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(57) Abréegée/Abstract:

An aircraft communications and item tracking system Is described. The system Includes an RFID reader and a communications
device located at fixed locations within the aircraft, a plurality of passive RFID tags operable for association with items within the
alrcraft, and a distributed antenna system comprising a plurality of antenna units and a wireless distribution system. The wireless
distribution system Is communicatively coupled to an aircraft communications network. The antenna units are communicatively
coupled to the wireless distribution system and disbursed about the aircraft such that the RFID tags within the aircraft may be
activated by signals output by at least one of the antenna units. The RFID reader and communications device are communicatively
coupled to the wireless distribution system. The distributed antenna system Is operable for transmission and reception of signals
assoclated with the RFID reader and RFID tags. The distributed antenna system Iis further operable for transmission and reception
of signals associated with the communications device.
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(57) Abstract: An aircraft communications and item tracking system is described. The system includes an RFID reader and a com-

munications device located at fixed locations within the aircraft, a plurality of passive RFID tags operable for association with
items within the aircraft, and a distributed antenna system comprising a plurality of antenna units and a wireless distribution sys-
tem. The wireless distribution system 1s communicatively coupled to an aircraft communications network. The antenna units are
communicatively coupled to the wireless distribution system and disbursed about the aircraft such that the RFID tags within the
aircraft may be activated by signals output by at least one of the antenna units. The RFID reader and communications device are
communicatively coupled to the wireless distribution system. The distributed antenna system 1s operable for transmission and re-
ception of signals associated with the RFID reader and RFID tags. The distributed antenna system 1s further operable for transmis-
sion and reception of signals associated with the communications device.
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METHODS AND SYSTEMS FOR REAL TIME RFID
LOCATING ONBOARD AN AIRCRAFT

BACKGROUND

The ficld of the invention relates generally to the tracking and inventory of 1tems on an aircraft,

and more specifically, to methods and systems for real time RFID locating onboard an aircraft.

Existing mventory and tracking solutions based on active RFID and WiF1 use signal strength
measurements and time difference of arrival algorithms to determine location coordinates. More
recently, broadband wireless location beacon signals have been used to overcome areas of poor
WiF1 coverage. One system uses a network of RFID readers and their dedicated processors and
softwarc to locatc tags among a dcdicatcd nctwork of RFID rcaders. Another solution uscs
software controlled smart antennas to steer beams, and perform signal acquisition and source
location using an array of elements, an array controller, plus an RFID reader module, weighing

50 to 85 Ibs per antenna. Still another system requires placement of transmitters near tags and

sophisticated signal processing to locate multiple tags with 1ts long range phased array receiver.

Such systems have disadvantages and other limitations when applied to an aircraft environment.
Specifically, such complex systems utilize components having significant weight or require
significant computing resources for signal processing, which 1s always a concern or limitation 1n

the aircraft environment. Although simpler system solutions can utilize active RFID tags, these

active RFID tags arc 1000 times more expensive per tag than passive RFID tags. Active RFID

tags arc at least one mch square n size, while passive RFID tags can be up to 1000 times
smaller. Active RFID tags read by active RFID readers do have up to 100 times greater range
than do passive RFID tags, when rcad by single passive RFID rcaders with single local transmat
and receive antennas. However, the active RFID tags require tag batteries, and have very limited

accuracy and resolution capabilities.

RFID systems that incorporate the less expensive passive RFID tags are complex, dedicated
tracking solutions, with bulky and heavy smart antennas, as described above. Each tracking and

communication solution requires a separate, dedicated wiring mfrastructure. Digital networks of

RFID tag readers have limited capabilities to estimate time difference of arrival for RFID tag

location finding due to delays embedded 1n the digital network system solutions. Such delays are
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sometimes resolved through an array of networked short range passive RFID readers located at

choke points though which the short range RFID tags pass to estimate real time locations of

RFID tags.

There are aircraft applications that utilize active RFID technology, for example, to track aircraft
parts and high value assets. Such applications are used primarily for intelligent inventory, and

not location tracking.
BRIEF DESCRIPTION

In one aspect, an aircraft communications and item tracking system 1s provided. The system
includes an RFID recader and a communications device located at fixed locations within the
aircraft, a plurality of passive RFID tags operable for association with items within the aircraft,
and a distributcd antcnna systcm comprising a plurality of individual transmission and rcception
points and a wireless distribution system. The wireless distribution system 1s communicatively
coupled to an aircraft communications network. The transmission and reception points are
communicatively coupled to the wireless distribution system and disbursed about the aircraft
such that the plurality of RFID tags within the aircraft may be activated by signals output by at
lcast one of the transmission points. The RFID reader and communications device are

communicatively coupled to the wireless distribution system. The distributed antenna system 1s

operable for transmission and reception of signals associated with the RFID reader and RFID
tags. The distributed antenna system 1s further operable for transmission and reception of signals

assoclated with the communications device.

In another aspect, a method 1s provided for tracking items on an aircraft where each item to be
tracked 15 associated with at least one passive RFID tag. The method includes outputting an
actrvation signal from a stationary RFID rcadcr within the amrcraft, the signal opcrable for
activation of passive RFID tags, routing the activation signal from the RFID reader for
transmission through transmission points of a distributed antenna system, individual transmission
and reception points of the distributed antenna system dispersed within the aircraft, the
distributed antenna system providing a communications capability for at least one other
communications system, receiving, via the dispersed reception points, signals generated by the
passive RFID tags activated by the transmitted activation signal, and routing the received signals
through the distributed antenna system for mterpretation by the RFID reader. The method

provides for the opportunity to interrogate passive RFID tags to determine a component

R



inventory of an arrcraft, and enable physical position location mapping of totally wireless
electronic devices (sensors) to logical addresses for cabin services. Further, the method provides
for the conversion of an optical signal from wireless distribution system to RF for wireless

transmission; which acts as an optical link between the wireless distribution system and the

antennae units.

In still another aspect, an aircraft 1s provided. The aircraft includes a plurality of wireless
communications devices deployed within the aircraft including at least one passive tag RFID
reader, a wireless distribution system operative as a communications access point for the
plurality of wireless communications devices, and a plurality of individual transmission and
reception points communicatively coupled to the wireless distribution system. The wireless
distribution system 1S operative to integrate a plurality of communications services over a
common infrastructure. At least onc of the communications services 1s associated with the at
least one passive tag RFID reader and the transmission and reception points are disbursed within
the aircraft such that a transmission pattern associated with the transmission and reception points

18 provided that allows for communications with passive RFID devices deployed within the

alrcraft.

