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(54) LINE REPLACEABLE UNIT IDENTIFICATION SYSTEMS AND METHODS

(57) An electronic device may comprise: a token in-
put circuit (310) comprising a token input electrical line,
a pull up resistor (306), and a power source (302); a token
output circuit (320) comprising a token output electrical
line and an electrical switch (322); a communication input
electrical line; a communication output electrical line; a
processor (102) in electrical communication with the to-
ken input electrical line, the token output electrical line,
the communication input electrical line, and the commu-

nication output electrical line; and a tangible, non-transi-
tory computer-readable storage medium having instruc-
tions stored thereon that, in response to execution by the
processor, cause the processor to perform operations
comprising: receive, via the processor, a token from an
adjacent electronic device via the token input electrical
line, and determine, based on the token, a location of the
electronic device in a string of electronic devices (110).
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Description

FIELD

[0001] The present disclosure relates generally to
lighting systems and methods and, more particularly, to
tokening line replaceable units ("LRUs") via a communi-
cations shield.

BACKGROUND

[0002] Wash lights are used to provide lighting accents
generally via indirect lighting (i.e., an area is illuminated
primarily by light from the illumination source that is re-
flected off of another surface). For vehicles in general,
and specifically here for aircraft, wash lights can be used
to create various moods, particularly when colored light-
ing is used.
[0003] Advances in light emitting diode ("LED") tech-
nology has made LEDs an ideal source of light where
low-powered lighting solutions are desirable, such as in
an aircraft, where power availability is limited. Recently,
new technologies have become available that have the
potential to enhance the usefulness of LEDs generally,
but which have not been fully realized in the context of
aircraft lighting.
[0004] When utilizing multidrop communications meth-
ods/protocols in multi LRU systems there is a need to
address units (identify). Currently addressing of LRUs is
done either by a dip switch, a RF/EM/magnetic wand,
preselected in software or via a separate token line.
These token lines are separate discrete I/O that adds
cost, weight and thickness to harnesses.

SUMMARY

[0005] An electronic device is disclosed herein. In var-
ious embodiments, the electronic device comprises: a
token input circuit comprising a token input electrical line,
a pull up resistor, and a power source; a token output
circuit comprising a token output electrical line and an
electrical switch; a communication input electrical line; a
communication output electrical line; a processor in elec-
trical communication with the token input electrical line,
the token output electrical line, the communication input
electrical line, and the communication output electrical
line; and a tangible, non-transitory computer-readable
storage medium having instructions stored thereon that,
in response to execution by the processor, cause the
processor to perform operations comprising: receive, via
the processor, a token from an adjacent electronic device
via the token input electrical line, and determine, based
on the token, a location of the electronic device in a string
of electronic devices.
[0006] In various embodiments, the operations further
comprise command the electrical switch to transition from
an "ON" state to an "OFF" state in response to determin-
ing the location of the electronic device. The operations

