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(57) ABSTRACT 
A sign-monitoring system includes at least one electronic 
sign and a controller comprising a processor and memory. 
The electronic sign includes a pixel array, the pixel array 
including a plurality of pixels. The electronic sign further 
includes an embedded controller coupled to the at least one 
electronic sign. The embedded controller develops diagnos 
tic information for the at least one electronic sign, the 
diagnostic information including information related to a 
number of malfunctioning pixels in the plurality of pixels. 
The controller is communicably coupled to the embedded 
controller and receives at least a portion of the diagnostic 
information from the embedded controller. In addition, the 
controller assesses the at least a portion of the diagnostic 
information to develop health information. The assessment 
involves evaluating the information related to the number of 
malfunctioning pixels. 
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1. 

SYSTEMAND METHOD FORMONITORING 
A SIGNAGE SYSTEM OF A TRANSIT 

VEHICLE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This Application claims priority from, and incorporates 
by reference the entire disclosure of, U.S. Provisional Appli 
cation No. 61/285,131 filed on Dec. 9, 2009. 

BACKGROUND 

Technical Field 
The present invention relates in general to electronic-sign 

systems, and more particularly, but not by way of limitation, 
to systems and methods for monitoring the operational 
health of Such systems through diagnostic information. 

History of Related Art 
The public-transit industry is well known for its signage. 

A plurality of signs may often be positioned in and/or around 
a bus, train, or other mode of transit to display information 
to passengers, potential passengers, and/or other observers. 
For example, busses often display route information on 
signs disposed on the outside of busses so the sign infor 
mation can easily be observed. The information may include 
the name of the route that particular bus is servicing. In that 
way, potential passengers waiting at a bus stop will know 
which bus to board. 

In early days of mass transportation, bus operators often 
used a placard displaying a route number which was placed 
in a window of the bus. Eventually, such placards were 
replaced by electronic signs capable of displaying a selected 
route number thereon. Electronic signs provide flexibility in 
the type of information that is displayed to passengers. In 
particular, light-emitting diodes (LEDs) have become com 
monplace in electronic signs due to various advantages that 
include, for example, efficient energy consumption, a long 
lifetime, improved robustness, Small size, fast Switching, 
and excellent durability. However, even electronic signs that 
utilize LEDs occasionally malfunction and therefore, for a 
variety of reasons, will fail to provide route information to 
passengers and potential passengers. 

Currently, problems in the operational health of such 
systems such as, for example, failures in sign functionality, 
are generally only detected by a visual inspection by the bus 
operator. Oftentimes, however, the failures are only identi 
fied long after the failure begins and after many passengers 
and potential passengers are unable to obtain necessary 
transit information. Moreover, evaluation of a severity of 
any failures that are identified by the bus operator is sub 
jective and often inaccurate. Therefore, failure-detection in 
current sign systems is ineffective and inefficient. 

SUMMARY OF THE INVENTION 

In one embodiment, the operational health of a sign is 
monitored by a sign-monitoring system which includes at 
least one electronic sign and a controller comprising a 
processor and memory. The electronic sign includes a pixel 
array, the pixel array including a plurality of pixels. The 
electronic sign further includes an embedded controller 
coupled to the at least one electronic sign. The embedded 
controller develops diagnostic information for the at least 
one electronic sign, the diagnostic information including 
information related to a number of malfunctioning pixels in 
the plurality of pixels. The controller is communicably 
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2 
coupled to the embedded controller and receives at least a 
portion of the diagnostic information from the embedded 
controller. In addition, the controller analyzes the at least a 
portion of the diagnostic information to develop health 
information. The analysis involves assessing a severity of 
the at least a portion of the diagnostic information, the 
assessment including evaluating the information related to 
the number of malfunctioning pixels. 

In one embodiment, the operational health of a sign is 
monitored by a sign-monitoring method which includes 
providing a sign-monitoring system, the sign-monitoring 
system including at least one electronic sign and a controller 
comprising a processor and memory. Each electronic sign of 
the at least one electronic sign comprises a pixel array and 
an embedded controller, the pixel array comprising a plu 
rality of pixels. The sign-monitoring method further 
includes, via the embedded controller, developing diagnostic 
information for the at least one electronic sign. The diag 
nostic information includes information related to a number 
of malfunctioning pixels in the plurality of pixels. In addi 
tion, the sign-monitoring method includes, via the controller, 
receiving at least a portion of the diagnostic information 
from the embedded controller. Furthermore, the sign-moni 
toring method includes, via the controller, analyzing at least 
a portion of the diagnostic information to develop health 
information. The analysis comprising assessing a severity of 
the at least a portion of the diagnostic information, the 
assessment comprising evaluating the information related to 
the number of malfunctioning pixels. 
The above summary of the invention is not intended to 

represent each embodiment or every aspect of the present 
invention. It should be understood that the various embodi 
ments disclosed herein can be combined or modified without 
changing the spirit and scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the method and appa 
ratus of the present invention may be obtained by reference 
to the following Detailed Description when taken in con 
junction with the accompanying Drawings wherein: 

FIG. 1 is a perspective view of a bus utilizing an embodi 
ment of a monitored sign system; 

