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(57) ABSTRACT 

A method includes providing access to a multi-panel display 
including a plurality of display panels. Each panel of the 
plurality of display panels is mounted onto a mechanical 
support structure. The method further includes identifying a 
defective panel from the plurality of display panels. Without 
powering down the multi-panel display, electrical connection 
to the defective panel is disconnected and the defective panel 
is removed from the mechanical support structure. The 
method also includes attaching a replacement display panel to 
the mechanical Support structure at the location of the defec 
tive panel, and connecting power to the replacement display 
panel. One or more of the remaining of the plurality of display 
panels continue to display during the time the defective panel 
is disconnected and removed, and the replacement display is 
attached. 
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MULTI-PANEL DISPLAY WITH HOT 
SWAPPABLE DISPLAY PANELS AND 
METHODS OF SERVICING THEREOF 

This application claims priority from U.S. Provisional 
Application 62/158,707 filed on May 8, 2015, and U.S. Pro 
visional Application No. 62/113,342 filed on Feb. 6, 2015 and 
is a continuation in part of PCT Application No. PCT/ 
US2014/72373, filed on Dec. 24, 2014, which application 
claims the benefit of each of the following applications: U.S. 
Provisional Application No. 62/093,157, filed on Dec. 17, 
2014, U.S. Provisional Application No. 62/065,510, filed on 
Oct. 17, 2014, U.S. Provisional Application No. 62/025,463, 
filed on Jul. 16, 2014, and U.S. Provisional Application No. 
61/922,631, filed on Dec. 31, 2013, U.S. Non Provisional 
application Ser. No. 14/341,678, filed on Jul. 25, 2014, U.S. 
Non Provisional application Ser. No. 14/444,719, filed on Jul. 
28, 2014, U.S. Non Provisional application Ser. No. 14/444, 
775, filed on Jul. 28, 2014, U.S. Non Provisional application 
Ser. No. 14/444,747, filed on Jul. 28, 2014. All the above 
applications are incorporated herein by reference. 

TECHNICAL FIELD 

The present invention relates generally to displays, and, in 
particular embodiments, to a multi-panel display with hot 
Swappable display panels and methods of servicing thereof. 

BACKGROUND 

Large displays (e.g., billboards). Such as those commonly 
used for advertising in cities and along roads, generally have 
one or more pictures and/or text that are to be displayed under 
various light and weather conditions. As technology has 
advanced and introduced new lighting devices such as the 
light emitting diode (LED). Such advances have been applied 
to large displays. An LED display is a flat panel display, 
which uses an array of light-emitting diodes. A large display 
may be made of a single LED display or a panel of Smaller 
LED panels. LED panels may be conventional panels made 
using discrete LEDs or surface-mounted device (SMD) pan 
els. Most outdoor screens and some indoor Screens are built 
around discrete LEDs, which are also known as individually 
mounted LEDs. A cluster of red, green, and blue diodes, or 
alternatively, a tri-color diode, is driven together to form a 
full-color pixel, usually square in shape. These pixels are 
spaced evenly apart and are measured from center to center 
for absolute pixel resolution. 
Many LED display manufacturers sell displays with dif 

ferent resolutions. A present disadvantage of these LED dis 
plays is that each one must be a different size to accommodate 
the pitch needed to obtain the desired resolution. In turn, the 
existing cabinets and mounting structures must be built to be 
suitable with the size of the displays. 

SUMMARY 

In accordance with an embodiment of the present inven 
tion, a method includes providing access to a multi-panel 
display including a plurality of display panels. Each panel of 
the plurality of display panels is mounted onto a mechanical 
support structure. The method further includes identifying a 
defective panel from the plurality of display panels. Without 
powering down the multi-panel display, electrical connection 
to the defective panel is disconnected and the defective panel 
is removed from the mechanical support structure. The 
method also includes attaching a replacement display panel to 
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2 
the mechanical Support structure at the location of the defec 
tive panel, and connecting power to the replacement display 
panel. One or more of the remaining of the plurality of display 
panels continue to display during the time the defective panel 
is disconnected and removed, and the replacement display is 
attached. 

In accordance with another embodiment of the present 
invention, a method for servicing a multi-panel display, 
where the multi-panel display including a plurality of display 
panels mounted on a mechanical Support structure, includes 
receiving an indication that a panel of the plurality of display 
panels needs to be serviced, and providing access to a rear 
side of the multi-panel display. The opposite front side 
includes a display surface. The method further includes locat 
ing the panel to be serviced from amongst the plurality of 
display panels, and removing the panel to be serviced from 
the mechanical Support structure without turning off power to 
the remaining plurality of display panels. The method 
includes attaching a new display panel to the mechanical 
Support structure to replace the panel to be serviced, and 
connecting power to the new display panel. One or more of 
the remaining of the plurality of display panels continue to 
display during the time the panel to be serviced is removed 
and a new display is attached. 