may further comprise releasing the token in response to
transitioning the electrical switch from the "ON" state to
the "OFF" state.
[0007] In various embodiments, the operations further
comprise determining the electronic device is a first elec-
tronic device in the string of electronic devices based on
a forward shield of the electronic device being pulled
down from a first voltage to approximately 0 volts from
the pull up resistor.
[0008] In various embodiments, the token input circuit
further comprises a first voltage divider, and wherein the
token output circuit further comprises a second voltage
divider.
[0009] In various embodiments, the token input elec-
trical line is configured to be coupled to a first shield con-
figured to surround a communication wire configured to
couple to the communication input electrical line. The
token output electrical line may be configured to be cou-
pled to a second shield configured to surround a second
communication wire configured to couple to the commu-
nication output electrical line.
[0010] An electrical system is disclosed herein. The
electrical system may comprise: a control system com-
prising a controller; and a string of electronic devices con-
nected in series, each electronic device electrically cou-
pled to an adjacent electronic device by a communication
line segments, each communication line segment en-
closed by a shield; each electronic device in the string of
electronic devices comprising a local controller in elec-
trical communication with a forward communication line
segment and a forward shield, the forward shield sur-
rounding the forward communication line segment.
[0011] In various embodiments, the forward shield is
configured to reduce electromagnetic interference
("EMI").
[0012] In various embodiments, the controller is con-
figured to: release a token to determine a location of each
electronic device in the string of electronic devices; and
receive, from the local controller of each electronic de-
vice, the location of the electronic device in the string of
electronic devices.
[0013] In various embodiments, the electrical system
is an aircraft lighting system. Each electronic device may
be a line replaceable unit (LRU) having a plurality of light
emitting diodes (LEDs).
[0014] In various embodiments, the electrical system
is configured to determine a location of each electronic
device in the string of electronic devices by creating a
circuit between adjacent electronic devices through the
forward shield.
[0015] An electrical system is disclosed herein. The
electrical system may comprise: a control system includ-
ing a controller; a first electronic device in a string of elec-
tronic devices, the first electronic device comprising a
local controller electrically coupled to the controller, a to-
ken input line in electrical communication with the local
controller, a pull up resistor, and a power source; a com-
munication line segment extending from the control sys-
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tem to the first electronic device, the communication line
segment in electrical communication with the controller
and the local controller; and a shield surrounding the
communication line segment, the shield configured to re-
duce electromagnetic interference ("EMI"), the shield in
electrical communication with the token input line, the
pull up resistor, and the power source.
[0016] In various embodiments, the electrical system
comprises the string of electronic devices, each electron-
ic device in the string of electronic devices in accordance
with the first electronic device.
[0017] In various embodiments, the first electronic de-
vice further comprises an electrical switch in electrical
communication with a token output line. The local con-
troller may be configured to: receive a token from the
controller; and determine, based on the token, that the
first electronic device is in a first location in the string of
electronic devices. The first location may be determined
based on the shield pulling down from a first voltage to
approximately 0 volts due to the pull up resistor. The local
controller may be further configured to command the
electrical switch to transition from an "ON" state to an
"OFF" state in response to determining the first electronic
device is in the first location in the string of electronic
devices. The local controller may be further configured
to release the token in response to transitioning the elec-
trical switch from the "ON" state to the "OFF" state.
[0018] The forgoing features and elements may be
combined in various combinations without exclusivity,
unless expressly indicated herein otherwise. These fea-
tures and elements as well as the operation of the dis-
closed embodiments will become more apparent in light
of the following description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The subject matter of the present disclosure is
particularly pointed out and distinctly claimed in the con-
cluding portion of the specification. A more complete un-
derstanding of the present disclosure, however, may best
be obtained by referring to the following detailed descrip-
tion and claims in connection with the following drawings.
While the drawings illustrate various embodiments em-
ploying the principles described herein, the drawings do
not limit the scope of the claims.
[0020] The patent or application file contains at least
one drawing executed in color. Copies of this patent or
patent application publication with color drawing(s) will
be provided by the Office upon request and payment of
the necessary fee.

FIG. 1 illustrates a schematic view of an electrical
system, in accordance with various embodiments;
FIG. 2 illustrates a schematic view of an electrical
system, in accordance with various embodiments;
FIG. 3 illustrates a schematic view of a portion of an
electrical system, in accordance with various em-
bodiments;

FIG. 4 illustrates an electrical circuit in an electrical
system, in accordance with various embodiments;
FIG. 5 illustrates a process of address identification
in an electrical system, in accordance with various
embodiments; and
FIG. 6 illustrates a process of address identification
in an electrical system, in accordance with various
embodiments.

