SYSTEM AND METHOD FOR 'TRAI\i’SFERRING AIRPLANES FIELD OF THE INVENTION [1] The
present invention relates to systems and methods for transferring airplanes. BACKGROUND OF THE
INVENTION [2] In modern airports the terminal is located relatively far from the runaways. Airplanes
use their jet engines to travel from the terminal to a runaway (said operation is also.known as taxi-out)
and to travel from a runway to the terminal (said opleration is also known astaxi-in). [3] These jet
engines are very noisy, cause safety hazards, burn large quantities of fuel and cause to significant air
pollution, theemissimoiMarge guantitieskeh02: R} Naxrtrafficzaelay is the largest of all aviation
movements delay, the average taxi-out delay in minutes per flight is approximately twice the airborne
delay. Although aircraft burn roughly 5 times faster when airborne, crew and equipment costs make
the spend FateLior CaxilhgEai i IO 2/3 that for airborne aircraft. Consequently, the cost of taxi-out’

delay excedsthat ofarbgine. delay by showt 143, 1otaling ot thegcLas anmualy R auiamated

tower controlled ground movement, one shall save significantly on taxi delays, which make significant
annual costoThistshsttadd g ther<amRgs dm fuel burned during taxi performed by towing tractors or
robots. [5] Jet fuel is one of the two largest airlines operating expenses (the other being labor cost),
constituting 25-30% of typical airline_annual operation cost. Therefore, saving in fuel consumption is
one of the BrERENE 1 Fal?gﬁlir?&vggggﬁ etfuelprices increased from less than 1$ / gal in 2001 to

2%/ gal in 2006 and inexpebtet telegebr2.5 $igal ot dighierdly 20610} nvakirg thesisste ceitigal for the
a”“neind9§§¥'fronl the runaways. Airplanes use their Jjet engines to
travel from the terminal to a runaway (said operation is also
known as taxi-out) and to travel from a runway to the
terminal (said operation is also known as taxi~in).

[003] These Jjet engines are very noisy, cause safety
hazards, burn large quantities. of fuel and cause to

significant air pollution, the emission of large gquantities

of CO»p.

[004] Taxi traffic delay is the 1largest of all aviation
movements delay, the average taxi-out delay in minutes per
flight is approximately twice the airborne delay. Although
aircraft burn roughly 5 times faster when airborne, crew and
equipment costs make the spend rate for taxiing aircraft
about 2/3 that for airborne aircraft. Consequently, the cost
of taxi-out delay exceeds that of airborne delay by about
1/3, totaling more than 1B$ annually. By automated tower
controlled ground movement, one shall save significantly on
taxi delays, which make significant annual cost. This shall
add to the savings from fuel burned during taxi performed by
towing tractors or robots.-

[005] Jet fuel is one of the two largest airlines operating
expenses (the other being labor cost), constituting 25-30% of
typical airline annual operation cost. Therefore, saving in

fuel consumption is one of the major efforts for all airlines



[6] During taxi, typical aircraft fuel consumption is about 3200 Ibs per hour (9.0 gallon per minute).
Typical taxi-out time today is 30 minutes and rising constantly with the increase of air traffic all over the
world. On average, typically, taxi-out time is 3 times longer than taxi-in time. Thus, a minimum of 40
minutes of taxi-out plus taxi-in time burn 360 gallons of fuel on airport grounds per flight, and this
number is growing: ‘[7] Air pollution jn airports evofved into a major and ignificant hazard, and it
keeps evdigiRgHue to tieFincremBAtin air BFRHRERoHIREE Es érﬁ?é%ioi ifi°a jEPBHging is'around 8
Kg of COZper gallarpdn adypigal 40 mirutes:taxi-o6t plus taxi-ie tinee; edaiteraftemits 2.9%on of 002,
a very critjcal issue. [8}]hB 2010 theg recast is of more than.one hillign ( % i trayels, round
fifteen milﬁcéaﬁg f‘fSI\ﬁﬁ‘lig th%efea?yon y(aiﬁqﬁe E)%J(%%? re aklltlenglfcs) the W(g)%gi\J/cv?L e% glir ?}é%ic.t%%? every 100
gallon of faglksaves dodivg taxiing per flight, it is about 3.0 B$ in fuel and 12 M ton in 002 emission, in

the US. [9} M{Oﬁ’ica'mn%"p%@éls merehan;1000 departyressa day orHeuRdA00:00Q dights a

year. Every 100 gallon of fuel saved per flight, transfers in 40M gallon fuel saved per year per airport,
or 80M$ y2afi} savirg¥in ¥ eRsenditfEDer Eirfort (2SR tod 5, At Elings B much
higher. [0@10]1n gkderdoreducrithe usage of jelrengisesyarios sifpjanetoning Sygtemis vere

provided. Some are illustrated in the followi atents and patent applicatjions, all heing incorporated

herein by Fé"f@reﬁegrrﬁ.asg'%a%%lt @éﬁSé&%ﬁaoﬁ%%gbI%E; L?%e;?até:rﬁesz %ﬁ% 'of?%lIraférre(-%ft%L 4l 'U.S patent
5314287 afywichelt] ¥). Stpatents8607850f Ebetspaotrs; U patent 6283698 of Muimimsr-et al.; U.S
patent 6332120 of Kl £,k U PalgnLARATA0 of Johasq s palaat 6545220 o DIz et al.; U.S

Patent application publication serial number 2006/0056949 of Eckert; U.S Patent application
publicatiols&tial H&PnbEr Phorf09B854 BEALSR;: BIS Patént Apphestioriblicatdh Serid Himber

2005/196256; of Radgrkirchset@lsWEWrgpean patent application 649787A1 of Michelson et al and PCT
patent application publication serial number W0Q/04028903A1 ﬁggﬂgggiggb [0a011aT.rc1)(3:-:re gsn% need to
provide anl@fidiént Mitthod Shtidysten foF traRdRANG an airplane. J

significant. hazard, and it keeps evolving due to the
increment in air traffic worldwide. Gas emission in a Jjet

engine is around 8 Kg of COZ'per gallon. In a typical 40

minutes taxi-out plus taxi-in time, an aircraft emits 2.9 ton

of COp, a very critical issue.

[008] By 2010, the forecast is of more than one billion (1B)
air travels, or around fifteen million (15M) flights a year,
only in the US, not relating to the worldwide air traffic.
For every 100 gallon of fuel saved during taxiing per flight,

it is about 3.0 B$ in fuel and 12 M ton in COy emission, in

the US.

[009] A typical busy airport has more than 1000 departures a
day or around 400,000 flights a year. Every 100 gallon of
fuel saved per flight, transfers in 40M gallon fuel saved per
year per alrport, or 80M$ yearly savings in fuel expenditure
per airport (2$/gal today), actual savings being much higher.
[0010] In order to reduce the usage of Jjet engines various
airplane towing systems were provided. Some are illustrated
in the following patents and patent applications, all being

incorporated herein by reference: U.S patent 6305484 of



SUMMARY OF THE PRESENT INVENTION [0012)An unmanned airplane transfer system is
provided. The system includes a transfer module adapted to transfer an airplane, and a controller,
coupled to the transfer module, adapted to receive a transfer signal responsive of a movement of an
airplane control component and in response control the transfer module. [0013]Conveniently, the

~ unmannéd airplane transfer system includes a sensor adapted to sense a steering control induced

movement-6thdN&rdiHg YeBF 5Ram respotise oviteid rahsfef Signat td thePconhtrdhigkent:
[00141Comanently, the systeneistadaptes] tpsease a maennent of thewaitpigae gertyol gomponent.

[0015] Conveniently ring commands are sensed. by a sensor a ed to sepse control
induced m%?/eé‘renne%tsesé?it gethgncCﬁ%gc%é%WT&Of (?g[n'\/er(ilje'n Iy‘?‘”ﬂ‘tte‘:'érrlirﬁggcgog rjn%;lﬁdg gré&ﬁf&ﬁned either
directly or #fdireétly fronPatieastonetainiidne cotreldunsponent (Sucheasatlighi thAROI stick, throttle,

pedal, 4 Diez et al.; U.S Patent application publication serial number
2006/0056949 of Eckert; U.S Patent application publication
serial number 2003/095854 of BAbela; U.S Patent application
publication serial number'2005/196256 of Rodenkirch et al.;
European patent application 649787Al of Michelson et al and
PCT patent application publication serial number
WO/04028903A1 of Maggiori.
[0011] There is a need to provide an efficient method and

system for transferring an airplane.

SUMMARY OF THE PRESENT INVENTION

[0012] An unmanned airplane transfer system is provided.
The system includes a transfer module adapted to transfer an
airplane, and a controller, coupled to the transfer module,
adapted to receive a transfer signal responsive of a movement
of an airplane control component and in response control the
transfer module.

[0013)] Conveniently, the unmanned airplane transfer system
includes a sensor adapted to sense a steering control induced
movement of the landing gear and in response provide a
transfer signal to the controller.

[0014] Conveniently, the system is adapted to sense a
movement of the airplane control component.

[0015) Conveniently, the steering commands are sensed by a
sensor adapted to sense control induced movements of the
landing gear.

[0016] Conveniently, steering commands are obtained either
directly or iﬁdirectly from at least one airplane control

component (such as a flight control stick, throttle, pedal,



steeringwheel)andthe airplane is transferred in response to these steering commands. An airplane
control component can affect the airborne or ground movement of the arplane,, especially when the
airplane can autonomously move. [0017] Conveniently, the unmanned airplane transfer system
includes: (i) a transfer module adapted to support a landing gear of an airplane and to transfer the
airplane; (ii) a sensor adapted to sense steerin cofitrol induced movements of the landing gear or the
other airpl&ié 86nf8l devite8islich ad8light EOftraitRkE M ottle Spedaf SdHTd fheell: and (jii) a
controller, conpecisd totthe senses andktoctheritansfernmoskite, adapteditegeaeive aidaastane

detection signal from the at least.one sensor and.in response control the transfer module.. [0018]
Conveniehﬁﬁ?ﬁ]%nggrﬁroﬁaﬁs?%trfio éag:g)p%ecf florgg Fgmot%fy &%?%ﬁ%df“‘fé’ﬁ%ﬁ rB:onc\jléllnig%%y, the
transfer meduleiatiades ﬁﬂ:ﬁﬁél@ﬁhﬁeﬁéﬁ@eﬁtﬁ@cﬂ@k@lﬂﬁh@@s. 40020P@omweniently,dhe _
unmanned;ajgalane trapsfen system, includes annaudiadoterface adapted to.receive madulated audio
signals representative of steering commands from the airplane and control the transfer module in
response totRésE&fering commaAds L fo0 1P Eohbe MRl e SsEMPRIIIAES I6Et B Sensors

connecteddedhe eontrelier andghesentealler is adaptad 4@ sontrol dheatiansfanmodule i response to a
location of the sxstem (ggozg] Convenientlg the controller is ¢ nn.ecé)ed to,a manual, on board, control
r a Fe

module and T3 Adapted o cortrol tha Trandféi thoddle T Pedonst 1 SrantARUE Tr8vided by the

manual cohtrel nhoadlenq0Q23rA methbe fortizrsferdimg darairpland thet indudes: sedeivicly a transfer
signal responsiye pf agpevenpgatgh a5 aiplang copireLcomponent.and.wansfgring.an aiplane,
and (iii) a controller, connected to the sensor and to the
transfer module, adapted to receive at least one detection
signal from the at least one sensor and in response control
the transfer module.
[0018] Conveniently, the controller is further adapted to be
remotely controlled.
[0019] Conveniently, the transfer module includes multiple
independently controlled wheels.
[0020] Conveniently, the unmanned airplane transfer system
includes an audio interface adapted to receive modulated
audic signals representative of stéering commands from the
airplane and control the transfer module in response to
these steering commands.
[0021] Conveniently, the system includes location sensors
connected to the controller and the controller is adapted to
control the transfer module in response to a location of the
system.
[0022]) Conveniently, the controller is connected to a manual,
on board, control module and i1t is adapted to control the
transfer module in response to commands provided by the
manual control module.
[0023] A method for transferring an airplane that includes:

recelving a transfer signal responsive of a movement of an



by an unmanned airplane transfer system, in response to the transfer signal. [0024] Conveniently, the
receiving includes sensing a movement of the airplane control components and generating a transfer
signal. [0025] Conveniently, the receiving includes sensing, by an unmanned airplane transfer system,
steering control induced movements of a landing gear of the airplane. [0026] A method for transferring
an airplane, the_ method includes:élig%sensin , by af unmanned airplane transfer,system, steering

s manned a 3

control ind®tE8 T8RATional rsterTéfB B AihiAding B4t of the & i

wSI%Iffé?gnar(ii)atraﬁs erririg an airplane,
by the unregnred aitplanestiansfepsystent, irnedponseytotthe senised stgenrie controhiaduced
movement% of a Igndins%ngea . [0027] Conveniently, the method includes receiving control signals

ran er na . . . h
representative ot a comniand fo alter a velocity of the airplane and whereas the transferring is
responsivel @Pthe] cofimand 1 $0028), CoMrerienth, the dransferifig s Arfifert@sponsive to remotely

transmitteqh ompands, £[QA29] Lanveniantly. the yansfarrng inpludes,indgpgadently, goatrolling at

least two independently controlled wheels.. [0030]Conveniently, the method includes receiving
modulateddiithé Sfjnald P8resentative of steering commands and wherein the transferring is
responsive[toothese cenvaands {0031 -Genvenienthy rifieimetheddacludeas detgrnrinirgna location of
the towed agg\lane agwda\ivhe{eln thg }garpgji_%ryng system is responsive tgni;pg enseéiulgr%%'?on. [0032]

Convenienlfly, 18 metfiod nctides receiving commands from 5n%%ecr:ator and wherein the transferring

is responsivetenthe receifed conmfiands 960088] Ancurirhamied airplanetransfer system, the
[0026] A method for transferring an airplane, the method

includes: (i) sensing, by an unmanned airplane transfer
system, steering control induced rotational movements of a
landing gear of the airplane; and (ii) transferring an /
airplane, by the unmanned airplane transfer system, in
response to the sensed steering control induced movements of
a landing gear.

