SYSTEM AND METHOD FOR TRANSFERRING 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 opetation is also known as taxi-in). [3] These jet

' engines are very noisy, cause safety hazards, burn large quantities of fuel and cause to significant air

pollution, theseptissionnaf |angerauantities o002 {804k taxitraffia @etay 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 rate BoDtaxiing fHr cEAfVAROAOR/3 that for airborne aircraft. Consequently, the cost of taxi-out

delay excee?é 613!:1& of ”?j{gc’??queé% b)_gL a 8”%%/(%1 to}gl'i%%@orettgag 1th$ %gnugllg. %%Ht(%gatgq
tower controlled ground movement, one s all save signi |can?ly 6n taxi de?ays, which make Significant
annual cost.TPHis skl sirioithe saliilgseftém: 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 t)épical airline annuaIIocg)Neration cost. Therefore, saving in fuel consumption is

one of the n%ﬁ&xgﬁ@r% or 4l dirtine§VVENT

[002] In modern airports the terminal is located relatively
far from 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 jet engines are very noisy, 'cause safety
hazards, ~burn large quantities. of fuel and cause to
significant air pollution, the emission of large quantities

of COs.

[004] Taxi traffic delay is the largest of all aviation
movements delay, the average taxi-out delay in minutes per
flight 1is 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. Conseguently, 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



2 today.Jetfuelprices increased from less than 1$ / gal in 2001 to 2% / gal in 2006-and is expected to
reach 2.5 $/gal or higher by 2010, making the issue critical for the airline industry. [6] During taxi,
typical aircraft fuel consumption is about 3200 Ibs per hour (90 gallon per minute). Typical taxi-out time
today is 30 minutes and rising constantly with the in(?;;ease of air traffic all over the world. On average,
typically, taxzcgjut time |s§ times Iorn er than_taxi-in ttme. Thus,F%irg imum of 40 r:n}ﬁuteﬁé)ft xi-out

plus taxi-in fimeBurn 36 Sgllonso uel on 5%68&%6&%&5%8 £ Ahd TS humbet is gro ing, [7]

Air pollutiorgim_lainpm_rté @@/blveg iato & nmér armd _§igﬁ.ﬁicanﬂhazar@zmﬁd@eps evehdrig dué to the
increment ir ﬁgatﬁaffw%%wug%- Ggs emissionina it engjpe is.arpund iKg of COZ per gallon. In a

typical 40 minutes taxi-out plus taxi-in time, an aircraft’emits 2.9 ton of 002, a very critical issue. [8] By
2010, the foté&asti§ of-Rf6#é #an one billion (1B) air travels, or around fifteen million (15M) flights a

year, only i thesyS, nat reladingdethe wergwide air sraffic: for evenx 100-gallomeffuehsaved during
taxiing per fight, [tis ahey't 30.8% 0 Juejand 12 M ton L ERZ emisson NI VS: rypical
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:
[007] Air pollution in airports evolved into a major and
significant. hazard, and it keeps evolving due to the

increment in air traffic worldwide. Gas emission in a jet

engine is around 8 Kg of COp 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 COp, emission, in

the US.

[009] A typical busy airport has more than 1000 departures a
day or around 400,000 £flights a vyear. Every 100 gallon of
fuel saved per flight, transfers in 40M gallon fuel saved per
year per airport, or B80M$ yearly savings in fuel expenditure
per airport (2$/gal today), actual savings being much higher.
[0010] In order to reduce the usage of jet enginés 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



[9] 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 airport, 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 jet engines various ajrplane towing systems were provided. Some are
30%

illustrated in the following patents and pate pli ,.all being incorporat rein_hy reference:
U.S patent 6508481 6t g'l%eﬁfﬁr%&%.sggélgé?ng é@f?’%ﬁner%t al.a;1 JU.S pzl?ént 5312 %I}ecof
Wichert; U.S patertt 58607 86iafEerspdthier; ki Sepatet6XEZ696 of Trihwnepetrals . Shatent

0352130 of KGN 2 é%%f@t%% 6843790.0f Johnson: .S patent 6673920 0f Piezetals {4 S Patent
application Blﬁlb ication serial number 2006/0056949 of Eckert; U.S Patent application publication serial
number 20087095854 of Abele; 1815 PAfeht appliCior PusiratioY sériéf%%%er%b%gf%z%% of

Rodenkirch gt ak; European patentapplication $9948¢ AdrofiMishelseni ehalzand RO Trpatest
application publication serial number W0/04028903Al1 of Magggri ,OOl;CLgDThere i% need,tonprovide
an efficient metdd 3RE B2 teMortraistéring an afpiaRas SOFTHE! %E%Eﬁl?

