REMOTE DEVI CE CONTROL AND POAER SUPPLY RELATED APPLI CATI ONS [ 0001] The
present application clains priority to U S. provisional application no.
61/ 194, 0580 2bidse7oen Sept enber 23, 2008 and entitl ed EtrernmstooBasmds
Actuator Controller, the entirety of which is hereby incorporated by
reference. FIELD [0002] The present invention relates generally to
aircraft. Mre particularly, the present invention relates to enhancing
control and power supply to renote devices |ocated throughout an aircraft.
BACKGROUND [ 0003] The way that the Vietnam VWar is now renenbered as the
hel i copter war, the current conflicts in lraq and Af ham stan may be
remenmbered for the use of RIBMOKEDE BHE&C@%EM Dracilitate renote
intelligence gathering, alleviati RQWER SEPPLEYr foot soldiers to enter
into hostile areas "blind,” with little or no information about the

| ocation and RELATED APPRACATIHONSr ces. Drones may provi de cl ose conbat
support, such as identifying and elimnating targets of interest

al | evi ati ng t 80hked The prosposepisastian elesneprayrsy t& rSnPFPth%OTk%\?WFt&IH smal |
arns fire, nortars, rocket grenades, road-side bonbs, anti-aircraft
weaponry, m ssd>.|6&$1,94a)56, fileien Sdpteogbes23, P00D4]d Witlladﬁthemeaﬂasegener ally there
is along felt need to enhance perfornmance.

Actuator Controller, the entirety of which is hereby incorporated by reference.
FIELD

[0002] The present invention relates generally to aircraft. More particularly,
the present invention relates to enhancing control and power supply to remote
devices located throughout an aircraft.

BACKGROUND
[0003] The way that the Vietnam War is now remembered as the helicopter

war, the current conflicts in Iraq and Afghanistan may be remembered for the use
of unmanned drones. Drones may facilitate remote intelligence gathering,
alleviating the need for foot soldiers to enter into hostile areas “blind,” with little
or no information about the location and strength of hostile forces. Drones may
provide close combat support, such as identifying and eliminating targets of
interest, alleviating the need to expose soldiers and/or airmen to potential small
arms fire, mortars, rocket grenades, road-side bombs, anti-aircraft weaponry,
missiles, and other dangers.

[0004]  With aircraft generally theré is a long felt need to enhance performance.
Prior improvements include those disclosed in U.S. Patent No. 4,816,828 (fiber
optics interconnected with cameras), U.S. Patent No. 5,255,880 (fiber optics
interconnected with a column signal generator), and U.S. Patent No. 4,143,410
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Prior inprovenents include those disclosed in U S. Patent No. 4,816, 828
(fiber optics interconnected with caneras), U S. Patent No. 5,255, 880

(fi ber opvoasivmtmsconnected with a col unm signal gener COrYS2000088085 S.

Pat ent No. 4, 143,410(m ni ature gage control wiring). However, the
operational capabilities of conventional aircraft and unmanned drones
remain limted. BRI EF SUMWARY [ 0005] The di scl osed system and net hod nay
enhance endurance, maneuverability, operational capability, and/or nmaxi num
sustainable altitude of an aircraft. An actuator interface controller may
be provided that interfaces with a_renote device | catfbogfthr ughout the

aircraft, su "’é%tuﬁergag‘ﬁeowoﬁﬁvémﬁ)h PREVET, teAparatigny &apabilitss of usel age, and
other |ocations. The interface controller may accept a high voltage froma
hi gh vol t age cpetonsl sircrafi @nd Hamaped\dreres sesiapigaeddown or | ower vol tage to
a |l ow vol tage power bus to power the renote device. The interface

control | er mMBRYEF S§UNIMARYS received froma control network that direct
the operation of the renote device. The interface controller nay provide

si gnal condi (i ng 1 At did)ofATIRAH ShanAl AENubAARAlAgA! Processor

| ocated on t terface contr er tothere evice, and (b) feedback
signal s recelvedfr t he m)tedvce Thelnterfacec troller

comuni cat e Pﬁ&e‘fvé’é%&"%% opalFapE llWea o R SE Eeatl}btflg (afew ce to
the control network. 00061 I.Ln one enbodi nent, a system for_supplying power
to a remote Abgireply (\ujashliar daistiace qOHtraHerap%beedﬁrrpwﬁa@ﬂ%mfﬁr@s?wah 2The

system may include an actuator interface controller located in the aircraft
conpri si ng argesiedeweplecygted throughout the aircraft, such as in the wings, the tail,

landing gear, the fuselage, and other locations. The interface controller may
accept a high voltage from a high voltage power bus, and then provide a stepped
down or lower voltage to a low voltage power bus to power the remote device.
The interface controller may relay commands received from a control network that
direct the operation of the remote device. The interface controller may provide
signal conditioning for (a) command signals sent from a local processor located on
the interface controller to the remote device, and (b) feedback signals received
from the remote device. The interface controller may communicate the feedback
related to the operation of the remote device to the control network.

[0006] In one embodiment, a system for supplying power to a remote
auxiliary load located in an aircraft may be provided. The system may include an
actuator interface controller located in the aircraft comprising a power supply.
The power supply may be interconnected with a high gage wire and a low gage
wire, with the high gage wire being of higher gage wiring than the low gage wire.
The high gage wire may act as a high voltage power bus and provide a high

voltage input to the power supply. The power supply may be configured to step
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The power supply may be interconnected with a high gage wire and a | ow gage
wire, with the high gage wire being of higher gage wiring than the | ow gage
wire. Thewbixgli/gemwe wire may act as a high vol tage powerChus2emasgsdvi de a
hi gh voltage input to the power supply. The power supply nmay be confi gured
to stepdown the high voltage received to a | ow voltage that is | ower than
the high voltage on the high voltage power bus and place the | ow voltage
onto the | ow gage wire that may act as a | ow vol tage power bus. The | ow

vol tage power bus may be interconnected with the renmpte auxiliary |oad and
provide the low voltage to the renote auxjli Jload. The renpte auxiliary

| oad may be dgwathghigh valtagedeosied to @éwaomﬁé%ﬁ lowter Brenthedhigh velfaget . As a

result, both a length of |ow gage wiring acting as a | ow vol tage power bus
and a | onger ohdhghigh ybltags|paricyblsyandipddredhe lovgyoligge entpithelodcgagay/igs a hi gh
vol t age power bus may be used to relay power fromthe power plant of the
aircraft to tiee nragnot & Hlowi oltagypdveathusr Ede tdwigoltage pueeabus maitlght of wi ring
| ocated in the aircraft required to supply power to the renote auxiliary

| oad. [0007] jhiBrcamicRarwiine Mi@me buxiaSNeiEMd Stovidb B! I¥vRa1tR@Bihd 0 a
renmote device located in an aircraft may be provided. The system may

[ ncl ude an_agt i b AELAORGRGEAhEAT) NLATEANASRLEM Haldhufhcbl oh vol tage

power bus and havi ng a“power sup ower y may be configured to

d hi I i-ved.f he hi | bus. I
Vol Lage of aloBk BOFAYEN S HEBUR: it 1 ot el | B Tarelulnto e

| ow vol t age power bus exiting the actuator interfac ontraqller. The high
vol t age pgwegcwe Sylow Vé)lt]agernger bus and a longer angth o?'rcﬁat?vely li;ﬁlter igh g

gage wire acting as a high voltage power bus may be used to relay power from the
power plant of the aircraft to the remote auxiliary load, reducing an overall weight
of wiring located in the aircraft required to supply power to the remote auxiliary
load.

{0007] In another embodiment, a system for supplying power to a remote
device located in an aircraft may be provided. The system may include an
actuator interface controller interconnected with a high voltage power bus and
having a power supply. The power supply may be configured to reduce a high
voltage received from the high voltage power bus to a low voltage of a low
voltage power bus and to place the low voltage onto the low voltage power bus
exiting the actuator interface controller. The high voltage power bus have a first
thickness and a first weight per unit distance. The low voltage power bus may
have a second thickness and a second weight per unit distance. The low voltage of
the low voltage power bus may be less than the high voltage of the high voltage
power bus. The second thickness and the second weight per unit distance of the

low voltage power bus may be greater than the first thickness and the first weight



thi ckness and a first weight per unit distance. The | ow vol tage power bus
may have a second thickness and a second wei ght per unit distance. The | ow
vol t age oWotzhm/d3ewsvol t age power bus nay be | ess than tireThisgivowsdosmge of

t he high vol tage power bus. The second thickness and the second wei ght per
unit distance of the | ow voltage power bus may be greater than the first

t hi ckness and the first weightper unit distance of the high voltage power
bus such that the high voltage power bus is conparatively lighter than the
| ow vol tage power bus per unit distance. The system may include a renote

device interconnected with the | ow voltage power bys and that is powered
fromthe | owPFomibgjaareerafithghigh V?#ﬁ%gelp@weg@i‘&é’ﬁmgt%a?rm@h‘é‘?haﬁ%p%w?esuI t,

power may be transmitted to the renote device over both the | ow voltage
power bus andus seomphmtivelyllighter giandhe lovgipliast payer byewer wbidistapgdd&fng an
overall weight of wiring in the aircraft required to supply power to the
renot e devi ceyst¢AOR]indlndansinhes dentodienemnhected with hiwdopf voliege povdri ng and
supplying power to a renote device located in an aircraft nay be provided.