In accordance with an embodiment of the present inven 
tion, a control server includes a receiver to receive a signal 
indicating a health of a plurality of multi-panel display sys 
tem being monitored by the control server. A processor is 
configured to execute instructions to identify a multi-panel 
display needing servicing based on the received signal, and 
identify a geographic physical address of the multi-panel 
display needing servicing based on an internal database, and 
generate a message requesting Servicing. 

In accordance with an embodiment of the present inven 
tion, a multi-panel display includes a mechanical Support 
structure and a plurality of display panels mounted on the 
mechanical Support structure. Each panel of the plurality of 
display panels is configured to be hot-swappable. Each panel 
is configured to be disconnected electrically and removed 
from the mechanical Support structure without powering 
down the multi-panel display. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present inven 
tion, and the advantages thereof, reference is now made to the 
following descriptions taken in conjunction with the accom 
panying drawings, in which: 

FIG. 1 illustrates a modular multi-resolution display sys 
tem in accordance with embodiments of the present inven 
tion; 

FIG. 2 illustrates a modular display panel attached to a 
Supporting frame in accordance with an embodiment of the 
present invention; 

FIG. 3 illustrates a frame used to provide mechanical Sup 
port to the modular display panel in accordance with an 
embodiment of the present invention; 

FIG. 4 illustrates one unit of the modular display panel in 
accordance with an embodiment of the present invention; 

FIG. 5 illustrates a magnified view of two display panels 
next to each other and connected through the cables such that 
the output cable of the left display panel is connected with the 
input cable of the next display panel in accordance with an 
embodiment of the present invention; 

FIG. 6A illustrates a modular multi-panel display system 
comprising a plurality of LED display panels connected 
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together using the afore-mentioned cables in accordance with 
an embodiment of the present invention; 

FIG. 6B illustrates an alternative embodiment of the modu 
lar multi-panel display system comprising a plurality of LED 
display panels connected together, 

FIG. 7 illustrates a method of performing a maintenance 
operation in accordance with an embodiment of the present 
invention; 

FIG. 8 illustrates a method of performing a maintenance 
operation in accordance with an alternative embodiment of 
the present invention; 

FIG. 9 illustrates a control server in accordance with an 
alternative embodiment of the present invention; 

FIGS. 10A-10C illustrates the replacement of a defect 
panel in accordance with an embodiment of the present inven 
tion; 

FIG. 11A illustrates an embodiment of the present inven 
tion describing a monitoring controller disposed within a data 
receiver box; 

FIG. 11B illustrates a general schematic of a monitoring 
circuit in accordance with an embodiment of the present 
invention; 

FIG. 12 illustrates an embodiment of the present invention 
in which the display panels are connected serially; 

FIG. 13 illustrates a more detailed schematic of the circuit 
with a LED circuit showing a separate TX-RX circuit for 
establishing bidirectional communication; 

FIG. 14 illustrates an embodiment of the display system in 
which the data receiver box has minimal functionality; 

FIG. 15 illustrates an alternative embodiment of the 
present invention; and 

FIG. 16 illustrates an alternative embodiment of the 
present invention in which each display panel has a unique 
IPV6 IP address. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

Installation of large display panels is a labor intensive 
process requiring skilled labor working in dangerous condi 
tions for extended times. For example, to install a conven 
tional display on a large multi-story building, the installers 
have to climb to the mounting wall (typically many stories 
high) and individually screw in each display and the corre 
sponding cables etc. This is both time consuming and poses a 
significant safety threat thereby increasing the cost of the 
system dramatically. Further, when a particular display 
becomes defective during operation, the cost of replacement 
can be very high due to need for a highly skilled person to 
work in such difficult working conditions. The defective dis 
play has to be individually removed and replaced from the 
housing or cabinet in which it is mounted. 

Embodiments of the invention provide preassembled dis 
play panel units, each of which provides a completely self 
contained building block that is lightweight. Consequently, 
replacement of defective units is very simple and a person 
with no skill can easily remove and replace a defective dis 
play. Accordingly, embodiments of the present invention sig 
nificantly reduce the operating cost of the display. 

These display units are designed to be weather proof, with 
out a heavy cabinet, although it is understood that the present 
disclosure may be applied to lighting for any type of interior 
and/or exterior display. The lightweight design allows for 
easier installation and maintenance, thus lowering total cost 
of ownership. 

Embodiments of the invention provide building block pan 
els that are configurable with future expandability. These 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
displays can offer complete expandability to upgrade in the 
future without having to replace the entire display. Installa 
tion is fast and easy with very little down-time, which allows 
any electronic message to be presented more quickly. 

In various embodiments, the display panels are "hot Swap 
pable.” By removing one screw in each of the four corners of 
the panel, servicing the display panel is fast and easy. Since a 
highly-trained, highly-paid electrician or technician is not 
needed to correct a problem, cost benefits can be achieved. 