[0027] Conveniently, the method includes receiving control
signals representative of a command to alter a velocity of
the airplane and whereas the transferring is responsive to
the command.

[0028] Conveniently, the transferring is further responsive
to remotely transmitted commands.

"[0029] Conveniently, the transferring includes independently
controlling at least two indepéndently controlled wheels.
[0030] Conveniently, the method includes receiving modulated
-audio signals representaﬁive of steering commands and
wherein the transferring is responsive to these commands.
[0031] Conveniently, the method includes determining a
location of the towed airplane and wherein the transferring
‘system is responsive to the sensed location.

[0032] Conveniently, the method includes receiving commands
from an operator and wherein the transferring is responsive

t+o the received commands.



system includes: a transfer module adapted to transfer an airplane by applying skid steering; and a
controller, adapted to receive steering control signals and velocity control signals and in response
control the transfer module; wherein the unmanned airplane transfer system is adapted to be aligned
with the landing gear during rotational movements_of the airplane. [0034] Conveniently, the system

includes a@%r%sg aggpgled to_sense steeﬁln contr mduc%g nove ents %f the landing gear; and to

provide the controller ste%ﬁﬁ&%%ntr%fg' fals. 1003 Jiac?osnvenué?’r?{fy, e sygt%m is adapted to control a

velocity obthetairplane i sesporsettoaretdeity oordmbads diagmt ¢ide pot: {8086 Conveniently, the
controller g%fug%fg@@t%q,t%BSiggp e'¥}99@tr9H%@-r£QlQ§;7] &Qp\éaené%r}'{gfr gﬁ]ggmanned airplane
a

transfer system includes an audio interface adapted to receive modulated signals representative of
steering TORMREAS froRt Bfel Aifplahe Hnth® Séitthese HcddafeRsigniRehEtontroller that is

adapted te saatrel theitransfer module in-tasponse tethe audiosemmandss Jp038] COnveniently, the
system furth§r includes location sensors coupled to the controller, wherein the controller is adapted to

control th&taRsfer MogaRR reSSorSE f R fStatioh ol THE Y&t = fd030] Esifvehiently, the controller
is adaptechtitrgerse asyistern faifurecandiinirespensataidetachdhe systemdrom the airplane. [0040]

Convenieq_ltt% glgg &Qﬁrqug@gnc‘éqppgc&d 19a rg@r}%all gggtrol module and wherein the controller is
adapted to 7 control the transfer module in response to commands provided by the manual control
module. [0034] Conveniently, the system includes a sensor

adapted to sense steering control induced movements of
the landing gear; and to provide the controller steering
control signals.

[0035] Conveniently, the system is adapted to control a
velocity of the airplane in response toc velocity
commands from the pilot.

[0036] Conveniently, the controller is further adapted
to be remotely controlled.

[0037] Conveniently, the unmanned airplane transfer
system includes an audio interface adapted to receive
modulated signals representative of steering commands
from the airplane and to send these modulated signals to
the controller that is adapted to control the transfer
module in response to the audio commands.

[0038] Conveniently, the system further includes
location sensors coupled to the controller, wherein the
controller is adapted to control the transfer module in
response to a location of the system. .
[0038] Conveniently, the controller is adapted to sense
a system failure and in response to detach the system
from the airplane.

[0040] Conveniently, the controller is connected to a manual

control module and wherein the controller is adapted to



[0041] A method for transferring an airplane, the method includes: receiving steering control signals
and velocity control signals; and in response transferring the airplane by an unmanned airplane
transfer system by applying skid steering and maintaining an alignment between the unmanned
airplane transfer system and the airplane during rc#ational movements of the airplane.
[0042]Conveniently, the receiving includes receiving velocity commands from the pilot
[0043]C0rﬁ1%ﬂ?9§ﬁ'§, ARG i< Trther régp(%esﬁ/%%%r%m%e@%%nﬁgrﬁﬁte%r&ﬁr%%ﬁds.
[0044]Corventendlymtheumethoehfurtiemndades receiving audio commands. [0045]Conveniently, the

e e iEs L g @ lcaian of e 2ipane ANLAREN e LRDSIRIERGo reshonelke 10
the sensed location. [0046]Conveniently, the method includes detecting an obstacle and providing an
obstacle iridicdtigies: receiving steering control signals and velocity
control signals; and in response transferring the airplane by
an unmanned airplane transfer system by applying skid
steering and maintaining an alignment between the unmanned
airplane transfer system and the airplane during rotational
movements of the airplane.
[0042] Conveniently, the receiving includes receiving
velocity commands from the pilot
[0043] Conveniently, the transferring is further
responsive to remotely transmitted commands.
[0044) Conveniently, the method further includes receiving
audio commands. ’
[0045] Conveniently, the method includes determining a
location of the airplane and wherein the transferring is
responsive to the sensed location.
[0046] Conveniently, the method includes detecting an
obstacle and providing an obstacle indication.
[0047] Conveniently, the method includes receiving
commands from an operator, a safety driver sitting in the
robot in time of emergency, during maintenance operations or
a like, and wherein the transferring is responsive to the
received commands.
[0048] According to an embodiment of the invention an
unmanned'airplane transfer system is provided. The system
includes: (i) a transfer module adapted to transfei an
airplane; (ii) a landing gear holder, adapted to firmly grip
a landing gear of the airplane; wherein the landing gear
holder is pivotally connected to a structural element of the
unmanned airplane transfer system; and (iii) a controller,

coupled to the transfer module, adapted to control the



[0047]Conveniently, the method includes receiving commands from an operator, a safety driver sitting
in the robot in time of emergency, during maintenance operations or a like, and wherein the
transferring is responsive to the received commands. [0048]According to an embodiment of the
invention an unmanned airplane transfer system is provided. The system includes: (i) a transfer
module adapted to transfer an airplane; (ii) a landirfy gear holder, adapted to firmly grip a landing gear
of the airplahenwhefeifitRe 1&ndiRg R Poffer s pi@ot%ﬂ?%@ﬂ%%cﬂébopfbcﬁgtrﬁ‘&wﬁleé]énﬁ%t of the

unmannedt@ggolga%ggﬁ\@fgje%@tgmla@g (i) a controller, coupled to the transfer module, adapted to
control the S transfer module in, re5£onse to a steering induced movement of the Iandirgi)%;:-ar holder.

[0049]ConV8RiRtly, the SYSIERIRBUBs atddnsoY SAdEhtal 16'$8h8e th& ERETihg iRTAEST Thovements
of the landing gearsholder [605eiConyehiehilyethersystermineludestan shdckabisarbegzconnected to

the structugl%l leé%rggnt.
[0050] Conveniently, the system includes a shock absorber,
connected to the structural element.
[0051] Conveniently, the structural element is connected
o movable elements.
[0052] Conveniently, the structural element is connected
to shock absorbers connected to movable elements.
[0053] According to an embodiment of the invention a
method for transferring an airplane is provided. The method
includes: (i) receiving a transfer signal responsive of a
steering induced movement of landing gear holder, wherein the
landing gear holder firmly grips a landing gear of the
airplane, and is pivotally connected a structural element of
the unmanned airplane transfer system; and (ii) transferring
an airplane, by the unmanned airplane transfer system, in
response to the transfer signal. _
[0054] Conveniently, the method includes sensing the
steering induced movement of the landing gear holder.
[0055] éonveniently, the method includes dumping energy
resulting from a fast change in a velocity of the airplane.
BRIEEF DESCRIPTION OF THE DRAWINGS
[0056] The -present invention will be understood and
appreciated more fully from the following detailed |
description taken in conjunction with the drawings in which:
[0057] Figures 1 and 2 illustrate an airplane that is
being transferred by an unmanned airplane transfer system,
according to an embodiment of the invention;
[0058] Figure 3 illustrates an unmanned airplane transfer

system, according to an embodiment of the invention;



[0051]Conveniently, the structural element is connected to movable elements. [0052]Conveniently, the
structural element is connected to shock absorbers connected to movable elements. [0053]According
to an embodiment of the invention a method for transferring an airplane is provided. The method
includes: (i) receiving a transfer signal responsive of a steering induced movement of landing gear
holder, wherein the landing gear holder firmly' grip3 a landing gear of the airplane, and is pivotally
connected 8&¥RictuFdIBmentof tHe- dMmERAEE Rifflane FarsteFsy &t LaRE (iif fraRsfetring an
airplane, Ry the-unmasssdairane transfensystamenin respemnse tortherttansier Signal.

[0054]Conveniently, the method, includes sensing the steering jnduced movement of the landing gear
holder. [Odgﬁé%hvgrﬁgﬁﬁﬁ t elr#eft‘ﬁséa‘?r?&ﬁ&eéq dtitj]?nwrﬁﬁg %%%#gjyor%saf{aag é()arﬁlgal Pa%t%ﬁgﬁge ina
velocity oftheé amplane1BRIEE DESCRIRTION G THE DRAWINGS [0056]The -present invention will

beundeﬁ%%%%?@dEﬂgures 6-9 illustrate unmanned airplane transfer
systems, according to various embodiments of the invention}
[0062] Figure 10 illustrates a landing gear and an unmanned
airplane transfer system, according to various embodiments of
the invention;
[0063] Figure 11 and 12 illustrate multiple airplanes and
multiple unmanned airplane transfer systems within an
airport, according to an embodiment of the invention;
[0064] Figure 13 is a flow chart of a method for transferring
an airplane,‘adcording to an embodiment of the invention;
[0065] Figure 14 illustrates a method for contrelling
multiple unmanned airplane transfer systems, according to an
embodiment of the invention;
[0066] Figure 15 illustrates a method for transferring aﬁ
airplane according to an embodiment of the invention;
[0067] Figures 16 and 17 illustrate an unmanned airplane
transfer system, according to an embodiment of the invention;
[0068]) Figure 18 dillustrates a method for transferring an
airplane according to an embodiment of the invention; and
[0069] Figure 19 illustrates a landing gear holder, according

to an embodiment of the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

[00701 According to . an embodiment of the invention an
unmanned airplane transfer system is provided. The system is
controlled by one or more airplane control component (such as
a‘flight control stick, throttle, pedal, steering wheel) and
the airplane 1is transferred in response to these steering

commands. An airplane control component can affect the



appreciated more fully from the following detailed:description taken in conjunction with the drawings in
which: [0057]Figures 1 and 2 illustrate an airplane that is being transferred by an unmanned airplane
transfer system, according to an embodiment of the invention; [0058] Figure 3 illustrates an
unmanned airplane transfer system, according to an embodiment of the invention; 9 [0059] Figure 4
illustrates an unmanned airplane transfer system é%cording‘ to an embodiment of the invention; [0060]
Figure 5 iIRSHRESS |MFePpoTiBR JFAMSRaMY Géar ZRG niAtde BpRingSSAE Pldte L 00EE Figures

- "6—;9_"illust_ra1ﬁe1<§|nm&r§m1@ir;ajaﬁe Hranstessystapsmseording to various embodiments of the invention;

[0062] Fi_g re 10 illustrates a landing gear and an.unmanned airplane transfer system, according to
various e k())&%i?r%ent%so&vtﬁrel%ﬁ\?e%ﬁgh; fbo%blj |éiulreoﬂ §rr}ﬁ¥ iﬁcg%u?strrnﬁ\eferﬁnﬁﬁ}lﬁIeoa%irpcfélﬁieso and

_multip!e ummaaned%aigdlane_traméws@@terrmvimmlan amopctnau(t;c;rdingmq éueerrtbmtixhe«_it of the
invention, 49994]a%'99¥?e?3fﬁg;fl9w&8ﬁ‘£&%a mefhqd fof fransterring an.airplane, aceording to an

embodiment of the invention; [0065] Figure 14 illustrates a method for controlling multiple unmanned
airplane traasfeps)stelist aeesndintto Erfemiborrent®t #i5e effiorkhe airplane. It

is noted that the tracking can be done by electro-optical
components, by electrical components, by adding a tracking
device on the control panel, within the control panel, in
connection to one of the airplanes computers and the like
[0072] Conveniently, an unmanned airplane ﬁransfer sysfem
is provided. The system includes a transfer module adapted to
transfer an airplane, and a controller, connected to the
transfer module, adapted to réceive a transfer signal
responsive of a movement of an airplane control component and
in response control the transfer module:

[0073] Conveniently, the system is adapted to sense a
movement of the airplane control component.