The method mays kiiEhbdS pBHENI G itRNoW RbREidaR e it theldvevoltpe pbeer at a first
position in the aircraft, and interconnecting a high gage wire with the

I nterface CORLLOL gt oo NGl Ol GRIFMTRATB I Wiold QIR ROMR Bleadk | ocat ed

. ft
in the fuselage o to t%{g mte%%ace controller located at the

first iti f first dist T t.h ' de 4 ti
2 compor at i vaPyetmgrer PSmhE R ey Rl IR Sol REM I B ghERF I 1

the interface controller. _The,low,gagjg W e na rﬁ,n fromthe interface

control | er t&VERE Yyeight O& wirang idhe s geanired G IPBRPPELLT GATPR®t he
device.
[0008]. In another embodiment, a method of controlling and supplying power

to a remote device located in an aircraft may be provided. The method may
include providing an interface controller located at a first position in the aircraft,
and interconnecting a high gage wire with the interface controller. The high gage
wire may run from a power plant located in the fuselage of the aircraft to the
interface controller located at the first position for a first distance. The method
may include interconnecting a comparatively lower low gage wire with respect to
the high gage wire to the interface controller. The low gage wire may run from
the interface controller to the remote device located at a second position in the
aircraft for a second distance. The high gage wire may have less weight per unit
distance and thickness than the lower gage wire. The method may include placing
a high voltage generated from the power plant located in the fuselage onto the high
gage wire running to the interface controller, and stepping down the high voltage
via a voltage converter associated with the interface controller to a low voltage

that is lower than the high voltage and placing the low voltage onto the low gage



aircraft for a second distance. The high gage wire nmay have | ess wei ght per
unit distance and thickness than the | ower gage wire. The nethod may

i ncl ude pvacbrigseroli gh vol t age generated fromthe power pplrarstoodvossased i n

t he fusel age onto the high gage wire running to the interface controller,
and stepping down the high voltage via a voltage converter associated with
the interface controller to a low voltage that is | ower than the high

vol tage and placing the | ow voltage onto the | ow gagewire to power the
renote device. As a result, the renote device |located in the aircraft is
transmtted power fromthe power plant |ocated in the fusel over both

| ow gage Wi r &ViEgfg pPé’P’é@PW%m?/teldF@ﬁ? efss ArggHILghg EmGtE Qe‘leFe'Pé%‘? bfici ng an
overall weight of the wiring in the aircraft required to power the renote
devi ce. [ 0009jrcafhistremgatedpdwer fieoothe poweeplappacased intthe ﬁﬁdﬁ@e e¥riled in the
art fromthe follow ng description of the preferred enbodi nents which have
been shown amdidesGiagetrelyd velytively lighterHiglagagewirdtbemwby kredueingeal i zed, t he
system and method are capable of other and different enbodinments, and their

details are %%8%9'“%1%1% oFBRIFiHER A @R alrBratt3bd ka t6 ?W@Qhére_rﬁﬁ@_@é\d&d’]g' y, the
drawi ngs and description are to be regarded as illustrative in nature and

not. as restrigijgfe. BLE Sggév@ﬁw&;ngwngga RS, 8030h g 1

illustrates enat’1 c rcra Figure 2

illustrates act uat.gr i nterface 12]. Figure 3
i|lustrates 3]?1 @8%%‘{%“%‘8&? al?é’rf’ E&qlgltepﬁ }E%C)th]?arv[gl% lhOVJng
suppl yi ng power to, a not e _devi ce | ocat ed in th of ap aj rgraft,

[0013] Fi gur @nd described ?ﬁé’t"élé obRlugteatiopt &me?dﬁﬁé’agd%ﬁ@%ﬁ metho

are capable of other and different embodiments, and their details are capable of
modification in various respects. Accordingly, the drawings and description are to
be regarded as illustrative in nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 illustrates an exemplary schematic of an aircraft;

[0011] Figure 2 illustrates an exemplary actuator controller interface;

[0012] Figure 3 illustrates an exemplary technique for integrating control of,
and supplying power to, a remote device located in the wing of an aircraft;
[0013] Figure 4 illustrates an exemplary unmanned drone; and

[0014] Figure 5 illustrates an exemplary concept of operations for an
unmanned drone.

DETAILED DESCRIPTION

[0015] A system and method may integrate controlling and supplying power to
remote devices located in an aircraft via an actuator interface controller. Each
remote device may be located in the wing, the fuselage, the tail, the landing gear,
and other locations on the aircraft. Similarly, the interface controller may be
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[0014] Figure 5 illustrates an exenplary concept of operations for an
unmanned drone. DETAI LED DESCRI PTI ON [ 0015] A system and net hod may

i nt egr at evoantwmsbiosng and suppl yi ng power to renote deviPcEaSk@oassds i n an
aircraft via an actuator interface controller. Each renote device may be

| ocated in the wing, the fuselage, the tail, the | anding gear, and ot her
| ocations on the aircraft. Simlarly, the interface controller may
bel ocated in the wing, the fuselage, the tail, the | anding gear, and ot her

| ocations of the aircraft, and preferably in the vicinity of a
correspondi ng renote device. The interface controller nmay receive_.a high
vol t age fromlecatidgh theowinggie Senntage ihe tailntne fansinerean aad aSpe@CHERA °f ower
voltage onto a | ow vol tage power bus to power the renote device. The

i nterface conhe airdreft, amdpréferablyde the Vicoiy ofa coespardingrgmott dezises Thhe
operation of the renote device. [0016] The hi gh voltage power bus may run

froma power iplefate @htrbil& mdy 16E@d a hightvbRadefrah haggh wdtage pdwearhus dhd hi gh
vol t age power bus may conprise a thinner and/or lighter weight wiring than

the | ow vol { ag6viRoUSH gééhsdomgw&%ﬁgé&%aawvwg@weybﬁm poRER R gr eat er

di stance within raft as conpared with the I'ength of the | ow voltage

power bus. In_turn, thetelativel i . vV, biis.cpay extend
a relatively rgﬁl8{etdeﬁllcgt gh%len f’)frﬁgfgrf%lrﬁgoefﬁmng&fl Igcgl\é&ecagh{:aﬁgﬁcg%%fglat ﬁeecr enot e
device, and thus reducin vveioghie.. 0017] The interface controller may be in
data communi & ?PEFﬁa%nt‘}ft%%'teH“ heVi%not e device and a control network

controlling the aircraft. The interface )
[0016]  The high voltage power bus may run from a power plant of the aircraft

to the interface controller. The high voltage power bus may comprise a thinner
and/or lighter weight wiring than the low voltage power bus, and may extend
approximately the same or greater distance within the aircraft as compared with
the length of the low voltage power bus. In turn, the relatively heavier low voltage
power bus may extend a relatively short distance from the interface controller to
the remote device, and thus reducing weight.

[0017]  The interface coniroller may be in data communication with both the
remote device and a control network controlling the aircraft. The interface
controller may be connected to the control network via fiber optic cable, and may
use a signal conditioner to facilitate communication with the remote device. The
interface controller may include a local processor that directs the operation of the
remote device and provides operational feedback received from the remote device
to the control network. The remote devices may include servo controllers,
actuators, lights, sensors, brakes, transmitters, receivers, video recorders, antennas,
weapons, temperature monitors, speed detectors, other aircraft hardware, other

electrical or mechanical devices, and/or other auxiliary loads.



controller may be connected to the control network via fiber optic cable,
and may use a signal conditioner to facilitate conmunication with the
renot e dewoOce10/0Bmsi nt erface controller may include a | ecalusprooms®sdr t hat
directs the operation of the renote device and provi des operati onal
feedback received fromthe renote device to the control network. The renote
devi ces may include servo controllers, actuators, |ights, sensors, brakes,
transmtters, receivers, video recorders, antennas, weapons, tenperature
nonitors, speed detectors, other aircraft hardware, other electrical or

mechani cal devi ces, and/ or ot her auxi | i ry | oads di s

herein, the i[#18]facks Gesesedihersin, ﬁl%FymF %‘mttrl‘?g R/\% ?f?iL%ﬁAﬁ? Wé‘a%rﬂés and
signal interference. The interface control|er may also enhance nodul arity,
reliability, thaeingeand signadfintetferender dibgfinterface Cloﬂitr@léerr AAYASOFhISApt € Devi ce
Control and Power Supply [0019] A single interface controller may integrate
renmot e devi censnkitplrelamditpomrcostplpiiyhd diccadft.y with respect to a renote
device. The interface controller may be configured to acconmodate many

types of renmgte d ﬂegﬁﬁlonMI@ﬁmemvﬂhﬁoﬁE&m&naPaezsrsﬁpm@rmte devi ces, the
interface control may be configured to have software and/ or hardmare

speci f1cal | yr{{)er%hor e/gsm e tféffgcerceomg erqﬁ n?x?eéparte T¥RRe QlvidLmRt6l £Favi ce.

[ 0020] The i ace co ured to operate as a bridge

bet ween the control renDt eV|c e s a bridge
froma contréP“ﬁ%FﬂEp m@bﬁﬁagng?g %JQQ9 eﬁwfégrd%(% eg%%ntro

network, to one or nDre renote devjces, the |Qterface controll er my
i nterface w trhay(% copfiggied tgpccommodate many types of remote devices. To support

different types of remote devices, the interface controller may be configured to
have software and/or hardware specifically tailored for each remote device or type
of remote device.

[0020]  The interface controller may be configured to operate as a bridge
between the control network and the remote devices. To operate as a bridge from
a control network, such as from a main controller of the control network, to one or
more remote devices, the interface controller may interface with (1) a main or
other power bus, (2) a fiber optic network, and/or (3) one or more remote devices.
The inputs to, and the outputs from, the interface controller may include both
power and control signals. The interface controller may generate a low voltage
power signal and place it onto a low voltage bus. The low voltage bus may be
interconnected with and supply power to the remote devices located in the wings,
the fuselage, the tail, landing gear, and other locations of the aircraft. The
interface controller may generate control signals that direct the operation of the
remote devices. The interface controller may transmit data to, and receive data

from, each associated remote device that is controlled by the interface controller.



ot her power bus, (2) a fiber optic network, and/or (3) one or nore renote
devices. The inputs to, and the outputs from the interface controller may
i ncl ude bwohopmaserosand control signals. The interface ceatruskéoonssvay
generate a | ow voltage power signal and place it onto a | ow vol tage bus.
The | ow vol tage bus may be interconnected with and supply power to the
renote devices |ocated in the wings, the fuselage, the tail, |anding gear,
and other locations of the aircraft. The interface controller nay generate
control signals that direct the operation of the renote devices. The
interface controller may transnt_data to, and receive data from each
associ at ed r dfot e Adeaypt Virg I eight Redirged| | ed by the interface controller. ||
Aircraft Wre Weight Reduced [0021] Wi ght reduction may be achjeved

t hrough the UBe21df aWkighhteductigminghit berichlevedihreugh the wsssipdighishweighe t o
provide power to the interface controller and a | ocal power supply. The

hi gh vol t age nigyvdiRge aaveiitesh inc@iproyviad pdwe to ticdntbefee mandlialahén to a

| ower voltage that 1's usable to power both the interface controller and

renmote devi Cqgey) hQ\Q&%ang}.e T @Hkh}’\ﬂ)’lt‘é@fgﬁaﬁ9§ cévatted RchiRPatthd rdrfage i nter f ace

controller may ehabl e ifght savings with respect to the aircraft,

i ncludi ng wei ght savi pngs 1n | Lk, dopdher

| ocati ons. Usclgﬁgo%r%‘%’ g%)%éé K3 g;ﬁ% tg%tg gg%lbteggggﬁgﬁéﬁggwrlgmt aee ?’Hr%t gr frace
controllers Iogated inthe aircraft may permt a nuch smallersized and
lighter wei gfRdETRAGEEYF S 0 be enpl oyed for a required current. [0023]