FIG. 1 illustrates a modular display panel in accordance 
with an embodiment of the present invention. FIG. 2 illus 
trates a modular display panel attached to a Supporting frame 
in accordance with an embodiment of the present invention. 
FIG. 3 illustrates a frame used to provide mechanical support 
to the modular display panel in accordance with an embodi 
ment of the present invention. 
The multi-panel modular preassembled display unit 10 

comprises a plurality of LED display panels 50. In various 
embodiments describe herein, the light emitting diode (LED) 
display panels 50 are attached to a frame 20 or skeletal struc 
ture that provides the framework for supporting the LED 
display panels 50. The LED display panels 50 are stacked 
next to each other and securely attached to the frame 20 using 
attachment plate 30, which may be a corner plate in one 
embodiment. The attachment plate 30 may comprise holes 
through which attachment features 90 may be screwed in, for 
example. In alternative embodiments, any Suitable attach 
ment mechanism may be used. 

Referring to FIGS. 1 and 2, the LED display panels 50 are 
arranged in an array of rows and columns. Each LED display 
panel 50 of each row is electrically connected to an adjacent 
LED display panel 50 within that row. 

Referring to FIG. 3, the frame 20 provides mechanical 
support and electrical connectivity to each of the LED display 
panels 50. The frame 20 comprises a plurality of beams 32 
forming the mechanical structure. The frame 20 comprises a 
top bar, a bottom bar, a left bar, a right bar, and a plurality of 
vertical bars extending from the top bar to the bottom bar, the 
vertical bars disposed between the left bar and the right bar. 
The top bar, the bottom bar, the left bar and the right bar 
comprise four inch aluminum bars and wherein the Vertical 
bars comprise 2"x4"x72" aluminum tubes. The top bar, the 
bottom bar, the left bar and the right bar are each capable of 
bearing a load of 1.738 lb/ft and the vertical bars are each 
capable of bearing a load of 3.23 lb/ft. 
The frame 20 may include support structures for the elec 

trical cables, data cables, electrical power box powering the 
LED displays panels 50, data receiver box controlling power, 
data, and communication to the LED displays panels 50. 

However, the frame 20 does not include any additional 
enclosures to protect the LED panels, data, power cables from 
the environment. Rather, the frame 20 is exposed to the ele 
ments and further exposes the LED display panels 50 to the 
environment. The frame 20 also does not include air condi 
tioning, fans, heating units to maintain the temperature of the 
LED display panels 50. Rather, the LED display panels 50 are 
hermetically sealed themselves and are designed to be 
exposed to the outside ambient. Further, in various embodi 
ments, there are no additional cabinets that are attached to the 
frame 20 or used for housing the LED display panels 50. 
Accordingly, in various embodiments, the multi-panel modu 
lar preassembled display unit 10 is designed to be only pas 
sively cooled. 

FIG. 4 illustrates one display panel 50 of the multi-panel 
modular preassembled display unit 10 comprising an input 
cable 160 and an output cable 165. The LED display panels 50 



US 9,207,904 B2 
5 

are electrically connected together for data and for power 
using the input cable 160 and the output cable 165. 

Each modular LED display panel 50 is capable of receiving 
input using an integrated data and power cable from a pre 
ceding modular LED display panel and providing an output 
using another integrated data and power cable to a succeeding 
modular LED display panel. Each cable ends with an end 
point device or connector, which is a socket or alternatively a 
plug. 

Referring to FIG. 4, in accordance with an embodiment, a 
LED display panel 50 comprises an attached input cable 160 
and an output cable 165, a first connector 170, a second 
connector 175, a sealing cover 180. The sealing cover 180 is 
configured to go over the second connector 175 thereby her 
metically sealing both ends (first connector 170 and the sec 
ond connector 175). The sealing cover 180, which also 
includes a locking feature, locks the two cables together 
securely. The input cable 160 and the output cable 1365 
comprise integrated data and power wires with appropriate 
insulation separating them. 

FIG. 5 illustrates two display panels next to each other and 
connected through the cables such that the output cable 165 of 
the left display panel 50A is connected with the input cable 
160 of the next display panel 50B. The sealing cover 180 
locks the two cables together as described above. 

FIG. 6A illustrates a modular multi-panel display system 
comprising a plurality of LED display panels connected 
together using the afore-mentioned cables. 

Referring to FIG. 6A, for each row, a LED display panel 50 
at a first end receives an input data connection from a data 
Source and has an output data connection to a next LED 
display panel in the row. Each further LED display panel 50 
provides data to a next adjacent LED display panel until a 
LED display panel 50 at second end of the row is reached. In 
one embodiment, the power line is run across each row to 
power the LED display panels 50 in that row. In another 
embodiment, panels 50 in one or more underlying rows may 
be connected serially as well. 

In one embodiment, the plurality of LED display panels 50 
are arranged in ten rows and thirty-two columns so that the 
integrated display panel 100 has a display Surface that is 
approximately fifty feet and four inches wide and fifteen feet 
and eight and three-quarters inches high. 