In still another aspect there 1s provided an aircraft communications and item tracking system
comprising: a radio-frequency identification (RFID) reader located at a first fixed location within
an aircraft; a communications device located at a second fixed location within the aircraft; and a
distributed antenna system comprising a plurality of individual transmission and reception points
and a wireless distribution system, said wireless distribution system being communicatively
coupled to an aircraft communications network, said transmission and reception points being
communicatively coupled to said wireless distribution system, said transmission and reception
points being dispersed about the aircraft such that a plurality of passive RFID tags within the

aircrait are activateable by signals output by at least one of said transmission points, said RFID

reader and sard communications device being communicatively coupled to said wireless
distribution system, said distributed antenna system being operable for transmission and
reception of signals associated with said RFID reader and the passive RFID tags, wherein said
distributed antenna system is operable for transmission and reception of signals associated with
saild communications device, and said aircraft communications and item tracking system is
configured for remote integration of onboard wireless data services associated with said

communications device over said distributed antenna system including at least one of a WiFi

communications capability and a cellular communications capability.

CA 2792986 2018-08-14



In still another aspect there i1s provided a method for tracking i1tems on an aircraft, each item to be
tracked associated with at least one passive radio-frequency identification (RFID) tag, said method
comprising: outputting an activation signal from a stationary RFID reader within the aircraft, the
signal being operable for activation of passive RFID tags; routing the activation signal from the
RFID reader for transmission through transmission points of a distributed antenna system,
individual transmission and reception points of the distributed antenna system being dispersed
within the aircratt, the distnibuted antenna system providing a communications capability for at
least one other communications system; receiving, via the dispersed reception points of the
distributed antenna system, signals generated by the passive RFID tags activated by the
transmitted activation signal; routing the received signals through the distributed antenna system
tor interpretation by the RFID reader; and integrating onboard wireless data services for the at
least one other communications system over the distributed antenna system including at least one

of a WiFi communications capability and a cellular communications capability.

In still another aspect there is provided an aircraft comprising: an aircraft communications and
ttem tracking system, said system comprising: a radio-frequency identification (RFID) reader
located at a first fixed location within the aircraft; a communications device located at a second
fixed location within the aircraft; and a distributed antenna system comprising a plurality of
individual transmission and reception points and a wireless distribution system, said wireless
distribution system being communicatively coupled to an aircraft communications network, said

tfransmission and reception points being communicatively coupled to said wireless distribution

system, said transmission and reception points being dispersed about the aircraft such that a
plurality of passive RFID tags within the aircraft are activateable by signals output by at least one
of said transmission points, said RFID reader and said communications device being
communicatively coupled to said wireless distribution system, said distributed antenna system
being operable for transmission and reception of signals associated with said RFID reader and the
passtve RFID tags, said distributed antenna system being further operable for transmission and
reception of signals associated with said communications device, wherein said aircraft
communications and item tracking system 1s configured for remote integration of onboard wireless

data services associated with said communications device over said distributed antenna system

including at least one of a WiFi communications capability and a cellular communications

capability.

Ja
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In still another aspect there is provided an aircraft communications and item tracking system

comprising: a radio-frequency identification (RFID) reader located at a first fixed location within

an aircraft; a communication device located at a second fixed location within the arrcraft; and a

distributed antenna system coupled to said RFID reader and said communication device, said

distributed antenna system comprising: a wireless distribution system communicatively coupling a
wired network of the aircraft to a wireless network of the aircrait; and a plurality of individual
transmission and reception points separately connected to the wireless distribution system over the
wireless network, wherein said wireless distribution system 1s separate from said RFID reader,
said communication device, and each of said plurality of individual transmission and reception
points, wherein communications between satd plurality of individual transmission and reception
points and each of said RFID reader and said communication device are passed through said
wireless distribution system, said plurality of transmission and reception points disbursed about
the atrcraft and configured to transmit a first radio frequency signal at a transmit power such that a
plurality of passive RFID tags within the aircraft are activateable by the first radio frequency
signal, said plurality of transmission and reception points further configured to receive a second
radio frequency signal at a receive power, wherein the receive power is greater than the transmit

power.

In still another aspect there 1s provided a method for tracking items on an aircraft, each item to be

tracked associated with at least one passive radio-frequency identification (RFID) tag, said method

comprising: transmitting an activation signal for activation of passive RFID tags from a stationary

RFID reader within the aircraft to a distributed anfenna system, the distributed antenna system
including a wireless distribution system communicatively coupling a wired network of the aircraft
to a wireless network of the aircraft, and a plurality of individual transmission and reception points
dispersed within the aircraft, wherein the plurality of individual transmission and reception points
are wirelessly coupled to the passive RFID tags, wherein the plurality of individual transmission
and reception points are separately connected to the wireless distribution system over the wireless
network; routing the activation signal from the wireless distribution system for transmission
through the plurality of transmission devices of the distributed antenna system at a transmit power,
the distributed antenna system providing a communications capability for at least one other
communications system; receiving, via the dispersed transmission and reception points of the
distributed antenna system, signals generated by the passive RFID tags activated by the
transmitted activation signal, wherein the signals are received at a receive power that is greater
than the transmit power; and routing the received signals through the distributed antenna system

for interpretation by the stationary RFID reader.

3b
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In still another aspect there 1s provided an . aircraft comprising: a plurality of wireless
communications devices, at least one of the plurality of wireless communications devices being a
passive tag radio-frequency identification (RFID) reader; a wireless distribution system separate
from the plurality of wireless communications devices, the wireless distribution system being
operative as a communications access point for said plurality of wireless communications devices
and further configured to communicatively couple a wired network of the aircraft to a wireless
network of the aircraft; and a plurality of individual transmission and reception points, wherein the
plurality of individual transmission and reception points are separately connected to the wireless
distribution system over the wireless network, said wireless distribution system operative to
integrate a plurality of communications services over a common infrastructure such that
communications between the plurality of individual transmission and reception points and the
passive tag RFID reader are passed through the wireless distribution system, at least one of the
communications services associated with the passive tag RFID reader, said transmission and
reception points disbursed within said aircraft and configured to transmit a first radio-frequency
signal at a first transmit power such that a transmission pattern associated with said transmission
and reception points is provided that allows for communications with a plurality of passive RFID
devices deployed within said aircraft, wherein, when the plurality of passive RFID devices are
activated, the plurality of individual transmission and reception points are configured to receive a
second radio-frequency signal from the plurality of passive RFID devices at a receive power,

wherein the receive power is greater than the transmit power.