INVENTIONs012]Anmumninan ne@b@iﬁpflaeé trahsfer systerhas provigled i systarp Inctadesa transfer
module adapie o ransler . arpiang, Ale capaliars goupled 1o hgdianeleimodile. adapted to

receive a tr er signal responsive of a.movement of an airplane control component and in response

control the tEatsfEemodBlet U0 3FEERVEHEAM! tHeAGrfhbahhe® Birplare erasiRter 8Ystém ifélddes a

~sensor adapied to sepse, steeringeantralindigced mayementafdhe landiagigear andhindiesponse
provide a transfer signal to the controller.

WO/040Z8903A1 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 alirplane transfer system 1is 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 qbtained either
directly or indirectly from at least one airplane control

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



[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 indirectly from at least one airplane control component (such as a flight control stick, throttle,

pedal, steering response companent airplane, can ffectthe airborne or espemfallywhen the airplane
around movehit Gtihe calt&litohomo&fy move!® @rplane is  transferred

response to these steering commands. An airplane control
component can affect the airborne or ground movement of the
airplane, 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 steering control induced movements of
the landing gear or the other ailrplane control devices (such
as a flight control stick, throttle, pedal, steering wheel);
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

audioc 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 it 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:

receiving a transfer signal responsive of a movement of an



[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
steering control induced movements of the landing gear or the other airplane control devices (such as
a flight control stick, throttle, pedal, steering wheel); and (iii) a controller, connected to the sensor and
to the transfer module, adapted_to receive at least orie detection eig[nal,from the at le?tSt one sensor

and in respBnsE tBREoICHR tsfEMBaTR" "f0018] EBhRvemaRty, Thé toRtdlleAisTnABF adapted to
be remotelygontrollectha[0048 Ganveraerstly; the trévsfer ysadule idcludespuiltpletindependently
controlled v%hreellls. LOIOZSOi Cn0ﬁ/eniently, the unmanned airplane transfer system includes an audio
interface adap?e& Fo receive modulated audio signals representative of steering commands from the
airplane and ¢0a# ol tRetraesfemidduletingesponrse tontheba slewiiyy eempiads: [0021]

Conveniently, the, systegrinclides location sensersconngeiad othe caniraller andthe gontroller is

adapted to control the transfer module in response to a location of the system. [0022] Conveniently,
the controllérR@EohfBcfetPd®d manual, on board, control module and it is adapted to control the
transfer modulezin respenserto €eauimands prevdedbyribe manual consroh siadyle b{0023] A method

fqr transferrinr%'gg I§1€ierglaanie txpﬁg iné:ll{d%sr% g?%%ivgfs éﬂﬁ‘f‘s‘;e{ e;ségrniarl1 éesc%%ncsri\é 01_f.L a movement ofan 5
alrplane COFﬁI’O componen]i,andntransl?ernng an arplane, ,

movements of a landing gear of the airplane.

[0026] A method for transferring an airplane, the method
includes: (i) sensing, by an unmanned airplane ftransfer
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. }

00281 Conveniently, the transferring is further responsive
to remotely transmitted commands.

[0029] Conveniently, the transferring includes independently
controlling at least two independently controlled wheels.
[0030] Conveniently, the method includes receiving modulated
.audio signals representative 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

to the received commands.