In various embodiments, as illustrated in FIGS. 2 and 6A, 
an optional data receiver box 40 is mounted to the mechanical 
support structure or frame 20. The data receiver box 40 is 
configured to provide power, data, and communication to the 
LED display panels 50. With a shared receiver box 40, the 
panels themselves do not need their own receiver card. This 
configuration saves cost and weight. However, in some 
embodiments, the receiver box and related circuitry (there 
fore its functionality) may be included within the display 
panels 50. 

FIG. 6B illustrates an alternative embodiment of the modu 
lar multi-panel display system comprising a plurality of LED 
display panels connected together. 

In an alternative embodiment, the multi-panel display sys 
tem may comprise panels 501, where each panel 501 includes 
a network interface card and a power supply. Each panel 50 
may include a unique MAC address/network card so that the 
device can be identified. The network interface card may be 
used to accomplish bidirectional communication with other 
panels as well as with other components outside the multi 
panel display. In one or more embodiments, a single media 
process chip may include, i.e., integrate more than one com 
ponent so that the functionality of the network interface card 
is included within a media processor chip within the panel 
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501. In other embodiments, the panel 501 may include a 
separate housing for the network interface card. 
As illustrated in FIG. 6B, the panel 501 may include a 

defective panel 501D that requires to be replaced. Further, 
upstream panels 501U and downstream panels 501DN in the 
neighborhood of the defective panel 501D may not be 
impacted during the replacement process. For example, dur 
ing the hot Swapping process, the upstream and downstream 
panels 501U and 501DN may be working and displaying 
content if they are powered independently. Alternatively, the 
downstream panels 501DN may be turned off if power to the 
downstream panels 501DN is interrupted during the hot 
Swapping. 

FIG. 7 illustrates a method of performing a maintenance 
operation in accordance with an embodiment of the present 
invention. 

In various embodiments, physical access is provided to the 
multi-panel display comprising a plurality of display panels 
(box 111). For example, access may be provided from the 
back side through a catwalk or through other Support. 

Referring to FIG. 7, a defective panel is identified from the 
plurality of display panels (box 113). In various embodi 
ments, this identification may be performed manually or 
through a monitoring circuit. Examples of self-monitoring 
include a camera based system having a field of view of the 
display and/or other electrical circuits to detect power con 
Sumed, modulation in current, Voltage, frequency of the input 
or output. Alternatively, each display panel may include a 
self-monitoring circuit to monitor its own display and/or an 
adjoining neighboring display. In further embodiments, a 
monitoring circuit may include a sensor to measure the output 
parameters such as light intensity, brightness, and others. For 
example, a spatial variation in the brightness emanating from 
the panels may be used to identify a panel that has stopped 
displaying or has gone black. 

In one embodiment, a signal indicating a type of repair 
service needed is received at a central server or monitoring 
server. In an alternative embodiment, signal indicating the 
defect or defect type is received at a central server or moni 
toring server. In a further embodiment, the signal indicating 
the defect is received from a central monitoring circuit for the 
multi-panel display, a panel adjacent to the defective panel, or 
the defective panel itself. 

Referring further to box 115, the electrical connection to 
the defective panel is disconnected without powering down 
the multi-panel display. As a consequence, all panels in the 
upstream of the defective panel may still be working (if they 
have a separate ground connection to complete the electrical 
connection). The defective panel is next removed from the 
mechanical Support structure on which it is mounted. 
As next illustrated in box 117, a replacement display panel 

is attached to the mechanical Support structure at the location 
of the defective panel. The replacement display panel may be 
a new panel or a panel that has been previously removed and 
repaired. 

After attaching the replacement display panel, the power 
and data connections are restored to the new display panel 
(box 119). Accordingly, advantageously, one or more of the 
remaining of the plurality of display panels continue to dis 
play during the time the defective panel is disconnected and 
removed, and the replacement display is attached. 

FIG. 8 illustrates a method of performing a maintenance 
operation in accordance with an alternative embodiment of 
the present invention. 

In accordance with an embodiment of the present inven 
tion, an indication is received at a control server or other 
central monitoring unit that a panel of the plurality of display 
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panels needs to be serviced (box 221). The indication may be 
a signal indicating a type of repair service needed or may be 
a signal from the panel to be serviced. In one embodiment, the 
indication may be a signal from an adjacent panel indicating 
a defect in the panel to be serviced or a signal from a control 
box indicating a defect in the panel to be serviced, the control 
box being a central monitoring unit for monitoring all of the 
plurality of display panels. 

Next, a service personal is provided access to a rear side of 
the multi-panel display (box 222). The rear side is opposite 
front side comprising a display Surface. Accordingly, the 
design of the multi-panel display is such that a service per 
sonal is able to access the rear side of the display. For 
example, this may be accomplished from a catwalk behind 
the display. 