FIG. 2 illustrates a monitored sign system for a transit 
vehicle: 

FIG. 3 illustrates a monitored sign system for a transit 
vehicle: 

FIG. 4 shows diagnostic information that may be derived 
for an illustrative pixel array: 

FIG. 5 describes a process for creating diagnostic infor 
mation; and 

FIG. 6 describes a process for developing health infor 
mation. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

FIG. 1 illustrates a bus 100. Although the bus 100 is 
depicted in FIG. 1, it is contemplated that other types of 
transit vehicles may also be used such as, for example, a rail 
car. A sign 102 is shown on the bus 100. The sign 102 
typically displays information pertaining to a route. Such as, 
for example, a route number or route name. However, other 
information could be displayed by the sign 102. As one of 
ordinary skill in the art will appreciate, a transit vehicle such 
as, for example, the bus 100 may have a plurality of signs 
similar to the sign 102 thereon. For example, a transit 
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vehicle may have a sign similar to the sign 102 on each of 
a front, middle, and left and right sides of the transit vehicle. 
By way of further example, the transit vehicle may have one 
or more signs similar to the sign 102 inside the transit 
vehicle. 

FIG. 2 illustrates a monitored sign system 200 for a transit 
vehicle such as, for example, the bus 100 of FIG. 1. The 
monitored sign system 200 may include a controller (ODK) 
204, an on-board computer 206, and signs 202(1)-(n), which 
signs are referenced herein collectively as signs 202. While 
only the signs 202(1)-(n) are illustrated, in various embodi 
ments, a monitored sign system Such as, for example, the 
monitored sign system 200, may include any integral num 
ber of signs. In a typical embodiment, each of the signs 202 
is operable to utilize light-emitting-diodes (LEDs) to pro 
vide display functionality similar to that described above 
with respect to the sign 102. In various embodiments, other 
types of displays may be utilized such as, for example, liquid 
crystal displays (LCDs) and the like. 

In a typical embodiment, each sign of the signs 202 is 
additionally operable to collect and transmit diagnostic 
information for the sign to the ODK 204. The diagnostic 
information may be generally viewed as raw data that may 
be evaluated by the ODK 204 according to one or more 
preset standards to produce operational health information. 
The diagnostic information may include, for example, infor 
mation regarding how each LED is operating (e.g., current 
draw and Voltage drop). 
As described in more detail below, in various embodi 

ments, the operational health information, also referred to 
herein as simply "health,” may be specifically for each sign 
or collectively for the monitored sign system 200 as a whole. 
As used herein, health information may be considered an 
assessment of specific diagnostic information Such as, for 
example, for a sign or sign system. FIG. 2 depicts the signs 
202 as connected in a linear, multi-drop configuration (e.g., 
RS-485). In a typical embodiment, the ODK 204 has direct 
communication with each of the signs 202. Various network 
ing standards may be utilized to network the signs 202, the 
onboard computer 206, and the ODK 204 such as, for 
example, RS-232, RS-485, SAE J1708, SAE J1939, and 
IEEE 802.3 (i.e., Ethernet). However, one of ordinary skill 
in the art will appreciate that numerous other arrangements 
and standards are also contemplated within the scope of the 
invention. 

In a typical embodiment, the ODK 204 is operable to 
monitor data exchanges between the ODK 204, the signs 
202, and the on-board computer 206 and identify commu 
nication-link problems therebetween. For example, if one of 
the signs 202 or the on-board computer fails to respond to a 
request within a predetermined period of time, a communi 
cation-link problem may be determined to occur and the 
communication-link problem may be recorded as health 
information. By way of further example, if no communica 
tion is detected by the ODK 204 on a particular network for 
a predetermined period of time (e.g., five minutes), a com 
munication-link problem may again be determined to exist. 
Communication-link problems may be reported as appro 
priate, for example, to an operator of a transit vehicle Such 
as, for example, the bus 100, or to a remote server. 
The ODK 204, optionally in conjunction with the on 

board computer 206, typically monitors each sign of the 
signs 202 and maintains the diagnostic information trans 
mitted by the signs 202. The diagnostic information may be 
used to generate health information for the monitored sign 
system 200 such as, for example, which ones of the signs 
202, if any, are malfunctioning. In various embodiments, a 
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4 
sign from the signs 202 may be determined to be malfunc 
tioning in any of a number of ways. 

For example, in some embodiments, a sign from the signs 
202 may be deemed malfunctioning if a sufficient number or 
percentage of LEDs in the sign are operating outside of 
predetermined specifications. By way of further example, a 
sign from the signs 202 may be deemed malfunctioning if all 
or a certain percentage of a specific set or combination of 
sets of LEDs in the sign are operating outside of predeter 
mined specifications. In a typical embodiment, the ODK 2.04 
is further operable to leverage the diagnostic information to 
generate health information for the monitored sign system 
200. For example, the health information for the monitored 
sign system 200 may be generated based on any ones of the 
signs 202 that are deemed malfunctioning. In various 
embodiments, the health information may be displayed, for 
example, to an operator of a transit vehicle such as, for 
example, the bus 100. 