Further weight reduction may be realized through the use g% fi ber, optic

cabl i ng, whi dA03y rEp @%@V%é’f’@ﬁibéﬁ thabig et F%Wé%ntﬁﬁf?césc,omé?} 2y <oglper

cables. weight savings with respect to the aircraft, including weight savings in the wings,
the fuselage, tail, and other locations. Using a high voltage bus voltage to feed
remote interface controllers located in the aircraft may permit a much smaller-
sized and lighter weight conductor to be employed for a required current.
[0023]  Further weight reduction may be realized through the use of fiber optic
cabling, which may replace heavier conventional wires, such as copper cables.}
Fiber optic cables may be used to relay control signals to and from a main
controller. The interface controller may communicate with a control network
and/or the main network controller via a fiber optic interface interconnected with a
local processor located on the interface controller.
[0024]  As an example, the weight of a standard fiber optic cable may be
approximately 2.5 grams per meter. A tréditional copper wire may weigh
approximately 4.5 grams per meter. With conventional techniques, two copper
conductors may be required — one copper wire may be used to send signals to a
remote load, and a second copper wire may be used to receive signals from the

remote load. As a result, the actual weight of a traditional signal pair may be



Fi ber optic cables may be used to relay control signals to and froma nmain
controller. The interface controller may communi cate with a control network
and/ or thwormiown3sm8wor k controller via a fiber optic inrerfisee9/ 058035
interconnected with a | ocal processor |ocated on the interface controller.
[0024] As an exanple, the weight of a standard fiber optic cable may be
approximately 2.5 grans per neter. A traditional copper wire nmay wei gh
approximately 4.5 grans per nmeter. Wth conventional techniques, two copper
conductors may be required - one copper wire nay be used to send signals to

a renote | oad, and a second copper wire_nmay be used to.receive signals from
the renote I6ﬁﬂpxﬁ§“ﬁyPé%ﬂ?%?“ﬁ%%aéb%d%§&ﬁﬁ%ﬁﬁ“ﬁ*ﬂ§“&ﬁﬁﬁﬁgwéwg1t@igna

pai r may beapproxinateuﬁEQ grams per neter, i.e., 4.5 grans per neter

mul tiplied byheatber andtfther opticegabhamohay be bkiregianab i.eabUHEE be

bidirectional, i.e., requiring only a single cable. Thus, fiber optics may
provi de bet weigleapbleo XihngtftHey ot @¥manychr8dde béteeweaphoximatelyn@lSo asd conpar ed
with traditional copper wiring signal pairs. IIl. Long D stance

Transni ssi on 8o, e tyighnchvanltas ebmpirsddith tdRid8h dobparwieipg kigndlpalrsducer s may
all ow very long transm ssion distances and high data rates of communi cation

o be achi evafh WikfpHiRiAOr LAYIARLS Uk Bh@CRIAFSGR For Tnstance,

| arge aircra ma ve re ively large wngs in I ch renote devices may

be required p i cal.l l.aced far..away f.r t he
f usel age. FiE@ngptﬁ%%“ﬁ?bcéﬁggEf§sE?¥?90%8% HSﬁgéﬁgﬁg?g%ggé?ﬁgﬁégg
](cj Ioﬂnag? eisi Bﬂgtig]d%fagqsto %orgr%%;%gtlic?nnto%e atc i%véd? %’gc% rgaeyvﬁecf%%ragl%qrrl] la?ge in the

aircraft. For instance, large aircraft may have relatively large wings in which
remote devices may be required to be physically placed far away from each other
and/or the fuselage. Fiber optics may quickly carry control signals over those
distances that direct the operation of the remote devices, such as in the form of
light signals.
IV.  System Reliability
[0026]  The present embodiments may reduce signal interference and enhance
modularity, component interchangeability and replacement, local calibration,
and/or local grounds, all of which may enhance overall system reliability.

A. Electromagnetic Interference Immunity
[0027]  Electromagnetic interference may be caused by equipment located on
the aircraft, such as motors, generators, payloads, antennas, transmitters, receivers,
propellers, and other electrical equipment. Electromagnetic interference may also
be radiated from nearby aircraft, or land-based sources and transmitters.
[0028] However, fiber optic cabling may be immune to electromagnetic

interference. A modern fiber optic cable may be constructed to minimize the



V. System Reliability [0026] The present enbodi nents may reduce signal
interference and enhance nodul arity, conponent interchangeability and

r epl acemawo,2oioasetoscal i brati on, and/or | ocal grounds, alPCTafS2000i06%035rRY
enhance overall systemreliability. A Electromagnetic Interference

I munity [0027] El ectromagnetic interference may be caused by equi pnent

| ocated on the aircraft, such as notors, generators, payloads, antennas,
transmtters, receivers, propellers, and other electrical equipnent.

El ectromagnetic interference may al so be radiated fromnearby aircraft, or
| and- based sources and transmtters. [0028] However, fiber optic cabling
may be i mruneosubibtyebatraxiranm siginels aricinatiag diogrthe AITFEBH S VT $BEMGHOT ¢ cabl e
may be constructed to minimze thepossibility that external signals,

origi nating fasewhtleemay imteré&frt withahndagbéipgemsnottedirslontayed, withay thent er f er e
with the data being transmtted and received within the aircraft. Thus,

si gnal s traveliicng. atteB%iddaRaravepid Sosahb@spiayabiaimendiibghighlsusceptible to
el ectro-magnetic interference. [0029] The noise inmmunity provided by fiber

optics may b'%u¥c%§t¥bl£?r§’8f:?(mﬁg ﬁkn%riﬁt%}f&%hce‘i‘i rcraft systens. Mdern fiber
ow

optic transducers nmay a ta and control signals to be reliably

transmtted very, | ong .di st ances. d at hj :
comuni cati o éﬁ’ig}&s n ee%n%tfwnﬁ?’lﬁ’f%m}r%& yb@beé btg%tng etgeu\ée?%g %%P%%gel? aircraft
that include renote devices ph 0si catLlI y located at a | gﬁggdgtiasé%gnce fromthe

fusel age and/SHcRgiRratiowsiens| Modem Ly gppgfrpgsgucers may

control signals to be reliably transmitted over very long distances, and at high data
rates of communications. As noted above, this may be advantageous in larger
aircraft that include remote devices physically located at a large distance from the
fuselage and/or main controller.

B. Modaularity

[0030]  The present embodiments may provide for modular wing panels,
interface controllers, and other components. An outer or other wing panel may be
interchangeable with a replacement wing panel. A wing may comprise a number
of wing panels, and each wing panel may be replaced along with all of the
components located within the wing panel. The replacement wing panel itself
may include additional, fewer, or alternative replacement interface controllers
and/or remote devices as compared with the original wing panel being replaced.
[0031] A replacement remote device located within the replacement wing
panel may already be calibrated prior to interchanging wing panels. As a result,
the replacement wing panel may only require interconnecting the power and
network connections, which may facilitate a quick and efficient replacement of the

wing panel and the associated components. Alternatively, the replacement remote

10



[ 0030] The present enbodi nents may provide for nodul ar wi ng panel s,
interface controllers, and ot her conponents. An outer or other w ng panel
may be i nwenotwemsgmabl e with a repl acenent wi ng panel . APGTIu$200095806Fpri se a
nunber of w ng panels, and each w ng panel may be replaced along with al

of the conmponents |ocated wthin the wing panel. The repl acenent w ng panel
itself may include additional, fewer, or alternative replacenent interface
controllers and/or renote devices as conpared with the original w ng panel
bei ng replaced. [0031] A replacenent renote device |ocated within the

repl acement wi ng panel nay al ready be calj brated ior to interchanging

wi ng panels.(HEWQHW@§GHWEIVﬁédﬂéﬁmﬁﬁ%ﬁgﬁ?hmﬁﬁaOBgﬁéFrﬂ%§mgﬁ?wwwgquire

i nterconnecting the power and network connections, which may facilitate a
qui ck and ef frantléninstaipd by treeaplacinenhintanface corardler ANBINEIHEE A5RGE at ed
conponents. Alternatively, the replacenent renotedevice may be |locally and

aut omat i cal | engtrUidr fedromoagndshe repl acenent wing panel is installed by
the replacenent interface controller running one or nore enbedded software

routines. [ ogga;z Addi 408k Yan @Rriabd 65duReer BRIt behterdhagdablemyittbe
i nterchangeable With other interface controllers. Each interface controller

my have a nugper, ofr, &l GClEAGR! ERSe A0S BBk &Aave BB of Nt or connect

. 0
the interface ro W ng an Interface controller

orystcally | o LRy TR ELEEtELcal, R BN O ks bk etk st col
[0033] An interface controller nmay provide |.o aLideeg%ﬁé&ggﬁgﬁdhm
cal i bration dhewing and hold the interface controller physically in plac P
may facilitate efficient physical interchangeability of each interface controller.
C. Local Calibration
[0033]  An interface controller may provide localized scaling and calibration of
data from sensors and other remote devices. Each interface controller may
facilitate digital interconnection with one or more remote devices located in a
specific portion of the wing. If an interface controller is to be replaced, such as
with another interface controller that includes additional or different software
and/or hardware, recalibration may only be necessary with respect to the remote
devices interconnected with the interface controller being replaced.
[0034]  Locally storing calibration and other data in a memory located on the
interface controller may shorten transmission times of data and éommands being
sent to the remote devices. Likewise, the time required to receive feedback signals
transmitted from the remote devices at the interface controller may be shortened.

Therefore, a recalibration procedure that only requires local calibration of a remote

device (located in a wing tip, tail section, or other aircraft portion) that is directed
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data from sensors and ot her renote devices. Each interface controller my
facilitate digital interconnection with one or nore renote devices | ocated
in a specwbizoigpsstoson of the wing. If an interface cont polrfuseomsssss be

repl aced, such as with another interface controller that includes
additional or different software and/or hardware, recalibration may only be
necessary with respect to the renote devices interconnected with the
interface controller being replaced. [0034] Locally storing calibration and
other data in a menory | ocated on the interface controller may shorten
transm ssion tinmes of data and commands being sent to the.nenDterevices.