DETAILED DESCRIPTION

[0021] The following detailed description of various
embodiments herein refers to the accompanying draw-
ings, which show various embodiments by way of illus-
tration. While these various embodiments are described
in sufficient detail to enable those skilled in the art to
practice the disclosure, it should be understood that other
embodiments may be realized and that changes may be
made without departing from the scope of the disclosure.
Thus, the detailed description herein is presented for pur-
poses of illustration only and not of limitation. Further-
more, any reference to singular includes plural embodi-
ments, and any reference to more than one component
or step may include a singular embodiment or step. Also,
any reference to attached, fixed, connected, or the like
may include permanent, removable, temporary, partial,
full or any other possible attachment option. Additionally,
any reference to without contact (or similar phrases) may
also include reduced contact or minimal contact. It should
also be understood that unless specifically stated other-
wise, references to "a," "an" or "the" may include one or
more than one and that reference to an item in the sin-
gular may also include the item in the plural. Further, all
ranges may include upper and lower values and all rang-
es and ratio limits disclosed herein may be combined.
[0022] "Electrical line" as referred to herein is a con-
ductive wire, or conductive element on an electronic de-
vice, such as one in a printed circuit board or the like and
configured to transfer current from one electronic device
to another electronic device.
[0023] Disclosed herein is an electrical system config-
ured, in various embodiments, with a daisy chain com-
munication system and configured for identification of
each LRU in a string of LRUs. In various embodiments,
the electrical system comprises a plurality of shields,
each shield disposed between adjacent LRUs in the plu-
rality of LRUs and/or between an LRU and a control sys-
tem. In various embodiments, the shield is configured to
surround a wire (e.g., an RS-485 wire) and provide elec-
tromagnetic interference ("EMI") reduction. Stated an-
other way, the shield may comprise an EMI shield. In
various embodiments the shield that connects from LRU
(e.g., light module) to LRU (e.g., adjacent light module)
may be utilized as a tokening device. Not only is the shield
typically not used other than for shielding purposes, the
actually can have voltages on it without affecting its op-
eration. Since all lights need a common ground reference
provided by the power/return, the shield can be connect-
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ed via a resistor to power (e.g., 28 volts, 5 volts, etc.),
the LRU (e.g., light module) preceding it would be con-
nected to a ground via a switch (e.g., a relay, transistor,
etc.). In various embodiments, the transistor would be on
during typical operation which grounds the shield provid-
ing the same shielding benefits as normal. During token-
ing, it would release the resistor and the shield would pull
up to the supply voltage.
[0024] In various embodiments, the electrical system
disclosed herein would, in various embodiments and
among other things, reduce weight and cost relative to
typical electrical systems with daisy chain communica-
tion systems. In particular, a token line (e.g., a wire uti-
lized exclusively for identification of LRUs within the daisy
chain), may be eliminated from the typical electrical sys-
tem. In various embodiments, the electrical system dis-
closed herein allows the shield (e.g., an EMI shield) to
function in a typical manner during normal operation (i.e.,
outside of a tokening method disclosed herein). In vari-
ous embodiments, the electrical system disclosed herein
facilitates detection of a downstream or upstream LRU
for health monitoring (e.g., missing LRU, dead power
supply, broken cable, etc.). In various embodiments, the
electrical system disclosed herein may provide a com-
munication backup for simple discrete system. In various
embodiments, the electrical system disclosed herein is
communication bus agnostic (i.e., compatible with vari-
ous communication buses / systems). In various embod-
iments,
[0025] Referring now to FIG. 2, a schematic view of an
aircraft lighting system 10 having an electrical system
100 is illustrated in accordance with various embodi-
ments. In various embodiments, the electrical system
100 comprises a control system 101 and a string of elec-
tronic device 110. Although described herein with respect
to an aircraft lighting system 10, the present disclosure
is not limited int his regard. For example, the electrical
system 100 disclosed herein may be utilized for any elec-
trical system 100 that connects a string of electronic de-
vices 110 (e.g., LRUs 112, 114, 116), to a network (e.g.,
a control system 101) via a communication line 120 (e.g.,
RS485, CAN bus, ethernet, etc.), where identification of
each electronic device within the string of electronic de-
vices 110 in the electrical system 100 is desired.
[0026] In various embodiments, the string of electronic
devices 110 may comprise any number of LRUs aligned
in a string via a communication line 120. The communi-
cation line 120 is in electrical communication with the
control system 101 and each LRU in the string of elec-
tronic devices 110. For example, the communication line
120 extends from the control system 101 to a first LRU
112, from the first LRU 112 to a second LRU, and so on
until the communication line terminates after extending
from an N-1 LRU 116 to a termination LRU 118 (e.g., an
Nth LRU of N LRUs). In this regard, the plurality of elec-
tronic devices 110 are electrically coupled in series via
the communication line 120.
[0027] In various embodiments, each LRU in a string