In various embodiments, the ODK 204 is operable to 
transfer, via a communication interface 208, diagnostic 
information, log files and health information, for example, to 
a remote server or removable storage. In some embodi 
ments, the communication interface 208 may be, for 
example, a wireless-networking interface or a universal 
serial bus (USB) interface. In a typical embodiment, the 
communication interface 208 is operable to be connected to, 
for example, an existing antenna or communication system 
of a transit vehicle such as, for example, the bus 100. For 
example, transit vehicles frequently are pre-equipped with 
communication systems in order to serve various other 
purposes Such as, for example, automatic vehicle monitoring 
(AVM). In a typical embodiment, the communication inter 
face 208 is operable to connect to such communication 
systems in order to transmit diagnostic information, log files, 
and health information to the remote server. The remote 
server, in various embodiments, may receive the diagnostic 
information, the log files, and the health information from a 
plurality of transit vehicles to, for example, monitor the 
health of electronic signage systems of an entire fleet of 
vehicles. 

FIG.3 illustrates a monitored sign system 300 for a transit 
vehicle. The monitored sign system 300 includes a sign 302, 
an ODK 304, and a light sensor 328. In various embodi 
ments, the sign 302 is similar to the sign 102 and the signs 
202 and includes a pixel array 314 utilizing LEDs, a 
current/voltage sensing device 312, one or more Smart 
power supplies (SPS) 308, an embedded controller (EC) 
310, and a communication unit 326. In various embodi 
ments, the ODK304 is similar to the ODK 204 of FIG. 2 and 
includes memory 316, a central processing unit (CPU) 318, 
a display 320, an input device 322 and a communication unit 
324. In various embodiment, the light sensor 328 may be 
coupled, for example, to the sign 302 or the ODK 304. One 
of ordinary skill in the art will appreciate that the sign 
system 300 may include more, fewer, or different compo 
nents from those shown in FIG. 3 without deviating from the 
principles of the invention. 

Referring more specifically to the sign 302, the one or 
more SPS 308 and the EC 310 collaborate to provide an 
appropriate power feed to the pixel array 314. In a typical 
embodiment, the EC 310 controls a power value generated 
by the one or more SPS 308 and also operation of the one 
or more SPS 308 and the pixel array 314. In a typical 
embodiment, via the communication unit 326, the EC 310 
communicates diagnostic information to the ODK 304 in a 
manner similar to that described with respect to the ODK 
204 of FIG. 2. 



US 9,530,336 B2 
5 

Using the one or more SPS 308, the EC 310 is operable 
to drive each pixel of the pixel array 314. Via the current/ 
voltage sensing device 312, the EC 310 is typically operable 
to measure a current draw and a Voltage drop on each pixel 
of the pixel array 314 and compare the current draw and the 
Voltage drop to preset thresholds for each. In a typical 
embodiment, the EC 310 can thereby identify proper opera 
tion of each LED utilized in the pixel array 314. The EC 310 
can also identify a failure of the SPS308, for example, using 
the current draw from the SPS 308 and a number of pixels 
in the pixel array 314 that are functioning properly. 
More particularly, the current/voltage sensing device 312 

may be operable, for example, to detect both an open circuit 
and a short circuit. In a typical embodiment, the EC 310 is 
operable to issue commands to the current/voltage sensing 
device 312 to determine, for each pixel in the pixel array 
314, whether an open circuit or a short circuit exists. For 
example, the EC 310 may issue a command at predeter 
mined intervals such as, for example, every two seconds, to 
determine, for each pixel in the pixel array 314, whether an 
open circuit exists. Similarly, the EC 310 may issue a 
command at predetermined intervals such as, for example, 
every two seconds, to determine, for each pixel in the pixel 
array 314, whether a short circuit exists. One of ordinary 
skill in the art will appreciate that other intervals are also 
possible. In some embodiments, open-circuit detection and 
short-circuit detection may occur simultaneously. In other 
embodiments, open-circuit detection and short-circuit detec 
tion may occur separately. 

Responsive to a command to detect either an open circuit 
or a short circuit, the current/voltage sensing device 312 is 
typically operable to output a low-current pulse for each 
pixel in the pixel array 314. The low-current pulse is 
typically sufficiently low that no LED is lit. If the voltage 
from the low-current pulse exceeds a predetermined thresh 
old for a given pixel, an open circuit may be determined. If 
the Voltage from the low-current pulse is less than a prede 
termined threshold for a given pixel, a short circuit may be 
determined. In some embodiments, the EC 310 is operable 
to transmit diagnostic information resulting from each short 
circuit or open-circuit detection performed to the ODK 304. 
In other embodiments, as described in more detail below, the 
sign 302 may internally process the diagnostic information 
and transmit the diagnostic information and transmit the 
diagnostic information to the ODK 304 upon request. 

In a typical embodiment, the ODK 304 is communicably 
coupled to a plurality of signs in addition to the sign 302. 
Therefore, in a typical embodiment, the ODK 304 is oper 
able to receive diagnostic information relating to any inte 
gral number of signs that may, for example, be similar to the 
sign 302. In a typical embodiment, the ODK 304 is operable 
to develop health information for each sign such as, for 
example, the sign 302, and develop overall health informa 
tion for a sign system such as, for example, the sign system 
3OO. 