The panel to be serviced is located from amongst the plu 
rality of display panels (box 223). In one embodiment, the 
service personal may identify the defective panel with an 
identification number. Alternatively, other tags including 
electronic tags may be used to identify the defective part. For 
example, the service personal may use an electronic reader 
which reads information from the display to be serviced. 

The panel to be serviced is removed from the mechanical 
Support structure without turning off power to the remaining 
plurality of display panels (boX 224). A new or replacement 
display panel is attached to the mechanical Support structure 
to replace the panel to be serviced (box 225). The panel that 
has been replaced is connected to power (box 226). 
Any panel whose power is not disrupted continues to dis 

play during the time that the defective panel is being replaced. 
Accordingly in various embodiments, one or more of the 
remaining of the plurality of display panels continue to dis 
play during the time the panel to be serviced is removed and 
a new display is attached. 

FIG. 9 illustrates a control server in accordance with an 
alternative embodiment of the present invention. 
The control server may be a central monitoring facility 

connected to the billboard or a multi-panel display system 
and monitoring the functioning of the multi-panel display 
system along with several other display systems at possibly 
different locations. 
The control server 910 includes a transmitter 914 for trans 

mitting outgoing transmission signals and a receiver 912 for 
receiving incoming signals. For example, the transmitter 914 
and the receiver 912 may be coupled to a common antenna in 
one exemplary embodiment. In one embodiment, the receiver 
912 is configured to receive a signal indicating a health of the 
multi-panel display system that is being monitored by the 
control server 910. 

In various embodiments, the control server 910 includes a 
storage medium and a processor. The storage medium 
includes instructions to execute instructions to identify a 
multi-panel display needing servicing based on the received 
signal (box 921) and identify a geographic physical address 
of the multi-panel display needing servicing based on an 
internal database (box 923). Further, the instructions generate 
a message requesting servicing (box 925) and identify a ser 
Vice personal nearest to the geographic physical address (box 
927). The instructions may further be configured to send a 
service request to the identified service personal (box 929). In 
one embodiment, this service request may be performed auto 
matically so that no user involvement is needed. Alterna 
tively, in another application, a monitoring personal may 
decide who and when to schedule the service request. 
The processor may be configured to execute the above 

instructions. For example, the processor is configured to iden 
tify a multi-panel display needing servicing based on the 
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received signal, identify a geographic physical address of the 
multi-panel display needing servicing based on an internal 
database, and generate a message requesting Servicing. 

FIGS. 10A-10C illustrates the replacement of a defect 
panel in accordance with an embodiment of the present inven 
tion. 

Referring to FIG. 10A, a defective panel 50D is identified 
for replacement. Without powering off the system, the defec 
tive panel 50D is removed as illustrated next in FIG. 10B. 
Accordingly, panels not receiving any power (e.g., down 
stream devices) or devices with an open circuit after removal 
of the defective panel 50D are turned off. However, the other 
panels continue to display during this time. As next illustrated 
in FIG. 10C, a good panel is mounted back to replace the 
defective panel. In various embodiments, the good panel may 
be a new panel or a previously defective panel that has been 
repaired. In some embodiment, the replacement of the panels 
described in FIG. 10 may be performed for other reasons than 
the removal of defective panels. For example, some of the 
panels may be replaced with a newer technology or model of 
the panels having improved features. In some cases, only a 
few panels may be replaced with the newer model due to 
various reasons such as cost, field testing, and others. 
Embodiments of the present invention envision Such testing 
and replacement. 

FIG. 11A illustrates an embodiment of the present inven 
tion describing a monitoring controller 1005 disposed within 
a data receiver box 901. The monitoring controller 1005 is 
configured to monitor power failure in one or more display 
panels 1050 and report to the computer 1850 or to a different 
receiving monitoring server. In various embodiments, the 
monitoring controller 1005 is configured to monitor illumi 
nation or brightness of one or more panels. The monitoring 
controller 1005 may also monitor the network between the 
data receiver box 1001 and the outside internet including 
computer 1850 as well as the local area network (or equiva 
lent wireless network) connecting the individual display pan 
els 1050 of the display system 1000. 
The monitoring controller 1005 may be used for other 

purposes as well. For example, in one or more embodiments, 
the display panels 1050 may include one or more sensors to 
self-regulate operation based on external conditions. For 
example, the sensor may reduce or increase the brightness of 
the display panels based on the ambient light. Alternatively, in 
Some embodiments, the display panels may sense the pres 
ence of an observer (e.g., human) and modulate the content 
being displayed. For example, the display may be powered off 
until a human approaches the display. 
The data receiver box 1001 may include wired data con 

nection as well as wireless data connection. Accordingly, for 
example, if a network failure is detected, the monitoring 
circuit 1005 may generate an error message, which is then 
transmitted to a monitoring server or the computer 1850 using 
the wireless channel. 

FIG. 11B illustrates a general schematic of a monitoring 
circuit in accordance with an embodiment of the present 
invention. 