Li kewi se, t hbywireplaceatent intsuifape conirodies/may albet 28 WaPYAA L PISHRE WL Ed from
the renote devices at the interface controller nmay be shortened. Therefore,
a recal i br at irgerfeeostelices drlatmotel devicegiui res | ocal calibration of a renote
device (located in a wing tip, tail section, or other aircraft portion)

that is directedby a repadPeweRCohérgionace controller may all ow for
swappi ng out mssion specific interface controllers and renote devices. D.

Local - Povier e S1 4l AA35LodRILAASY bRRAIQBAN pokbalondBiions Skpie | ocal

power conversion: Steppe own power ctonversion'in the vicinity of one or

mor e remot e deyi ces ey, Lack LAl e MRIUL Lo &Rl ASERRR AL, [ ow vol tage

power suppl i ( e er controllers. [0036] The level of a
| ocal gr oundeHpSIaMb TPHRISTLS! PRoT HoGesgR e RupEG e R, o e
aircraft locations. Long power busswork covering a distance may result in

interface controllers.

[0036]  The level of a low voltage provided locally may be more accurate by

providing one or more local grounds throughout the wing, the fuselage, the tail, or

other aircraft locations. Long power busswork covering a distance may result in

voltage droop along that distance. As a result, the voltage at any given point may

be uncertain. Having unreliable or insufficient voltage being applied to the remote

devices may degrade operation. With the present embodiments, each interface

controller may include a local ground, and the length that each portion of power

busswork runs from ground to ground may be minimized by using a plurality of

interface controllers, such as in series, or using other multiple local grounds.

E. Fault Detection and Automatic Reboots

[0037]  An interface controller may have embedded software that allows a local

processor located on the interface controller to reboot itself. If there is fault or

external event that causes the interface controller to drop offline, the interface

controller may reboot itself automatically.

[0038]  As an example, the interface controller may include a local processor

that continuously runs “check health” routines. The local processor may quickly
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vol tage droop along that distance. As a result, the voltage at any given
poi nt may be uncertain. Having unreliable or insufficient voltage being
appl i ed twothw/a3emst e devi ces may degrade operation. W PhTiuseoopnssent

enbodi nents, each interface controller may include a | ocal ground, and the
| ength that each portion of power busswork runs from ground to ground may
be mnimzed by using a plurality of interface controllers, such as in
series, or using other nultiple |ocal grounds. E. Fault Detection and

Aut omati ¢ Reboots [0037] An interface controller may have enbedded software
that allows a | ocal processor |ocated on the interface contrqller to reboot
itself. If thedeutpmaticaliytrebnot dsallaf Haleteslamntoxionmal cxabseeh IBlIgBE f ace
controller to drop offline, the interface controller may reboot itself

aut omat i cal | yirike QOR8}nAssean pewarsptge, ot dtber avent flhceckponfunolidnahityagy i ncl ude a
| ocal processor that continuously runs "check health" routines. The | ocal

processor maylifiiHatkd ¥eddosalbakalp goder yuptPpbeihg idcart bnitfe interfded ect s an
external event, such as a lightning strike, a blown fuse, a power surge, or

other event. .The f.ERAA of 4B HehPNBhdd JerdBRYig Bh ekieRl Svedt, BRAMCAl PFocBssBACK - Up

power supply being located onthe interface controller, such as a battery.

Upon detect Ay S Han$t Wanibd Slat SBhalD EPAE 380 F01 B HEBLA faf and

transmt war arm-'signal’s € con net wor a nain controller

Al ternatively, the rnin | arm signal. may. b rqcessed l.ocally. [0039]
The local pr G%QQF'M%W&%@&t %Warc"g"fg P %/lg?lﬁdlgaty}e@rrocteﬁsgdg%ﬁalh%'r ati on data
may be stored IocaIHy. Local processing in the vicinity of the renote

devi ces may BB de Thsrogslprogessor Bay vk fon Grlibration 3 aF 18 CE'PTAEE di st ant

control. Local o _
data may be stored locally. Local processing in the vicinity of the remote devices

may provide for quicker response time as compared to more distant control. Local
processing may provide local filtering and control of various runtime loops. An
exemplary runtime loop may direct the operation of the remote device and provide
feedback, such as servo positioning associated with a remote device.

V. Exemplary Aircraft

[0040]  Figure 1 is an exemplary schematic of an aircraft 100 employing
actuator interface controllers 112. The aircraft 100 may include a fuselage 102,
wings 104, a power plant 106, high voltage power busswork 110, interface
controllers 112, low voltage power busswork 114, remote devices 116, and
modular wing components 118. The aircraft 100 may include additional, fewer, or
alternate components.

[0041]  The high voltage power busswork 110 may run from a power plant 106
of the aircraft 100 to each interface controller 112. The power plant 106 may
place a high voltage onto the high voltage power busswork 110. The power plant

108 of the aircraft may be located in the fuselage 102, or in the wings 104. The
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processing may provide local filtering and control of various runtine

| oops. An exenplary runtinme |oop nay direct the operation of the renote
devi ce amstopnomvisemsf eedback, such as servo positioning asTascabessmwsth a
renote device. V. Exenplary Aircraft [0040] Figure 1 is an exenplary
schematic of an aircraft 100 enpl oying actuator interface controllers 112.
The aircraft 100 may include a fusel age 102, wi ngs 104, a power plant 106,
hi gh vol tage power busswork 110, interface controllers 112, |ow voltage
power busswork 114, renote devices 116, and nodul ar wi ng conponents 118.

The aircraft 100 may include additional, fewer, or al tﬁ{ te conponent s.
[0041] The hiP§HeyBRIGIS Bawes abinieshp cRMIUBIOREPEne? FIPRHeR I Rer pl ant 106

of the aircraft 100 to each interface controller 112. The power plant 106
may place a igegiratenlatatieryomlar artay, o ghervppe eigewsonkant. dusaemkodirent, The
power plant 108 of the aircraft may be | ocated in the fuselage 102, or in

the wi ngs 104he fElepeMﬂﬁgkp{r@mgehQ&b&@tv&&nappxionmemlwdbmtdm'raxmanlgi ne, a
propel l er driven generator, a battery, solar array, or other type of power

plant. | n ongogrRbadi BPéivérablwsoutejsetv vOlnér RigBRokalch ags v¥arede between
approxi mately 60°V and appfoxi mately 600 V, and preférably about 350 V.

fé?eliuﬂ' ??ovcfi’?a“éﬁﬁimﬁfe““@i?@?‘a%ggo e The 1?“9424%8'50%8%6 A ah the
i ngs 304 andPgenPhe e fhufiesd V680 ﬂﬁﬂlégjﬂﬁraﬁls ¢ AER bRk B0ECNER 110 may

be interconnected with one or npre interfa
104 and/or the tail section. In the wings 104 and/or the fuselage 102, the high

voltage power busswork 110 may be interconnected with one or more interface
controllers 112. The interface controllers 112 may reduce or step down the high
voltage on the high voltage power busswork 110 to a comparatively lower voltage
(lower relative to the high voltage). The interface controllers 112 may then place
the stepped down lower voltage onto low voltage power busswork 114.

[0043]  The low voltage power busswork 114 may extend from an interface
controller 112 to one or more associated remote devices 116. The remote devices
116 may be powered from the low voltage being supplied by the low voltage
power busswork 114. The remote devices 116 may include servos, sensors,
actuators, cameras, transmitters, receivers, imaging devices, video recorders, and
other auxiliary loads, including those noted elsewhere herein. The low voltage
may be between approximately 5 V and approximately 60 V, and preferably about
28 V. Other low voltages may be used, including approximately 12 V.

[0044] The low voltage on the low voltage power busswork 114 may require a
relatively heavy cable for transmission. On the other hand, the high voltage

busswork 110 carrying a higher voltage may comprise comparatively smaller and
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controllers 112. The interface controllers 112 may reduce or step down the
hi gh voltage on the high voltage power busswork 110 to a conparatively

| ower volwageindsewer rel ative to the high voltage). ThePCmUsS26O68035
controllers 112 may then place the stepped down | ower voltage onto | ow
vol t age power busswork 114. [0043] The | ow vol tage power busswork 114 may
extend froman interface controller 112 to one or nore associated renote
devices 116. The renote devices 116 nay be powered fromthe | ow voltage
bei ng supplied by the | ow voltage power busswork 114. The renote devices
116 may include servos, sensors, actuators, caneras, transmtters,

recei vers, i rggionyides i Brechighy veliage bussratled 0 maninchidseprrasimatey ) | oads,

i ncl udi ng those noted el sewhere herein. The | ow voltage nay be between
appr oxi mat el yage Wiramptoapproginately 86y2ag®witingankhepowiveliags bussiperlitl 128ay. Ot her
| ow vol tages may be used, including approximately 12 V. [0044] The | ow

vol tage on t henlpeive kptivagahieRyemndbessdorting lshchay ageatiinaelnl2 gigtio vel y
heavy cable for transm ssion. On the other hand, the high voltage busswork

1;0_carryingz§ H&Q&ﬁ&y%@k%@g%hﬂﬁﬁ conprise conparatively smaller andlighter
Wi ring. The h Sh vol t age "busswork 110 may include approxi mately 24 gage

wiring to apnngigmateloy, 36 9RIRELINGr TGOV GhiRI% Aussiphkn 114 My

conprise rel y er a r ring, such as approxi mately

gage to apprqoxi mately .2 age wring. [004 In general , .a higher gage wire
By nurber 1 T8 s Witk by aiety FonEees bre B GAE hryfefber Cror
instance, a 12 gage wire is nuch larger in dianmeter than a.go gagf Wre.
Solid wire didi#raeterthamg 30 gagecnise Blidwirgdiagiet@may increase by a factor' o

for every 6 gages, or by a factor of 3 every 10 gages. A 36 gage wire may have
diameter of about 5 mils, a 30 gage wire may have a diameter of about 10 mils, a
24 gage wire may have a diameter of about 20 mils, and a 10 gage wire may have
a diameter of about 100 mils.

[0046]  Also, a larger in diameter wire may carry more current. For instance, a
ten gage wire may be safe for about 30 amps, while a 16 gage wire may be safe for
only about 7.5 amps. Thus, the high voltage busswork 110 may be smaller in
diameter and operable to safely carry less current than the low voltage busswork
114, while carrying a higher voltage than the low voltage busswork 114.