The features, functions, and advantages that have been discussed can be achieved independently in
various embodiments of the present invention or may be combined in yet other embodiments

further details of which can be seen with reference to the following description and drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1s a flow diagram of an aircraft production and service methodology. Figure 2 is a block

diagram of an aircraft.
Figure 3 1s a block diagram of a passive RFID system.

Figure 4 is a block diagram of a passive RFID system that incorporates a distributed antenna

system (DAS).

Figure 5 1s an illustration of transmission signals from antenna units deployed within an aircraft

cabin or cargo area.

3c
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Figure 6 18 a depiction of a distributed antenna system (DAS) and a remote DAS deployed within

an aircraft and utilized to communicate with a plurality of RFID tags.

Figure 7 1s a depiction of a distributed antenna system (DAS) fabricated using leaky coaxial

cable, deployed within an aircraft, and utilized to communicate with a plurality of RFID tags.

DETAILED DESCRIPTION

Accurate, real time locating (RTLS) of low cost passive RFID tags onboard an aircraft provide
an ability to locate, for example, passengers, baggage, confirm a full complement of life vests,
maintain an inventory of portable onboard items, and enable physical position location mapping
of totally wireless electronic devices (e.g. sensors) to logical network addresses for cabin

services.

Embodiments are directed to an onboard passive RFID system based on a distributed antenna
system (DAS) optimized to reduce nulls and increase received signal strengths throughout an
aircraft. Such a system enables the identifying of items n a radio fingerprinted cabin, multi-
antenna locating techniques to improve the absolute locating accuracy of passive RFID tags to
within a single seat or seat group in one example. In addition, the utilization of the DAS
provides a broadband system which allows a wide range of wircless communication services to
be transmitted over a single distribution infrastructure. Incorporation of the DAS therefore
allows remote 1ntegration of other onboard wireless data services such as WiF1 and cell phone
over such a common infrastructure. With such a system, simultancous wireless communications

and RFID coverage capabilities can be provided.

More generally, the described embodiments relate to the location of passive RFID tagged 1tems
in an aircraft cabin and cargo hold for mventory control of immobilc 1itecms, mapping of physical
location of totally wireless electronic devices to logical network addresses, and tracking of
mobile passengers for purposes of associating those passengers with their mobile baggage and

travel 1tineraries.

In embodiments, the passive RFID systems referred to herein refer to RFID tags that operate
within a 900MHz band. In such embodiments, a high power RF carrier in this band 1s utilized to
provide power to the tags, and backscatter modulation 1s used for tag to reader communications,

thereby allowing passive RFID tags to be read at farther ranges.

_4-
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However, implementing a UHF real time locating system (RTLS) within an aircraft’s retlective
environment 15 not comparable to an RTLS system operating in an open environment.
Specifically, RTLS performance within an aircraft environment, for the intended applications,
includes achieving an accuracy of about +/- 0.5m. Such accuracy supports several applications
where pinpoint location down to a single seat or seat-group 18 nceded. Moreover, the density of
nulls due to multipath RF propagation in a closed metal or composite aircraft tube 1s expected to
be very different from RF propagation in an open office environment. Further complicating
matters, for UHF-based RFID operation on global mobile platforms, the diversity of regulations
(such as frequency and power) 1in the UHF band 1n various locales must be considered; while still
mccting RTLS pcrformance (accuracy & rcad-ratc) goals mn all cascs. Simply put, ccrtain

countrics have stringent power transmission limits within the UHF band.

Referring more particularly to the drawmgs, embodiments of the disclosure may be described in
thc context of aircraft manufacturing and scrvice mcthod 100 as shown m Figurc 1 and an
aircraft 200 as shown 1n Figure 2. During pre-production, aircraft manufacturing and service

method 100 may include specification and design 102 of aircraft 200 and material procurement
104.

During production, component and subassembly manufacturing 106 and system integration 108
of aircraft 200 takes place. Thereafter, aircraft 200 may go through certification and delivery
110 mn order to be placed 1 service 112. While 1 service by a customer, aircraft 200 1s
scheduled for routine maintenance and service 114 (which may also include modification,

reconfiguration, refurbishment, and so on).

Each of the processes of aircraft manufacturing and service method 100 may be performed or
carried out by a system integrator, a third party, and/or an operator (e.g., a customer). For the
purposcs of this description, a systcm intcgrator may mclude, without limitation, any numbcer of
aircraft manufacturers and major-system subcontractors; a third party may include, for example,
without limitation, any number of venders, subcontractors, and suppliers; and an operator may be

an airline, leasing company, military entity, service organization, and so on.

As shown 1n Figure 2, aircraft 200 produced by aircraft manufacturing and service method 100
may include arrframe 202 with a plurality of systems 204 and interior 206. Examples of systems
204 1include one or more of propulsion system 208, electrical system 210, hydraulic system 212,

and environmental system 214. Any number of other systems may be included 1n this example.

5.
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Although an acrospace example 1s shown, the principles of the disclosure may be applied to

other industries, such as the automotive industry.

Apparatus and methods embodied herein may be employed during any one or more of the stages
of aircraft manufacturing and service method 100. For example, without limitation, components
or subassemblies corresponding to component and subassembly manufacturing 106 may be
fabricated or manufactured in a manner similar to components or subassemblies produced while

aircraftt 200 1s 1n service.

Also, onc or morc apparatus cmbodiments, mcthod cmbodiments, or a combination thercof may
be utilized during component and subassembly manufacturing 106 and system integration 108,
for example, without limitation, by substantially expediting assembly of or reducing the cost of
arrcraft 200. Similarly, one or more of apparatus embodiments, method embodiments, or a
combination thcrcof may be utilized while aircraft 200 1s 1n scrvice, for cxample, without
limitation, to maintenance and service 114 may be used during system integration 108 and/or
maintenance and service 114 to determine whether parts may be connected and/or mated to each

other.