In one or more embodiments, as illustrated in FIG. 11B, a 
monitoring circuit 1105 may include a power failure detect 
ing circuit 1145, a camera 1135, which may include both 
visible, infrared and other spectrum to collect additional 
information. The monitoring circuit 1105 may include a pro 
cessor 1115 or may use the common processor within the data 
receiver box. The camera may be automatically periodically 
activated to image the display system. The image may be 
processed to identify any issues with the display. For 
example, using an image processing Software executing on 
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the processor 1115, the power failure, dark pixels, lowered 
brightness may be detected. In case of a failure, a failure 
message is generated and transmitted to a monitoring server. 
The monitoring circuit 1105 may include a memory 1125 

to store the images and the results of the processing. In one or 
more embodiments, the monitoring circuit may include only 
a camera 1135. In one embodiment, the camera 1135 may be 
a sensor to measure brightness. 
The processing may be performed remotely, for example, 

in some embodiments. The camera 1135 may periodically 
capture images of the display system and send the unproc 
essed image to a monitoring server performing the remaining 
monitoring functions. Accordingly, a more detailed image 
processing analysis may be performed at the remote media 
server, which is likely to have better computational power 
than the on-site processing at the display. 

FIG. 12 illustrates an embodiment of the present invention 
in which the display panels 1250 are connected serially. 

In this embodiment, each individual display panel 1250 
includes a media processing chip comprising a network inter 
face card. Thus each panel has an individual media access 
control (MAC) address, which enables each display panel 
1250 to communicate in both directions (receive and send 
data). 

In one or more embodiments, the display panels 1250 may 
be powered using a serial connection. In this embodiment, the 
use of a monitoring circuit 1205 within the data receiver box 
1200 may be optional because each individual panel may be 
configured to communicate bidirectionally. Accordingly, the 
functioning of the monitoring circuit 1205 may be incorpo 
rated into the individual panel. For example, each panel 1250 
may include software and/or hardware to perform the moni 
toring functions. If a defect is identified within the panel 1250 
(or on an adjacent panel), the panel 1250 communicates the 
detection of the defect to the controller 1800. 

FIG. 13B illustrates a more detailed schematic of the cir 
cuit with a LED circuit 1325 showing a separate TX-RX 
circuit 56 and a monitoring circuit 1375 for monitoring the 
panel and communicating using the established bidirectional 
communication. The TX-RX circuit 56 may include a unique 
MAC address/network card so that the device can be identi 
fied. In one or more embodiments, a single media process 
chip may include, i.e., integrate more than one component 
listed. For example, a single media processing chip is used to 
power and render images using the LED 1310. The media 
processing chip may include the functions of the TX-RX 
circuit 56, interface circuit 1351, bus 1344, video memory 
1346, graphics processor 1357, scan controller 1359. The 
LED controller 1354 with the LED driver 1353 may be part of 
a different chip or may also be integrated. 
The monitoring circuit 1375 may be implemented in soft 

ware and/or hardware and may be instructions to be per 
formed using the graphics processor 1357 or other processor 
available to the monitoring circuit 1375. The monitoring cir 
cuit 1375 may also include sensors such as temperature sen 
Sor, optical sensor including ambient light sensor, magnetic 
sensor, current sensor, power sensor, as well as other sensors. 
Based on the results from the sensor, the monitoring circuit 
1375 determines the need to communicate with the receiver 
box or with a remote monitoring computer. In one embodi 
ment, an error message is generated by the monitoring circuit 
1375 identifying the type of defect and the ID of the panel and 
then transmitted using the TX-RX circuit 56. 

FIG. 14 illustrates an embodiment of the display system in 
which the data receiver box 1400 has minimal functionality. 

The data receiver box 1401 may simply connect the first 
display panel of the display system 1400 with an interconnect 
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(TCP/IP) port. The first display panel may include an identi 
fier for the whole system so that the display system advertises 
a single IP address. For example, the IP address of the display 
system 1400 may be identified from the first display panel 
1450A. The remaining panels 1450 may be daisy chained. 
The media processing chip within each display panel 1450 

identifies and processes the correct media that is to be dis 
played from the data stream that includes all the media for all 
the panels in the chain. 
The first panel in the series of panels includes a unique IP 

address. Thus, when connected to the internet, the network 
card at the first display panel 1450A receives the data to be 
displayed by all the panels within the same series. The 
remaining panels use the data processed through the common 
network card at the first network. The remaining panels have 
to be calibrated so that they know which portion of the data is 
to be displayed by that particular unit. 

In one or more embodiments, the first display panel 1450A 
may include a monitoring circuit for monitoring the status of 
one or more panels being serviced by the first display panel 
1450A. 

FIG. 15 illustrates an alternative embodiment of the 
present invention. 

In this embodiment, a router 1501 is coupled between the 
display panels 1550 and the internet. The router 1501 may be 
coupled to a plurality of display panels 1550, where each 
panel has its own network interface card each thereby having 
its unique MAC address. 