For example, in a typical embodiment, the ODK 304 is 
operable to verify proper operation of the light sensor 328. 
As one of ordinary skill in the art will appreciate, the light 
sensor 328 is operable to sense light and facilitate adjust 
ment of a brightness, for example, of the pixel array 314, 
responsive thereto. In a typical embodiment, the EC 310 
may issue a command that adjusts the brightness responsive 
to information from the light sensor 328. For example, in 
various embodiments in which the pixel array 314 utilizes 
LEDs, the pixel array 314 may be made brighter in bright 
lighting conditions (e.g., outdoors in daylight) and may be 
made dimmer in dark lighting conditions (e.g., outdoors at 
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6 
night). In a typical embodiment, the light sensor 328 incre 
mentally brightens or dims the pixel array 314 responsive to 
lighting conditions and typically reports metrics regarding 
the lighting conditions, for example, to the ODK 304. 

In a typical embodiment, the ODK 304 monitors the 
lighting conditions and/or periods of time during which the 
lighting conditions reported by the light sensor 328 either do 
not change or do not vary outside of a predetermined range. 
For example, if the lighting conditions reported by the light 
sensor 328 do not change or do not vary outside of the 
predetermined range for a certain length of time (e.g., six 
hours), the ODK 304 may deem a malfunction of the light 
sensor 328 to have occurred. In other embodiments, the 
ODK 304 may monitor a brightness of the pixel array 314 
rather than the light sensor 328. In a typical embodiment, the 
malfunction of the light sensor 328 may be recorded as 
health information and reported, for example, to an operator 
of a transit vehicle such as, for example, the bus 100, or to 
a remote Server. 

In various embodiments, the ODK 304 is operable to 
develop health information based on self-diagnostic infor 
mation. In various embodiments, the ODK 304 is operable 
to verify proper operation of various features of the ODK 
304. For example, in various embodiments, the ODK 304 
may utilize, for example, backlighting, Sound-making 
devices (e.g., buZZers), and the like in order to deliver, 
among other things, alerts and health information, for 
example, to an operator of a transit vehicle such as, for 
example, the bus 100 of FIG. 1. Additionally, the ODK304 
may periodically encounter errors, for example, logging 
health information or reading logged health information. In 
various embodiments, the ODK 304 is operable to detect 
whether, for example, the backlighting, the Sound-making 
devices, and/or other features and functions of the ODK304 
are operational. In various embodiments, the ODK 304 is 
operable to record this information as health information 
that may be, for example, presented to an operator of a 
transit vehicle such as, for example, the bus 100, or to a 
remote Server. 

In a typical embodiment, the ODK 304 accumulates 
diagnostic information for each of the plurality of signs such 
as, for example, the sign 302, and performs various analyses 
on the diagnostic information. For example, the diagnostic 
information received by the ODK 304 relative to the sign 
302 includes information regarding pixels at which a mal 
function has occurred (i.e., malfunctioning pixels). As 
described above, a malfunctioning pixel may be determined, 
for example, via an identified open circuit or short circuit. In 
a typical embodiment, the ODK 304 is operable to receive 
diagnostic information related to the pixel array 314 and 
determine a health of a sign Such as, for example, the sign 
3O2. 
As will be described in more detail below with respect to 

FIG. 4, various algorithms may be utilized to develop 
diagnostic information and health information for a sign 
Such as, for example, the sign 302. For example, the pixel 
array 314 may be analyzed as a matrix. In various embodi 
ments, an algorithm may be implemented by the EC 310 that 
determines how many malfunctioning pixels have occurred 
within one column or one row of the matrix. If more than a 
predetermined number or percentage of malfunctioning 
LEDs occur within one row or one column of the matrix, the 
ODK 304 may determine the sign 302 to have a failure that 
requires immediate service. 

In various embodiments, for example, another algorithm 
may be implemented by the EC 310 that identifies a total 
number of malfunctioning LEDs that have occurred on a 
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sign Such as, for example, the sign 302. If the total number 
of malfunctioning LEDs is greater than a predetermined 
threshold, the ODK 304 may determine the sign 302 to have 
a severe failure that requires immediate service. One of 
ordinary skill in the art will appreciate that other algorithms 
may also be utilized and should be considered to be within 
the scope of the invention. In various embodiments, thresh 
olds for determining severity of malfunctioning LEDs may 
be user-programmable and/or may vary depending on a 
message being displayed on the sign 302. In a typical 
embodiment, the ODK 304 can be configured to report or 
log failures based upon a severity of the results as deter 
mined by the various algorithms quantifying the severity. 
For example, the sign 302 might not require service if a few 
sparsely-located LEDs fail because this failure would not 
have any impact upon the functionality of displaying, for 
example, route information to passengers on a transit vehicle 
such as, for example, the bus 100 of FIG. 1. Conversely, if 
a sign such as, for example, the sign 302 is determined to 
have a severe failure, in a typical embodiment more imme 
diate service may be warranted. 
One of ordinary skill in the art will recognize that if a sign 

