]
[0019] Apaneldisplay ortiled panel display according
o the present invention may be used as a direct view Figs. 1a and b are schematic diagrams of a section
display. 15 through a flat panel display according to embodi-
[0020] The present invention also provides a method ments of the present invention;
of producing a panel display, the method including: Figs. 2a and b show a rear view and a front view,
respectively of a display tile in accordance with an
a) providing an array of light emitting devices that embodiment of the present invention;
has a light emitting display side facing in a first di- 20 Fig. 3 is the rear view of Fig. 2a with the fan assem-
rection; bly cover plate removed.
b} providing drive circuitry for said array of light emit- Fig. 4 shows the view of Fig. 3 with the door re-
ting devices spaced apart from said array in such a moved.
manner that at least one cooling channel is defined Fig. 5 shows the view of Fig. 4 with the controller
between said array and said drive circuitry for the 25 removed.
passage in use therethrough of a cooling fluid; Figs. 8a and 8b show the view of Fig. 5 with the
c) sealing said cooling channel from both the drive drivers removed for two embodiments of the
circuitry and the array; and present invention.
d} connecting said drive circuitry to said array of Fig. 7 shows the front of the plate onto which the
light emitting devices by means of said electrical 30 light emitting devices are mounted.
connections extending in a second direction sub- Fig. 8 shows afront view of the display panel without
stantially opposite to the first direction. a cover plate.
Fig. 9a shows schematic views of cooling channels
A heat sink may disposed in the region of a rear side of of a display shown in Fig. 6a. Fig. 9b shows sche-
said array of light emitting elements opposite to saiddis- 35 matic views of cooling channels of a display shown
play side, the heat sink forming a side of the cooling in Fig. 6b.
channel remote from the drive circuitry. The method may Fig. 10 shows an exploded view of a display panel
include providing said cooling fluid in the form of at least in accordance with the present invention.
one of a gas or aliquid and preferably forcing or drawing Fig. 11ais a schematic representation of a prior art
it through the or each cooling channel using a fluid pro- 40 LCD tiled display. Fig. 11b is a schematic represen-
pulsion means. tation of a prior art LED tiled display.
[0021] The present invention alsc provides a method
of producing a tiled display, including juxtaposing a plu- DETAILED DESCRIPTION OF A PREFERRED
rality of panel displays produced using a methed accord- EMBODIMENT
ing to the present invention. 45
[0022] The present invention also provides a method [0025] The presentinvention will now be described by
of cooling a panel display, the method including: way of example only, with reference to certain embodi-
ments and with reference to the above mentioned draw-
a) providing an array of light emitting devices that ings. The skilled person will appreciate that many alter-
has a light emitting display side facing in a first di- 50 native arrangements are possible while still remaining
rection; within the scope of the attached claims. The invention
b) providing drive circuitry for said array of light emit- will be described with reference to flat panel displays. It
ting devices spaced apart from said array in such a is understood that a flat panel display dces not have to
manner that at least one cooling channel is defined be exactly flat but includes shaped or bent panels. Aflat
between said array and said drive circuitry, the cool- 55 panel display differs from display such as a cathede ray
ingchannel being sealed from both the drive circuit- tube in that it comprises a matrix of array of "cells" or
ry and the array of light emitting devices; "pixels" each producing or controlling light over a small
c) electrically connecting said drive circuitry to said area. There is a relationship between the pixel of an im-
4
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age to be displayed and a cell of the display. Usually this
is a one-to-one relationship. Each cell may be ad-
dressed and driven separately. Itis notconsidereda lim-
itation on the present invention whether the flat panel

or integrated into a semiconductor wafer. Such devices
may require environmental protection when the display
is to be used out of doors. To protect the array 14 from
environmental damage or degradation it is sealed in a

displays are active or passive matrix devices. Thearray 5 package, by for example encapsulation 20. This is per-
of cells is usually in rows and columns but the present formed in such a manner that at least a working area of
invention is not limited thereto but may include any ar- the display side 16 is covered in a substantially trans-
rangement, e.g. polar or hexagonal. The invention will parent material such as polycarbonate plastic. All items
mainly be described with respect to LED and OLED dis- placed on the viewing side of the light emitting elements
plays butthe present invention is more widely applicable  7¢  may reduce the ease with which heat is removed from
to flat panel displays of different types, such as plasma that side of the display.