of electronic devices 110 for an aircraft lighting system
10 may comprises a plurality of light emitting diodes
("LEDs"). Each LRU may correspond to a different area
of an aircraft cabin (e.g., rows 16-25 vs. rows 26 -35, a
lavatory vs. an aircraft cabin, etc.). The present disclo-
sure is not limited in this regard. It may be desirable to
allow control system 101 to command specific LRUs with-
in the string of electronic devices 110 a specific color
(e.g., second LRU 114 a different color from first LRU
112), to determine a health status of a specific LRU within
the string of electronic devices 110, or the like. In order
for the control system 101 to command the correct color
to the correct LRU, a location within the chain is deter-
mined for each LRU in the plurality of electronic devices
110 as described further herein (e.g., second LRU 114
is determined to be a second electronic device from the
control system in the string of electronic devices 110).
[0028] In typical electrical systems having a string of
electronic devices a distinct electrical line from the com-
munication line is utilized for determining a location of
each electronic device in a string of electronic devices,
which adds cost, weight, thickness to a harness carrying
the electrical lines.
[0029] In various embodiments, the control system 101
comprises a controller 102 and a memory 104. In various
embodiments each LRU in the string of electronic devices
110 is in electrical communication (e.g., via communica-
tion line 120) with the controller 102. In various embod-
iments, controller 102 may be integrated into computer
system of the aircraft. In various embodiments, controller
102 may be configured as a central network element or
hub to access various systems and components of the
aircraft lighting system 10. Controller 102 may comprise
a network, computer-based system, and/or software
components configured to provide an access point to var-
ious systems and components of the aircraft lighting sys-
tem 10. In various embodiments, controller 102 may com-
prise a processor. In various embodiments, controller
102 may be implemented in a single processor. In various
embodiments, controller 102 may be implemented as
and may include one or more processors and/or one or
more tangible, non-transitory memories and be capable
of implementing logic (e.g., memory 104). Each proces-
sor can be a general purpose processor, a digital signal
processor (DSP), an application specific integrated cir-
cuit (ASIC), a field programable gate array (FPGA) or
other programable logic device, discrete gate or transis-
tor logic, discrete hardware components, or any combi-
nation thereof. Controller 102 may comprise a processor
configured to implement various logical operations in re-
sponse to execution of instructions, for example, instruc-
tions stored on a non-transitory, tangible, computer-read-
able medium (e.g., memory 104) configured to commu-
nicate with controller 102.
[0030] System program instructions and/or controller
instructions may be loaded onto a non-transitory, tangible
computer-readable medium having instructions stored
thereon that, in response to execution by a controller,
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cause the controller to perform various operations. The
term "non-transitory" is to be understood to remove only
propagating transitory signals per se from the claim
scope and does not relinquish rights to all standard com-
puter-readable media that are not only propagating tran-
sitory signals per se.
[0031] Referring now to FIG. 2, each electronic device
(e.g., electronic devices 111, 113) in the string of elec-
tronic devices 110 may comprise a local controller (e.g.,
controller 212 for LRU 112, controller 214 for LRU 114,
etc.). In this regard, the local controller may control var-
ious systems and components of the respective electron-
ic device. Thus, each local controller may be in accord-
ance with the controller 102 as described above, with the
exception of each local controller (e.g., controllers 212,
214, etc.) being controlled by the controller 102 of the
control system 101 as described further herein.
[0032] In various embodiments, the communication
line 120 comprises a plurality of wire segments, each
wire segment extending from a first electronic device to
a second electronic device. For example, a first commu-
nication line segment 122 extends from the controller 102
of the control system 101 to the controller 212 of the first
electronic device 111 (e.g., first LRU 112) in the string of
electronic devices 110. In various embodiments, each
electronic device comprises a housing (e.g., housing 103
for control system 101, housing 133 for electronic device
111, housing 135 for electronic device 113, etc.). In var-
ious embodiments, the housing (e.g., housing 103, 133,
135) may comprise a printed circuit board, or the like.
[0033] In various embodiments, each communication
line segment in the communication line 120 extends ex-
ternal to the housings (e.g., between housing 103 of the
control system 101 to the housing 133 of the first elec-
tronic device 111, between housing 133 of the first elec-
tronic device 111 to the housing 135 of the second elec-
tronic device 113, etc.). Between respective housings,
each communication line segment in the communication
line 120 may be protected by a shield (e.g., shield 202
between housing 103 and housing 133, shield 204 be-
tween housing 133 and housing 135, etc.). The shield
(e.g., shields 202, 204, etc.) are configured to prevent,
or reduce, EMI. In various embodiments, the shields
(e.g., shields 202, 204), are configured to surround the
communication line 120. Each shield (e.g., shields 202,
204) may be made from a conductive material, such as
graphene, carbon nanotube, mu-metal, beryllium cop-
per, polymer nanocomposites, copper, etc.
[0034] Referring now to FIG. 3, a schematic view of a
portion of an electrical circuit 300 for an electrical system
100 from FIG. 1 is illustrated, in accordance with various
embodiments. In various embodiments, the electronic
device 111 (e.g., LRU 112) in the string of electronic de-
vices 110 from FIG. 1 comprises the portion of the elec-
trical circuit 300 in the housing 133 (e.g., a printed circuit
board) of the electronic device 111. In various embodi-
ments, the portion of the electrical circuit 300 comprises
a power source 302 (e.g., a battery), a pull-up resistor