such as the sign 302 is malfunctioning, it may be difficult or 
impossible for a potential passenger to determine, for 
example, a destination or route of the transit vehicle. Thus, 
in various embodiments, it is advantageous to make health 
information for a monitored sign system such as, for 
example, the monitored sign system 300, available through 
a variety of interfaces. In that way, a decision can more 
easily be made, for example, whether to take the transit 
vehicle out of service for repairs. In a typical embodiment, 
the ODK 304 provides data storage for the diagnostic 
information for the sign 302 and is operable to provide 
real-time information regarding any malfunctions in the sign 
302 and any other connected signs and the health informa 
tion for the monitored sign system 300 to an operator. Thus, 
in a typical embodiment, the ODK 304 is operable to 
aggregate health information for each monitored sign Such 
as, for example, the sign 302, to develop overall health 
information for the sign-monitoring system 300. 

In various embodiments, the health information may also 
be made available on the transit vehicle. For example, the 
display 320 of the ODK 304 may, in some embodiments, 
indicate a malfunction in the monitored sign system 300 and 
a severity of the malfunction. In various embodiments, using 
pass-code-protected menus, a location and details concern 
ing, for example, failures may be identified by the operator. 
For example, the health information may be classified into 
a plurality categories such that each category is assigned a 
color. For example, a red indicator on the display 320 may 
be defined so as to suggest a high degree of severity for the 
malfunction. As discussed above, in a typical embodiment, 
the ODK 304 is operable to monitor diagnostic information 
from signs such as, for example, the signs 202 or the sign 
302. In various embodiments, the ODK 304 is additionally 
operable to provide on the display 320 a real-time status of 
each sign Such as, for example, the signs 202 or the sign 302. 

FIG. 4 shows diagnostic information that may be derived 
for an illustrative pixel array 414. In various embodiments, 
the pixel array 414 may be similar to the pixel array 314 
described with respect to FIG. 3 and may correspond to a 
sign such as, for example, the sign 302. The pixel array 414 
is illustrated as being formed from three sub-arrays. For 
example, each Sub-array may correspond to a printed circuit 
board (PCB), namely, PCBs 430(1), 430(2), and 430(3). The 
PCBs 430(1), 430(2), and 430(3) may be referenced collec 
tively herein as PCBs 430. Each of the PCBs 430 provides, 
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8 
for example, LEDs necessary for providing a portion of the 
pixel array 414. For simplicity of illustration, the pixel array 
414 is 8 pixels (rows A-H) by 12 pixels (columns 1-12) and 
is illustrated as including three PCBs 430. However, in 
various embodiments, numerous other pixel-array sizes and 
types and numbers of PCBs such as, for example, the PCBs 
430, may be utilized. 

In FIG. 4, an X indicates a pixel (e.g., LED) at which a 
malfunction has been detected, for example, by the EC 310 
in conjunction with the Voltage-sensing device 312 as 
described with respect to FIG. 3. The malfunction may be 
based on, for example, a short circuit or an open circuit. In 
FIG.4, an 'O' indicates a pixel at which no malfunction has 
been detected and is thus assumed to be functioning prop 
erly. Referring to FIGS. 3 and 4 together, in a typical 
embodiment, the EC 310 is operable to combine information 
obtained from a most-recent open-circuit detection and a 
most-recent short-circuit detection to derive diagnostic 
information similar to that shown in FIG. 4 by way of an X 
or an 'O'. As one of ordinary skill in the art will appreciate, 
in order to compile, for example, the diagnostic information 
illustrated in FIG. 4 for the pixel array 414, the EC 310 is 
operable to compile results from the short-circuit and open 
circuit detections across the PCBs 430. 

Referring to FIGS. 3 and 4 collectively, in a typical 
embodiment, the EC 310 is operable to create a reduced set 
of diagnostic information from, for example, the diagnostic 
information illustrated in FIG. 4 for the pixel array 414. For 
example, the EC 310 is typically operable to determine, for 
example, how many malfunctioning pixels occur consecu 
tively in each column or row, a total number of short circuits 
that were detected in each of the PCBs 430, and a total 
number of open circuits that were detected in each of the 
PCBs 430. The reduced set of diagnostic information may 
include, for example, a maximum number of consecutive 
malfunctions for any row across the pixel array 414, a 
maximum number of consecutive malfunctions for any 
column across the pixel array 414, a total number of short 
circuits for each of the PCBs 430, and a total number of open 
circuits for each of the PCBs 430, and/or other desired sets 
of information. For example, with reference to the pixel 
array 414, a maximum number of consecutive malfunctions 
for any column is four (i.e., column 9) and a maximum 
number of consecutive malfunctions for any row is three 
(i.e., row A). 