displays, filed emission displays, EL-displays, LCD's, [0029] Preferably, a heat sink 22 is provided in the
etc. In particular the present invention relates not only form of a heat transporting plate disposed in the region
to displays having an array of light emitting elements but of a rear side of the array 14 of light emitting devices.
alsc displays having arrays of light emitting devices, 75 Theheatsink 22 is preferably in thermal communication
whereby each device is made up of a number of individ- with the light emitting devices and is arranged in use to
ual elements. absorb heat generated thereby. The heat sink 22 may
[0026] For a general understanding of the types and comprise a metal having a high thermal conductivity, for
connectivity of semiconductor light emitting devices re- example, aluminum or an alloy thereof. Thermal com-
ferred to herein, the reader is recommended to study: 20 munication may be optimized by connecting the heat
"Semiconductor Devices: Physics and Technology” by sink 22 to the rear face of the light-emitting display 12
S. M. Sze, published by John Wiley & Sons Inc. under through an optional thermal pad 24. In additicn the heat
ISBN 0-471-33372-7. sink 22 may be coloured suitably to absorb heat energy,
[0027] Referring to the drawings and for the moment e.g. mat black to absorb radiant energy.

in particular to Figure 1 a, a flat panel display device 10 25 [0030] The heat sink 22 defines a series of holes 26
comprises a display 12 of an array 14 of light emitting through which electrical connections 28 pass between
devices. The light emitting devices are addressable, i. the array 14 and associated drive circuitry 30, which
e. they can be addressed by a suitable control device to comprises power and control means for the display 10.
display any suitable image. The light emitting devices In at least the case of bare metal electrical connections
may comprise semiconductor elements or devicessuch 30 28, it is preferable for the heat sink 22 to be insulated
as semiconductor light emitting diodes (LED's) or may from those connections 28 and also insulated from the
be any other suitable light emitting devices or elements rear side of the ligh emitting elements. Electrical insula-
which may be arranged in an array for displaying 2D im- tion 32 is provided to insulate the connections 28 from
ages, such as still or video images. Suitable light emit- the heat sink 22 and may optionally be provided to in-
ting elements are also organic light emitting diodes 35 sulate the light emitting elements from the heat sink 22,
(OLED). The term light emitting device also includes e.g. in the form of an insulating layer on the rear side of
combinations of elements which emit light and are ad- the light emitting devices. The electrical insulation 32
dressable. An example of such a combinationisan LCD has electrical insulating properties, but may be thermally
in which a liquid crystal, one or more light polarizers, a conductive so as to conduct heat away from the electri-
light source and optionally coloured filters can be used 40 cal connections 28. The insulation 32 may, for example,
to generate a light output. Light emission from the light comprise any suitable material and may be provided in
emitting devices forming the array 14 is emitted from a the heat sink 22, on the electrical connections 28 or a
display side 16 of the array 14 in a predetermined direc- combination of the two.

tion 18. This direction 18 is arranged such that, in use, [0031] The drive circuitry 30 is spaced apart from the
the display 10 may be used as a direct view display, e. 45 heat sink 22, i.e. away from the assembly comprising
g. information may be read substantially directly from it the light emitting devices and heat sink 22, so as to de-
by a user. fine at least one cooling channel 34 between the array
[0028] The array may require environmental protec- 14 and the drive circuitry 30. The heat sink 22 forms at
tion, e.g. against dust or moisture. The array 14 may be least one side of the cooling channel. An additional heat
formed from OLED's and be for use in indoors or out- 50 sink and heat shield (not shown) may be located adja-
doors. It is preferred to seal an OLED display environ- cent the drive circuitry and facing towards the cooling
mentally. Alternatively, optical elements such as lenses channel 34. According to an aspect of the present in-
may be located on the viewing side of the light emitting vention, the cooling channel 34 is sealed from both the
elements to provide certain effects, e.g. focussing the array 14 and the drive circuitry 30. The cooling channel
displayed light into a narrower but more intense beam 55 34 provides a passage for a cooling fluid to pass across
with a reduced viewing angle and greater brightness. a heat exchange face 36 of the heat sink 22 and across
The array 14 may be formed from a series of surface an upper face 38 of the drive circuitry (or additional heat
mounted devices, for example deposited on a substrate sink if present). The heat exchange face 36 of the heat
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sink 22 {and/or the additional heat sink) may be ribbed
or otherwise contoured so as to increase the surface ar-
ea available for heat exchange to the cooling fluid, such
profiling preferably being formed in such a manner as