306, an input circuit 310, an output circuit 320, and a
ground 304.
[0035] The input circuit comprises 310 the pull-up re-
sistor 306, the power source 302, and a divider resistor
circuit 312. The pull up resistor 306 may be configured
as a weak pull up resistor (e.g., with resistance of 10 kΩ,
100 kΩ, or the like). The pull up resistor 306 is disposed
electrically between a first node 311 and the input circuit
310 and the power source 302. The first node 311 is
defined at an intersection of a shield output line 313 ex-
tending from the shield 202, a pull up line having the pull
up resistor 306, and a divider resistor circuit 312 (e.g., a
voltage divider circuit or the like). The sensing circuit is
in electrical communication with the controller 212 of the
electronic device 111. In this regard, the controller 212
is configured to determine a location of the electronic
device 111 within a string of electronic devices 110 from
FIG. 1, as described further herein.
[0036] In various embodiments, the input circuit 310
comprises a filter capacitor 314. The filter capacitor 314
is configured to filter out various frequencies (e.g., fre-
quencies close to 0 Hz) during operation of the electrical
system 100, in accordance with various embodiments.
[0037] The output circuit 320 comprises an electrical
switch 322 (e.g., a relay, a transistor, or the like) and an
output sensing circuit 324 (e.g., a voltage divider circuit).
In various embodiments, the electrical switch 322 is a
transistor, such as a metal-oxide-semiconductor field-ef-
fect transistor (MOSFET) transistor. However, the
present disclosure is not limited in this regard. The output
circuit 320 may further comprise a shield input line 323
extending from a second node 321 of the output circuit
320 to a following shield (e.g., shield 204). In various
embodiments, the second node is in electrical commu-
nication with a drain of the electrical switch 322 (e.g., in
response to the electrical switch 322 being a MOSFET
transistor).
[0038] In various embodiments, each electronic device
in the plurality of electronic devices 110 from FIG. 1 is in
accordance with the electronic device 111 from FIG. 3.
In various embodiments, the control system 101 may
comprise only an output circuit 320. Similarly, in accord-
ance with various embodiments, the termination LRU 118
from FIG. 1 may only comprise the input circuit 310. How-
ever, the present disclosure is not limited in this regard.
For example, the termination LRU 118 may comprise the
output circuit 320, but the output circuit 320 may not be
electrically coupled to an adjacent shield as the termina-
tion LRU 118 is Nth LRU in a string of N LRUs, in accord-
ance with various embodiments.
[0039] Referring now to FIG. 4, a schematic view of an
output circuit 420 is illustrated, in accordance with various
embodiments. The output circuit 420 is in accordance
with the output circuit 320 and further comprising an in-
ductor 402 and a capacitor 404 creating an electrical cir-
cuit between a drain 401 of the electrical switch 322 and
a source 403 of the electrical switch. In various embod-
iments, the output circuit 420 may facilitate performing