[0047])  The relatively lighter wiring associated with the high voltage power
busswork 110 may be run approximately the same or a longer distance within the
aircraft than the comparatively heavier wiring associated with the low voltage
power busswork 114. For instance, as depicted by Figure 1, the distance from the
power plant 106, especially if the power plant 106 is located in the fuselage of the
aircraft, to a remote interface controller 112 located in a large wing or the tail may

be significantly greater than the distance from the remote interface controller 112
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for every 6 gages, or by a factor of 3 every 10 gages. A 36 gage wire nay
have di aneter of about 5 mls, a 30 gage wire may have a di aneter of about
10 m|s, wo2diogagmswi re nay have a di aneter of about 20PpoTiEs200a0880a5 10 gage
wire may have a dianmeter of about 100 mils. [0046] Also, a larger in
dianeter wire nmay carry nore current. For instance, a ten gage wire may be
safe for about 30 anps, while a 16 gage wire may be safe for only about 7.5
anps. Thus, the high voltage busswork 110 may be smaller in dianmeter and
operable to safely carry less current than the | ow voltage busswork 114,

whil e carrying a higher voltage than the | ow voltage busswork 114. [0047
The rel ati veltga ringle 8evigs }h@i@caé%%@dh%t”éanwquPEtlﬁt@rf%?f‘g?PWBﬁ?raﬁéé “bﬁ?ﬁeE ]
busswork 110 may be run approximately the sane or a |onger distance within
the aircraft wihanintdriace oopenilatsima alsheapdssionai gi otherdeepdienased atikh t he | ow
vol t age power busswork 114. For instance, as depicted by Figure 1, the

di stance fronnd faeel fonRhrtiig 436, Aeapesitatvkighisfsatihgs ipohweairqpafand 106 i s
| ocated in the fuselage of the aircraft, to a renpote interface controller

112 | ocated i e%ia'u?fhgﬁle‘%iﬂgs, QsobBR LA thEBYweEL b EskirbqaRtly dgheat er t han
the distance fromthe renote interface controller 112to a renote device 116

located in the vi 0i tﬂie ;[“éfno% d%&@esil&ta?erdfiﬁ?}ﬁoﬁ%‘g)tuf flelafibrak }j‘& étCh%Vw-ng'
ers nay a

I nterface comtrol SO be position at other I dcations, such as in

t he fusel age or, on | andi.n ear. As a.result i ght i I he
aircraft, and&é‘gggeciﬁ]el \vng%ﬁ%maw%}glse&r&l&qeé\fqgﬁl%?&l lfﬁiﬁﬁég %g%\(/)v}ééf}lt usswor k
required to deliver power to the renote devices | ocat in ahr ughout the
ai rcraft nay16§-éb%ﬁ%@%@fHPQ@&BY“@ﬁém%Fﬁ@§Sib&nﬁﬁgeB jeats ajﬁ%nber of
nodul ar wi ng conponents

interchangeable and interconnectable with other modular wing components 1 18.

Each modular wing component 118 may include one or more interface controllers
112, one or more remote devices 116, a portion of high voltage power busswork
110, and a portion of low voltage power busswork 114. Each modular wing
component 118 may provide common (1) network connections, (2) high voltage
power busswork connections, and (3) low voltage power busswork connections.
For instance, the network and power busswork may be segmented, but
subsequently interconnected via a number of modular wing components 1 18.

VL Exemplary Interface Controller

[0049]  Figure 2 is an exemplary actuator interface controller 200. The actuator
interface controller 200 may include a local microprocessor 202, a fiber optic
interface controller 204, a power supply 206, a signal conditioning unit 208, and a
wireless transmitter and/or receiver 210. The actuator interface controller may
include additional, fewer, or alternate components.

[0050]  The microprocessor 202 may be in two-way communication with the

fiber optic interface 204, the signal conditioner 208, and the wireless transceiver
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118. A nunber of nodul ar wi ng conponents 118 nmay be prefabricated to be

i nt erchangeabl e and i nterconnectable with ot her nodul ar wi ng conponents
118. Eachwordwlms708i ng conponent 118 may i ncl ude one or PODUS2000t0680BRCe
controllers 112, one or nore renote devices 116, a portion of high voltage
power busswork 110, and a portion of |ow voltage power busswork 114. Each
nodul ar wi ng conponent 118 nay provide common (1) network connections, (2)
hi gh vol t age power busswork connections, and (3) |ow voltage power busswork
connections. For instance, the network and power busswork nmay be segnented,
but subsequently interconnected via a nunber of nodul ar wi ng conponents
118. VI. Exeipd-amytutmtlerfites epGointarct 804 maphen mogype compyngaiodiEih| ary
actuator interface controller 200. The actuator interface controller 200
may i ncl ude anhiealh coheslapiwatssiol a2 Aighacditinéor jght cornitret eorfipiter 28@nt r ol | er
204, a power supply 206, a signal conditioning unit 208, and a w rel ess

transmtter af'?l@/sfé]halrc%ﬁﬁfti\zﬁﬁér Db Qnay THeEin 2%b Maly Woninire¢dtian evithantmotd er nmay
i nclude additional, fewer, or alternate conponents. [0050] The

m cr opr ocessqf, . ' 4communi cation with the fiber optic
interface 20%FWE%éug?%ﬁggx%gﬂﬁwgpﬁﬁgr 208, and the wireless transceiver210.

Lo, L he AT CRLCLALSEIRA R04.ABY, Bk Dyl Ue A nEpRIMCal on v Lh
W TP a1 et @OHEL RN dbeqouet YoPBoHR I S NEORITETRd Itver
supply 206 may accept a high voltage from high voltage

1ower voltage 224 and provide the first lower voltage to the microprocessor 202 to

power the microprocessor 202. The power supply 206 may also reduce the high

voltage to a second lower voltage and place the second lower voltage onto low

voltage power busswork 218 to power the remote device 214. In one embodiment,

the high voltage may be approximately 350 V, the first lower voltage may be

approximately 5 V, and the second lower voltage may be approximately 12 V or

approximately 28 V. Other voltages may be used.

[0052]  The power supply 206 may include a first DC/DC converter that

reduces the high voltage on the high voltage power busswork 216 to the first lower

voltage powering the microprocessor 202, and a second DC/DC converter that

reduces the high voltage on the high voltage power busswork 216 to the second

lower voltage powering the low voltage power busswork 218 and the remote

device 214.

[0053] In an alternate embodiment, the power supply 206 may be a smart

power supply and be integrated with a microprocessor. The smart power supply

may receive commands from the control network 212 to turn remote devices 214

on and off. Alternatively the interface controller 200 may include a battery or
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power busswork 216. The power supply 206 may reduce the high voltage to a
first lower voltage 224 and provide the first | ower voltage to the

m cr opr ocwe010/@BeDSt 0 power the m croprocessor 202. ThePpowszomoppBy 206
may al so reduce the high voltage to a second | ower vol tage and pl ace the
second | ower voltage onto | ow vol tage power busswork 2 18 to power the
renote device 214. In one enbodi nent, the high voltage may be approximately
350 V, the first |lower voltage may be approxinmately 5 V, and the second

| ower voltage may be approximately 12 V or approximately 28 V. O her

vol tages may be used. [0052] The power supply 206 may include a first DC/ DC
converter thanengshavesingievice gheiflsr e REapnhon HrecoRdgry SV POPEWE? busswor k
216 to the first |ower voltage powering the mcroprocessor 202, and a
second DC/ DC fonimrenhace tdiabiliteduces t he hi gh vol tage on the high vol tage
power busswork 216 to the second | ower voltage powering the | ow voltage

power bussworsos4}8 and sidial éRiaRicReHE08 B8y prbdide [[X0Bdal tonditiondig & nat e
enbodi ment, the power supply 206 may be a snmart power supply and be

integrated w ' 00858 Rved TG S78E e RAWREVISHPD. YTHEBYHaECEl Ve
conmands frorﬁ%}ﬁgsg?gﬁér@g?’ ?lletworvke 212 to’tuefn rerr\é)lte devi cesgﬂ2al4 on and

off. Alternativel.y t interface_con I a battery
orener gy har \fé’gglflﬁﬁergg{!; e B Vlé? ?cﬁlevre éﬁ%]rsﬁlhgr%g&%ﬂrﬁéalgggdoﬁ t<'?1arly source of
power, to further ,enhag;:e reli

ability. [.0054] The sigpal c itioner 208
may provi de fORVEHGHaAPIOEAthet Figpa! ﬁﬁn%?o‘%fl%nﬂesm%’@rluf’or?cgnﬁﬁ?Elgw&yr ecei ved
from 222, a renpte device 214. The signal .

accommodate communication with many types of remote devices 214, such as the
servo controller shown in Figure 2 and other auxiliary loads, including those
discussed herein.

[0055]  The fiber optic interface 204 may interconnect the local microprocessor
202 with fiber optic cabling of a control network 212 of the aircraft. In an
alternative embodiment, advanced fiber optic cabling itself may act as a remote
intelligence gathering device, alleviating the need for certain remote devices
located in the wings. In one embodiment, the fiber optic cabling may be
manufactured from PhotoCraft Inc.™

[0056] Commands from a controller 212 transmitted over fiber optics and
received by the fiber optic interface 204 may direct the operation of remote
devices 214, such as commanding remote servos to certain positions. Feedback
from the remote devices 214 may then be relayed back to the controller 212 via
the fiber optic interface 204. In one embodiment, signal level 1-0, or high-low

voltage, may command a servo and report feedback on the positioning of the

Servo.
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conditioner 208 may provide active flutter suppression, analog to digital
conversion, and/or other signal conditioning. The signal conditioner 208
may accorwodato3emsmuni cati on with nany types of renotepPdexise@s/02h45 such
as the servo controller shown in Figure 2 and ot her auxiliary | oads,

i ncl udi ng those di scussed herein. [0055] The fiber optic interface 204 may
i nterconnect the local mcroprocessor 202 with fiber optic cabling of a
control network 212 of the aircraft. In an alternative enbodi nent, advanced
fiber optic cabling itself may act as a renote intelligence gathering
device, alleviating the need for certain renote devices |located in the

wi ngs. | n on&IEnb&demplary Mé¢thodi ber optic cabling may be manufactured from
PhotoCraft Inc.(tm [0056] Commands froma controller 212 transmtted over
fiber optics [e08F]r edtgwred ibystiates af ekempleptmahohofeanhaningowurage #id ect t he
operation of renote devices 214, such as conmanding renote servos to

certain posi ty QReverfi8BYRAGK afrt@fzobe The Mt d30U ntgindide rdycitditle be rel ayed
back to the controller 212 via the fiber optic interface 204. In one

embodi ment, g} gngl 15302 Aeafti SN e VMR ot A88iabBYeaaoBTTBND a servo and
report feedbz%%ggﬁf%ﬁé%ggépgpoﬁ%n%1%? fhel%gpvo.V$l. Exenpl ary Met hod