In some embodiments, the first display panel may include 
the router 1501, i.e., the router 1501 may be integrated into 
the first display panel. The devices within the local area of the 
router may now be individually addressed using the display 
panels 1550 respective MAC address. Accordingly, packets 
destined to each panel are routed by the router 1501. In this 
embodiment, the display panels 1550 within a single display 
system 1500 may be served from different locations. For 
example, a larger part of the screen may show an advertise 
ment from a media server whereas a lower portion may show 
the temperature from a weather server or a sports score from 
a sport network server. 

In one or more embodiments, each of the display panel 
1550 may include a monitoring circuit for monitoring the 
status of one or more panels. 

FIG. 16 illustrates an alternative embodiment of the 
present invention in which each display panel has a unique 
IPV6 IP address. 

In this embodiment, each display panel 1650 of the display 
system 1600 has a unique IP address, for example, an IPV6 IP 
address. The media to be displayed may be split at the source 
of a single media server or may be obtained from multiple 
media server through the internet. For example, different 
portions of the display system 1600 may be leased to a dif 
ferent company displaying its own content. This embodiment 
enables multiple users to share a single display board. For 
example, an expensive display location may be shared in time 
or space by multiple companies reducing their costs while 
improving effectiveness of the display. The display panels 
may be powered individually or through Power over Ethernet 
technologies using cat5, cató cables. 

In one or more embodiments, each of the display panel 
1650 may include a monitoring circuit for monitoring the 
status of one or more panels. 
While this invention has been described with reference to 

illustrative embodiments, this description is not intended to 
be construed in a limiting sense. Various modifications and 
combinations of the illustrative embodiments, as well as other 
embodiments of the invention, will be apparent to persons 
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skilled in the art upon reference to the description. It is there 
fore intended that the appended claims encompass any Such 
modifications or embodiments. 

What is claimed is: 
1. A method comprising: 
providing access to a multi-panel display comprising a 

plurality of display panels, each panel of the plurality of 
display panels being mounted onto a mechanical Support 
Structure: 

identifying a defective panel from the plurality of display 
panels, wherein identifying the defective panel com 
prises receiving a signal from an adjacent panel indicat 
ing the defect; 

without powering down the multi-panel display, discon 
necting electrical connection to the defective panel and 
removing the defective panel from the mechanical Sup 
port structure; 

attaching a replacement display panel to the mechanical 
support structure at the location of the defective panel; 
and 

connecting power to the replacement display panel, 
wherein one or more of the remaining of the plurality of 
display panels continue to display during the time the 
defective panel is disconnected and removed, and the 
replacement display is attached. 

2. The method of claim 1, wherein identifying the defective 
panel from the plurality of display panels comprises deter 
mining at the plurality of display panels that the defective 
panel has a defect, wherein determining that the defective 
panel has the defect comprises determining that a power 
supply of the defective display panel is not converting power. 

3. The method of claim 1, wherein identifying the defective 
panel from the plurality of display panels comprises deter 
mining at the plurality of display panels that the defective 
panel has a defect, wherein determining that the defective 
panel has the defect comprises determining that a pixel of the 
defective display panel is not drawing power. 

4. The method of claim 1, wherein identifying the defective 
panel from the plurality of display panels comprises using a 
monitoring circuit to determine, at the plurality of display 
panels, that the defective panel has a defect. 

5. The method of claim 1, wherein identifying the defective 
panel comprises receiving a signal indicating a type of repair 
service needed. 

6. The method of claim 1, wherein identifying the defective 
panel comprises receiving a signal from the defective panel 
indicating the defect. 

7. The method of claim 1, wherein identifying the defective 
panel comprises receiving a signal from a control box indi 
cating the defect, the control box being a central monitoring 
unit for monitoring all of the plurality of display panels. 

8. The method of claim 1, wherein disconnecting electrical 
connection to the defective panel comprises removing alter 
nating current (AC) being Supplied to the defective panel. 

9. The method of claim 1, wherein disconnecting electrical 
connection to the defective panel comprises removing direct 
current (DC) being supplied to the defective panel. 

10. The method of claim 1, further comprising: 
repairing the defective panel; and 
attaching the repaired defective panel to another mechani 

cal Support structure of another multi-panel display at a 
different location. 

11. The method of claim 1, wherein each panel of the 
plurality of display panels comprises a power conversion unit 
to convert a received alternating current (AC) to direct current 
(DC). 
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12. The method of claim 11, wherein the power conversion 

unit is disposed in a separate housing outside each of the 
panel. 

13. The method of claim 1, wherein the plurality of display 
panels comprises a first row of panels, a second row of panels, 
and a third row of panels, wherein the defective panel is 
located within the first row of panels, wherein all panels in the 
second row and the third row continue to display during the 
time the defective panel is disconnected and removed, and a 
new display is attached. 