The description of the different advantageous embodiments has been presented for purposes of
illustration and description, and 1s not intended to be exhaustive or limited to the embodiments in
the form disclosed. Many modifications and variations will be apparent to those of ordinary skill
in the art. Further, different advantageous embodiments may provide different advantages as
compared to other advantageous embodiments. The embodiment or embodiments selected are
chosen and described in order to best explain the principles of the embodiments, the practical
application, and to enable others of ordnary skill in the art to understand the disclosure for

various embodiments with various modifications as are suited to the particular use contemplated.

Figure 3 18 a simple block diagram of a passive RFID system 300. System 300 includes an RFID

reader 310 and at lecast one passive RFID tag 320 which 1s generally affixed to an item 324
whose existence and/or location within a particular area 1s to be veritied. As shown, RFID
reader 310 includes a transmission antenna 330 and a recerving antenna 340. In embodiments,
antennas 330 and 340 may be a single antenna that i1s multiplexed. In operation, RFID reader
310 transmits a signal 350 that 1s generally at a specific frequency, the frequency being within a
range that will cause the RFID tag 320 to resonate. Signal 350 1s sometimes referred to as an

activation signal. Signal 350 may be a modulated signal that carries data, such as an amplitude

_6-
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modulated signal at a carrier frequency. Signal 350 1s transmitted at a specific power as well.

As 18 known, when RFID tag 320 1s caused to resonate by receiving signal 350 at an antenna 360

that 1s associated with RFID tag 320, 1t will in turn begin to transmit a signal 370, that can be

recetved by the receiving antenna 340. Signal 370 includes data which can be interpreted by

RFID reader 310. As shown in Figure 3, the signal 370 may be an amplitude shitt keying (ASK)
modulated signal, a phase shift keying (PSK) modulated signal, or other type of modulated
signal. RFID reader 310 1s programmed such that receipt of signal 370 indicates one or more of

an existence, location, or other 1dentifier for item 324.

Figurc 4 1s a block diagram of a passive RFID systcm 400 that incorporatcs a distributcd antcnna

system (DAS). System 400 includes an RFID reader 410 whose transmission output 412 and
recetver input 414 are coupled to a DAS processing function 420 which mterfaces transmission
output 412 and receiver mput 414 to an antenna hub 430. Antenna hub 430 1s communicatively
coupled to antcnna units 440, 442, and 444. Dcpending on their placement, any onc, or multiplc
of antenna units 440, 442, and 444 may transmit signals to and receive signals from RFID tag
450 on item 452. By utilizing the distributed antenna system, improvement in RFID read rates
and accuracy can be achieved as the range of the RFID readers 1s extended. In one embodiment,
the received power 1s increased by up to 10 dB for an equivalent transmitted power. In addition,
arcas of antenna nulls can be reduced or eliminated. DAS and the elimination of nulls can

improve read accuracy to 100 %, as well as increasing the read rate and increasing the recerver

power by a total of 15 dB. Such improvements lead to a ten fold increase i passive RFID tag

read range, and lead to a ten fold increase 1n the velocity that can be measured for mobile passive

RFID tags. Further, the incorporation of a DAS may provide a capability to transmit signals to
and receive signals from a plurality of RFID tags 450 while the RFID reader 1s maintained 1n a
single location. In many current applications, the RFID reader must be moved along a defined
path so that signals emanating therefrom come into contact with RFID tags with sufficient power
to causc the passive tag to rcsonatc. While Figurc 4 and subscquent figurcs utilize an cxamplc of
three antenna units within a distributed antenna system, those skilled 1n the art that the number of
antenna units within a DAS 1s dependent upon the area to be covered by the antenna patterns, the
transmission patterns of the antenna units themselves (e.g., the size and shape of nulls n the

individual transmission patterns), and the available locations for deployment of antenna units.

Figure 5 18 an illustration of transmission signals of antenna units 440, 442, and 444 deployed,

for example, within an aircraft cabin or cargo area 500. Components utilized in Figure 5 that
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could be common with those shown in Figure 4 arc 1llustrated using the same reference
numerals. In embodiments, an antenna unit configuration, or distribution, could be deployed that
provides coverage for one or more of an aircraft cabin, a cargo area, an aircraft mechanical

equipment area, a wing or any other defined area that 1s associated with an aircraft.

In one aspect, Figure 5 1s provided to illustrate that antenna units 440, 442, and 444 cach have a

corresponding transmission pattern (460, 462, and 464 respectively) within which an RFID tag
therein will be caused to resonate when the specific antenna unit 1s transmitting. Figure 5 further
illustrates that antenna units may be deployed such that an entire areca may be covered by the
transmission pattcrns so that all RFID tags within the arca may bc activatcd by a transmission
from at least one of the antenna units. Specifically and as shown, antenna units 440, 442, and
444 may be placed so that the transmission patterns 460, 462, and 464 overlap to ensure
coverage of an entire area. Finally, Figure 5 illustrates that a distributed antenna system may be
deployed to provide transmission and rcception capabilitics for multiplc communications

services. More specifically, the distributed antenna system may be utilized to support multiple of

RFID communications with RFID reader 410, WiF1 communications with WiF1 unit 510, and

cellular communications with 3G (or other) cellular communications unit 520. The RFID, WiFi,

and cellular communications may be accomplished simultancously through the system.

An optical-fiber distributed antenna system (DAS) employs several full duplex radio over fiber
links to distribute analogue signals to a number of antenna units. For the downlink, signals are
taken from an access point or base--station i the antenna switching hub 430 and used to directly
control the bias current of a laser diode, resulting 1in light whose intensity 1s modulated by the RF
signal. The optical signal 1s transmitted over fiber and detected by a photodiode 1n the antenna
units 440, 442, and 444. The resulting RF signal 1s then amplified for wireless transmission.
The uplink operates in a similar manner but in reverse such that within the antenna units 440,
442, and 444, thc mcoming RF signal 1s amplificd and thc rcsulting signal uscd to dircctly
modulate a laser. Its optical output 1s then carried over the fiber back to the antenna switching
hub 430. In one embodiment, the carrier between the antenna switching hub 430 and the antenna
units 440, 442, and 444 1s a single mode fiber. In one embodiment, the carrier between the
antenna switching hub 430 and the antenna units 440, 442, and 444 1s a multimode tiber. The
analogue modulation of transverse-mode laser transmitters allows the use of high frequencies
(beyond the 3dB multi-mode bandwidth) to transmit information. The antenna units 440, 442,

and 444 convert the optical signal to RF for wireless transmission. In one embodiment, the
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carricr between the antenna switching hub 430 and the antenna units 440, 442, and 444 15 a
coaxial cable. In one embodiment, antenna units 440, 442, and 444 amplify the RF signal prior
to transmission. When multiple antenna units are utilized, total output power can be reduced and
therefore the dynamic range of the optical links between the antenna switching hub 430 and

antenna units 440, 442, and 444 can be reduced.