[0074] Conveniently, the steering commands are sensed by a
sensor adapted to sense control induced movements of @ the
landing gear.

[0075] Pilot can control the ground movement of an alirplane
by using one or more airplane transfer control components.
The control can involve sending steering commands - (which
dictate the direction of the airplane) and velocity related
commands (that dictate the speed of the airplane).

[0076] Conveniently, airplane transfer is controlled in
response to mechanical movements of an airplane or of its
landing gear. Steering commands can be sensed by monitoring
rotational movements of the landing gear about its axis. The
system and method receive commands from the cockpit to alter
the velocity of the airplane and in response can alter the

velocity of the unmanned airplane transfer system.



[0066] Figure 15 illustrates a method for transferring an airplane according to an-embodiment of the
invention; [0067] Figures 16 and 17 illustrate an unmanned airplane transfer system, according to an

~ embodiment of the invention; [0068] Figure 18 illustrates a method for transferring an airplane
according to an embodiment of the invention; and [0069] Figure 19 illustrates a landing gear holder,
according to an embodiment of the invention. DEYAILED DESCRIPTION_OF THE DRAWINGS [0070]
According fPdr embeamsaht T te invention BRUINMARAEE AirfRMe tATHIEFs@nTR Piovided. The

~ system issontrefied by.epe or mereaikplane teatrok comppneat (suchiasia flight coatralistick, throttle,
pedal, steering whee|) and the airﬁlaéle is transferred in Jespanse %)ethggg rlstefering commands. An

. e sY.STell. .
airplane cBRftdl dommpSheh? Ea & ecythehio?%or}ﬁe or ground movemen of the gll’p ane, especially

when thesgirjenescaatautoriomdusiyrerovesd [007¢ E Coineeniehalye a Virtuabor physicak@msement of
one or moge airplane transfer copioLgompanepts can ke tragkad, such as.the flight sontgalstick that is

used to control the airborne velocity or the ground velocity of the airplane. It is noted that the tracking

can be dofgdsykeldetdtopiieal 6RRDOKERE byREledtAcH cAhPELRENSNRFAddind a frackfiFdevice on
the controhpanel Withir the captsal pamgkh én coswectian teose efiibelairplanes camputersand the like
[0072]Conyenient(l¥, an unmanned airplane transfer system is Brovided. The s stemniéwclfggl%s a

a

transfer mbte SFaptRF R traPiste? BR Aitdlene: Bhd a Controfler conmectad o thetiahster module,
adapted td teceivera trapstes tsighat nespansive bl amavementidf et airplane tohtrohgdmpsenent and

in response Gonfrol the, transfer.moglule, {2073Copvenienty, the System isadapted i sense a

is still stuck in the landing gear.

[0078] According to an embodiment of the invention the
unmanned airplane transport system uses skid steering and
conveniently also places the landing gear at the geometrical
center of the unmanned airplane transfer system,
Accordingly, the wheels of the unmanned airplane transport
sysfem are fixed, with no steering means, but their speed and
optionally the direction of their rotation can be controlled
such that the wheels on one side of the system can be rotated
independently from fhe wheels of the other side of the
system. Convenientiy, the landing gear can be rotated along
its axes by using the skid steering. Conveniently, the
unmanned airplane transfer system is aligned with the landing
gear during rotational movements’of the landing gear.

[0079] Conveniently, a pilot <can wuse the same steering
control unit when being transferred by an unmanned airplane
transfer system and when the plane autonomously moves on the
ground by means of its Jjet engines as performed in regular
taxi. According to another embodiment of the invention, the
pilot can use the pilot flight control stick for steering and
velocity change. According to another embodiment of the
invention the same steering control unit is used for sending

controls to the unmanned airplane transfer system and while



movement of the airplane control component. [0074] Conveniently, the steering commands are sensed
by a sensor adapted to sense control induced movements of the landing gear. [0075]Pilot can control
the ground movement of an airplane by using one or more airplane transfer control components. The
control can involve sending steering commands (\Q’g'iCh dictate the direction of the airplane) and
velocity related commands %hat dictate the speed '

f the airolane). [0076] Conveniently, aiplane
) : . s) !
transfer isEBhtr&IEYR rédpoRed td mechanica r%ov%nmegl}éeof aﬁ%ﬁ%‘?ﬁlgne o(?f%f |ts%and|n%kgear.
Steering camemands camhetsersednby diortoring tbatiopanaoientants bethedahdig e about its

axis. The system and mathod feceive comynands from fhe gockpit g alter he yelgaipeotihe airplane

and in response can alfer the velocity of the unmanned airplane transfer system. 11 [0077]
ConvenienyiretaadidgtdearinRides a safety bin that once is stuck in the landing gear allows the

landing gegs 4@ be rotates-by the upmanned airplare HansfersystermeThisrsadety jnin is teraoved once
the plane is about to take off. The pin removal can be d(ine, durinq:a Iasjité)refli%(r;} qcheck that is also
ans em

known as T&st tinGeé chBEk, ifrslastyifite theckidred: $hs lastiiuts thedkarea can also include

means of applyingfire extinguishing. ineansTand therlikeolt is amotédkthak dme:piot dan iniiene the jet
engines prior to the last minute check area and while the safety pinjs still stuck in the landing gear.
[0078] Ac@orai%gltgaa\%neépn%%%?rﬁ%gt 0 aﬁ1e’ invelrﬁl\%éon the unmanned airplane transport system uses
skid steering@htlcofgenientip sy plates tHalaitheg gear Bl Biegédimbfiicar system 1s

centeroftheyamannagiaisplanetransiersystaan. Assordingly, the wheslssatthe upmanned aiplane

transport system are fixed, with no steering. means, hut their s;ﬁg,d and o%qﬁ:nall the d(ijaection of their
rotation cafPe dBRitralRES e th&ORERRHESS on BRE SIEBP the syStem Tah e fotated Y

independently froanthenwbeels0f the atler side obthersystamt Eonvenientlyh the laediritedear can be

e S5 2 s Coeninl i rgposd slane frtr syt
unmanned airplane transfer systems. The central control
system can optimize the taxi-in and taxi-out process of
multiple airplanes.
[0082] The airplane transfer system is computer controlled
and commanded from a central control system. The central
control system can track the locations of multiple airplane
transfer systems and provide visual indications to an
‘operator. This visual and detailed presentation of the taxi-
in and taxi-out process will replace the prior art vocal
based method of controlling the taxi-in and taxi-out process.
[0083] Conveniently, the transfer process is fully controlled
by the pilot of the airplane, and the unmanned airplane
transfer system can transfer the airplane in a similar manner
that the airpléne was transferred at the absence of the
system. .
[0084] Conveniently, the pilot can use a combination of
steering operations in order to send commands to the
unmanned airplane transfer system.
[0085] According to another embodiment of t‘he invention the

taxi-in and taxi-out process can be fully automated and



[0079] Conveniently, a pilot can use the same steering control unit when being transferred by an
unmanned airplane transfer system and when the plane autonomously moves on the ground by
means of its jet engines as performed in regular taxi. According to another embodiment of the
invention, the pilot can use the pilot flight control stick for steering and velocity change. According to
another embodiment of the invention the same stdéring control unit is used for sending controls to the
unmanned &fpaRBTransfer sydfem and whild 122 tHE pRINESAttdRGmously Mtves onigtH%]@Found. In
both of theseraliernative eniadimentsahexemmandsicandae semt¢o thenanmaaned aipdaree transfer

system by wire, Ierfl a wireless manner and theag_jlﬁ. [gggg]réicordingbto an.emb ig\eefé of invention

Q
: that
the veloc@%‘?w ﬁﬁm%%%%‘“aslrp?gneatracr]es er system Is controited ymthe pelllot. e controlcan be

executed byusingiadedicated tontrohknobrigndite stickordavide. 0O} Bonverkiemsy she
unmanneds%'%%g transfer system is fully automated. The unmanned airplane transfer system, also
can be manually controlled. Additionally or alternatively, the unmanned airplane transfer system can

be remotelydherblddReA eeRtrAPdorEIN EFStentEsH BBn S mdfiSE S fiRarmsd SRpRhe tAihsfer
systems. Thesgentral santrglsystesncan optimizenthedaxria anchiax-ost prosess nf smuttiple airplanes.

[0082] The airplane transfer system is computer controlled and co nded from a central control
system. THE EerfiaP toAfBFSyste Ezlr? trck R I6¢ations o r?rlllﬁItir|c?lr(:?)‘%aﬁ“rioIané\i r%nsc'fgpnsc);satgms and
provide vistahindidatiopstterarcepemtary&his visodlldnd: detaited: presentatipresfitheitagi-inrand
taxi-out process il repjace ihe.prior aityocaklbased meihiod €6 conyoling be taxi-n,ad fax-ou
process. [0588%’? Conveniently tﬁe transfer process is fulli controlled by the pilot of the airplane, and

the unmanﬁ@ﬁhﬂb%e%@nséér@%@é?ﬁ carf hansteP e airphaietiR At sifi ST fAanAErthAtthe airplane

was transferzed at thesghsence-ofdhe systess. [0884] Lveniendly dpe pilot 6as usesag@mbination of
steering operations in order to send comman%% to the unmfanned a{rﬁlane t(%qlsifgﬁg%stem. 085]

According 5 RAGREr efffucirient 5Pfhe ifVértionthE TATI5H ‘and Taxi-out process can be fully
automatedptlsdldnel, etc.

[0087] According to another embodiment of the invention an
unmanned airplane transfer system and/or the central control
system can have collision avoidance capabilities. The central
control system can prevent collisions by monitoring the
distance between adjacent airplanes and keeping a certain
predefined distance between airplanes. The unmanned airplane
transfer syétem éan prevent collisions by sensing the
distance of the airplane from other objects. If an object is
too close the unmanned airplane transfer system can provide
an audio/visual indication and/or can alter the transfer of
the airplane accordingly.

[0088] Conveniently, the unmanned airplane transfer system
supports thé nose landing gear. The unmanned airplane
transfer system can apply any prior art method for supporting
the nose landing gear. For example, it can have a sloped
surface one which the one or more wheels of the landing gear
can climb.

[0089] At least the rotations of the unmanned airplane

transfer system are controlled by the regular steering system



requiresnopilot intervention. Thefully automation includes controlling one or more unmanned airplane
transfer systems by a central control system that wirelessly communicates with the multiple unmanned
airplane transfer systems. [0086] The central control system can increase the safety of traffic on the
ground, of manned and unmanned vehicles that are positioned in the airport, and the like. The central

control system can prevent conflicts among movih %{nities on aiir&)ét 9@%‘98‘% pegestrigﬁémanned
vehicles, FoStic-ieRERE 4nd AifGaR “TRE cBREAI cohffol Sitem Tan alSo control obstacle detection

and avoidgnsereperations, ftaffiseantrol coordinatiod witlvairckadt, otheevelsdles ahtpdérsennel, etc.
;(3%23(7)1 Q(ég:gg?}lgg to angthecreembo%rrrgentS of the 'QX%H%I%;%Q unmannegd, airplane trangfer system

Féontfol Ssyszé'm can have collision avoidance capabilities. The central control system
can preveihtcbllisionsysheritdrirg theekstance behvken adpeenkaifsidAés and ReéiR§ a certain

pfedeﬁ”%?@?ﬁﬁ% between aitplanes, The unmanneshajtRlane transfer systesa eanPrevent collisions
by sensing the distance of the airplane from other objects. If an %J#']ect is too clgse the unmanned

airplane traveferisystEmarPprbviR T4f atiaicisaRl iRBRafBRSAIISr EAT aftérthetFansfer of the
airplane aggardinglyt +[0088] coswenientlya the vamanned ainplahe trarsfer isystens sdppbrs the nose

landing gear. The unmanned airplape transfer system can. apply any_prigr art method for supporting
the nose I8hGMG GE4r. %%? e&ﬁ%%?egﬁtrgalﬁlﬁa\%yaaslgﬁe surface one which the one or more wheels of

the landing @EET can ofindn [3089] At leastthe réfations bhERNGAMaRhEE diptanc-Fansfer System are
Conﬂo”ed§9g3§MEQEGE§%§%QP9%¥%@”hose landing gear the airplane 1is

transferred on its rear landing gears and the unmanned
airplane transfer system. The airplane transferring system
can utilize skid steering thus it can rotate along its axis
with substantially zero turning radius.

[0092] Conveniently, controlling the unmanned airplane
transfer system (ATS) in response to movements (real or
virtual) of airplane control component does not reqguire to
add dedicated control panels or dedicated displays.

[0093] Figures 1 and 2 illustrate airplane 10 that is being
transferred by unmanned airplane transfer system 100,
according to an embodiment of the invention. In figure 1 the
airplane longitudinal axis is parallel to the longitudinal
axis of the unmanned airplane transfer system while in figure
> these two axes are not parallel to each other, as the
unmanned airplane transfer system 100 starts to turn to the
right.

[0094] Figure 1 illustrates an airplane 10 that includes two
rear landing gears 12 and 14 that are positioned below
corresponding wings of airplane -10. Unmanned airplane
transfer system 100 also includes a nose landing gear 20. The
center of gravity 16 of airplane 10 is positioned between the

three landing gears 12, 14 and 20.