rangement, a suitable refrigerant gas may be used, such
as those used in air-conditioning systems. In a closed
loop liquid cooling system, a simple embodiment may
employ water as a cooling fluid. It may, however, prove

to promote laminar or turbulent flow. In displays having 5 preferable to use a cooling fluid including a fluid or fluids
an increased LED density and in displays where the other than tap water, such as for example distilled water
electronics are sealed off to avoid deterioration due to mixed with additives such as ethyl glycol, for example
moisture, the heat extraction is even more difficult than as anti-freeze and for corrosion inhibition.
for other displays. In these cases, it could be important [0035] In the particular but non-limiting example ilius-
to keep the cooling channel 34 very short, havingacool- 70 trated in Figure 1a, an open loop gas cocling arrange-
ing channel 34 which goes straight through the display ment is shown. A fan 40 blows air into an inlet portion
device 10, separating the array 14 of light emitting de- 42 of the cooling channel 34 and provides forced con-
vices and the drive circuitry 30, as in the present inven- vection such that the cooling air exits from an outlet por-
tion. The cooling channel 34 should furthermore be pref- tion 44 of the cooling channel 34 after having passed
erably designed such that there is only cocling flow in 75 over the surfaces 34, 38 of the heat sink 22 and drive
one direction in the cooling channel 34, as illustrated in circuitry 30.
Fig. 1 a, whereby the array 14 of light emitting devices [0036] Figure 1b shows an alternative open loop gas
is separated from the electronic layer comprising the cooling arrangement. The reference numbers in Fig. 1b
drive circuitry 30 by the cooling flow. The latter means refer to the same items as in Fig. 1a and only the differ-
that the cooling flow is in contact with both the array 14 20 ences with respect to Fig. 1a will be mentioned. The fan
of light emitting devices and the drive circuitry 30 at the 40 sucks air into the inlet portion 42 of the cooling chan-
same time, avoiding worse cooling or even reheating of nel 34 and provides forced convecticn such that the
components by a cooling flow that has already been cooling air exits from the outlet portion 44 of the cooling
heated too much by first passing another component, channel 34 after having passed over the surfaces 34,
which may be the case when drive circuitry 30 and array 25 38 of the heat sink 22 and drive circuitry 30. In this ar-
14 would be serially cooled by one and the same stream rangement a partition is provided in the middie of the
of cooling fluid. Furthermore, by the parallel extraction cooling channel which directs the air flow to first cool the
of heat from the drive circuitry 30 and from the array 14, heat sink 22 and then to cool the drive circuitry 30. In an
the covered distance of the cooling fluid may be rela- alternative arrangement the fan may blow air into the
tively short, so that an efficient cooling may be obtained 30 cooling channel 34 in which case the drive circuitry is
due to a relatively low pressure drop of the cooling fluid cooled first followed by the heat sink 22. A barrier 45 is
in the cooling channel 34. provided at the opposite end of the cooling channel 34
[0032] The cooling channel 34 is completely sealed o reverse the air flow.
from the drive circuitry 30, the electrical connections 28 [0037] In order to provide large displays and/or dis-
andthe array 14 of light emitting devices. Thismay allow 35 plays that can be configured for diverse outputs, the
the use of a liquid as a cooling fluid. Passage of cooling present invention is adapted for juxtaposition of display
fluid through the cooling channel may be open loop or units 10 to form tiled displays. In order to make such
closed loop. Inthe case of open loop cooling, the cooling tiled displays appear as if they are one-piece, the gap
fluid is discarded after passing along the cocling chan- between neighbouring displays is preferably kept to a
nel 34. In closed loop cooling, the cooling liquid is recy- 40 minimum.
cled, preferably being cooled between cycles by for ex- [0038] A single tile 50 of such an array being an em-
ample a heat exchanger. The cooling fluid preferably bodiment of the present invention will be described with
comprises a gas, such as for example air. In a basic em- reference to Figs. 2 to 11. Figs. 2a and b show the re-
bodiment, air-cooling may be used in open loop form verse side and the display side of a tile 50, respectively.
with the cooling provided by convection. The advantage 45 On the reverse side, connectors 54 are mounted on a
of this approach is that it offers the simplest and cheap- door 58 which can house a power supply. Connectors
est construction. can be provided for a variety of functions, e.g. for power
[0033] The efficiency of cooling in an open-loop or input, for control purposes and for input of an image sig-
closed loop arrangement may be improved by employ- nal. With respect to the latter, the display according to
ing a fluid propulsion means adapted to force or draw 50 the present invention has an input for image signals
the cooling fluid through one or more of the or each cool- which are to be displayed by the addressable light emit-
ing channels. For a gas cooling system, a fiuid propul- ting elements in the display. For various protocols such
sion means may conveniently be provided in the form as VESA GTF, CIF, VGA, NTSC, CCIR-601, SMPTE,
of afan, blower, venturi or similar apparatus such as an SXGA, HDTV, Wide XGA, Ultra XGA, etc. which may be
air pump adapted to provide forced convention. Fora 55 used with the present invention reference is made to
liquid cooling arrangement, a fluid propulsion means standards works such as "Display Interfaces", R. L. My-
may comprise a pump, turbine or equivalent. ers, Wiley, 2002
[0034] In the case of a closed loop gas cooling ar- [0039] A plate 52 covers a fluid propulsion unit for
6