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of a tokening method as described further herein while
maintaining an EMI reduction function of the shields 202,
204, whereas the output circuit 320 may temporarily re-
move the EMI reduction function of the shields 202, 204
during a tokening method described further herein.
[0040] Referring now to FIG. 5, a process 500 for de-
termining a location of an electronic device within a string
of electronic devices is illustrated, in accordance with var-
ious embodiments. In various embodiments, the power
source 302 of each electronic device is approximately 5
volts for illustrative purposes.
[0041] The process 500 comprises receiving, via a
controller (e.g., controller 212, 214, etc.) a token from an
external electronic device (e.g., control system 101, first
electronic device 111, second electronic device 113, etc.)
(step 502).
[0042] In various embodiments, the process 500 fur-
ther comprises determining, based on the token, a loca-
tion of the electronic device in a string of electronic de-
vices (step 504). In various embodiments, if the location
of the electronic device is a first electronic device in a
string of electronic devices, the controller (e.g., controller
212) will detect that the forward shield (e.g., shield 202)
is pulled down (e.g., from 5 volts to 0 volts) due to the
pull up resistor 306 of the input circuit 310. A "forward
shield" as described herein refers to a shield disposed
immediately electrically forward from an electronic de-
vice in a string of electronic devices 110 from FIG. 1.
Similarly, "an aft shield" as described herein refers to a
shield disposed immediately electrically aft from an elec-
tronic device in a string of electronic devices 110. In var-
ious embodiments, if the location of the electronic device
is not the first electronic device the token will include in-
formation as to a location of the prior electronic device
as described further herein.
[0043] In various embodiments, the process 500 fur-
ther comprises commanding an electrical switch 322
(e.g., a MOSFET transistor) to transition from an "ON"
state to an "OFF" state. In response to the electrical
switch 322 being transitioned to an "OFF" state, the aft
shield (e.g., shield 204 when the electronic device is the
first electronic device 111) is pulled up to 5 volts due to
the pull up resistor 306 of the next electronic device (e.g.,
electronic device 113 in response to the electronic device
being the first electronic device 111).
[0044] In various embodiments, the process 500 fur-
ther comprises releasing the token (step 508). In this re-
gard, referring back to step 504, in response to a con-
troller receiving the token and detecting a forward shield
being pulled down from 5 volts to 0 volts, the controller
is able to determine that the electronic device is the next
electronic device in the string of electronic devices 110
from FIG. 1. For example, in response to the controller
214 receiving a released token from controller 212 and
detecting a forward shield (e.g., shield 204) being pulled
down from 5 volts to 0 volts, the controller 214 determines
that the electronic device is the second electronic device
113 in the string of electronic devices 110.