14 that is used by the pilot when the airplane moved on the grouvnd without being connected to the
unmanned airplane transfer system. In some airplanes the steering system includes a steering wheel
as well as break pedals. In other airplanes the steering system includes a pair of pedals are used for

controlling the rotation and speed of the airplane. 40090] It is noted that various wheels can be used for
steering, for transferring or a cgmbipation of both.

091] Convenienily, once the unm airplane
 transfer sydBArsuppofsifie nése Bnditg §85Fthe Sf?‘plgﬁﬁs}‘/ frans e}éreacf%i ts r‘éggn?aﬂﬁlgngg gears and
the unmaanes aiplanedsansfersysyemed hedirplanetiamsfeimpsisteMtcardgtillredskid-seering thus

t can rotatq slong, s e with subsianiialyzaro g radelpOSeLeanvenientysonualing he
unmanned airplane transfer system (A I [

TS) in response to movements (real or virtual) of airplane
control coggronerbésds natrequire to"Jdd edR AteBTORtrENSAels oPBEditARd YigaE0093]

Figures 1 and 2 ilystrate airplane 19,thatis being transfered bydmmarredmitplanedsarsier system
100, according to an embodiment of the invention. In figure 1 the airplaneslgré%jtudinal axis is parallel to

the longit & Z0as of MG ENNEG HPTanL T EATEr Sy Sl RRAE In fighire 2 these two axes are not
parallel to paehaitheriaathe upmanned airptae transferrsysterad 0@ stapisatosturh tetisd fight. [0094]

Figure 1 illustrates an @irglcanergig thattir%clggeg Awg re rlanding gears;12,apd 14 that are positioned
0. Un I

below corr‘%ﬁ%ﬁﬁing wingscocf alrp?égne manned airplane transfer system 100 also includes a
nose landif@gchr 20rThseedtercsfpbaity 16-sRaifdiane HYRLsEsitidNEd betfeeAfe thrée landing
gears 12, 14 and 20.11% ([999§h6i961f? 2 ig%tﬁl;gs angirplang, 40 anthan- unmamned airglane transfer

system 100 in turning mode. The dashed line illustrates a "virtual car" Wheée the ai[:th%ne rear landing
gear wheelSBrb e "98REIe® FES WHedB JarftPihe Urfnariied Aifdiare transfaPSystém 100 the
"vehicle" frant wheehesteerings veloeity thange, meaking and fpowemnsystemseof unmanned

airplane transfer system 100 includes wheels 110(1) - 110(6}),

the engine 130 and any mechanical transmissions used to

rotate the wheels in any direction.

[0098] The landing gear sensing and constraining units 142

and 146 include sensors 142 (1) and 146(1) that can sense

rotational mechanical movements of the landing gear and also

include restrainers 142-148 that prevent the landing gear 20

form moving beyond relatively slight movements.

[0099] These mechanical movements at least partiaily occur in

response to steering commands from a pilot. Thus, if the

pilot wants to turn the airplane to the right he can rotate
the steering wheel to the right and the landing gear will

rotate slightly to the right. Sensors 142(1) - 146(1) will

sense this slight movement and indicate to controller 160

that the airplane should be turned to  the right.

Conveniently, changes in the velocity of the airplane are

controlled by the pilot.

[00100] According to another embodiment of the invention
system 100 also includes sensors for sensing change in the
velocity of the airplane so that when the pilot hits the

breaks at least the breaks of rear landing gear 12 and 14 -



[0096] Figure 3 illustrates an unmanned airplane transfer system 100 according to an embodiment of
the invention. [0097] Unmanned airplane transfer system 100 includes six wheels 110(1)-110(6),
engine 130, controller 160,and landing gear sensing and constraining units 142 and 146 and
restrainers 144 and 148 . The transfer module of unmanned airplane transfer system 100 includes
wheels 110(1) - 110(6), the engine 130 and an m&chanical transmissions used to rota{%e the wheels in

any directRRETP0B] Tife lafding gedP¥Bnsifg &ndtbhRtraifing uhits 142 5nd"t48 indGdE sensors
142(1) and 463} thakeargense ratationatgiechanicakmovemerds: of the lardinggedryand also

nolude resgainers 142-148 thatprevent he landing geat 20,for maying beyond felaiypie i
movements: 13089] THese mechanical movements at least partially oCcur in response to steering
commands drofd aopilpe.aPhesydf theepifstavantsd e theatifplane to the right he can rotate the

steering whgs} toithe ioht.and the landing gear wilkiglate slghtya thesrights Sensees 143() - 1461
will sense this slight movement and indicate to controller 160 that the airplane should be turned to the
right. Con¢emBaMAThakges RHHENS 0SSR pRhe TEToh e By 1% piftS16610]
Accordingre axpther embosiment of therinyaptien systemaH alsedacludesgarsoss forsensing
change in the velocity of the airplane so that when the pilot hits the breaks at leasg the hreaks of rear
landing gedr 13MP 14 TE 3P8ratdto Sow down tﬁgeair% fr?e. issgl%svclgngugov@r?%%ot?ﬁs%(nsed by an
accelerometercrscan Bihsesses Byransewscr{notcshiowimuhatisP asitisrréedatieeniheimsse landing

gear and the reat landing.geans. [00104 L ignoted thalunigue combiggtionspf stegring cemmmands (for

example sequences of rotations and/or pressing breaks) can represent transfer commands. For
example asfFarsieering-€oriRand EaptindiEatthe hebddd speat 6 te’Bwit prBe&ss. The
speeding up-eaR cantindadong predefinedmeried:or urtdwnothes pesiang issensedibysystem 100.
For example, if the pilot realizes that sgléstem 100 is {;\bgutlt to cross a Iandinggrgmvg@/ ge gan issue a

speed up SETHTRNEBY PR a AU SSquBhce of Steering commands) to system 100 and in
turn systern1@0zcah $peachup thettamsféOProcess 062021k is hetedrthas famapnedssifplane

transfer SV%GE?&}T&Q ¢an yse,variolisrior art puylti-disection steering technigye apd:can insdude
various types of wheels including fixed standard wheel, steered standard wheel, castor wheel,
Stanford (Swadisiewies] HithBTier siakt Wedt tasiisiessd BY tie et ForrSefYnizing and

Intelligent systems:at theldtahatatednivaesity} saadtheslike Whissfusthet meteditied the iwsaanned
airplane transfer system 100 can also include one or more cateﬁpilé r tracks ora comq%réation of one or

more caterpRFHEERs aridBfie‘or nforeShfcels. A B5fBiation of Whieels &ha caterpillar tracks is

illustrated stanford (Swedish) wheel and the like, smart wheel (developed
by the Center for Self-Organizing and Intelligent systems at
the Utah State University), and the like. It is further noted
that the unmanned airplane transfer system 100 can also
include one or more caterpillar tracks or a combination of
one or more caterpillar tracks and one or more wheels. A
combination of wheels and caterpillar tracks is illustrated
in U.s patent application publication serial number
2006/0056949 of Eckert which 1s incorporated herein by
reference.
[00103] Conveniently, at 1least two wheels out of wheels
110(1)- 110(6) can rotate independently £from each other.
According to another embodiment of the invention the rotation
speed of one wheel can differ from a rotation speed of

another wheel. Skid steering, for example, involves rotating



in U.S patent applicationpublicationserial number 2006/0056949 of Eckert which is incorporated herein
by reference. [00103] Conveniently, at least two wheels out of wheels 110(1)- 110(6) can rotate
independently from each other. According to another embodiment of the invention the rotation speed
of one wheel can differ from a rotation speed of another wheel. Skid steering, for example, involves

rotating / 17 Wheels on one side of the unmanneWairpIan‘e transfer sgstfm 100 actra %%efled that differs
from the $PERRIGT theWh&BIE at Sihdther Sfde bPthe BRREIMARY airgldne tr 0. [00104] It

Ansfer sys?em
is further gotedthatthe number okpbeels eaadifier froar six. fromexaimplespartancéd difptane
transfer system 100 can inclu%e four wheels. The number of Whe(gls 'g_g yally respansive.to the weight
of the airﬁ’fgﬁeeEosbe"’fBW@d?Cfﬁ f65] 56%\?enf)e%tly?%v‘heﬁl Ithme‘—’lgllrlglaneé‘lls tg’wedein a straight line, the
transfer mogsitesrotates. wheels 110(1) - 110(6) at a constant rate. Accordingly, the airplane is

constantly gulles, (foyed) in agdpanper that esgmblesithe:slaw andisertinueus,mavesentef the
airplane 1E) when it Is transferred by its idling jet engines. [00106] It is further noted that %Ithough figure

1 illustratekid Sigle Fstor 135but hidhis FoTBLER sarifPER B ftbtoP ¢aR b Silodt8l et

r
r wheel or
per groupof whagls: dhednator fermetwry)san heheennacterhts themtheelsin vareesmmamers. For

example, the unmanned airplane transfer system can include at least one qf th foq%vwgg;(i) diesel
engine for5Toditing ﬁ?ﬁ%ﬂﬁﬁb%?v&%hgp ri\yéaslgrh%d?guI?%:gln%oﬁjlr%%%%ewqﬁgeﬁsevia a valve assembly;
(i) diesel gngine ppweringrareetetyicakpemersier arid-almateni thatelvivds BlectricAASDIS that rotate

the wheels; ({i}) a diesel engine that ot pawers.an. hudraylic pympsangl also poyers en electric

generator stich as fo drive a combination of ' hydraulic motors and electrical motors; (i%g an electrical
motor adapted-rnfscaife elecifcal PowerIFemIRYs pladss ot i@ La5ce bt thE AWpoit: (v fuel cells
that drive gleetrical matgeqf00107] Gonveniertly, uiaanned siplenedransfer systam 180dncludes

navigation unit 180 that enables unmanned airplane, ransfersygtem 100 tonaigateatangireort. This
by its idling jet engines.
[00106]) It is further noted that although figure 1 illustrates
a single motor 130 but this is not necessarily so. A motor
can be allocated per wheel or per group of wheels. The motor
(or motors) can be connected to the wheels in various
manners. For example, the unmanned airplane transfer system
can include at least one of the following: (i) diesel engine
for providing hydraulic power that drives a hydraulic motor
on the wheels via a wvalve assembly; (ii) diesel engine
pOWering an electrical generator and a battery that drives
electrical motors that rotate the wheels; (iii) a diesel
engine that both powers an hydraulic pump and also powers an
electric generator such as to drive a combination of
hydraulic motors and electrical motors; (iv) an electrical
motor adapted to receive electrical power from rails places
on the surface of the airport; (v) fuel cells that drive
electrical motors.
[00107] Conveniently, unmanned airplane transfer system 100
includes navigation unit 180 that enables unmanned airplane

transfer system 100 to navigate at an airport. This



18 navigation capability can be useful after unmanned airplane transfer system 100 finishes to taxi-out
an airplane. Then it can navigate itself to another airplane or to waiting point from which it will navigate
itself towards the next airplane to be towed. Navigation unit 180 can be connected to controller 160 or
can be a part of controller 160. It should include atJeast one location sensor as well as a storage unit

that stores informgtiolq re ge%%r}}?gxé of the aigport. [0Q208] NavigatioaHait-l30 allows teavigate the
airplane tPa?ﬁ’sjfg?sﬁ“s?em i & Tul y automatic manner, in a semiautomatic manner (allows remote
control wherasisexpretedievett stith b présenta b 2°8stadle BLEBrS Yt a fufl§ Perbtely

controlled manner, The remote gontrel cap he-applied by sastraller eba sentrabeontrobunit. [00109]

It is noted that the airplane can place its landing gear op unmanned airplane transfer system by
placing th&XaimaiHs aitplaiie transfe¥ $§&{eh égfg%%gaim‘gégt%’n g#ﬁ% W& the Linfianned airplane

transfer systenyis stilothespilotiavigates e nose fandiri gearon theeuneepneds@plarettransfer
system. [00110] Figure 4 illustrates a rotation of a fouravheeled upmannggairpianestiansfer system
101 aboufit&'&xiR erJf)taltlénJ)g Gifferent W?ﬁl%e S Iglai%(%)- 111(4)in different directions, while the wheels
are paralleltoleath ottter 1Eae pilotregjudstswtd@the prinetethaléft idthtePdocdkwiSEPafd Tn response

the left side wheels 111(2) and 11144) are ratatedcloclydse whilestherrighsside wheets. 111(1) and
111(3) are rotated counterclockwise. [00111] It is noted that each sensor OlJEthOf sensars 15162(1)148(1)
- can track tHOARREH IS4 SPringithht i¢ E8nRected fo & Blattha? fierfaces with the landing gear.