SEC et al. v. MRI
SEC Exhibit 1022.1985
IPR2023-00221



11 EP 1 408 476 A1 12

generating a convective cooling flow in cooling chan-
nels, e.g. one or more fans when the fluid is a gas, e.g.
air. The display side comprises a cover sheet 55 under-
neath which a plurality of display devices 58 are provid-

lets of the cooling channels 66 are on the same side of
the tile. This is advantageous for side mounted connec-
tors, e.g. for LCD displays, where access for cooling
may be limited by the connector positions. In all cases

ed in the form of an array 59, e.g. the light emitting de- 5 the cooling channels 66 are preferably arranged over
vices may be LED's or OLED's. Fig. 3 shows the reverse the area of the light emitting devices 58 so as to provide
side of the tile 50 of Fig. 2 with the cover plate 52 re- uniform cooling of all elements of the display array 59.
moved thereby exposing a fluid propulsion assembly [0040] Fig. 7 shows the front side of the display to
such as afan assembly having a number of fans 60. The which the display array 58 is attached. It shows one or
cover plate 52 covers the fans 60 and provides an air 70 more heat sinks 72 which are made of a heat conducting
inlet. The fans may be impregnated to have an |P54 rat- material, especially a metal such as aluminium. Holes
ing. Fig. 4 shows the reverse side of Fig. 3 with the door 74 are provided which line up with the holes 70 shown
56 and power supply removed. A power supply 61 is in Fig. 6 when assembled so that connectors can pass
thereby exposed. Fig. 5 shows the view of Fig. 4 with through these holes 70, 74 from the driversto the display
the fan assembly 60 and the power supply 61 removed. 75 elements 58. The display array 59 (as shown in Fig. 8)
A controlier 62 and a driver assembly 64 with one or is attached to this plate to form a display unit. A cover
more drivers are then exposed. The drivers are able fo sheet 55 may be applied to protect the display 59 (see
drive a plurality of light emitting elements 58 of a display Fig. 2b).