[0045] In various embodiments, the process 500 may
be repeated for each electronic device in the string of
electronic devices 110 from FIG. 1 until a location of each
electronic device in the string of electronic devices 110
from FIG. 1 is determined and sent to the controller 102
of the control system 101.
[0046] In various embodiments, the process 500 fur-
ther comprises determining whether the electronic de-
vice is a last electronic device (e.g., a termination LRU
118) in a string of electronic devices 110 from FIG. 1
(step 510). Referring back to step 506, if the electric
switch of the electronic device is transition from an "ON"
state to an "OFF" state and the controller does not detect
an aft shield being pulled up to 5 volts, the controller
determines that the electronic device is the termination
LRU 118.
[0047] Referring now to FIG. 6, a process 600 for de-
termining a location of each electronic device in a string
of electronic devices 110 from FIG. 1 is illustrated, in
accordance with various embodiments. The process 600
comprises releasing, via a controller 102 from FIG. 1, a
token to determine a location of each electronic device
in a string of electronic devices (step 602). The process
600 further comprises receiving, via the controller 102
from FIG. 1, a location of each electronic device in the
string of electronic devices (step 604). In this regard, each
electronic device in the string of electronic devices 110
transmits (e.g., via the communication line 120) a location
identifier of the respective electronic device (e.g., first
electronic device 111 transmits to the controller 102 a
first location identifier indicating a first location in the
string of electronic devices, the second electronic device
113 transmits to the controller 102 a second location iden-
tifier indicating a second location in the string of electronic
identifiers, and so on.
[0048] Benefits, other advantages, and solutions to
problems have been described herein with regard to spe-
cific embodiments. Furthermore, the connecting lines
shown in the various figures contained herein are intend-
ed to represent exemplary functional relationships and/or
physical couplings between the various elements. It
should be noted that many alternative or additional func-
tional relationships or physical connections may be
present in a practical system. However, the benefits, ad-
vantages, solutions to problems, and any elements that
may cause any benefit, advantage, or solution to occur
or become more pronounced are not to be construed as
critical, required, or essential features or elements of the
disclosure. The scope of the disclosure is accordingly to
be limited by nothing other than the appended claims, in
which reference to an element in the singular is not in-
tended to mean "one and only one" unless explicitly so
stated, but rather "one or more." Moreover, where a
phrase similar to "at least one of A, B, or C" is used in
the claims, it is intended that the phrase be interpreted
to mean that A alone may be present in an embodiment,
B alone may be present in an embodiment, C alone may
be present in an embodiment, or that any combination
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of the elements A, B and C may be present in a single
embodiment; for example, A and B, A and C, B and C,
or A and B and C. Different cross-hatching is used
throughout the figures to denote different parts but not
necessarily to denote the same or different materials.
[0049] Systems, methods and apparatus are provided
herein. In the detailed description herein, references to
"one embodiment," "an embodiment," "various embodi-
ments," etc., indicate that the embodiment described
may include a particular feature, structure, or character-
istic, but every embodiment may not necessarily include
the particular feature, structure, or characteristic. More-
over, such phrases are not necessarily referring to the
same embodiment. Further, when a particular feature,
structure, or characteristic is described in connection with
an embodiment, it is submitted that it is within the knowl-
edge of one skilled in the art to affect such feature, struc-
ture, or characteristic in connection with other embodi-
ments whether or not explicitly described. After reading
the description, it will be apparent to one skilled in the
relevant art(s) how to implement the disclosure in alter-
native embodiments.
[0050] Furthermore, no element, component, or meth-
od step in the present disclosure is intended to be dedi-
cated to the public regardless of whether the element,
component, or method step is explicitly recited in the
claims. As used herein, the terms "comprises," "compris-
ing," or any other variation thereof, are intended to cover
a non-exclusive inclusion, such that a process, method,
article, or apparatus that comprises a list of elements
does not include only those elements but may include
other elements not expressly listed or inherent to such
process, method, article, or apparatus.
[0051] Finally, it should be understood that any of the
above described concepts can be used alone or in com-
bination with any or all of the other above described con-
cepts. Although various embodiments have been dis-
closed and described, one of ordinary skill in this art
would recognize that certain modifications would come
within the scope of this disclosure. Accordingly, the de-
scription is not intended to be exhaustive or to limit the
principles described or illustrated herein to any precise
form. Many modifications and variations are possible in
light of the above teaching.