The springs, o adke, caphea-gonnected o theiy othertside td a framendhe frame andsaréast one

mauaandzgﬂg%g%ggemanner (allows remote control when an unexpected
event such as a presence of a obstacle occurs) or a fully
remotely controlled mannef. The remote control can be applied
by a controller of a central control unit.
[00109] It is noted that the airplane can place its landing
gear on unmanned airplane transfer system by placing the
unmanned airplane transfer system at a certain location and
while the unmanned airplane transfer system is still, the
pilot navigates the nose landing gear on the unmanned
airplane transfer system. -
[00110] Figure 4 dillustrates a rotation of a four-wheeled
unmanned airplane transfer system 101 about its axis by
rotating different wheels 111(1)- 111 (4) in different
directions, while the wheels are parallel to each other. The
pilot requests to turn the plane to the left
(counterclockwise) and in response the left side wheels
111(2) and 111(4) are rotated clockwise while the right side
wheels -111(1) and 111(3) are rotated counterélockwise.
[00111] It is noted that each sensor out of sensors 142(1)-
148(1) can track the movements of a spring that is connected
to a plate that interfaces with the landing gear. The
springs, or alike, can be connected on their other side to a

frame. The frame and at least one plate and spring can be



19 elevated or lowered down when the landing gear climbs on the unmanned airplane transfer system.
[00112] Figure 5 illustrates a lower portion of a landing gear 20 and multiple springs and plates,
according to an embodiment of the invention. [00113] Rigid frame 141 surrounds the springs and
plates’and prevents the landing gear 20 from moving beyond predeteLmined movements. Frame 141
can be lifted or raised during the placement of thé‘?anding[%gar on unmanned, airplane transfer system

100. Franfe 343 3 4o inCIREFtahTbld e BiEmEntSIRAECATHE idvatP towatds Each other
when the wimanned aifplanadansfersystemsbaa-taws airplane 10. [00114] Sensors track the

movement 0 ings, or alike (s as springs 152 and 154) that are connected.tq plates (such as
~ plates 156 %&i%%%ﬁ%?ﬁe%a%w‘ﬁ% tﬁeHg%dﬁg%g%%?.rLgr% |ﬁé%nea? 0Vis u%?rjé? d egallr%cluding two

wheels but@he rumbermoflwheéls suppofted Hy uantannedatiptane trawsiacsysiemcan differ than two.
If, for example the, pilat wishes fo turpdgthe tight the landing gear 20 will slightly rotate clockwise and

at least some springs out of springs 152-154, or alike, will move accordingly. Figure 6 illustrates
[

unmanned &fpiehe Riepkror S5atetn 162, SLbFARGTS af notfmBAP ofthe ti6fA. GAfhanned
airplane trapstersystemn d024neludegs feurrwheels 232 (Qcthiz(4). Reamuhesls d4263andk412(4)
~define an imaginary rear axis whilellz?nt wheelallZ l)f%ncé1 112£2) def.ineefgn [ 2 inary f{BQt axis.
Landing gB8Y 2858 pdsitioned ™t the geombtrical centér of anmanned airplane transter system 102, as
defined by thedfsortandotartaxeslamdiby@andaaginary longitudieal syampetryaxis taatsis parallel to

ﬂm\Nhedgyggem 100. Frame 141 can alsco include detachable frame
elements that can be moved towards each other when the
unmanned airplane transfer system 100 tows airplane 10.
[00114] Sensors track the movement of springs, or alike (such
as springs 152 and 154) that are connected to plates (such as
plates 156 and 158) that interface with the landing gear.
Landing gear 20 is illustrated as including two wheels
but the number of wheels supported by unmanned airplane
transfer system can differ than two.
If, for example the pilot wishes to turn to the right
the landing gear 20 will slightly rotate clockwise and
at least some springs out of springs 152-154, or alike,
will move accordingly.
Figure 6 illustrates unmanned airplane transfer system
102, according to an embodiment of the invention.
Unmanned airplane transfer system 102 includes four
wheels 112(0)-112(4). Rear wheels 112(3) and 112(4)
define an imaginary rear axis while front wheels 112(1)
and 112(2) define an imaginary front axis. Landing gear
20 is positioned at the geometrical center of unmanned
airplane transfer system 102, as defined by the front
and rear axes and by an imaginary longitudinal symmetry

axis that is parallel to the wheels.



_Figure_ 7 illustrates unmanned airplane transfer system 103, according to an embodiment of the
invention. [00115] Unmanned airplane transfer system 102 includes four wheels 113(1)-113(4). Rear
wheels 113(3) and 113(4) are positioned in line with the wheels of landing gear 20. Front wheels

113(1) ‘ar!d 113(2) are castor wheels that can rotg@e along their axes. The while the rear wheels
necessarily so. 00;1716] Figure 8 ti:IIustrates 104

, rding to Qd| [ ion. [00117
Unmannéd 8#pRné tr%\%%fge? SYstem 104 RRies f(;%?l" \Iléirll%e g?nf%(r% -%?L%%i{jgg)gnr%}gﬂlg;’iggogné ]

transceiven 265 athe trdinsgeiver a_65€igﬂaqapt@¢ﬁﬁ€) reEetvieecomimanBisBver a wireless medium. These
commands, are sanf g conrgller 160 {hatin s caponizglunmanned airplang eansiessystem 104 in

response to these commands. It is noted that unmanned alrglane transfer system 104 can operate in

multiple ribges-pilotldritolicblmbhie; rerRGitcontiitidde ahd ERybAtthode’n Which¥/Fious

commands.can bepsavidgd in ademote mansetwhile othel coatands geessersed Hratieast one

landing gear sensing_and constrain; it, and also manual (local) driving, by and operator. [00118] It
is noted tHREHEUnMEhed aﬁ‘rrbcflanﬁ[%atg el d el %hbgyta gﬁgrt-ﬁgon%getgréemote

e er syster%acan Also controlle
control transsigsions,ihy using a |ap ¢opfeamputenand thechike. (801198 Cofivenieriths thrganned

airplane transfer system 104 ingluded_ontiopal position sensats:stich as.ut net limifed 1o,8PS based
sensors that enable to determine the location of the system. The Iocation of system 104 can affect the
movements o BragyistEnt For example, if the system is about to cross a landing runway then system

104 can spggdup;the fransfer procass: re-speedingtpLaninglugednereasintepthesystem
104; according to an embodiment of the invention.
[00117] Unmanned airplane transfer systénx 104 includes four
wheels 114(1)-114(4), controller 160 and transceiver 165. The
transceiver 165 is adapted to receive commands over &
wireless medium. These commands are sent to controller 160
that in turn can control unmanned airplane transfer system
104 in response to these commands. It is noted that unmanned
airplane transfer system 104 can operate in multiple ﬁédes-
pilot controlled mode, remote control mode and a hybrid mode
in which various commands can be provided in a remote manner
while other commands are sensed by at least one landing gear
sensing and constraining unit, and also manual (local)
driving by and operator.
[OOll8IIt is noted that the unmanned airplane transfer system
can also controlled by & short-range remote control
transmissions, by using a lap top computer and the like.
[00119] Conveniently, unmanned airplane transfer system 104
included optional position sensors such as but not limited to
GPS based sensors that enable to determine the location of
the system. The location of system 104 can affect the
movements of the system. For example, if the system is about
to cross a landing runway then system 104 can speed up the

transfer process. The speeding up can include increasing the



21 speed to a predefined speed and lowering the speed once the airplane passes the landing runway.
The locations of the landing runways can be previously provided to system 104. According to another
embodiment of the invention the velocity is only controlled by the pilot. [00120] Conveniently,

- unmanned airplane transfer system 104 includes optional obstacle unit 118 adapted to detect and/or
avoid obstacles. [00121] Obstacle_unit 118 can i Iudgo e or more obs#acle sensars 8H%@ as a laser

scanner, 33, & Canferd SR GC0ULTIE seHEttor & B8mbitaifon thtredt Thé Bbstacle sensor can
scan the area inifraritaf airplaecsE0O0cbrespetidllycin frony ef unMaanéd airplarrestrarfsfarisystem 104

in order to detect obstacles, If an obstacle El%%t%@gltge '%r%rgggagg aifplang fransfer gystem 104 is

stopped bffhe Bi?ot, of it can alter the path of the towed airplane, provide an audio/visual indication
(includingbactivadinga Sirerpnsshding SRdndicetion t0h derfral BIRTSHSBtERAnthedkeY [00122]
According to gﬂ@h%@p@ip&]ﬁ%@vgﬂgog Onge an obstacle is detected a central control system is
informed and the airplane transfer system can acknowledge a chan%o path or req{ges{me pilot to

select whétEy48 ¢ fheBathY The BIRPORthgé LR b ContrSifEF by the Prist BY the central
control systeimanssopsionaty by the atrplane tranisferisysteml {00223]tRiguret® dustatééammanned
airplane transf%r %)gs,t%rgclljg% according to various embodiments of the invention. [00124] Unmanned
airplane transter sys?em includes four wheels 115(1)-115(4), controller 160, transceiver 165 and a
manual caritbdlZihie Face a6 ZeMamidl cdnitbol irerfatecbcanaiow ah operitordd Tiafddly operate

unmanned girplane 22 ianster system1Q5. Itganinelude a stearingrwheg!, & pedakand die like.

acoustic sensor or a combination thereof. The obstacle
sensor can scan the area in front of ‘airplane 100 or
especially in front of unmanned airplane transfer system 104
in order to detect obstacles. If an obstacle is detected the
‘unmanned airplane transfer system 104 is stopped by the
pilot, or it can alter the path of the towed airplane,
provide an audio/visual indication (including activating a
siren), sending an.indication to a central control system and
the like.

[00122] According to an embodiment of the invention once an
obstacle is detected a central control system 1s informed and
the airplane transfer system can acknowledge a change of path
or request the pilot to select whether to change the path.
The path change can  be controlled by the pilot, by the
central control system and optionally by the airplane
transfer system.

[00123] Figure 9 illustrates unmaﬁned airplane transfer system
105, according to various embodiments of the invention.

[00124] Unmanned airplane transfer system 105 includes four
wheels 115(1)-115(4), controller 160, transceiver 165 and a
manuél control interface 167. Manual control interface 167

can allow an operator to manually operate unmanned airplane



[00125] It is noted that an unmanned airplane transfer system can include both a transceiverand a
manual control interface and that such a system can operate in multiple different operational modes.
[00126] Figure 10 illustrates unmanned airplane transfer system 100 and a landing gear 20 according
to an embodiment of the invention. [00127] Unmanned airplane transfer system 100 is adapted to
receive modulated signals representative of stee@dg commands over an audio ¢ nne%ctiona. These
modulated Signals areganesated bbresponsecwrpiltrstéafifg etfortd 8§ Welttas PitGt contrdl of the
~velocity of the airplane.%%)eo_ Sigonveniently, the audio link is used for conveying audio commands
ai

from the Bﬁ-’&?@jnﬁ%n ﬁlané transfer system 105 can apply voice recogni '(}n hpiques in order
to recognizsothese atdio conmhands:'Gfice® cBRFFIRER r%i:l%ﬁi B4 thé %H%rrl%z}}me%e%irplane transfer

system can operatggggorr?mtoathegqm@@ﬂde J0Q120]4t isamoted tharthevécdptichréf&ddio
command€dr of'the modulated signals representative of

‘ teerin mrpands cagsreplacsnthe sensing
of mechaaicdl mdvermentcbut BanSYSE PR afpfied iF gaaﬁi%n %or%hcéggensi%g of the mechanical

movemen&)ggg\@il@ggmms [00130] According to yet another embodiment of the invention the
connection'to the audio Plug C%s

interfaces %{}ijéﬁﬂdﬁﬁ%?ane " be :gffgsbcyrg@ggera&%ning] Typigailysech andiosdigtput

that' were towed by manned towing vehicles. [(e)%%%]im&goted that

the connegtien tnthe@Eudimautputliatetfare czadise dShePSTORTHTY II)}: By G8ing a camera and

applying image recqgnition to gl:lide an interface of the 23 unmanned airplanetransfer system
towardsthé’gud‘igeoujf%meiﬂjtcelr?ace of the landing gear

[00127] Unmanned alrplane fransfer system 100 1is adapted to
receive moduléted signals representative of steering commands
over an audio connection. These modulated signals are
generated in response to pilot steering efforts as well as
pilot control of the velocity of the airplane. |
[00128] Conveniently, the audio 1ink is used for conveylng
audio commands from the’ pilot. Unmanned airplane transfer
system 105 can apply voice recognition #echniques in orde% to
recognize these audio commands. Once a command is recognl%ed
the unmanned airplane rransfer system can operate according
to the‘command.

[00129) It 1is noted that the reception of audio commands or of
the modulated signals representative of steering commands can
replace the sensing of mechanical movements but can als? be
applied in addition to the sensing of the mechanical
movements of the landing gear.