59 so as to display an arbitrary still image, an arbitrary [0041] The various plates of the display device are
data image or an arbitrary video image or similar. Where 20 connected together using suitable studs and bolts and
the fans have been removed the entrance of one or may be sealed with suitable gaskets in a packaged man-
more cooling channels 66 can be seen. The exit 88 for ner so that the display is environmentally protected. Fig.
the cooling channels 66 can be located on the opposite 10 shows an exploded view through the assembled de-
side of the tile 50. The fluid outlet 88 of one tile 50 may vice. From bottom to top: a transparent protection sheet
be connected to the fluid inlet 668 of the next tile when 25 55 is secured to the board 80 on which an array 59 of
assembled. Figs. 6a and b both show cooling assem- light emitting devices 58 are located. The light emitting
blies being the view of Fig. 5 with the drivers 64 removed devices 58 of the display array 59 are connected with
for two different embodiments. A plate 68 is visible for one or more connectors 86 to the driver board(s) 64
mounting the drivers 64 and the controller 62. The plate through holes in the one or more plates (heat sinks) 72
68 may be made of a heat conducting material, e.g. alu- 30 and plate(s) 67, 68 (heat sink). The connectors 86 ex-
minium and may act as a heat sink on the controller/ tend from the rear side of the array 59 in a direction par-
driver side of the cooling channel 66. On the opposite allel to the main viewing direction, i.e. opposite to the
side a similar plate 69 is mounted. Holes 70 are provided display direction. The drivers 64 are connected to the
for receiving connectors from the drivers to the array of controller 82. The controller 62 and the other devices
light emitting devices 68. In Fig. 6a, the coolingchannels 35 are powered by a power supply 61 located on the door
66 run underneath the plate 68 and exit at 88. These 58. The plate 52 covers the region of the forced cooling
cooling channels are shown in more detail in Fig. 9a. equipment 60 (e.g. fans) which force cooling fluid into
Also shown in Fig. Sa are the connector heoles 70 for the cooling channels 66. It can be seen in this arrange-
receiving the connectors which connect the drivers 64 ment that sources of heat such as a power supply, a
to the array 59. The connectors when mounted prefer- 40 controller, the drivers for the light emitting devices are
ably pass through the cooling fluid in the cooling chan- all arranged on one side of the cooling channels, namely
nels and are therefore cooled optimally. The exiting the side remote from the viewing surface of the display,
cooling fluid such as air may be released to the atmos- whereas the light emitting devices themselves are locat-
phere via 88 or conveyed to another part of the display ed on the other side of the cooling channels. Thus the
system, e.g. to the fluid input of the next tile or toc an air 45 heatsources are separated from the sensitive light emit-
cooling unit from which it returns to the input of a tile. In ting elements by the cooling channels.

Fig. 6b an alternative cooling arrangement is shown in [0042] It can therefore be seen that an arrangement
which the cooling channels are arranged in a labyrinth/ according to the present invention provides improved
serpentine between plate 69 and plate 68, e.g. a series cooling for flat panel displays, in particular for those that
of meanders over the full width of plate 68 and exit from 50 include packaged light emitting devices. The heat sink
the input side through one of the channels 66 as shown draws heat substantially directly off the light emitting de-
in Fig.9b. Note that in this case the connectors 86 are vices forming the array and there is little danger of mu-
received in holes 70 and are located adjacent to the tual heating between the cooling surfaces of the display
cooling channels. An alternative for meandering the and its drive circuitry. In addition, precise conduits may
cooling channels 66 over the full width of plate 68 may 55 beformedforthe coolantfluid, which lends itself to more
be meandering back and forward from left to right, ref- precise control of overall heat exchange. The electrical
erenced to figure 9b section A-A, instead of meandering connections benefit from direct cooling from the cooling
back and forward from top to bottom. The inlets and out- fluid along at least a portion of their length. In particular
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the connectors are cooled close to their connection to
the light emitting devices of the array so that heat trans-
ferred along the metal conductive pathways in the con-
nectors can be removed before it reaches the light emit-

light emitting devices, the array having a light
emitting display side facing in a first direction;

b) an input means for inputting an arbitrary im-
age;