In various embodiments, reducing the diagnostic infor 
mation to the reduced set of diagnostic information as 
described above minimizes an impact on network bandwidth 
in communications with the ODK304. Sending a location of 
each malfunctioning pixel in a pixel array to the ODK 304 
would effectively be transmitting an image of the pixel array. 
Rather than transmitting an image of for example, the pixel 
array 414, the EC 310 may transmit a much smaller data 
stream that includes, for example, only diagnostic informa 
tion that the ODK 304 requires to develop health informa 
tion. In various embodiments, the reduced set of diagnostic 
information may be user-configurable and thus be adjusted 
to include additional necessary diagnostic information or 
exclude Superfluous diagnostic information, as may be 
appropriate for a particular application. Additionally, reduc 
ing the diagnostic information to the reduced set of diag 
nostic information as described above typically minimizes a 
processing burden, for example, on the ODK 304. In a 
typical embodiment, the ODK304 receives diagnostic infor 
mation for a plurality of signs such as, for example, the sign 
302 of FIG. 3. Therefore, in various embodiments, receiving 
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the reduced set of diagnostic information may decrease 
bandwidth used, processing loads, and hardware require 
ments for the ODK 304. 

Still referring to FIGS. 3 and 4 together, in various 
embodiments, the reduced set of diagnostic information may 
further include information related to internal communica 
tion and processing integrity on a sign Such as, for example, 
the sign 302. In a typical embodiment, the information 
related to internal communication and processing integrity 
may be developed from a loop-back test. The loop-back test 
may involve the EC 310 sending a test pattern through the 
PCBs 430 in a daisy-chain manner for performance of a shift 
on the test pattern. The test pattern is typically a predeter 
mined series of bits. For example, the EC 310 may initially 
pass the test pattern to the PCB 430(1) for a shift, which 
passes an output following the shift to the PCB 430(2). The 
PCB 430(2) performs a shift on the output from the PCB 
430(1) and passes an output to the PCB 430(3). The PCB 
430(3) performs a shift on the output from the PCB 430(2) 
and passes a final output back to the EC 310. In a typical 
embodiment, if the final output received by the EC 310 
matches an expected result, the EC 310 records that the sign 
302 passes the loopback test and processing integrity is 
deemed to exist. Otherwise, the EC 310 records that the sign 
302 fails the loopback test and processing integrity is 
deemed not to exist. In various embodiments, this informa 
tion may be part of the reduced set of diagnostic informa 
tion. 

Still referring to FIGS. 3 and 4 together, in a typical 
embodiment, the ODK 304 is operable to receive the 
reduced set of diagnostic information upon a request, for 
example, to the EC 310. In a typical embodiment, the ODK 
304 is operable to evaluate the reduced set of diagnostic 
information to develop health information using predeter 
mined thresholds. For example, in various embodiments, the 
ODK 304 may store thresholds for a maximum number of 
consecutive malfunctions for a row and a maximum number 
of consecutive malfunctions for a column. In a typical 
embodiment, the thresholds are user-configurable and may 
vary depending on a size of a sign such as, for example, the 
sign 302. 

For example, for the pixel array 414 illustrated in FIG. 4, 
the ODK 304 may use a threshold of three for a given 
column or row. In that way, more than three consecutive 
malfunctions in a given column or row constitutes a failure 
of a sign Such as, for example the sign 302, and immediate 
service may be required. For example, for the pixel array 
414 described above, the reduced set of diagnostic informa 
tion indicates to the ODK304 that a column exists with four 
consecutive malfunctions and that a row exists with three 
consecutive malfunctions. While the three consecutive mal 
functions for a given row does not exceed the threshold, the 
four consecutive malfunctions for a given column is in 
excess of the threshold. Therefore, the ODK 304 may deem 
a sign failure to occur and perform appropriate reporting 
procedures as described above with respect to FIGS. 2 and 
3. 

FIG.5 describes a process 500 that may be performed, for 
example, by the EC 310 of FIG. 3. At step 502, diagnostic 
information is created. The diagnostic information may, for 
example, identify malfunctioning pixels in a pixel array for 
an electronic sign. From step 502, the process 500 proceeds 
to step 504. At step 504, a reduced set of diagnostic 
information is created from the diagnostic information. The 
reduced set of diagnostic information may include, for 
example, a maximum number of consecutive malfunction 
ing pixels for a given column or row of a pixel array. The 
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10 
reduced set of diagnostic information may, for example, be 
developed as described with respect to FIG. 4. From step 
504, the process 500 proceeds to step 506. At step 506, the 
reduced set of diagnostic information is stored pending a 
request from a controller such as, for example, the ODK 2.04 
of FIG. 2 or the ODK 304 of FIG. 3. In a typical embodi 
ment, only a most recent version of the reduced set of 
diagnostic information is maintained. Following step 506, 
the process 500 ends. 

FIG. 6 describes a process 600 that may be performed, for 
example, by the ODK 204 of FIG. 2 or the ODK304 of FIG. 
3. At step 602, diagnostic information for an electronic sign 
system is requested. In a typical embodiment, the diagnostic 
information is requested for one or more electronic signs in 
the electronic sign system. For example, diagnostic infor 
mation may be requested from the EC 310 of FIG. 3. From 
step 602, the process 600 proceeds to step 604. At step 604, 
the diagnostic information is received. The diagnostic infor 
mation may, for example, be the reduced set of diagnostic 
information described with respect to FIG. 5. From step 604, 
the process 600 proceeds to step 606. At step 606, health 
information is developed for the electronic system. In a 
typical embodiment, the health information may be devel 
oped and reported as described with respect to FIGS. 2, 3, 
and 4. Following step 606, the process 600 ends. 