[00130] According to yet another embodiment of the invention
the connection to the audio plug can be done by an operator.‘
[00131) Typically such audio output interfaces are found in
airplanes that were towed by manned towing vehicles.
[00132] It is noted that the connection to the audio output
interface can be done automatically by using a camera and

applying image recognition To guide an .interface of the



[00133] Figure 10 illustrates camera 191, gripper 192, sliding audio plug 193, and sliding audio cover
lifter 194 that are connected to a movable arm 195. Movable arm can lift the camera 191 to the height
of the audio output interface 21 of landing gear 20, use enable sliding gripper 194 to hold landing gear
20, allow the sliding audio cover lifter to lift a cover that protects audio output interface 21 and then
enable the sliding audio Plug 193 to connect to addio output interface 21. [00134] Conveniently,
movable &N29528n beti58d 35 Femole S ABSe I1SHdINGYear VHES Safety PIF. in a8&Bidance to the

transferrirtgi%'g&mimgggﬂw%atimand@@@Qfdjng;é@me towing phase. [00135] Figure 11
illustrates multiple airplanes 10(1) - 10(8) and multiple un ed airplanes trapsfer systems 100(1) -
100(10) aclStdimg'ts %ﬁué%b %ir%ér%uo%%zhéqﬁﬁ\%n ?%%e.r[’(‘)gglagg] The Jfﬁﬁﬁéleiagl?ﬁlaﬁ(efsy 0(1 - 10(11)
and multipledirplapésdrahsfer systensliCD(1Y - 200(10) areviorated Htairpdf200R 001874 Airport
200 includes,[guaingl 210, take-pllyuguay 264, chack uRpiea-ae1. damannad airplane tiansfer

system path and taxi-out area 264. [00138] Conveniently, a last minute check is performed at

check-up &rsae2@l, bylart8pé&hoithatsfecks the airplaReForEaRY teaPEstiigtfigh fire, Ban remove
the safety pin, that @lloyessthe fanding gearda e wtatedi and the fke pbae airplane €an igoite their jet

cven 10(4) CAH 1GteaF T eingd A Ao i ARSfes Sy teh Cort Betith Tih the
airplane beforedgeachirgheheckzup ardas26du@ido [006891in additienffigere 22 illeswates@eentral
control sys{em 290 tat ie.sapable of cammunicaling,with giralangs iansfer SysiEMS,LA - 100(10)

and controﬁﬁ]nag eir movements. "[00140] Airplane 10(1) is positioned at engine start and check up
area 216 aiftef pefirgdisébnnected form the unmanned airplane transfer system that towed it from

terminal 230, d4nmanngd,aiiplane yansfessystems:suchassystamsst00(@) 4 09(d O)ard+60(1) that
completed their task return to terminal 210, viﬁounm nned airplané transfer system path erlig [00141]

Airplanes T6(2)- 2685 aréBEiRg tGwad, ARSG-ouR AFEL 368 By unMaRned BifpiATe transfelsystems
100(2) - 160¢8x KNeptane d 0G) araiis atdereninal 20t be towediby aranmaiineg airplabédransfer
system. [Og%@zgnCon\{lensigntly, the airplane stops before the unmanned airplane transfer system
detaches from 1t. After the towing ends the unmanned airplane transfer system can navigate towards
the teLAIndI0Th8 nhvigation aslwél As e adwingeabtbe be (st pasnsly confrblled by&ehtral control

system 250, byt this is;pAtNecassAHkE0 airplanes transfer systems 100(1) -
100(10) according to an embodiment of the invention.
[00136] The multiple airplanes 10(1) - 10(11) and multiple
airplanes transfer systems 100(1) - 100(10) are located at
airport 200.
[00137] Airport 200 includes terminal 210, take-off runway
262, check up area 261, unmanned airplane transfer system
path 266 and taxi-out area 264.

. [00138) Conveniently, a last minute check is performed at
check-up area 261, by an operator that checks the airplane
for leaks, can extinguish fire, can remove the safety pin
that allows the landing gear to be rotated and the like. The
airplane can ignite their jet engines at check up area 261 or
‘before reaching that area. For Example, airplanes 10(2),
10(3) and even 10(4) can ignite their engines. An unmanned
airplane transfer system can detach from the airplane before

reaching check~up area 261.



[001431 According to an embodiment of the invention the central control system 250 is a C4 command
and control system. It is operated by the Airport Taxi Supervisor / Ground Traffic Controller operator.
Central control system 250 can control multiple airport transfer systems. It can override manually
controlled unmanned airplane transfer systems, can override steering mechanism based upon sensing
“airplanes movements and the ljke. It %an optimrifgzﬁwﬁgovements of unmanned. airplane trr?nsfer
tran

systems, eitierfking tadimy odtation 8FaGri S et pdsiffiSis WithoutAipides. Central
control systest 20 can be integrated wdthethesairport agniraffic cantioleystenn 26100144 s
Thege.ntra%%oantgo,fl es%s‘tegn Zgg can I{?% Eh)e location @E {Ibe; varius airp| f‘c;[liaﬂ%%r systems (by _
receiving location mformation rom the airplane transfer systems, from the planes, from other location
sensors), apd elisplays to a controller the location of the various airplanes, airplane transfer system

and thus grgatiy paduced Twiman grrors indhgdaxicinaanditaxi-outerocess«canvenigntiybe central
- control system also received location information (either directly or via another control system) of

various veicleS Bt ard iftes@rttinthe bRt antt 85PBEEMF Rar rtfWhysaid i IRAERER and
taxi-out argaggngan pravidede theycontiollerrar ovesalbvsuat refgresentatemof e airport and the

various en{Eities irlg1 ghéa a,j{ Pr%;}?g ngggl %ontrols?é fem 250 can prevent aircraft te&?g&) gggigents,
vehicle - aifcraft acciderits Fit ¢an preventgpi?oﬁ or trafhic confroller efrors ahd misun erstandings
towards takeoff,and tedlikel O00145] Ceatral compakedyastemZBOincludes ki) Aeleastoné ransmitter

(such as transmytten 252hadapted, fa-transmit stegring-rommands Lo multipleinmanned girplane

transfer vehicles. (i) At least one receiver (such as receiver 254) adapted to receive location
informatiort #o#t iHefHhdRibf Gimarthed aitflafe wdfserRehites. {7 2 1eadfonkdiiepIay tsuch as
display 256)-for displaying{ocatignsefanultiple pirptanes aad #7e mulipledsnmanned @nplare transfer

vehicles. (iv&nAthé ast one interfac é h as interface 258)adapted tareceive from _an operator
operationalr b § ¢o rﬁ%&a%naeda% esg) ?o (ﬁ"'eatértrﬁin%% ?:Eoen %Jfrrhaofdeggfsat?e%s Snéc aﬁren%n}r?é/d air plane
transfer systemiTteninterface-pdr ircltde: keyisoarey atcuse, and the like that are connected to a

computer tha in,dim-controls display 296,J0QL48] Convepisntly, geniral.contral sysirm, 230 s adapted
to receive an obstacle indication from an unmanned airplane .

airplane transfer system detaches from it. After the towing

ends the unmanned airplane transfer system can navigate

towards the terminal. The havigation as well as the towing

can be at least partially controlled by central control

system 250, but this is not necessarily so.

[00143] According to an embodiment of the invention the

central control system 250 is a c4 command and control
system. It 1is operated by the Airport Taxi Supervisor /
Ground Traffic Controller operatorQ JCentral control system
250 can control multiple airport transfer systems. It can
override manually contrclled unmanned airplane transfer
systems, can override steering mechanism based upon sensing
airplanes movements and the 1like. It can optimize the
movements of unmanned airplane transfer systems, either
during towing operation or during transfer between positions
without airplanes. Central <control system 250 can Dbe

integrated with the airport air traffic control system.



26 transfersystemandto selectivelyacknowledgea change in a path of the unmanned airplane transfer
system. [00147] Conveniently, central control system 250 is adapted to receive an obstacle indication
from an unmanned airplane transfer system and to control a change of path of the unmanned airplane
transfer system. [00148] Conveniently, central control system 250 is adapted to receive a failure
indication from an unmanned airplane transfer sy&em and to selectivel acknowledgte a detachment of

the unmarif&d AfrbIZRE trarsfetSRtem R the airfidTe §80140] ConvéRiently: 2Htral tBftrol system
250 is adapeddasaceiver a failuse indicationsfrora andlninannedrainplaae trasgtareaystem(agpd to

control a transfer of an airplane, by the upmanned airplane transfer system. 0015% Conveniently,
central coﬁﬁ%ﬁ%;}’sjtg% Za%é) @ %&gé[edl tI(l)Jl?cc))|r%ft]i“rra{?:zleoalt’l dis?a{:nocné br]eC V\G/Beer%/1 Jr‘r{gg'lé[féeairp %ﬁgss %%ﬁ]g towed

by multiple snsarmedfransfer systedn 601511 Gonveriently ! eentralccontreRspstem, 258n¢an control
an unmanged aitplane ransfer system,in &yfirst opgrational made,in whigh cepral control system

sends 250 steering commands that override steering commands that are mechanically sensed by the

unmanned affplieeFanstdr&5taiR. [HH255] RiguRe 5 flisfalds fip R sAfaNes Ast4F€40(5) and
multiple airplangs transferr-systems 10Q(H2 - 10€48) acaordingria an emboedinent of the-kwention.

[00153] The multiple airplanes.10(1) - 10(5) and multiple airplanes transfer, systems 100(1) s 100(8)
are locateh A STABRRA00 100164 ATHOIR0 inGiHHSE P ST 0FtanGeumi gy 315 Sinding

pickup arerc2t8 and ubnfanmeatdiplanestrahsfer gystemitgath @14 vAzceatrat bemtratsystend 250 is

also located, i airport,200, Airplane 10Q5)i5 janding,an lapding sugway,217, Alrplang 10(4).has

previously landed and is approached by 27
and especially near runways and in the taxi-in and taxi-out
areas and can provide to the contrecller an overall visual
representation of the.airport and the various entities in the
alrport. The central control system 250 can prevent aircraft

- taxi accidents, vehicle - aircraft accidents. It can prevent

pilot or traffic controller errors and misunderstandings
towards take-off, and the like.
[00145] Central control system 250 includes: (1) At least cne
transmitter (such as transmitter 2525 adapted to transmit
steering commands to multiple unmanned airplane transfer
vehicles. (1i) At least one receliver (such as receiver 254)
adapted to receive location information from the multiple
unmanned airpléne transfer wvehicles. (iii) At least one
display (such as display 256) for displaying locations of
multiple airplanes and the multiple ’unmanned airplahe
transfer wvehicles. (iv) At least one interface (such as
interface 258) adapted to receive from an operator
operational mode commands adapted to determine a control mode
of at least one unmanned alr plane transfer system. The
interface can include keyboard, mouse, and the 1like that are
connected to a computer that in turn controls display 256.
[OOl46]Conveniently, central control system 250 is adapted to

receive an obstacle indication from an unmanned airplane



unmannedairplanetransfer system 100(5). Airplane 10(3) is towed by unmanned airplane transfer
system 100(3) towards terminal 210. Airplane .10(2) is towed by unmanned airplane transfer system
100(2) towards terminal 210. Airplane 10(1) was towed by unmanned airplane transfer system 100(1)
and is'hooked to terminal 210 at the gate. [00155] Unmanned airplane transfer systems 100(6) -
100(8) propagate through unmanned air Alane trarfster system path 214, tqwards landing pickup area
218. Unmahngd &iblane FERSRR syst@ﬁf 00(43?/vai?se,§a ?é%&f%g Bbickué éfgg ﬁiggl%eairplaane 10(4).
[00156] Censeniently, therzirtitane stDps before hethgtonved; e enadlestherurmpaneed airplane
ransfer sysfeqy 2 suRadIsdanding qer.ller thedoping 80ds g Inssgngioe slarand deck up

area, the unmanned airplane transter system can navigate t the landing pickup area 218. This
navigatiorrea® becomiolledtnft a chhtral eeagsEsyRtemt BORthid s netHaBessArily 58P J60E57]Figure

13 illustrates-method 3QQ fortranstesringan aisplape; aceording 4gan emboginent kthe: invention.
[00158] Method 300 starts by stage 310 of receiving a landing gear by an unmanned airplane transfer

system. [0T¥BIBRGE3T6 1T lo By §TagtYS3F Bt sensing, by an unmanned airplane transfer
system, steeting cprtseliadueedt Movemerts of adanding geay of dre abplahe. Refasting tathe
example set fourth in figures 3.and 5 multiple sensors sense rotational mechanical movements of the -
mechanicglg“gcéealr%%chags r%?&t&)ﬁ%e-é‘&&e%r%sﬁéﬁ %nd%t%gmke.alfoofégj\ag%ézg 320 Jl'g%o fowed by
stage 330tofaramSerrimy aheivpkng, mpthearesdnnesd airpiake auhsity systerdsihaespsnse to the

sensed stgering, contralinduced mayements of adaading,gearmReferingrie the sxamples set fourth in
28 figuresl-4and9,the iairplaneis towed by an '
[00149] Conveniently, central control system 250 is adapted to

receive a failure dindication from an unmanned airplane
transfer system and to control a transfer of an airplane by
the unmanned airplane transfer system.

[00150] Conveniently, central control system 250 is adapted to
optimize a distance between multiple airplanes being towed by
multiple unmanned transfer systems.

[00151] Conveniently, central control system 250 can control
an unmanned airplane transfer system in a first operational
mode in which central control system sends 250 steering
commands that override steering commands that are
mechanically sensed by the unmanned airplane transfer system.

[00152] Figure 12 illustrates multiple airplanes 10(1) - 10(5)
and multiple airplanes transfer systems 100(1) - 100(8)
according to an embodiment of the invention.