Certain distributed antenna systems may mcorporate optical fiber communications and therefore

provide a wide bandwidth that 1s capable of supporting all current communications services. In

the aircraft application, the addition of an RFID function to such a common infrastructure
ovcrcomces many of the mstallation ditficultics associated with the mtroduction of new “systecms”™

on an aircraft (1.e., weight, space, cost, and increased fuel consumption because of weight).

As mentioned above, an accurate real time locating system that includes low cost, passive RFID
tags onboard an aircraft cnabled by a distributcd antenna systcm (DAS) can locate, for cxamplc,
passengers, baggage, confirm a full compliment of life vests, maintain an inventory of portable
onboard items, and enable physical position location mapping of totally wireless electronic

devices (sensors) to logical addresses for cabin services.

An RFID real time locating system can also be used 1n an aircraft in-flight entertainment system

that includes a daisy chain of scat ¢lectronic boxes (SEBs) spaced throughout the aircraft, as an

alternative to 1dentifying a location of each SEB based upon passing of the registration token

among the plurality of wired SEBs.

Turning now to Figure 6, one embodiment of a deployment within an aircraft 600 of a distributed
antenna system (DAS) and a remote DAS utilized to communicate with a plurality of RFID tags
1s depicted. Aircraft 600 mcludes a main cabm 610 and a cargo compartment 620. In the
illustratcd cmbodiment, a universal wircless distribution systecm 630 18 communicatively coupled
to the airplane communications network 640. The universal wireless distribution system 630
performs the antenna hub function described with respect to preceding figures. As such, 1t 18
communicatively coupled to RFID reader 650 and communications device 660.
Communications device 660 represents the intertace for WiF1 and/or cellular communications.
Similar to the depiction in Figure 5, universal wireless distribution system 630 1s coupled to

antenna units 670, 672, and 674 which make up the DAS for the main cabin 610.
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Within the amrcraft cabin, antenna units 670, 672, and 674 provide a transmission capability to
activate passive RFID tags 680, 682, 684, and 686. Respectively, these tags are coupled to

mobile wireless devices 690, low-power wireless devices 692, passengers 694, and life vests

696. These representative examples of RFID tag deployment should be understood to be
examples only. In certain embodiments, passengers may not be matched with an RFID tag, and

other devices with an aircraft cabin may have an RFID tag attached thereto. In other words,

which items are deployed with RFID tags are application specific. However, in any application,
the tags may all be activated through the distributed antenna system of antenna units 670, 672,
and 674, and the supporting components for such antenna units as 1s herem described. Tt should

furthcr be undcerstood that there may be multiple of the mdividual items (c.g., lifc vests 696) cach

of which has a passive RFID tag attached thereto.

Universal wireless distribution system 630 1s also coupled to a remote distributed antenna system
controller 700, to which antcnna units 710, 712, and 714 arc couplcd. Rcmote distributed
antenna system controller 700 and antenna units 710, 712, and 714 are utilized to track RFID
tags 720, 722, and 724 placed on items within cargo compartment 620. In the illustrated
example, the respective items include a low-power wireless device 730, a mobile wireless device
732, and luggage 734. Again, these items are examples only, and many different items within

main cabin 610, cargo compartment 620, and other arcas of an aircraft may be tagged with a

passive RFID tag and caused to be activated by a distributed antenna system similar to the ones
shown i Figure 6. Other remote DASs within other areas of an aircraft would also be
communicatively coupled to, for example, RFID reader 650 and communications device 66()

through universal wireless distribution system 630.

In one embodiment, the universal wireless distribution system 630 serves as a gateway between
the wired airplane network 640 and the wireless airplane network by combining all wireless
signals supporting a plurality of wirclcss systecms, such as passcnger intcrncet conncctivity,

mobile phones, and distributed airplane functions.

The UWDS 630 outputs the combined signal via the distributed antenna system (DAS), which in
onec embodiment constitutes a leaky feeder coaxial antenna. Since a leaky coaxial distribution
system offers an alternative to a distributed antenna system to support onboard aircraft
communication services, the leaky coaxial distribution system also supports passive RFID real

time location systems onboard aircraft when radiated through distributed antenna units.
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The RDAS 700 1s one embodiment of a wireless data concentrator, which may host airplane
functions, or as shown, serve as wireless bridges for one or more low-power wireless devices
(LWDs). These wireless data concentrators also provide extended wireless network coverage for
supplicants outside the wireless network coverage area of the UWDS, such as outside the
fuselage or 1n another airplane compartment. In embodiments, the wireless data concentrators
form a wireless multi-hop relay network to mcrease availability, rehability, and network
coverage. As a result, a plurality of mobile wireless devices, such as notebook computers and
mobile phones (and MWDs 690 and 732), that are within wireless network coverage area of the
UWDS 630 connect directly to the UWDS, or to one of the wireless data concentrators 1f outside
thc UWDS covcrage arca. In cmbodiments, a plurality of low power wircless devices, such as

wireless sensors or switches, also connect to the network through the wireless data concentrators.

As 1llustrated 1 Figure 7, leaky coaxial cables provide an alternative approach to a distributed
antcnna systcms. A Icaky coax cablc 18 very similar to normal coaxial cable 1n 1ts construction.

However, one difterence 1s 1n the outer conductor of the cable. Normal coaxial cables use outer

conductor shields that are designed to minimize RF leakage. In contrast, the outer conductor of a
typical leaky coaxial cable includes holes or openings formed in the outer conductor to allow a
controlled amount of RF signal from the center conductor to leak out mto the surrounding
environment. Although most of the signal still travels through the cable, on the center conductor,
these openings allow the signal to radiate out from the cable or currents to travel on the outer

conductor surface, creating an RF field around the cable.

For either coupled-mode or radiated mode cable, a ray trace model that represents the cable as a
sequence of “fluorescent-bulb™ elements, cach of which radiates diffusely, as depicted in Figure
7, with a Lambert’s-law radiation pattern 1s found to work well. The performance of leaky
coaxial cable as a transmission and reception device depends on the environment 1n which 1t 1s
installcd. There arc differences between coupling ctfects and inscrtion loss between and indoor
and outdoor environments, and whether the leaky coaxial cable 1s laid 1n a rich scattering
environment or a barren one. It 1s contemplated that RFID location methods demonstrated for
distributed antenna systems will be tailored to the coupled mode characteristics for leaky coax

cables in ditferent environments.