ting elements. Also the present invention lends itselfto 5 c) drive circuitry for said array of light emitting
tiled displays having minimal gaps between constituent devices for driving said light emitting devices to
parts whilst providing efficient cooling sufficient to allow display the arbitrary image;
use of light emitting devices of the surface-mount variety c) electrical connections from said light emitting
and/or devices integrated into a silicon wafer. In the devices to the drive circuitry, said electrical con-
above menticned embodiments, the cooling at those 10 nections extending from a rear side of the sub-
places where the fans 60 are mounted differs from the strate in a second direction opposed to the first
cooling at places where the cooling channels 66 are direction; and
present. This can have negative effects as there can be d) said drive circuitry is spaced apart from said
a difference in cooling ability at one of these places. In array in such a manner that at least one cooling
alternative embodiments, not represented in the draw- 715 channel is defined between said array and said
ings, and having the same features as the above em- drive circuitry for extraction of heat from said
bodiments, this problem may be avoided by placing an array and said drive circuitry by passage of a
inlet of the cooling channel 66, and consequently also cooling fluid through the cooling channel,
the fan(s) 60, at the back of the flat panel display device
10, instead of at the side of the flat panel display device 20 wherein the cooling channel is sealed with respect
10, whereby the cooling channel 66 is immediately led to both the array of addressable light emitting de-
between the array 14 of light emitting devices and the vices, and with respect to the drive circuitry for said
drive circuitry 30 to allow parallel cooling of both parts, array of light emitting devices.
i.e. without cooling e.g. the drive circuitry 30 first. in this
way, cooling of the array 14 of light emitting devicesand 25 A panel display according to claim 1, wherein the
the drive circuitry 30 occurs in parallel, i.e. simultane- cooling channel is arranged so as to extract heat
ously. Inthe same way the exit 88 of the cooling channel from said array and said drive circuitry in parallel.
66 can be directed to the back of the display device 10,
thereby providing a connection that is as short as pos- A panel display according to any of the previous
sible between the part of the cooling channel 34 witch 30 claims, wherein the panel is flat or curved.
runs substantially parallel to the array 16 and the back
of the display device 10. The latter is preferred to avoid A display according to any of the previous claims,
large cooling channels 34 with inherent pressure drops wherein a heat sink is disposed within or adjacent
and inefficient cooling, as well as unnecessary heating said at least one cooling channel.
of the components, e.g. by passing already heated cool- 35
ing fluid over other elements to be cooled. Adisplay according to claim 4, wherein the heat sink
[0043] The cooling channel 34, running substantially is disposed in the region of the rear side of said ar-
parallel to the light emitting part and the electronics part, ray of light emitting devices opposite to said display
can be present along the whole display, with a single side.
inlet and outlet to the back. In other embodiments, dif- 40
ferent inlets and outlets can be used, all positioned at A display according to any previous claim, wherein
the back side of the display, but all installed such that said light emitting devices comprise semiconductor
no real cooling takes place prior to the channel being in light emitting devices.
between the array part and the electronics part, the cool-
ing fluid thus being provided so as to perform cooling of 45 A display according to claim 8, wherein said light
both parts simultanecusly. While the present invention emitting devices comprise a plurality of Light Emit-
has been particularly shown and described with respect ting Diodes (LED's) or organic light emitting devices
to a preferred embodiment, it will be understood by (OLED's).
those skilled in the art that changes in form and detail
may be made without departing from the scope and spir- 50 A display according to any previous claim, wherein
it of the invention. said light emitting devices are packaged for envi-
ronmental protection.
Claims A display according to claim 8, wherein said encap-
55 sulation comprises, at least over a working area of
1. A panel display comprising: the display side, a substantially transparent materi-
al.
a) a substrate having an array of addressable
8
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A display according to any of the claims 4 to g,
wherein said heat sink comprises a heat transport-
ing plate having holes defined therein through
which said electrical connections pass.

A display according to claim 10, wherein said heat
sink comprises a metallic material and electrical in-
sulation is provided between said electrical connec-
tions and said heat sink.

Adisplay accordingto any preceding claim, wherein
said cooling fluid comprises a gas or a liquid.

A display accordingto any preceding claim, wherein
said cooling fluid is forced or drawn through one or
more cooling channels by a fluid propulsion means.

A tiled display formed from a plurality of flat panel
displays according to any preceding claim, said plu-
rality of displays preferably being juxtaposed and
configured to form a unified said tiled display.

A tiled display according to claim 14, wherein said
cooling channels are separated between said plu-
rality of displays forming said tiled display.

A tiled display according to claim 14, wherein the
cooling channels of a plurality of flat panel displays
forming the tile display are connected together to
form a cooling circuit.
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