[00153] The muitiple airplanes 10(1) - 10(5) and multiple
airplanes transfer systems 100(1) - 100(8) are located at
airport 200. }

[00154] Rirport 200 includes terminal 210, landing runway 212,
landing pickup area 218 and unmanned airplane transfer system
path 214. A central control system 250 is also located in
airport 200. Airplane 10(5) is landing on landing runway 212.
Airplane 10(4) has previously landed and is approached by



unmanned airplane towing system in response to the sensed movements. [00161] Stage 330 is
followed by stage 340 of detaching the airplane from the unmanned- airplane transfer system.
Referring to the example set fourth in figures 11 and 12, once the taxi-in or taxi-out is completed the
unmanned airplane transfer system can detach. [02(\)7162] Conveniently, stage 320 of sensing includes
sensing pilot commands tq determine the airplane“velocity wh t?e transfeyring is;responsive to
the velocity &Hahge om%ﬁ%%%é%omﬁ%&%%ﬁenﬁ%ss )éléle gg? g? réns%légr?ngalré furthe%r rst)asponsive
to remotely dransmitte cbgommesmise Refeinpg. o thetexxamples sey foieth ih dig(Pes §OWards2 the
unmanned aifplane tragsfer system can inglyde p Uansaelyerforipceivipg cocumands. aad can be

-remotely controlled by a central control system , although this is not necessarili so. [00164

Convenieritiz Refer33steanstdfing inchrreatfge perdeiiti cortSling atR §Pﬁvoliﬂdé£endently

controlled yheels, Refewingtathe examplersatdaurth infigueas tard 4ndiffecentwheels ¢an rotate at
different sgeeds, at different directions and can also be placed in positioned that are not parallel to

each otheP§00-E65] CorndeRty: rMéthod 300 4is8icludes receiving audio commands or modulated
signals represestativenafsteedngedominaneds anchwhiéeein thesttamsferdiy istesponsivd td the

received audio commands, Referring,fo {he gxampje setfourth u figure; 10, the unmannadairplane

transfer sﬁi‘em can receive audio commands from the landing gear, recognize the commands and act
accordinglyofears6] Convenienty, Jliethod B398 alstPinclUaBs detstmiid 43b€atibhastthe airplane

and wherein, theransfering is sesronsive to dhe segsed kaationr 29 [00167]Gonvepjenityemethod

300 further includes detecting an unmanned airplane transfer system failure and in response
detaching {lrﬂa(éi?plane from the unmanned airplane transfer system. [00168]It is noted that once a
failure is detectesbthe sinviearired aiyplans: ransfepiystemcaspall okethecentralicantrobspstem to take

control. The central control system can select to egq h g}e gié;}_lgge ¢ g%fgﬂlsyégené dhis is not
necessarilflz go.?ﬂ%l?c&ﬁheganeoteLglfﬁaaItlﬂﬁeeC?de?éLc r%gntg can t?e responsi\?e to the type of failures. For
example, faiteres trad revaraahe uAka@ned hirplafEitrghsfersysiein fohise éasidiRdByRe central

control sysigry mateguie Adeiachiment wikiauibg iniedBiante of B8 genioksysien. Yehaccording

to another embodiment of the invention the pilot can try to control the8unmgnned air Iante,transfer
system, foPEXAApIES by Wby &ifio toRthAdggickup area 218. This navigation

can be controlled by a central control system, but this is
not necessarily so.

[00157] Figure 13 illustrates method 300 for transferring an
airplane, according to an embodiment of the invention.

[00158] Method 300 starts by stage 310 of receiving a landing
gear by an unmanned airplane transfer system.

[00159] Stage 310 is followed by stage 320 Qf sensing, by an
unmanned airplane transfer system, steering control induced
movements of a landing gear of the airplane. Referring to
the example set fourth in figures 3 and 5 multiple sensors
sense rotational mechanical movements of the mechanical gear
such as rotation, de-acceleration and the like.

[00160] Stage 320 is followed by stage 330 of transferring an
airplane, by the unmanned airplane transfer system, in
- response to the sensed steering control induced movements of

a landing gear. Referring to the examples set fourth in



[00169] Conveniently, method 300includes detecting an obstacle and stage 330 of transferring is
responsive to a detected obstacle. [00170] Conveniently, method 300 includes receiving commands
from an operator and stage 330 of transferring is responsive to the received commands. [00171]
Figure 14 illustrates method 400 for controlling multiple unmanned airplane transfer systems,

according to an embodiment of the invention. | 0£%2] Method 400 starts by st ge 410 of receiving
location inféfHESh fro%’%ultipﬁg%nméﬁned i(;r‘pelanae]ltlrfgr#sﬁ’gre systems. §t§83§ 410'1% followed by

stage 420efdisplaying locations oftowltiple ainpidarees ahd theemphipteurheanhed aiggiane dransfer
vehicles. ng%g:%%s;casge 420 is followed by stage 430 of receiving from an operator an operational
mode command that determines an operational mode of an unmanned airplane transfer system.
commands @ohfrbllettbe enadiebyi anfiapacd afiplarie Fhaster Syer fif &¢&/oke BBeratiGnal mode

WasSebcgfkgﬂﬁﬁﬁbCEQ&ﬁanthe unmanned airplane transfer system.

Referring to the example set fourth in figures 11 and 12,
once the taxi-in or taxi-out is completed the unmanned
airplane transfer system can detach.

[00162] Conveniently, stage 320 of sensing includes sensing
pilot commands to determine the airplane velocity whereas the
transferring is responsive to the velocity change commands
[00163] Conveniently, stage 330 of transferring is further
responéive to remotely transmitted commands. Referring to the
examples set fourth in figures 8,9 and 12 the unmanned
airplane transfer system can dinclude a transceiver for
receiving commands and it can be remotely controlled by a
central control system , although this is not necessarily so.
[00164] Conveniently, stage 330 of transferring includes
independently controlling at least two independently
controlled wheels. Referring to the example set fourth in
figures 7 and 4} different wheels can rotate at different
speeds, at different directions and can also be placed in
positioned that are not parallel to each other.
{OOlGS]Conveniently, method 300 also includes receiving audio
commands or modulated signals representative of steering
commands and wherein the transferring is responsive to the
received audio commands. Referring to the example set fourth
in figure 10, the unmanned airplane transfer system can
receive audioc commands from the landing gear, recognize the
commands and act accordingly.

[00166] Conveniently, method 300 also includes determining a
location of the airplane and wherein the transferring 1is

responsive to the sensed location.



a central control system operator. Stage 450 includes sending steering commands that override
steering commands that are mechanically sensed by the unmanned airplane transfer system. [00176]
Method 400 can also include stage 460 of receiving, by a central control system, an obstacle indication
from an unmanned airplane transfer system. Stage 460 can be followed by stage 462 of selectively

acknowled |Cr£ a change in a path of the unmanné8 airplane transfer system. Stagoe 460, can.
Alternativé%x HddtiBREMR ¥6lowet by sBYEMsY of B8Nt BlchdHge 6FatA of Tire URfanned
airplane transfersysiess [00147] MethedArean alge treludestaged 74haf reaeiviagpby aecentral

control system, %failure igdication fi%mean nomanggg air%lag% Igragsfeg_ %éité?r% S%gzgaenﬂf% gan be
followed b?leéttgﬁ % of glecﬁ\l/:efﬁ)/ ac nowfedr@ing K detathment of fhe Hnmanne alrSIane transfer
- system frasg shemirplane. Stage 470 can also be followed by stage 474 of controlling a transfer of aft

airplane by fhe @@rar‘@%d qitplang frapsfer system. J001 78] Methpd 400 can alsodngluds,stage 480

of optimizing a distance between multiple airplanes being towed by multiple unmanned transfer

systems. PABDPtrRzafds Bar tlude posiphing het&fblaféd clodbiBeaciGthef Bt &R distance

that will nat ghamaticallyspergasesthe prebakhility of collisiors hetween airplafeso 81 §9ak#3] ".Figure

15 illuatrates method 500 fOr transferring an airgl e, accordin% lgo an em?odimegt fttg invention.
iv?;% e sTam u i %|

[00180] MEHLAHBIGF Sarts By SRERL0 0 Fredaiitig A fanding §ear by A UnfranRed aifplane transfer

system. [QG181}SBtage816 isstotowed ostageh520:i0f recenng artramsfeesignabh@sporisive of a

movement.gf.a ajiplane cgnirol,companent. £1a0e520 £3a inclide siage 320, auylcan include,

. e - :
alternatlve?y or additionally, receiving (over wire or in a wireless manner) a transfer signal from an

airplane cEPoIREampdiidn FSekirfd e RIGVERRENt BR AN BirBRERECORIGIBRMSorert AR d%he like.

system to be controlled by the central control system may
require a  detachment without the interference of the control
system. Yet according to another embodiment of the invention
the pilot can try to control the unmanned airplane transfer
system, for example, by sending audio commands.

[00168] Conveniently, method 300 includes detecting an

obstacle and stage 330 of transferring is responsive to a
detected obstacle. ' ‘

[00170] Conveniently, method 300 includes receiving commands
from an operator and stage 330 of transferring is responsive
to the received commands.

[00171] Figure 14 illustrates method 400 <for controlling
multiple unmanned airplane transfer systems, according to an
embodiment of the invention.

'[00172]Method 400 starts by stage 410 of receiving location
information from multiple unmanned airplane transfer systems.
Stages 410 is followed by stage 420 of displaying locations
of multiple airplanes and the multiple unmanned airplane
transfer vehicles.

[00173] Stage 420 is followed by stage 430 of receiving Ifrom
an operator an operational mode command that determines an

operational mode of an unmanned airplane transfer system.



[00182] Stage 520 is followed by stage 530 of transferring an airplane, by an unmanned airplane
transfer system, in response to the transfer signal. Stage 530 can include stage 330 but this is not
necessarily so. [00183] Stage 530 is followed by stage 340 of detaching the airplane from the
unmanned airplane transfer system. [00184] Figures 16 and 17 illustrate an unmanned airplane
transfer system, according to an embodiment of t%nvention. Figure 19 illustrates a landing gear
holder 78, &EbIdihgXoisE erfBSdimenti @ HREntioh. [66188] Figdre 16 istd WP Ve dF8ystem 70
while figurenk’ is epside view of thersysiemcifidi86HSystem Hhincludesntiaasfermmosteadapted to
transfer an air Iage. The t[Cansfer module may include wheels (such as wheels 71(1)- 71(4)), one or
more enginéggssuc%rassgﬁgi%%'n), transmission mechanisms (not shown), controller 72, spring 75,
shock absofssr 7% |andipey dddr Heldér 78 carewelh ds Dnroer hobe sfrusteingligiomenessicl as

structural glement 79, and sengonZ8ntis Rated thata struciuralelemeptgan be achassis.a plate and
the like. [00187] Landing gear holder 78 is adapted to firmly grip landing gear 20 of an airplane.

Landing gE&FYidlaer 78lisOB Tidalfdonheeied 48 Mluskarsd 5§ twd EGrvéF aRdivey o £%Fructural

element sugh agstuictyal element 79z Contealler 82 is eppnestedtatherisansies taedulessud is

adapted to, contro| the transfer module in r.esgonse to a (:;',[teerjﬁrll1 1Cnduced movemergI of the landing
n

gear holdet {0 Séest s Sa85ted't sereEiRe Sfeering indiced movements of the landing

gear holderommands that are mechanically sensed by the unmanned
airplane transfer system.
[00176] Method 400 can also include stage 460 of receiving, by
a central control system, an obstacle indication from an
unmanned airplane transfer system. Stage 460 can be followed
by stage 462 of selectively acknowledging a change in a path
of the unmanned airplane transfer system. Stage 460 can.
Alternatiﬁely or additionally, followed by stage 464 of
controlling a change of path of the unmanned airplane
transfer system.
[00177] Method 400 can also include stage 470 of receiving, by
a central control system, a failure indication from an
unmanned airplane transfer system. Stage 470 can be followed
by stage 472 of selectively acknowledging a detachment of the
unmanned airplane transfer system from the airplane. Stage
470 can. also be followed by stage 474 of controlling a
transfer of an ‘airplane by the unmanned airplane transfer
systemnm.
[OOl78j Method 400 can also include stage 480 of optimizing a
distance between multiple airplanes béing towed by multiple
unmanned transfer systems. This optimization can include
positioning the airplanes close to each other but at a
distance that will not dramatically increase the probability

of collisions between airplanes.



1001891 Conveniently, landing gear holder 78 is pivotally connected to structural element 79 that in
turn is connected to another structural element of system 70, wherein the other structural element may
be a part of the transfer module, but this is not necessarily so, [00190] Conveniently, landing gear
holder 78 includes a first pair of arms 78(1) and 7 éZ) that can move forwards or backwards, and well

as two rods d 78(4) that are pjvotally conhected to th d.of arms 7 and. 78(2) and rotate
such as td Oiﬁfﬁ%}f gﬁc?%éoes?e I"(]'or su % éﬁt%é%gsefngecsqﬁgge %ﬁn&% Jf)e?v%ggg (g%ms 7 (1()%nd 78(2).
[00191] Canveriently, stnuctursleiernent 9 ¢snbodriastad to Shoble absairt ¥8rand spring 77 that

absorb shpgks and glspisnd 4@ setup the stiletural glement ta its pershock gonditiana{Q192] Figure

18 illustrates method 600 for transferring an airplane according to an embodiment of the invention.
[00193] Mgt BO0 afarts By syt 8100 #oceitiRg e iranseY Sigifat responsive of a steering induced

movement oblapding gess holder. The landingn@ear bolderdigdy @ats adanding-geat afithe airplane,
and is plv%tally connected to a structural element of the unmanned irplalpe transfer s stem. [00194]
Stage 610-heRMES Serdhig iHe steethg iRdlced “movaméit of the ?anéﬁng gear haollégr,&lltnl% steering

induced mayemesit ottheplandimny. respersiveitdla steeringrinduced mbeemedt tnored thatthe gear

homerB(qégigggymﬁlternatively or additionally, receiving (over wire

or in a wireless manner) a transfer signal from an airplane
control component, tracking the movement of an airplane
control component and the like.