mneuver abi | RESTBEROG BP0 A o B e R gt he
weight of a %%‘3@5 subplil)?y (:)))foazr’emroteedcye(\:/gcre]:%O%,h}%'o%ilr%hr%loc&flarﬁy of lcén%%n%ntrsn%@lns of
ease of replacement and localized calibration 308, and enhancing system
reliability 310. The method may include additional, fewer, or alternate actions.
[0058]  The method 300 may reduce the weight of a power bus 302 by using
(a) small gage wiring for a power bus, such as a high or a low voltage power bus,
(b) fiber optic cable, and/or (¢) wireless communications. In one aspect, an
interface controller may interconnect with both high and low voltage power
busswork. A high voltage may be carried via a small, light wire acting as a high
voltage power bus. On the hand, a low voltage may be carried on a comparatively
larger, heaving wire acting as a low voltage power bus. Transmitting a portion of
the power required to power remote devices over the lighter power bus may
reduce the weight of the aircraft. In one embodiment, the length of the lighter
high voltage power bus transmitting a high voltage may be substantially greater, or
at least equal to, the length of the heavier, low voltage power bus transmitting the
low voltage.
[0059]  The method 300 may reduce the weight of a reliable means of
communication with a control network 304. The aircraft may include a fiber optic

control network that enjoys noise immunity. The control network may use
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communi cation with a control network 304, integrating both the control and
the power supply of a renote device 306, providing nodularity of conponents
for ease wbD 20mpi3emenent and | ocalized calibration 308, aou/usaéans803y System
reliability 310. The nethod may include additional, fewer, or alternate
actions. [0058] The nmethod 300 may reduce the weight of a power bus 302 by
using (a) small gage wiring for a power bus, such as a high or a | ow
vol t age power bus, (b) fiber optic cable, and/or (c) wrel ess

comuni cations. In one aspect, an interface controller may interconnect

wi th both high and | ow vol tage power busswork. A high voltage may be
carried via a&theatttechnblylay tnwbpezataeioaabaras naw@rlgwitbi@lthgg'ecrﬁfbv@ﬁb@ On the
hand, a | ow voltage nay be carried on a conparatively larger, heaving wire

acting as a |lQwiepbdeRnRaNE stidsrds higdsnistd.i ng a portion of the power
required to power renote devices over the lighter power bus may reduce the

wei ght of t he[Oglii(gcr Ak frernbtive®N6h ﬁaﬁ&di ﬁ@em)%)tié heidneRadoedl chiteollet glayer hi gh
u

vol t age power transmtti'ng a high voltagé nay be substantially greater,
or at least equal to, the |ength_ of .the Vi MOLARRE power bus
transmtting 8 S VEF e%lsg%"ggf‘b%%’ﬁfﬁ qrhoetﬂﬁrgr{eh’g%fk?aggygﬁay reduce the wei ght
of a reliable neans of co ni.cation with a control, networ . .The
aircraft nmay SORERWHeatiqnmaydaciists WcREHRtEd fongSisFiR d?ﬁﬁpgg?ﬁ’l%{)oggéﬂegi se
imunity. The control network may useEthernet technology to operate a | ocal
area net wor k twinsmissionfeona p maimeqniro]leEe 080 91 BIOTOIIEFERCE SIFHF S at st andar ds
may be used. [0060] Alternatively, in lieu of a fiber optic system each

| ocal cont r ol trewmitdyg from one interface controller to the next, signal reliability may be

checked, such as via a checksum, flag, hand shake, or the like. If signal reliability
is not confirmed, each interface controller pair may search for a reliable discrete
and available frequency. If a reliable frequency is found, the interface controllers
may both attempt to re-establish reliable communicate on the new frequency
identified as being reliable.

[0061]  The method 300 may integrate both the control and the power supply of
a remote device 306. The remote interface controller may be positioned in the
vicinity of the remote device that requires a control signals and/or power to be
supplied. The interface controller may interface with a high voltage power bus
and/or a fiber optic network of the aircraft. The interface controller may receive a
high voltage from the high voltage power bus and control signals from the fiber
optic network. Subsequently, the interface controller may convert the high voltage
and control signals received into a low voltage power signal and a conditioned
control signal, respectively. The low voltage power signal may power, and the
conditioned control signals may direct, remote devices interconnected with the

interface controller.
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operate as a wreless node in a nesh or other network. Discrete wireless
comuni cation may facilitate uncorrupted | ong di stance data and control
signal traomiess®s froma nmain controller to one or noPETIUSR@VHSDES
controllers. Wien transmtting fromone interface controller to the next,
signal reliability may be checked, such as via a checksum flag, hand
shake, or the like. If signal reliability is not confirnmed, each interface
controller pair may search for a reliable discrete and avail abl e frequency.
If a reliable frequency is found, the interface controllers may both
attenpt to re-establish reliable comunicate t he new f uency

i dentified ad0®@lng Thelneiktdemay pobilp pqq‘(éil%{nﬁg@a%%nmm? ﬁ&géﬁ ate both the
control and the power supply of a renpte device 306. The renote interface
control | er mascheepelséwhaeabereinn Fohimstancs, miterghafgeatie modwst wingdiPSce t hat
requires a control signals and/or power to be supplied. The interface

control | er nMayinj BsBpRER, Mdthildmby BhprovldedgBagomedulumgpodénsmay Havber opti c
network of the aircraft. The interface controller may receive a high

vol tage from;tf icg‘éeg M@l de 208 DIRNBE rddttie 8RGcS EHch MlterFicgRaBhtgolfer oy bhe fi ber
optic network. Subsequently, the interface controller may convert the high

vol tage and cont ?lgrlpgegl%ﬂgEvgihsanrcﬁl%?in\f%g& P{)/rﬁr@ﬁ}e&l% M%yéglq%m@@ywﬂhﬂ% gnal and a

condi ti oned dBHtS respect |'ve ow vol t age power signal may
power, and the conditioned,controk signals may direct, renote devices

i nt er connect saM&CF A FECH ISTILRASX S nt r ol | er . [ 0062] The nethod may i ncl ude
provi di ng nodul ar conponents 308, as di scussed els% ere Qgrein.lFor

i nstance, i ntl@9@angbubmatigealipraiongl agemptgdevice may be directed by a loca

processor located on the interface controller. The local processor may include
embedded calibration data and routines corresponding to a remote device located
in a modular wing tip, tail, or wing component. For instance, a wing tip or other
modular component associated with a previous mission may be replaced with a
replacement wing tip or modular component associated with a new mission. The
replacement wing tip may include power and control connections that interconnect
with an adjoining wing component, such as interconnections with the high voltage
power busswork and the control network discussed above.

[0064]  The replacement wing tip or other modular component may include
mission specific interface controllers, remote devices, software, local processors,
and other mission specific replacement components. As an example, an interface
controller or local processor may be programmed to direct a remote device to
gather intelligence, such as video or audio recording, of a specific target of interest
identified either before or away take off.

[0065]  In one embodiment, two or more interface controllers may be run in

series to provide a number of stepped down voltages. A high voltage may be

2]



W ng conponents, and tails may be provided. Each nodul ar conponent may have
a dedicated interface controller or renote device. Each interface

cont r ol | eworma/d3e708nt er changeabl e wi t h anot her i nt er f acectarstooolobs®sst hat i s
programmed with the sanme or a different m ssion package. [0063] Automatic
calibration of a renote device may be directed by a | ocal processor |ocated
on the interface controller. The | ocal processor may include enbedded
calibration data and routines corresponding to a renote device located in a
nodul ar wing tip, tail, or wing conponent. For instance, a wing tip or

ot her nmodul ar conponent associated with_a previous m ssjo be repl aced
with a repl aserpastdopinfgom 350 O torppdnfermediaierpolaght Sush 8ved ¥t &ﬂgg}/sf h a new

m ssion. The replacenent wing tip may include power and control connections
t hat i nt er commedicewbhtnolten. &b mitermediatel volfagompppewier,a rgctgmgte device, as

i nterconnections wth the high voltage power busswork and the control

net wor k di scyssied fadavecoddifRdhclbigitrbBal. aterernindwitadadeiconwolleotagr nodul ar
conponent may include mssion specific interface controllers, renote

devi ces, sof tyare., J95ahe B WCRESPESroAME HshiBferfits SrRbdIIENOG 1bWC I epl acenent
conponents. As an exanple, an interface controller or |ocal processor may

be programred to direct r t i gg@i L B4 el QERRGemBteCh as
vi deo or audiv8ft?'%ec%urc§iaﬁ§?h%gqg fﬁggﬁlﬁg ‘%Ogt? e Qﬁxay?ﬁ(% errest (?}gierelrtni fied
either before or away take off. [0065] In one enbodi nent, two or nore
“interface coff¥iSflers may be run in series to provide a number of stepped

down vol tages. A high voltage may best epped down,fro6n %50 V t8 an
i nt er medi at e [Q¥i6] age hesngiiko ayglchtl,de@?haaxcmgrrglfablhty 310. The method may

include local power conversion, such as power being stepped down from a
relatively high voltage to a comparatively lower voltage in the vicinity of a remote
device; localized calibration if a remote device that may facilitate greater
modularity; high voltage to low voltage power busswork and wiring; and/or fiber
optic interfacing.

[0067]  Additionally, with conventional device processors, power surges or
other external or internal events may cause faults. With the present embodimenfs,
the interface controller may incl;lde a local processor with a memory having
embedded sofiware. The embedded software may include fault recognition
routines. If a fault associated with the interface controller is recognized by the
local processor, the local processor may automatically and quickly reboot itself.
The faults identified may include power surges, component failure, blown fuses,
local processor shut down, and other events. As a result, downtime may be
automatically minimized without the need for direct human intervention and the
need for manual corrective troubling shooting, which may be time consuming and

inefficient, may be alleviated.
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interface controller. The internedi ate voltage may power a first renote
device, as well|l as feed a second interface controller. The second interface
cont rol | eworma/a3bma step down the 28 V recei ved from t hecfriussaoiostoss f ace
controller to a | ow voltage, such as either a 12 V or 5 V | ow vol tage t hat
may power a second renote device. [0066] The nethod may include enhancing
reliability 310. The nethod may include |ocal power conversion, such as
power being stepped down froma relatively high voltage to a conparatively
| ower voltage in the vicinity of a renpte device; localized calibration if
a renote device that may facilitate greater nodularity; high voltage to | ow
vol t age powerVBLs SxemplancAritlicatigns and/ or fiber optic interfacing. [0067]
Additionally, with conventional device processors, power surges or other
external or i[A068] nalFigwertiBustases eawsenplay aixsrafigtn h@@irpm@s‘@gtmaé’rhﬁodi ment s,
the interface controller may include a | ocal processor with a nmenory having

enbedded sof tanameanddiedrondegdsie of ofstalradeflightyup to6l51008 fEeaabdvergeamgni ti on
routines. If a fault associated with the interface controller is recognized

by the | ocal 1H.Qe&R50:miy §pekNE BhovRLARIEOANI YAt IRVBIOV &3] Wakkabslg qui ckly
reboot itself. The faults identified may include power surges, conponent

failure, bl . - - : N & AS
rasul ., downt B B rop s R R O o A s, o i ect

human | nt et vegt o and Lhe need. L ar TR FQESRENLR. LhRUML BRcRRECt | no.

over areas of interest, and may be interconnected directly into an external
communications network.