Although various embodiments of the method and appa 
ratus of the present invention have been illustrated in the 
accompanying Drawings and described in the foregoing 
Detailed Description, it will be understood that the invention 
is not limited to the embodiments disclosed, but is capable 
of numerous rearrangements, modifications and substitu 
tions without departing from the spirit of the invention as set 
forth herein. 

What is claimed is: 
1. A sign-monitoring system comprising: 
at least one electronic sign, the at least one electronic sign 

comprising: 
a pixel array, the pixel array comprising a plurality of 

pixels; 
wherein the pixel array comprises a plurality of printed 

circuit boards (PCBs), each PCB providing a sub 
array of the pixel array; and 

an embedded controller coupled to the at least one 
electronic sign operable to create diagnostic infor 
mation for the at least one electronic sign; 

wherein the creation of the diagnostic information 
comprises: 
an analysis of the pixel array as a single matrix; and 
a determination of a number of malfunctioning pix 

els in at least one of: 
a row of the single matrix, wherein the row spans 
more than one PCB of the plurality of PCBs: 
and 

a column of the single matrix, wherein the column 
spans more than one PCB of the plurality of 
PCBs; and 

a controller comprising a processor and memory commu 
nicably coupled to the embedded controller, wherein 
the controller: 
receives at least a portion of the diagnostic information 

from the embedded controller; and 
assesses at least a portion of the diagnostic information 

to develop health information, the assessment com 
prising evaluating the information related to the 
number of malfunctioning pixels. 
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2. The sign-monitoring system of claim 1, comprising: 
wherein each electronic sign of the at least one electronic 

sign comprises a voltage-sensing device, the Voltage 
sensing device measuring Voltage across the plurality 
of pixels; and 

wherein the embedded controller: 
issues at least one command to the Voltage-sensing 

device selected from the group consisting of a 
command to detect short circuits in the plurality of 
pixels and a command to detect open circuits in the 
plurality of pixels; and 

for each pixel in the plurality of pixels, determines the 
pixel to be a malfunctioning pixel responsive to a 
detected short circuit or a detected open circuit. 

3. The sign-monitoring system of claim 1, wherein the 
embedded controller: 

analyzes the diagnostic information to create a reduced set 
of diagnostic information; and 

transmits the reduced set of diagnostic information to the 
controller. 

4. The sign-monitoring system of claim 1, wherein the 
number of malfunctioning pixels comprises a number of 
consecutive malfunctioning pixels; and 

wherein, responsive to the number of consecutive mal 
functioning pixels exceeding a predetermined thresh 
old, the controller determines that service of the pixel 
array is required, the determination of service being 
included as part of the health information. 

5. The sign-monitoring system of claim 1, wherein, 
responsive to the number of malfunctioning pixels exceed 
ing a predetermined threshold, the controller determines that 
service of the pixel array is required, the determination of 
service being included as part of the health information. 

6. The sign-monitoring system of claim 1, comprising: 
wherein the at least one electronic sign comprises a 

plurality of electronic signs and the health information 
comprises overall health information for the sign-moni 
toring system; and 

wherein the assessment comprises aggregating health 
information for each of the plurality of electronic signs. 

7. The sign-monitoring system of claim 6, wherein the 
sign-monitoring system is implemented on a transit vehicle 
and the plurality of electronic signs are mounted for viewing 
on the transit vehicle. 

8. The sign-monitoring system of claim 7, wherein the 
controller reports at least a portion of the health information, 
the report comprising at least one selected from the group 
consisting of: 

display of at least a portion of the health information to an 
operator of the transit vehicle: 

storage and logging of the at least a portion of the 
diagnostic information and the at least a portion of the 
health information in computer-readable storage; 

transmission of the at least a portion of the health infor 
mation to an external device; and 

transmission of the at least a portion of the health infor 
mation to a remote server. 

9. The sign-monitoring system of claim 1, comprising: 
wherein the embedded controller performs a test for 

processing integrity between the plurality of PCBs, a 
result of the test being included as part of the diagnostic 
information. 

10. The sign-monitoring system of claim 1, wherein the 
controller generates self-diagnostic information related to 
features of the controller, the self-diagnostic information 
being selected from the group consisting of information 
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12 
related to backlighting, information related to a sound 
making device, and information related to data-access 
COS. 

11. The sign-monitoring system of claim 1, comprising: 
wherein the controller detects at least one communica 

tion-link problem over one or more networks in the 
sign-monitoring system; and 

wherein information related to the detection is included as 
part of the health information. 

12. The sign-monitoring system of claim 1, comprising: 
a light sensor coupled to at least one of the at least one 

electronic sign, wherein the light sensor senses light 
and, responsive thereto, facilitates adjustment of a 
brightness of the at least one of the at least one 
electronic sign; and 

wherein the controller receives information related to the 
brightness and verifies proper operation of the light 
sensor via the received information. 

13. The sign-monitoring system of claim 1, wherein the 
plurality of pixels in the pixel array comprise a plurality of 
light-emitting diodes (LEDs). 