Figure 7 18 an 1illustration of onc embodiment of a deployment within an aircraft 600 of a first

leaky coaxial cable 800 for transmission and a second leaky coaxial cable 802 for reception
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configured to opcrate as a distributed antenna system (DAS). Similar to the embodiment
depicted 1in Figure 6, a remote DAS 700 1s also included that 1s utilized to communicate with a
second plurality of RFID tags 720, 722, and 724 via additional leaky coaxial cables 810 and 312.
In the illustrated embodiment, the universal wireless distribution system 630 1s communicatively
coupled to the airplane communications network 640 1n the same manner as described above
with respect to Figure 6. In one embodiment, universal wireless distribution system 630 1S
coupled to a single leaky coaxial cable with frequencies or alternate means to prevent
interference between uplink and downlink signals. In the illustrated embodiment, separate
transmission and reception coaxial cable antenna unmits (800, 802, 810, and 812) are utilized.
Through 1ncorporation of thc Icaky coaxial cablcs 800 and 810 for transmission, multiplc
transmission points 820 and 830 are generated. Similarly, through incorporation of the leaky
coaxial cables 802 and 812 for reception, multiple reception points 820 and 830 are generated.
These transmission and reception points generally operate as the antenna units described above,
and may bc considcred for purposcs herein as ““virtual antecnna units”, cxcept that 1t 18 possiblc to
casily generate additional transmission and reception points with the leaky coaxial cable as each
point requires only an opening in the outer conductor of the coaxial cable. Adding additional
antenna units such as those described with respect to Figure 6 requires the space needed to house

such units. In certain applications, such space 1s a premium.

The preceding figures are related to onboard passive RFID systems that include a distributed

antenna system (DAS) with individual antenna unit locations optimized to reduce nulls and

increase received signal strengths from the passive RFID tags. In other embodiments, leaky
coaxial cable 1s utilized which 1n effect simulates a distributed antenna system. In embodiments,
by utilizing the distributed antenna system, improvement in RFID read rates and accuracy can be
achieved by extending the range of the RFID readers thereby increasing the received power by
10 dB for an equivalent transmitted power. In addition, areas of antenna nulls can be reduced or
climinatcd 1n both the DAS and Icaky coaxial cablc cmbodiments. DAS and the climination of
nulls can improve read accuracy to 100 %, further increases the read rate, and increasing receiver
power by a total of 15 dB. The combination of the preceding factors may result in an up to ten
fold increase in passive RFID tag read range, and enable velocity measurements for mobile

passive RFID tags.

The mmprovements for the passive RFID over DAS RFID recerver system arise when 1t 18

compared with a conventional RFID receiver system. The described RFID systems also allow
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for the 1dentifying of items that include one or more passive RFID tags in a radio fingerprinted

cabin. The mcorporation of a DAS allows for the utilization of multiple antenna locating

techniques to improve the absolute locating accuracy of the various passive RFID tags dispersed

within an aircraft. In embodiments, the RFID systems provide a capability to provide a location
of a passive RFID tag to within a single seat or seat group within an aircraft cabin. In dimension,
a location can therefore be provided for a passive RFID tag to within about +/- 0.5 meter.
Further incorporation of a DAS also allows for the remote integration of other onboard HF,

UHF, and SHF data services such as WiF1 and cell phone over a common DAS infrastructure.

Prior locating systcms arc bascd on active RFID tags that arc 100 timcs morc costly per tag,
require tag batteries, and have limited accuracy and resolution capabilities. In addition, the prior
approaches to the mapping of physical locations for totally wireless devices, such as reading
light control buttons 1 seat arms, use elaborate wired token bus passing schemes to map

ovcrhead rcading light locations to passcnger light control buttons on scat armes.

One problem with such an approach is that wired connections within an aircraft translate into
increased aircraft weight which 1s generally undesirable. Therefore the described embodiments
arc better than prior solutions simce no wiring 18 required to map physical locations to logical
network locations. For locating items 1n real time, the embodiments illustrate the use of low
cost, passive RFID tags to locate immobile items for immventory, maintain a position of mobile
passengers, for example, with RFID tags printed on boarding passes, and for associating baggage

with travel itineraries with passive RFID tag tagged luggage.

In summary, the described embodiments are useful for the identifying of items 1n a radio
fingerprinted aircraft cabin, and incorporate multiple antenna locating techniques to 1improve the
absolute locating accuracy of passive RFID tags to within a single seat or seat group (e.g., plus or
minus onc-half mcter). The described systems also arc uscful for the remote intcgration of other

onboard wireless data services such as WiF1 and cell phone over a common DAS infrastructure.

This written description uses examples to disclose various embodiments, which include the best
mode, to enable any person skilled in the art to practice those embodiments, including making
and using any devices or systems and performing any incorporated methods. The patentable
scope 18 defined by the claims, and may include other examples that occur to those skilled 1n the

art. Such other examples are intended to be within the scope of the claims if they have structural
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clements that do not ditfer from the literal language of the claims, or 1f they include equivalent

structural elements with insubstantial differences from the literal languages of the claims.
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What is claimed is:

1. An aircraft communications and item tracking system comprising:

a radio-frequency 1dentification (RFID) reader located at a first fixed location within an
aircraft;

a communications device located at a second fixed location within the aircraft; and

a distributed antenna system comprising a plurality of individual transmission and
reception points and a wireless distribution system, said wireless distribution system being
communicatively coupled to an aircraft communications network, said transmission and
reception points being communicatively coupled to said wireless distribution system, said
transmission and reception points being dispersed about the aircraft such that a plurality of
passive RFID tags within the aircraft are activateable by signals output by at least one of said
transmission points, said RFID reader and said communications device being communicatively
coupled to said wireless distribution system, said distributed antenna system being operable for
transmission and reception of signals associated with said RFID reader and the passive RFID
tags,

wherein said distributed antenna system 1s operable for transmission and reception of

signals associated with said communications device, and said aircraft communications and item

with said communications device over said distributed antenna system including at least one of a

WiF1 communications capability and a cellular communications capability.

2. The system according to Claim 1 wherein said distributed antenna system comprises an

optical {iber communications capability.