14. The method of claim 1, wherein identifying the defec 
tive panel comprises: 

receiving a signal indicating a health issue of the defective 
panel; 

determining which panel of the multi-panel display is the 
defective panel based on the received signal; and 

identify a geographic physical address of the multi-panel 
display. 

15. The method of claim 14, further comprising monitoring 
the multi-panel display to identify health issues, the signal 
being received based on the monitoring. 

16. The method of claim 14, further comprising generating 
a message requesting servicing. 

17. The method of claim 14, further comprising: 
identifying a service personnel nearest to the geographic 

physical address of the multi-panel display needing ser 
vicing; and 

sending a service request to the identified service person 
nel. 

18. The method of claim 17, wherein the identified service 
personnel performs the disconnecting, the attaching and the 
connecting. 

19. A method for servicing a multi-panel display, wherein 
the multi-panel display comprises a plurality of display pan 
els mounted on a mechanical Support structure, the method 
comprising: 

receiving an indication that a panel of the plurality of 
display panels needs to be serviced, wherein receiving 
the indication comprises receiving a signal from an adja 
cent panel indicating a defect in the panel to be serviced; 

providing access to a rear side of the multi-panel display, 
the opposite front side comprising a display Surface; 

locating the panel to be serviced from amongst the plurality 
of display panels; 

removing the panel to be serviced from the mechanical 
support structure without turning off power to the 
remaining plurality of display panels; 

attaching a new display panel to the mechanical Support 
structure to replace the panel to be serviced; and 

connecting power to the new display panel, wherein one or 
more of the remaining of the plurality of display panels 
continue to display during the time the panel to be ser 
viced is removed and a new display is attached. 

20. The method of claim 19, wherein removing the panel to 
be serviced comprises removing alternating current (AC) 
being Supplied to the panel to be serviced. 

21. The method of claim 19, wherein receiving an indica 
tion that a panel of the plurality of display panels needs to be 
serviced comprises receiving a signal indicating a type of 
repair service needed. 

22. The method of claim 19, wherein receiving an indica 
tion that a panel of the plurality of display panels needs to be 
serviced comprises receiving a signal from the panel to be 
serviced. 

23. The method of claim 19, wherein receiving an indica 
tion that a panel of the plurality of display panels needs to be 
serviced comprises receiving a signal from a control box 
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indicating a defect in the panel to be serviced, the control box 
being a central monitoring unit for monitoring all of the 
plurality of display panels. 

24. The method of claim 19, wherein each panel of the 
plurality of display panels comprises a power conversion unit 5 
to converta received alternating current (AC) to direct current 
(DC). 

25. The method of claim 24, wherein the power conversion 
unit is disposed in a separate housing outside each of the 
panel. 10 

26. The method of claim 19, wherein the plurality of dis 
play panels comprises a first row of panels, a second row of 
panels, and a third row of panels, wherein the panel to be 
serviced is located within the first row of panels, wherein all 
panels in the second row and the third row continue to display 15 
during the time the panel to be serviced is disconnected and 
removed, and a new display is attached. 

27. A method comprising: 
providing access to a multi-panel display comprising a 

plurality of display panels, each panel of the plurality of 20 
display panels being mounted onto a mechanical support 
structure, wherein the plurality of display panels com 
prises a first row of panels, a second row of panels, and 
a third row of panels; 

identifying a defective panel from the plurality of display 25 
panels, wherein identifying the defective panel com 
prises receiving a signal from an adjacent panel indicat 
ing the defect, wherein the panel to be serviced and the 
adjacent panel are located within the first row of panels; 

disconnecting electrical connection to the defective panel; 30 
removing the defective panel from the mechanical support 

structure, wherein all the panels in the first row are 
powered down when an electrical connection to the 
panel to be serviced is disconnected; 

14 
attaching a replacement display panel to the mechanical 

support structure at the location of the defective panel; 
and 

connecting power to the replacement display panel, 
wherein all panels in the second row and the third row 
continue to display during the time the panel to be ser 
Viced is disconnected and removed, and the replacement 
display is attached. 

28. A method comprising: 
providing access to a multi-panel display comprising a 

plurality of display panels, each panel of the plurality of 
display panels being mounted onto a mechanical support 
structure, wherein the plurality of display panels com 
prises a first row of panels, a second row of panels, and 
a third row of panels; 

identifying a defective panel from the plurality of display 
panels, wherein identifying the defective panel com 
prises receiving a signal from an adjacent panel indicat 
ing the defect, wherein the defective panel is located 
within the first row of panels; 

disconnecting electrical connection to all the panels in the 
first row without powering down any panels in the sec 
ond or third rows; 

removing the defective panel from the mechanical support 
structure; 

attaching a replacement display panel to the mechanical 
support structure at the location of the defective panel; 
and 

connecting power to the replacement display panel, 
wherein all panels in the second row and the third row 
continue to display during the time the defective panel is 
disconnected and removed, and the replacement display 
is attached. 