[00182] Stage 520 is followed by stage 530 of transferring an
airplane, by an unmanned airplane transfer system, in
response to the transfer.signal. Stage 530 can include stage
330 but this is not necessarily so.

[00183] Stage 530 is followed by stage 340 of detaching the
airplane from the unmanned airplane transfer system.

[00184) Figures 16 and 17 illustrate an unmanned airplane
transfer system, according to an embodiment of the invention.
Figure 19 illustrates a landing gear holder 78, according to
an embodiment of the invention.

[00185] Figure 16 is a top view of system 70 while figure 17
is a side view of the system.

[00186] System 70 includes a transfer module adapted to
transfer an airplane. The transfer module may include wheels
(such as wheels 71(1)- 71(4)), one or more engines (such as
engine 73), transmission mechanisms (not shown), controller
72, spring 75, shock absorber 77, landing gear holder 78, as
well as one or more structural elements such as structural
element 79, and sensor 76. It is noted that a structural
element can be a chassis, a plate and the like. ,

[00187] Landing gear holder 78 1is adapted to firmly grip

landing gear 20 of an airplane. Landing gear holder 78 is



33 gear. Because the landing gear holderfirmlygripsthe landing gear but is pivotally connected to other
parts of the airplane steering system then the landing gear holder can track rotational movements of
the landing gear. [00195] Stage 610 is followed by stage 620 of transferring an airplane, by an
unmanned airplane transfer system, in response é%‘the transfer signal. [00196] Stage 600 also

Includes stage 61 dumping energy resulting froifi'a fast change in a yelocity of the ajrplane. This can
be useful%h‘%htﬁ‘n %éﬁrplaneggfé%%,ggr?(? until th(eaﬁnrﬁ'é{r?#es gﬁpﬁgﬁe triaoﬁ/sfertés/"f/%temcgjl‘lsgs)J %?ops.
[00197] Asearsling totan embodimentiokthe glemtioh theustatus of thenuwhanaed SLFARE T

transfer.system can be reported to the Rt ot 10.4 centralconirpbsustem gichpthe Conuenignty, the

pilot can receive status indications while the airplane is being transferred to the unmanned airplane

transfer systertand the q&ﬁ@%ﬁtro?@?ste?ﬁ%ﬁﬁ fekeiBOSHtLR inthcatidiRARRER thé Unrflanned

airplane triansfer:systamds a0 affache fo-therdanding gearieidhe @drplane.aKI0198] Variations,

modifications, and other implementations, of Wh%t is described h gein le occur to thoae of 8rdinary
e 3 ln

skilllin the‘[é)r@.%v{fﬂaﬂ)l?[etfiésﬁ%;{:rtin—éf"fro?’ng thS%Bﬁﬁ% d e ssc%%%eoft e |nveneﬁ%ﬁlansgclalme‘él?iccordingly,
the inventigsvisrierbesdefinedh aof by thiergregedingritlliseative description but instead by the spirit and

SCOpeOfW%69%§WQ%35QQ§é£%9§}LFigﬁding gear holder 78 is pivotally
connected to structural element 79 that in turn is connected
to another structural element of system 70, wherein the other
structural element may be a part of the transfer module, but
this is not necessarily so. -

[00190] Conveniently, landing gear holder 78 includes a first
pair of arms 78(1) and 78(2) that can move forwards or
backwards, and well as two rods 78(3) and 78(4) that -are
pivotally connected to the end of arms 78(1l) and 78(2) and
rotate such as to virtually and close (or substantially
close) a space defined between arms 78(1l) and 78(2) .

[00191] Conveniently, structural element 79 1is connected to
shock absorber 75 and spring 77 that absorb shocks and also
tend - to return the structural element to its per-shock
condition.

[00192] Figure 18 illustrates method 600 for transferring an
airplane according to an embodiment of the invention.

[00193] Method 600 starts by stage 610 of receiving a transfer
signal responsive of a steering induced movement of landing
gear holder. The landing gear holder firmly grips a landing
gear of the airplane, and is pivotally connected to a
structural element of the unmanned airplane transfer system.
[00194] Stage 610 includes sensing the steering induced
movement of the landing gear holder. It is noted that the
steering induced movement of the landing gear holder is

responsive to a steering induced movement of the landing



CLAIMS 1. An unmanned airplane transfer system, comprising: a) a transfer module comprising at
least one motor and adapted to transfer an airplane; b) a controller being assembled with the transfer
system, coupled to the transfer module and adapted i) to receive a transfer signal that is responsive of
one ‘or more commands provided via an airplane control component and ii) to control the transfer
module in response to the transfer signal, whereif$aid commands are a priori capable of controlling
the airplaifé ahd/GPartSfhelddt. 22T R&ARTE sy A8AT6 Claint 1 iKer cSHipRSing a1&%ding gear
holder, adbpted tay thielygripue: lahdingi gearnaf thesirphans; said-kandinggearzhaldegivatadly coupled
toa structugal gﬁg@gntsoe‘ etgg uQmann%q tg{mstfgg gystcehrré; Wperr%m nsaid c{gn}_rol Ogth% %rarg:sggr module in
response fo the fransfer sigha is adapted to be responsive of stee ng%’né‘ucegll movement of the
landing gearamideriestitiipfomaideasieon® Stderinglaonsihagdfévided via an airplane control

componenty 33 §he Fansier system of:Claim furthelemprising ong ormere movahle elgments
coupling the transfer module to the structural element. 4. The transfer system of Claim 3 further

comprising o6 fore Biock&bsoSEteR iRt reif tHPSFGGuraF BRIHERTs cBUFiET o the-Transfer
module viaseitbsbeck absorbets-aoriected to1tbe movable elements. 5. The transfer system of any
one of Claj -4 wherein af least one command is adapted for city, control and/or speeding up
the transfet@“s%t% Vgéa fhe tréagl)q%sferas%s?temlgf gﬁ%eosne o6f CRaims %llgl(% flﬁfﬁg?lc%%pr%?negr%%ensor
adapted to-sensé anstedriwgpcontrékinducdd mysvehtent ofve lapdiniy gedr oftiee aiiplaharzmd, in

reSponse'itHi%roé’éqleﬂ@eﬁgﬁ—ﬂﬁﬁr Mlégethgi%ﬂtg%@rswuagd until the unmanned
airplane transfer system also stops.
[00197] According to an embodiment of the invention the status of
the unmanned airplane transfer system can be reported to the pilot
or to a central control system or both. Conveniently, the pilot can
receive status indications while the airplane is being transferred
to the unmanned airplane transfer system and the central control
system can receive status indications when the unmanned airplane
transfer system 1is not attached ‘to the landing gear of the
airplane. v
[00198] Variations, modifications, and other implementations of
what 1s described herein will occur to those of ordinary skill in
the art without departing from the spirit and the scope of the
invention as claimed. Accordingly, the invention is to be defined
not by the preceding illustrative description but instead by the

spirit and scope of the following claims.



+ 35'7. The transfer system of Claim 6 wherein the controller is adapted to receive skid steering control
signals and velocity control signals and, in response, to control the transfer module, wherein LLP
transfer system is adapted to maintain an alignment between the unmanned airplane transfer system
and the airplane during rotational movements of the airplane. 8. The transfer system of any one of
Claims 1 - 7 wherein the transfer module comprises m ltiple independently controlled wheels. 9. The
transfer system of any one of Claims 1 - 8 further comprising an audio interface adapted to receive
modulated gignatskepresentative of one or more commands provided via an airplane control
component, and, in response, to provide the transfer signal to the controller. 10. The transfer system of
any one of Claiisuhm Snhedhgrptare prasyfe locatianceansdisgoupled to the controller, wherein the
controller is further adapted to enable control of transferring the airplane in response to a location of
the system. 112)A metiefdfonerasfampy angaitgkase ptivenmisthadtcolaprdds: ttgndoriving a transfer
signal responsive of A6Or more commands provided via an airplane control component, and b) in
response to the transfer signal, transferring the airplane by an unmanned airplane transfer system that

comprises at legst,0Re1RORY, \Aéiﬁgeugs%@xi@@emmn%af@@sﬁ&iog'yﬁaﬁgb&a@&pwﬂeg the airplane
and/or parts thereof. 12. The method of Claim 11 wherein the transfer 2%%1&1 is respansive of a

steering induced MB0EIHEROErS AMAAGPGRED B IERSF Ko i tHARVEHEA Bt g RS Y deast one
steering commanpnddednia anaifplanepeenided componesitinyhentiol theniposkag gdar holder firmly
grips a landing geai(t)f the airf)tlﬁln%, ar}d is pia/citall}/ cou Iedttot s{truc ral.ele erflt of.an unmanned
airplane transfer Si} té)n%:.ontro € fransier modaulie 111 response 10 1ne transicr signai, wherein

said commands are a priori capable of controlling the airplane and/or parts

thereof.

2. The transfer system of Claim 1 further comprising a landing gear holder,
adapted to firmly grip a landing gear of the airplane, said landing gear holder
pivotally coupled to a structurai element of the unmanned transfer system;
wherein said control of the transfer module in response to the transfer signal is
adapted to be responsive of steering induced movement of the landing gear
holder resulting from at least one steering command provided via an airplane

control component.

3. The transfer system of Claim 2 further comprising one or more movable

elements coupling the transfer module to the structural element.

4. The transfer system of Claim 3 further comprising one or more shock absorbers,
wherein the structural element is coupled to the transfer module via said shock

absorbers connected to the movable elements.

5. The transfer system of any one of Claims 1 - 4 wherein at least one command is

adapted for velocity control and/or speeding up the transfer system.

6. The transfer system of any one of Claims 1 - 5 further comprising a sensor
adapted to sense a steering control induced movement of a landing gear of the

airplane and, in response, to provide the transfer signal to the controller.



“'MCSI_LP 36 13. The method of Claims 11 or 12 further comprising dumping energy resulting from a
fast change in a velocity of the airplane. 14. The method of any one of Claims 11 - 13 wherein at least
one command is adapted for velocity control and/or speeding up the transfer system. 15. THCHeRod
of any one of Claims 11 - 14 further comprising sensing the steering induced movement of the landing
gear of the airplane and, in response, providing the tré%sfer signal. 16. The method of Claim 15
wherein the transfer signal is responsive of the sensed steering induced movement and one or more
velocity confrol Bontrasdelss went frSTenrirfigwheraimplian eoig ot teridreat] iyt etpl yirvgiskisksteering and
maintaining an aligr irpl nsfer irplane during
rotational movesz?ngépﬁrmtllsE %&%@%%ﬁﬁg;}%ﬁ%@gg %m‘?g?%g%g?%%gogegb%%%?g@fﬁ (ch%%rﬁher comprising
determining a |8eatitsdetHacsviareiainieréin thaansiereny i6f tdepitblansiniespensive to the
sensed location;18rEhe waatees! el Ak AReol Glamad karkf-lUKRescompriaingissiesting an obstacle

and providing an obstacle indication and/or altering a path of the transfer system.
during rotational movements of the airplane.

8. The transfer system of any one of Claims 1 — 7 wherein the transfer module

comprises multiple independently controlled wheels.

9. The transfer system of any one of Claims 1 - 8 further comprising an audio
interface adapted to receive modulated signals representative of one or more
commands provided via an airplane control component, and, in response, to

provide the transfer signal to the controller.

10. The transfer system of any one of Claims 1 - 9 further comprising location
sensors coupled to the controller, wherein the controller is further adapted to
enable control of transferring the airplane in response to a location of the

system.
11. A method for transferring an airplane, the method comprises:

a) receiving a transfer signal responsive of one or more commands provided

via an airplane control component, and

b) in response to the transfer signal, transferring the airplane by an unmanned

airplane transfer system that comprises at least one motor,

wherein said commands are a priori capable of controlling the airplane and/or

parts thereof.

12. The method of Claim 11 wherein the transfer signal is responsive of a steering
induced movement of a landing gear holder, said movement resulting from at
least one steering command provided via an airplane control component;
wherein the landing gear holder firmly grips a landing gear of the airplane, and
is pivotally coupled to a structural element of an unmanned airplane transfer

system.
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14.

15.

16.

17.

18.
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. The method of Claims 11 or 12 further comprising dumping energy resulting

from a fast change in a velocity of the airplane.

The method of any one of Claims 11 — 13 wherein at least one command is

adapted for velocity control and/or speeding up the transfer system.

The method of any one of Claims 11 - 14 further comprising sensing the
steering induced movement of the landing gear of the airplane and, in response,

providing the transfer signal.

The method of Claim 15 wherein the transfer signal is responsive of the
sensed steering induced movement and one or more velocity control
commands, and transferring the airplane is provided by applying skid steering

and maintaining an alignment between the unmanned airplane transfer system

and the airplane during rotational movements of the airplane.

The method of any one of Claims 11 - 16 further comprising determining a
location of the airplane, wherein the transferring of the airplane is responsive to

the sensed location.

The method of any one of Claims 11 - 17 further comprising detecting an
obstacle and providing an obstacle indication and/or altering a path of the

transfer system.