3. The system according to Claim 1 or 2 wherein said aircraft communications and item

tracking system is configured to utilize physical locations of said transmission and reception
points to map locations of wireless devices tagged with one or more of the RFID tags to logical

network addresses.

4. The system according to Claim 1 or 2 wherein said aircraft communications and item

tracking system is configured to utilize physical locations of said transmission and reception

points to enable physical position location mapping of the passive RFID tags to plus or minus

one half meter.
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J. The system according to any one of Claims 1 to 4 wherein said transmission and
reception points are dispersed within said aircraft to minimize areas of transmission nulls and

increase received signal strengths throughout the aircraft for a given transmission power.

6. The system according to any one of Claims 1 to 5 wherein said wireless distribution
system comprises a processing function and an antenna hub, said wireless distribution system
being operable to interface transmission output from said RFID reader and receiver input to said

RFID reader.

7. The system according to any one of Claims 1 to 6 wherein said transmission and
reception points comprise at least one of:

a plurality of antenna units; and

at least one leaky coaxial cable comprising an outer conductor and one or more

openings within said outer conductor.

8. The system according to any one of Claims 1 to 7 further comprising:
a second plurality of passive RFID tags operable for association with items within a
second section of the aircraft;

at least one remote distributed antenna system controller; and

a plurality of additional transmission and reception points communicatively coupled to
said at least one remote distributed antenna system controller, said at least one remote distributed
antenna system controller being communicatively coupled to said wireless distribution system,
said at least one remote distributed antenna system controller and said additional transmission
and reception points being operable for transmission and reception of signals associated with

said RFID reader and with said second plurality of passive RFID tags.

9. A method for tracking ttems on an aircraft, each item to be tracked associated with at
least one passive radio-frequency identification (RFID) tag, said method comprising:

outputting an activation signal from a stationary RFID reader within the aircraft, the
signal being operable for activation of passive RFID tags;

routing the activation signal from the RFID reader for transmission through
transmission points of a distributed antenna system, individual transmission and reception points
of the distributed antenna system being dispersed within the aircraft, the distributed antenna
system providing a communications capability for at least one other communications system;

receiving, via the dispersed reception points of the distributed antenna system, signals
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generated by the passive RFID tags activated by the transmaitted activation signal;

routing the received signals through the distributed antenna system for interpretation by
the RFID reader; and

integrating onboard wireless data services for the at least one other communications
system over the distributed antenna system including at least one of a WiFi communications

capability and a cellular communications capability.

10. The method according to Claim 9 wherein routing the activation signal from the RFID
reader 1or transmission through the transmission points of the distributed antenna system

comprises utilizing an optical fiber communications capability.

11. The method according to Claim 9 or 10 further comprising utilizing physical locations
of the individual transmission and reception points of the distributed antenna system to map
locations of wireless devices tagged with one or more of the passive RFID tags to logical

network addresses.

12. The method according to any one of Claims 9 to 11 further comprising dispersing the
individual transmission and reception points of the distributed antenna system within the aircraft
to minimize areas of transmission nulls and increase strength of signals received from the

passive RFID tags throughout the aircraft.

13. An aircraft comprising:
an aircraft communications and item tracking system, said system comprising:
a radio-frequency identification (RFID) reader located at a first fixed location
within the aircraft;

a communications device located at a second fixed location within the aircraft;

and

a distnbuted antenna system comprising a plurality of individual transmission
and reception points and a wireless distribution system,

said wireless distribution system being communicatively coupled to an aircraft
communications network,

said transmission and reception points being communicatively coupled to said
wireless distribution system, said transmission and reception points being dispersed about the
aircraft such that a plurality of passive RFID tags within the aircraft are activateable by signals

output by at least one of said transmission points,
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said RFID reader and said communications device being communicatively
coupled to said wireless distribution system,

said distributed antenna system being operable for transmission and reception
of signals associated with said RFID reader and the passive RFID tags,

said distributed antenna system being further operable for transmission and
reception of signals associated with said communications device,

wherein said aircraft communications and item tracking system s configured
for remote integration of onboard wireless data services associated with said communications
device over said distributed antenna system including at least one of a Wil1 communications

capability and a cellular communications capability.

14, An aircraft communications and item tracking system comprising:
a radio-frequency identification (RFID) reader located at a first fixed location within an
aircraft;
a communication device located at a second fixed location within the aircraft; and
a distributed antenna system coupled to said RFID reader and said communication
device, said distributed antenna system comprising:
a wireless distributton system communicatively coupling a wired network of
the aircraft to a wireless network of the aircratt; and
a plurality of individual transmission and reception points separately connected
to the wareless distribution system over the wireless network,
wherein said wireless distribution system 1s separate from said RFID reader,
said communication device, and cach of said plurality of individual transmission and reception
points, wherein communications between said plurality of individual transmission and reception
points and each of said RFID reader and said communication device are passed through said

wireless distribution system, said plurality of transmission and reception points disbursed about

the aircraft and configured to transmit a first radio frequency signal at a transmit power such that
a plurality of passive RFID tags within the aircraft are activateable by the first radio frequency
signal, said plurality of transmission and reception points further configured to recetve a second
radio frequency signal at a receive power, wherein the receive power 1s greater than the transmit

pPOWET.

15. The system according to Claim 14 wherein said distributed antenna system comprises

an optical fiber communications capability.
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16. The system according to Claim 14 or 15 wherein said aircraft communications and item
tracking system is configured to utilize physical locations of said transmission and reception
points to map locations of wireless devices tagged with one or more of the passive RFID tags to

logical network addresses.

17. The system according to Claim 14 or 15 wherein said aircraft communications and item

tracking system 1s configured to utilize physical locations of said transmission and reception

points to enable physical position location mapping of the passive RFID tags to plus or minus

one half meter.

18. The system according to any one of Claims 14 to 17 wherein said transmission and
reception points are disbursed within said aircraft to minimize areas of transmission nulls and

increase the receive power throughout the aircraft for the transmit power.

19. The system according to any one of Claims 14 to 18 wherein said aircraft
communications and item tracking system 1s configured for remote integration of onboard
wireless data services associated with said communication device over said distributed antenna
system including at least one of a WikF1 communications capability and a cellular

communications capability.

20. The system according to any one of Claims 14 to 19 wherein said wireless distribution
system comprises a processing function and an antenna hub, said wireless distribution system

operable to interface transmission output from said RFID reader and receiver input to said RFID

reader.