[0069]  The drone 400 may be a high-altitude, long-endurance unmanned
aircraft. The drone 400 may serve as a platform to relay communications and
other payloads. The drone 400 may facilitate two-way broadband, voice, and/or
narrow band communications. The drone 400 may capture and facilitate the
broadcast of video and/or audio. The drone 400 may communicate with (1) fixed
user equipment having antennas as small as approximately two inches, (2)
gateway stations, (3) the internet, (4) satellite dishes, and (5) mobile user
equipment, such as hand-held devices, cell phones, PDAs, laptops, GPS devices,
and other devices.

[0070] Figure 5 illustrates an exemplary concept of operations for the
unmanned drone. The unmanned drone may be in communication with a mission
control station located on the ground via a satellite link. The reduction of weight
that may be provided to the unmanned drone by the present embodiments may
facilitate extended observation of a remote region of interest. The unmanned

drone may have a 7-day or more endurance and rotate with other unmanned
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inefficient, may be alleviated.VIII. Exenplary Applications [0068] Figure 4
illustrates an exenplary aircraft 400. The aircraft 400 may be an unmanned
dr one capabl2eloaf3emast ai ned flight up to 65,000 feet abovergrseamassodhe dr one
400 may operate above air traffic and weat her, have over a week-long flight
duration, provide station-keeping capabilities, operate in conjunction with
backup platfornms to ensure continuous and renote intelligence gathering
coverage over areas of interest, and may be interconnected directly into an
external communi cations network. [0069] The drone 400 may be a

hi gh-al titude, |ong-endurance unmanned aircraft. The drone 400 may serve as
a pl at f or m t o/ehigleayjorcontiumue shepba sovareeotlie dropgyraypIgVidaral-Hps Aeia00 nay
facilitate two-way broadband, voice, and/or narrow band comuni cations. The
drone 400 nmayesvaptonrvidearichagiagithat tratybetahesshibloaul cedtimsfto gdpuiba vansi- on audi o.
The drone 400 may comunicate with (1) fixed user equi pnment havi ng ant ennas

as smal | as apPsexhdeh Heyid wed atRehes, (2) gateway stations, (3) the
internet, (4) satellite dishes, and (5) nobile user equipnent, such as

hand- hel d degh@ﬂ » CRAiksiADOREHIesHB e drARURRSIncIESpHSieh@Sare and ot her
devices. [0070] Figure 5 1llustrates an exenplary concept of operations for

(e unmenned SRR HIPSRALHIARE Rk RSO BRI D o,
reduction of .uelght ct ha:[cicaq%}/l-sl‘?% rvs(/)e\gith%re gn c?ongmhl?nig'cgg%r}rrl‘oer%oggonde ng%ict he
present enbod? BCGiAf atio g, dy
tasking by theatre commanders, communications augmentation, bandwidth
expansion, robust coverage to areas with little to no other coverage, gathering
persistent and actionable intelligence in real-time, jamming, jammer tracking,
missile defense, battle ground and air space awareness, airspace collision
avoidance, and dedicated communications support.
[0072] While the preferred embodiments of the invention have been
described, it should be understood that the invention is not so limited and
modifications may be made without departing from the invention. The scope of
the invention is defined by the appended claims, and all devices that come within
the meaning of the claims, either literally or by equivalence, are intended to be
embraced therein.
[0073] It is therefore intended that the foregoing detailed description be
regarded as illustrative rather than limiting, and that it be understood that it is the

following claims, including all equivalents, that are intended to define the spirit

and scope of this invention.
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facilitate extended observation of a renote region of interest. The
unmanned drone may have a 7-day or nore endurance and rotate with ot her
unmannedwebi2eioasefosr conti nuous theatre coverage. The dipomarSe®y/0ps06yi de
real -time highresolution video imging that may be accessible in real-tine
to conbat units - on the ground, in the air, and at sea. [0071] M ssion
exanpl es for the drone may include persistent stare comruni cations or GPS
functionality, detection and |ocation of electromagnetic interference,
tactical on-station weather and conmuni cation nonitoring, dynam c tasking
by theatre commanders, communi cations augnentati on, bandw dth expansi on,
robust cover MHA® ISrGChAIMEP §S:ttl e to no other coverage, gathering

persi stent and actionable intelligence in real-tine, janmng, janmer
tracking, mssile defense, battle ground and air_space awareness, airspace
col i si on avdi dandesystgmdfor sutipbrg BOwHfaAPBAC AR asUpyblosated B2] while the
preferred enbodi nents of the invention have been described, it should be
under st ood t hat thecmfivention is not so |imted and nodifications nay be
made wi t hout departing fromthe invention. The scope of the invention is

defined by the appendegh ght@ité¥Eintetfack @ntrotlevoeaed inhhé aie@afe covhpriving 4 he
meaning of the clainms, either literally or by equival ence, are intended to

be ermbraced ther ewwer[s%@] th%;pglw%r LpshEehLintdit Reasd What htgr%a%@m&oi ng

detail ed description be garded as illustrative rather than Timting, and

Chat 1 e uncersggd, Bt Sy A PR e B

the low gage wire,

wherein the high gage wire acts as a high voltage power bus and
provides a high voltage input to the power supply;

the power supply being configured to step down the high voltage
received to a low voltage that is lower than the high voltage on the high
voltage power bus and place the low voltage onto the low gage wire that
écts a low voltage power bus;

the low voltage power bus is interconnected with the remote
auxiliary load and provides the low voltage to the remote auxiliary load,;
and

the remote auxiliary load being located at a distance from a power
plant of the aircraft such that both a length of low gage wiring acting as a
low voltage power bus and a longer length of relatively lighter high gage
wire acting as a high voltage power bus are used to relay power from the
power plant of the aircraft to the remote auxiliary load, reducing an overall

weight of wiring located in the aircraft required to supply power to the

remote auxiliary load.
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and scope of this invention. WHAT IS CLAIMED IS: 1. A system for supplying
power to a renote auxiliary load |ocated in an aircraft, an actuator

i nt er f acewoantwmsbioer | ocated in the aircraft conprisi ngpraTmsee/0sspply, the
power supply being interconnected with a high gage wire and a | ow gage
wire, the high gage wire being of higher gage wiring than the | ow gage
wire, wherein the high gage wire acts as a high voltage power bus and

provi des a high voltage input to the power supply; the power supply being
configured to step down the high voltage received to a | ow voltage that is
| ower than the high voltage on the high voltage power bus and place the | ow
vol tage onto the | ow gage wire that acts a | ow voltage power bus; the | ow
vol tage power bus is interconnected with the renpte auxiliary |oad and
provi des t he 2 ow bt sxsigm pbcleire Ly whiseia thaististenaithRHEMPISAY t he renpte
auxiliary load being |ocated at a distance froma power plant of the
aircraft such that bot hlaal grogisbordbedtelin glagectwater ingrfact ¢ontyoler, el ow vol t age
power bus and a |longer length of relatively lighter high gage wire acting

as a hi gh vol t age jamsroc&dsr Bk in&ecbnhectéEWay aRomes! detvork tviseanppier  pl ant  of
the aircraft to the renote auxiliary |oad, reducing an overal
fiber interface; and
a signal conditioner located in the actuator interface controller, the
signal conditioner being interconnected with the remote auxiliary load,
wherein the power supply is configured to supply power to the local
processor, and the actuator interface controller is configured to control the

operation of the remote auxiliary load via the local processor directing the

signal conditioner to send control signals to the remote auxiliary load.

3. The system of claim 2, wherein the local processor of the actuator interface
controller is configured to automatically reboot upon an external event

disrupting normal operation of the local processor.

4. The system of claim 2, wherein the local processor of the actuator interface
controller includes a memory with embedded software that facilitates
remote calibration of the remote auxiliary load, the remote calibration
being directed by the local processor in accordance with the embedded

software.
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wei ght of wiring located in the aircraft required to supply power to the
renote auxiliary load.2. The systemof claiml1l, wherein the systemfurther
conpri seswoaoloasatospr ocessor | ocated in the actuator i ntrerfiseceoossissol | er,
the |l ocal processor being interconnected with a control network via an
optic fiber interface; and a signal conditioner |located in the actuator
interface controller, the signal conditioner being interconnected wth the
renote auxiliary | oad, wherein the power supply is configured to supply
power to the | ocal processor, and the actuator interface controller is
configured to control the operation of the rempte auxiliary .load via the

| ocal procesder diTh@&)tSFetﬁgofﬂ@lﬂs?,gﬁ%ﬂrelé(Sbf‘cﬂcﬁ‘iaé(ﬁélﬁte’fféces“éﬁHOE%ﬁf rol signals to
the renote auxiliary load. 3. The systemof claim2, wherein the | ocal
processor of the aletwiaslbrinianttengeb wimbthet datwatorsinicofacd epmirelers.cand
automatical ly reboot upon an external event disrupting normal operation of
the | ocal processgfelodl pideessystibiuahatet midifade covhmiler mcludes missimh pr ocessor
of the actuator interface controller includes a nenory with enbedded

sof tware t hat _facisggéch?cts%waﬁmgtefa&mat&r@mrarbmﬁe iRt AP@Ry faadi ducAry | oad,
the renote calibration being directed by the | ocal processor in accordance

w th the enbedded sof,tware, %f(ﬁ%%tn% i ofib Q&tﬂ%}ﬁr infheLEe L hiioMer act uat or
a angea W ot