14. A sign-monitoring method, the method comprising: 
providing a sign-monitoring system, the sign-monitoring 

system comprising at least one electronic sign and a 
controller comprising a processor and memory; 

wherein each electronic sign of the at least one electronic 
sign comprises a pixel array and an embedded control 
ler, the pixel array comprising a plurality of pixels; 

wherein the pixel array comprises a plurality of printed 
circuit boards (PCBs), each PCB providing a sub-array 
of the pixel array: 

via the embedded controller, creating diagnostic informa 
tion for the at least one electronic sign; wherein the 
creating of the diagnostic information comprises: 
an analysis of the pixel array as a single matrix; and 
a determination of a number of malfunctioning pixels 

in at least one of: 
a row of the single matrix, wherein the row spans 
more than one PCB of the plurality of PCBs; and 

a column of the single matrix, wherein the column 
spans more than one PCB of the plurality of PCBs: 

via the controller, receiving at least a portion of the 
diagnostic information from the embedded controller; 
and 

via the controller, assessing at least a portion of the 
diagnostic information to develop health information. 

15. The sign-monitoring method of claim 14, wherein a 
malfunctioning pixel comprises a pixel in the plurality of 
pixels at which at least one of a short circuit and an open 
circuit is determined to exist. 

16. The sign-monitoring method of claim 14, comprising: 
reducing an amount of network bandwidth necessary to 

transmit the diagnostic information, the reducing com 
prising creating a reduced set of diagnostic information 
from the diagnostic information; and 

transmitting the reduced set of diagnostic information to 
the controller. 

17. The sign-monitoring method of claim 14, wherein the 
number of malfunctioning pixels comprises a number of 
consecutive malfunctioning pixels; and 

wherein, responsive to the number of consecutive mal 
functioning pixels exceeding a predetermined thresh 
old, determining, via the controller, that service of the 
pixel array is required, the determination of required 
service being included as part of the health information. 

18. The sign-monitoring method of claim 14, wherein, 
responsive to the number of malfunctioning pixels exceed 
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ing a predetermined threshold, determining, via the control 
ler, that service of the pixel array is required, the determi 
nation of required service being included as part of the 
health information. 

19. The sign-monitoring method of claim 14, comprising: 
wherein the at least one electronic sign comprises a 

plurality of electronic signs; and 
wherein developing the health information comprises: 

developing overall health information for the sign 
monitoring system; and 

aggregating health information for each of the plurality 
of electronic signs. 

20. The sign-monitoring method of claim 14, comprising 
reporting at least a portion of the health information, the 
reporting comprising at least one selected from the group 
consisting of: 

displaying the at least a portion of the health information 
to an operator of a transit vehicle: 

storing and logging the diagnostic information and the at 
least a portion of the health information in computer 
readable storage; 

transmitting the at least a portion of the health information 
to an external device; and 

transmitting the at least a portion of the health information 
to a remote Server. 

21. The sign-monitoring method of claim 14, comprising: 
via the embedded controller, performing a test for pro 

cessing integrity between the plurality of PCBs, a result 
of the test being included as part of the diagnostic 
information. 

22. The sign-monitoring method of claim 14, comprising, 
via the controller, developing self-diagnostic information 
related to features of the controller, the self-diagnostic 
information being selected from the group consisting of: 
information related to backlighting, information related to a 
Sound-making device, and information related to data-access 
eOS. 

23. The sign-monitoring method of claim 14, comprising: 
via the controller, detecting a communication-link prob 

lem over at least one network in the sign-monitoring 
system; and 

wherein information related to the detecting is included as 
part of the diagnostic information. 
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24. The sign-monitoring method of claim 14, comprising: 
via the controller, receiving information related to bright 

ness of the at least one electronic sign; and 
Verifying proper operation of a light sensor via the 

received information. 
25. The sign-monitoring method of claim 14, wherein the 

plurality of pixels in the pixel array comprise a plurality of 
light-emitting diodes (LEDs). 

26. A sign-monitoring system comprising: 
a plurality of electronic signs, each electronic sign in the 

plurality of electronic signs comprising: 
a pixel array, the pixel array comprising a plurality of 

pixels; 
wherein the pixel array comprises a plurality of printed 

circuit boards (PCBs), each PCB providing a sub 
array of the pixel array; 

an embedded controller coupled to the electronic sign, 
the embedded controller creating diagnostic infor 
mation for the electronic sign wherein the creating of 
the diagnostic information comprises: 
an analysis of the pixel array as a single matrix; and 
a determination of a number of malfunctioning pix 

els in at least one of: 
a row of the single matrix, wherein the row spans 
more than one PCB of the plurality of PCBs: 
and 

a column of the single matrix, wherein the column 
spans more than one PCB of the plurality of 
PCBs; and 

at least one controller comprising a processor and 
memory communicably coupled to the plurality of 
electronic signs, wherein the at least one controller: 
requests and receives diagnostic information from the 
embedded controller for each of the plurality of 
electronic signs; and 

analyzes the diagnostic information to develop overall 
health information for the sign-monitoring system; 
and 

wherein the analysis comprises, for each electronic sign 
in the plurality of electronic signs, assessing at least 
a portion of the diagnostic information to develop 
health information. 
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