21. The system according to any one of Claims 14 to 20 wherein said transmission and
reception points comprise at least one of:

a plurality of antenna units; and

at least one leaky coaxial cable comprising an outer conductor and one or more

openings within said outer conductor.

22. The system according to any one of Claims 14 to 21 further comprising:

a second plurality of passive RFID tags operable for association with items within a
second section of the aircraft;

at least one remote distributed antenna system controller; and
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a plurality of additional transmission and reception points communicatively coupled to
said at least one remote distributed antenna system controller, said at least one remote distributed
antenna system controller communicatively coupled to said wireless distribution system, said at
least one remote distributed antenna system controller and said additional transmission and
reception points operable for transmission and reception of signals associated with said RFID

reader and with said second plurality of passive RFID tags.

23, A method for tracking items on an aircraft, each itein to be tracked associated with at
least one passive radio-frequency identification (RFID) tag, said method comprising:

transmitting an activation signal for activation of passive RFID tags from a stationary
RFID reader within the aircraft to a distributed antenna system, the distributed antenna system
including a wireless distribution system communicatively coupling a wired network of the
atrcraft to a wireless network of the aircraft, and a plurality of individual transmission and
reception points dispersed within the aircraft, wherein the plurality of individual transmission
and reception points are wirelessly coupled to the passive RFID tags, wherein the plurality of
individual transmission and reception points are separately connected to the wireless distribution
system over the wireless network;

routing the activation signal from the wireless distribution system for transmission
through the plurality of transmission devices of the distributed antenna system at a transmit
power, the distributed antenna system providing a communications capability for at least one

other communications system:;

rece1ving, via the dispersed transmission and reception points of the distributed antenna

system, signals generated by the passive RFID tags activated by the transmitted activation
signal, wherein the signals are received at a receive power that is greater than the transmit
power; and

routing the received signals through the distributed antenna system for interpretation by

the stationary RFID reader.

24, The method according to Claim 23 wherein routing the activation signal from the
stationary RFID reader for transmission through the transmission and reception points of the

distributed antenna system comprises utilizing an optical fiber communications capability.
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25. The method according to Claim 23 or 24 further comprising utilizing physical locations
of the individual transmission and reception points of the distributed antenna system to map

locations of wireless devices tagged with one or more of the passive RFID tags to logical

network addresses.

26. The method according to any one of Claims 23 to 25 further comprising disbursing the

individual transmission and reception points of the distributed antenna system within the aircraft

to minimize areas of transmission nulls and increase the receive power of signals recerved from

the passive RFID tags throughout the aircraft.

27. The method according to any one of Claims 23 to 26 further comprising integrating
onboard wireless data services for the other communications systems over the distributed
antenna system including at least one of a WikF1 communications capability and a cellular

communications capability.

28. An aircraft comprising:

a plurality of wireless communications devices, at least one of the plurality of wireless
communications devices being a passive tag radio-frequency identification (RFID) reader;

a wireless distribution system separate from the plurality of wireless communications
devices, the wireless distribution system being operative as a communications access point for
said plurality of wireless communications devices and further configured to communicatively
couple a wired network of the aircraft to a wireless network of the aircraft; and

a plurality of individual transmission and reception points, wherein the plurality of
individual transmission and reception points are separately connected to the wireless distribution
system over the wireless network, said wireless distribution system operative to integrate a
plurality of communications services over a common infrastructure such that communications
between the plurality of individual transmission and recepti'on points and the passive tag RFID
reader are passed through the wireless distribution system, at least one of the communications
services associated with the passive tag RFID reader, said transmission and reception points
disbursed within said aircraft and configured to transmit a first radio-frequency signal at a first

transmit power such that a transmission pattern associated with said transmission and reception

points 18 provided that allows for communications with a plurality of passive RFID devices

deployed within said aircraft, wherein, when the plurality of passive RFID devices are activated,

the plurality of individual transmission and reception points are configured to receive a second
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radio-frequency signal from the plurality of passive RFID devices at a receive power, wherein

the receive power 1s greater than the transmit power.

29, The aircraft according to Claim 28 wherein said wireless distribution system 1s operable

to modulate a plurality of optical signals received from said plurality of wireless

communications devices.

30. The aircraft according to Claim 28 or 29 wherein said plurality of wireless

communications devices includes WiF1 and cellular communications devices.

31. The atrcraft according to Claim 30 wherein RFID, WiF1 and cellular communications

are accomplished simultaneously through said wireless distribution system.

32. The aircraft according to any one of Claims 28 to 31 further comprising a plurality of
passive RFID tags deployed on components of said aircraft, said passive tag RFID reader
operable to interrogate said passive RFID tags via said wireless distribution system and said
plurality of transmission and reception points to determine a component inventory for said

aircratt.

33, The aircraft according to Claim 32 wherein said passive tag RFID reader and said
passive RFID tags utilize backscatter modulation for passive RFID tag to RFID reader

communications.

34, The aircraft according to any one of Claims 28 to 33 wherein said plurality of
transmission and reception points comprise at least one antenna unit operable to convert an
optical signal from said wireless distribution system to radio-frequency for wireless

transmission.

35. The aircraft according to Claim 34 wherein a number of said antenna units deployed
within said aircraft define an output power for individual said antenna units and a dynamic range

of optical links between said wireless distribution system and said antenna units.

36. The aircraft according to Claim 34 wherein a communicative coupling between said
plurality of antenna units and said wireless distribution system comprises at least one of

multimode fiber and coaxial cable.

27

CA 2792986 2018-08-14



37. The aircralt according to any one of Claims 28 to 36 wherein said individual
transmission and reception points comprise openings 1n an outer conductor of leaky coaxial

cable.

33. The aircraft according to any one of Claims 28 to 37 wherein said passive tag RFID
reader 1s operable for supporting real time location of passive RFID tags deployed on said

aircraft.

39. The aircraft according to any one of Claims 28 to 38 further comprising at least one
wireless data concentrator communicatively coupled to said wireless distribution system, said
wireless data concentrator operable for communication with a second plurality of individual

transmission and reception points.

40. The aircraft according to any one of Claims 28 to 39 wherein said wireless distribution
system 1s operable as a gateway between a wired airplane network and a wireless airplane
network by combining all wireless signals supporting a plurality of wireless systems including

passenger internet connectivity, mobile phones, and distributed airplane functions.
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