5. T
interface controllerdﬂ?népégpﬁé% y interch e t er actuator

interface controllers, _and.the | ocal processor of the act,uat.qr interface
controll er incl udéi‘gthrﬁ férgli @ssion spec(fgc sd%tware may rbe pLysma?ly replacedooy a

second actuator interface controller with a second mission specific

software.
6. The system of claim 1, wherein the high gage wire is approximately 24 or

higher gage wire, and the low gage wire is approximately 22 or lower gage

wire.
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specific software that facilitates control of the renote auxiliary | oad,
such that depending on a particular m ssion, one actuator interface

cont rol | ewownton3eroBi rst m ssion specific software may becphiggeoassdogs

repl aced by a second actuator interface controller with a second m ssion
specific software. 6. The systemof claim 1, wherein the high gage wire is
approxi mately 24 or higher gage wire, and the | ow gage wire is
approximately 22 or | ower gage wire. A system for supplying power to a
renote device located in an aircraft, the system conprising: an actuator
interface controller interconnected with a high voltage. power bus and

havi ng a powdr supplystemfaesupplyene BQWI'[Vaé‘%ﬁﬁ?“?gﬁYlé‘?jlo%teﬁ?éHﬂbfércéafhit% vol t age
received fromthe high voltage power bus to a | ow voltage of a | ow voltage
power bus and to pystoecédrridimgy vol tage onto the | ow vol tage power bus
exiting the actuator interface controller; the high voltage power bus

conprising a first thigkaessoran@rfacd dohgbllwvahghdonperedmnitt a Hightvaittege t he | ow
vol t age power bus conprising a second thickness and a second wei ght per

unit distance, thg %gmﬁxghgﬁg@ngg Lher dpptyvol tage power bus being |ess than
t he hi gh voltage ? the high vo tgge power “bus, and the second thickness

and the second weight pe Iijo&gxi stllpgfyséo%ﬂggref? o feldficd P Ql)ftéagQ%eceived from

the high voltage power bus to a low voltage of a low voltage power bus and
to place the low voltage onto the low voltage power bus exiting the actuator
interface controller;

the high voltage power bus comprising a first thickness and a first
weight per unit distance;

the low voltage power bus comprising a second thickness and a
second weight per unit distance, the low voltage of the low voltage power
bus being less than the high voltage of the high voltage power bus, and the
second thickness and the second weight per unit distance of the low voltage
power bus being greater than the first thickness and the first weight per unit
distance of the high voltage power bus such that the high voltage power bus
is comparatively lighter than the low voltage power bus per unit distance;
and

a remote device interconnected with the low voltage power bus and
being powered from the low voltage carried by the low voltage power bus
such that power is transmiited to the remote device over both the low

voltage power bus and the relatively lighter high voltage power bus,

28



power bus being greater than the first thickness and the first weight per
unit distance of the high voltage power bus such that the high voltage
power buswoomaspmsati vely |ighter than the | ow volt age PpOMESROMOSSOPRr UNi t
di stance; and a renote device interconnected with the | ow voltage power bus
and being powered fromthe | ow voltage carried by the | ow voltage power bus
such that power is transmtted to the renpote device over both the | ow

vol tage power bus and the relatively lighter high voltage power

bus, reduci ng an overall weight of wiring in the aircraft required to supply
power to the renote device. 8. The systemof_ claim 7, wherein the high gage
wire i s approxi matfelugingangpygrllgyeigit Ohpvaing igfbe ?‘F%%B?ﬁuﬁﬁ 0 SHPPI i s
approximately 22 gage or less. 9. The systemof claim 7, wherein power
reaches the renot godewiogke matgdévacat ed in the wing by traversing a first

di stance over the high voltage power bus that is greater than a second

di stance over which the power traverses the relatively heavier |ow voltage
power bus. 10. The systemof claim?7, wherein the interface controller

conprises: a 4 ocalThRi0q&8PElalR 7eHRQBMaRE Bigh Whidwite GOAPpFimaeiWRE K via a
fiber optic interface; and a sighal conditioner configured to send control

[ s to, d ' ' j 11. The
N B S i R e SR

9. The system of claim 7, wherein power reaches the remote device being
located in the wing by traversing a first distance over the high voltage
power bus that is greater than a second distance over which the power

traverses the relatively heavier low voltage power bus.

10.  The system of claim 7, wherein the interface controller comprises:
a local processor interconnected with a control network via a fiber
optic interface; and
a signal conditioner configured to send control signals to, and

receive feedback signals from, the remote device.
11.  The system of claim 7, wherein the interface controller includes a local

processor configured to wirelessly transmit to and receive data from a

control network.
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processor configured to wirelessly transmt to and receive data froma
control network.12. The systemof claim7, wherein the actuator interface
cont rol | ewois1oo3nafosgured to (1) direct the operation of PChaSceanss®3sievi ce
and (2) automatically reboot upon detecting an event that disrupts nornal
operation. 13. A nethod of controlling and supplying power to a renote
device located in an aircraft, the nethod conprising: providing an
interface controller located at a first position in the aircraft;

i nterconnecting a high gage wire with the interface controller, the high

gage wire running froma power plant |located in the fusel? e of the
aircraft to tiRe | Ahepysare ofgain & Whareip foeacitorinteracerGopie! %d%i tion in the
aircraft for a first distance; interconnecting a conparatively |ower | ow
gage Wire wth respeguredtot(hediticythegagration pithe cemdte devieesfdace control | er,
the I ow gage wire running fromthe interface controller to the renote
device located at (3 seseiidaPpfbbotaipohdefebitngdn sveatf thatfdisrupts secwd di st ance,
t he high gage wire being of |ess weight per unit distance and thickness
than the | ower gagﬁmﬁﬁ&g; placing a high voltage generated fromthe power
pl ant | ocated in the fusel age onto the high gage wire running to the
interface controller; and stepping down the high voltage via a voltage
converter associated

13. A method of controlling and supplying power to a remote device located in

an aircraft, the method comprising:

providing an interface controller located at a first position in the
aircraft;

interconnecting a high gage wire with the interface controller, the
high gage wire running from a power plant located in the fuselage of the
aircraft to the interface controller located at the first position in the aircraft
for a first distance;

interconnecting a comparatively lower low gage wire with respect to
the high gage wire to the interface controller, the low gage wire running
from the interface controller to the remote device located at a second
position in the aircraft for a second distance, the high gage wire being of
less weight per unit distance and thickness than the lower gage wire;

placing a high voltage generated from the power plant located in the
fuselage onto the high gage wire running to the interface controller; and

stepping down the high voltage via a voltage converter associated
with the interface controller to a low voltage that is lower than the high

voltage and placing the low voltage onto the low gage wire to power the
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with the interface controller to a |low voltage that is | ower than the high
vol tage and placing the |ow voltage onto the | ow gage wire to power

t her enot ewdewiose708uch that the renote device | ocated i RCThuS2@0068035t 1S
transmtted power fromthe power plant |located in the fusel age over both
| ow gage wire and relatively lighter high gage wire thereby reducing an
overall weight of the wiring in the aircraft required to supply power to
the renote device. 14. The nethod of claim 13, wherein the first distance
that the high gage wire runs fromthe power plant |ocated in the fusel age
to the interface controller |located at the f.irst sition is.greater than
the second di st andenpissevicnsuthnihay ﬁéeIWtheYl%]Z’c?tg‘gm ﬁ%‘r‘frﬁgésrface
controller to the renote device |ocated at the second position. 15. The
net hod of cl ai m 13ansthistedponediém theawer plant loshing inpihe fisglaag over beth|
processor on the interface controller, the |local processor configured to
control the renot @owWgugceiramt rebdtizglyflpcbhigh dapomitehierelmmeteciceai ce to a
control network of the aircraft. 16. The nethod of claim 13, the nethod
further conprisingyERRRLIHGS tHRSyikiAg # theRERRSEGuiRE té Bplyi@vd: a6 the
controller automatically if a fault associated with the interface
controller is detq&%&gd%}ceThe met hod of claim 13, the nethod further
conprising providing a I ber optic interface for communi cati on between a
| ocal processor on the interface controller with a control network of the
aircraft. 18. The nethod of claim 13, the nmethod further conprising

roviding the . X
P d 14.  The method of claim 13, wherein the first distance that the high gage wire

runs from the power plant located in the fuselage to the interface controller
located at the first position is greater than the second distance that the low
gage wire runs from the interface controller to the remote device located at

the second position.

15.  The method of claim 13, the method further comprising providing a local
processor on the interface controller, the local processor configured to
control the remote device and relay feedback from the remote device to a

control network of the aircraft.
16.  The method of claim 13, the method further comprising rebooting the local

processor on the interface controller automatically if a fault associated with

the interface controller is detected.
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interface controller, renote device, and | ow gage wiring in a nodular w ng
tip configured to interconnect with an adjoi ning w ng conponent that

provi des wocormBsetoson to the high gage wiring. 19. The merhusdooofssoBai m 13,
the met hod further conprising locally calibrating an individual renote
device via calibration routines and data enbedded on the interface
controller. 20. The nethod of claim 13, wherein the interface controller is
i nt erchangeable with other interface controllers, the nmethod further
conprising: loading a mssion specific interface controller with a m ssion
speci fic package of software associated with directing the renpte device to
perform a m 92i onThpmethod of elsim 43 thamethed furdhsr semppsing Rroviding 3 G
controller with the m ssion specific interface controller, wherein the

m ssi on specific opticcinfeafaee foondomoluhizatidrsbatwedn glocdgproassdoponltiey cal i brate
the renote device such that the renote device is calibrated for use with

t he ni ssion speci fhi&ficB i ARE Wil Atcoalrdlgletwérk bOtHe dileeafineed to re-calibrate
one or nore other renote devices |located in the wingof the aircraft that

are interconnected with other interface controllers that have not been
repl aced.

18.  The method of claim 13, the method further comprising providing the
interface controller, remote device, and low gage wiring in a modular wing
tip configured to interconnect with an adjoining wing component that

provides a connection to the high gage wiring.

19.  The method of claim 13, the method further comprising locally calibrating
an individual remote device via calibration routines and data embedded on

the interface controller.

20. The method of claim 13, wherein the interface controller is interchangeable

with other interface controllers, the method further comprising:

loading a mission specific interface controller with a mission
specific package of software associated with directing the remote device to
perform a mission specific operation; and

replacing the interface controller with the mission specific interface
controller, wherein the mission specific interface controller is configured
to locally calibrate the remote device such that the remote device is
calibrated for use with the mission specific interface controller without the

need to re-calibrate one or more other remote devices located in the wing

32



WO 2010/036708 PCT/US2009/058035

of the aircraft that are interconnected with cother interface controllers that

have not been replaced.
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