Claims

1. An electronic device, comprising:

a token input circuit (310) comprising a token
input electrical line, a pull up resistor (306), and
a power source (302);
a token output circuit (320) comprising a token
output electrical line and an electrical switch
(322);
a communication input electrical line;
a communication output electrical line;

a processor (102) in electrical communication
with the token input electrical line, the token out-
put electrical line, the communication input elec-
trical line, and the communication output elec-
trical line; and
a tangible, non-transitory computer-readable
storage medium having instructions stored ther-
eon that, in response to execution by the proc-
essor, cause the processor to perform opera-
tions comprising:

receive, via the processor, a token from an
adjacent electronic device via the token in-
put electrical line, and
determine, based on the token, a location
of the electronic device in a string of elec-
tronic devices.

2. The electronic device of claim 1, wherein the oper-
ations further comprise command the electrical
switch (322) to transition from an "ON" state to an
"OFF" state in response to determining the location
of the electronic device.

3. The electronic device of claim 2, wherein the oper-
ations further comprise releasing the token in re-
sponse to transitioning the electrical switch (322)
from the "ON" state to the "OFF" state.

4. The electronic device of any preceding claim, where-
in the operations further comprise determining the
electronic device is a first electronic device in the
string of electronic devices based on a forward shield
of the electronic device being pulled down from a
first voltage to approximately 0 volts from the pull up
resistor (306).

5. The electronic device of any preceding claim, where-
in the token input circuit (310) further comprises a
first voltage divider (312), and wherein the token out-
put circuit (320) further comprises a second voltage
divider (324).

6. The electronic device of any preceding claim, where-
in the token input electrical line is configured to be
coupled to a first shield (202) configured to surround
a communication wire configured to couple to the
communication input electrical line.

7. The electronic device of claim 6, wherein the token
output electrical line is configured to be coupled to
a second shield (204) configured to surround a sec-
ond communication wire configured to couple to the
communication output electrical line.

8. An electrical system, comprising:

a control system comprising a controller; and
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a string of electronic devices (110) connected in
series, each electronic device electrically cou-
pled to an adjacent electronic device by a com-
munication line segments, each communication
line segment enclosed by a shield (202, 204);
each electronic device in the string of electronic
devices comprising a local controller (212) in
electrical communication with a forward commu-
nication line segment and a forward shield (202),
the forward shield surrounding the forward com-
munication line segment.

9. The electrical system of claim 8, wherein the forward
shield (202) is configured to reduce electromagnetic
interference, EMI.

10. The electrical system of claim 8 or 9, wherein the
controller (212) is configured to:

release a token to determine a location of each
electronic device in the string of electronic de-
vices; and
receive, from the local controller of each elec-
tronic device, the location of the electronic de-
vice in the string of electronic devices.

11. The electrical system of any of claims 8-10, wherein
the electrical system is an aircraft lighting system,
and preferably wherein each electronic device is a
line replaceable unit, LRU, having a plurality of light
emitting diodes, LEDs.

12. The electrical system of any of claims 8-11, wherein
the electrical system is configured to determine a
location of each electronic device in the string of elec-
tronic devices (110) by creating a circuit between
adjacent electronic devices through the forward
shield (202).

13. An electrical system, comprising:

a control system including a controller (212);
a first electronic device in a string of electronic
devices (110), the first electronic device com-
prising a local controller electrically coupled to
the controller, a token input line in electrical com-
munication with the local controller, a pull up re-
sistor (306), and a power source (302);
a communication line segment extending from
the control system to the first electronic device,
the communication line segment in electrical
communication with the controller and the local
controller; and
a shield (202, 204) surrounding the communi-
cation line segment, the shield configured to re-
duce electromagnetic interference, EMI, the
shield in electrical communication with the token
input line, the pull up resistor, and the power

source.

14. The electrical system of claim 13, further comprising
the string of electronic devices (110), each electronic
device in the string of electronic devices in accord-
ance with the first electronic device.

15. The electrical system of claim 13, wherein the first
electronic device further comprises an electrical
switch (322) in electrical communication with a token
output line, and preferably wherein the local control-
ler is configured to:

receive a token from the controller; and
determine, based on the token, that the first elec-
tronic device is in a first location in the string of
electronic devices, and more preferably wherein
the first location is determined based on the
shield pulling down from a first voltage to ap-
proximately 0 volts due to the pull up resistor,
and more preferably wherein the local controller
is further configured to command the electrical
switch (322) to transition from an "ON" state to
an "OFF" state in response to determining the
first electronic device is in the first location in the
string of electronic devices, and more preferably
wherein the local controller is further configured
to release the token in response to transitioning
the electrical switch (322) from the "ON" state
to the "OFF" state.
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