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: (%2 sensing, by an%inmanned airplane transfer system, steering
control induEed dtatibRaliBeEmeRS oF & ng ge%?adﬁﬁgﬁirﬁ%ﬁ?ﬁnd?fﬁetransferring an airplane,
by the unmagsedairplane.tarsfes systeny fie respahskteihersensedsteerd g centrol induced
movements of a landig%gegr. 217 Conve{gileytlg/tthe method rélclud%soggegvﬂ%gontrol signals

00 10d i
representat?\?e 6f'a command to alte ér\lltélosélty of the %ﬁﬁﬁ{e and whereas the tfransferring is

responsive 3¢t edmisant: Cfo028) Sorrehiehtlyo e ransfesiied & funter respohisive to remotely
transmitted commands. {039 Garvenientys the tansierring inclydes independently controlling at

least two independently controlled wheels. [0030] Conveniently, the method includes receiving
modulated BGib Sgn A8 TEFreseE&iVEPErRIBERNG LoMMaRdS BAD SHferefY e ansterring is
responsive i@ fiesecasmands] [l Garneniently] dheinethed diclddes determining a location of
the towed airgjfinte. and therein tggttga%sger{mg sayls%ergais éesponsive to the sensed location. [0032]
Convenienﬂry, fe method Ticlades receiving tommands ffom an operator and wherein the transferring
is responsiviEdfoSthe réseived: commands:nS [6033An urriaissd airglanetransfer system, the

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 alrplane in response to velocity
commands from the pilot.

[0036] Conveniently, the controller is fﬁrther 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. 4
[0039] 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

contrel module and wherein the controller is adapted to



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 sensor agraégéed to sens steeriré%l gntrol7induced movgments of the IandiQ%L ear; and to
provide the CBR{rSM &rifig RORtOF sigRAR foo35] CorRahiently theystaintis Aidaptst o control a

velocity of they airplanesinuesponse towvelocity toemmands from the pilot. [0036] Conveniently, the

controller is further. adapted to he 0] conirolled. [0037 iently, the ned airplane
transfer syst{e%rrqqlr?glu?ésmae%éagioﬁ%?er#gzxengg%pﬁg%qtgl rég)cgei%eg %E}El?fagtéd)%}gng%mr}g%?esentative of
steering coranahadsfecomnheaipidre ane s seadIpase Moddilarad sigridlé to e editroller that is

adapted to contral the trapsfersmodule inrespanss -theraudie commands,. 0938L,€9nuenigntly, the
system further includes location sensors coupled to the controller, wherein the controller is adapted to

control the tFEhSIEFATRTe firadbdnge 16 FBESfor 8F i sRteMPHOB38PCBAvEniently, the controller
is adapted te sesseragsysianiailure: and iy resporisedondetach-thessysierhikonmtheraiepiane. [0040]
Convenientl%itlb%tcontrqgrilss g@necteg to aamgngggcontrolinodulg Lgumd wherecin the gggtroller is

con

a 8 em airplan rl oTatio
adapted to fof the fransfer module n response to cornmands provf&%drby the manual control
module. 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.

[00471 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 1s provided. The system
includes: (i) a transfer module»adapted to. transfer 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



[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 rotational movements of the airplane.
[0042]Conveniently, the receiving, includes receiving Q/elocity commands from the pilot

[0043]Convénidifly, thetraistErritly i5 TaRAESRshBndve o fematély faRS it etP SNt
[0044]Conveniently,themgethosrfuibedcludes receiving audio commands. [0045]Conveniently, the

method incl %%s4g termiré?g a Iocati%r]JL of th:ehgirplan% and.whzr&ijn the transferring isdraesgogsive to
t

the sensed location. [004 onvenien 3}/ the method ncludes’ ete%ﬁna an obstacle and preoviding an

obstacle indicatiogiise the steering induced movements of the landing gear
~holder.

[0050] Conveniently, the system includes a shock absorber,
connected to the structural element.
[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: (1) 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] Conveniently, the method includes dumping energy
resulting from a fast change in a velocity of the airplane.
BRIEF 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 d1llustrates an unmanned airplane transfer

system, according to an embodiment of the invention;



[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 grovided. The system includes: (i) a transfer

module. adapted totransfer an airplan (%) landing gear holder, adapted to firmly grip a landing gear
of the airpla[nee? Wheréin IH& €Fandl[gwg g‘é’%\% %?‘d%?%s? pivotally €onnected to &'s ﬁf(l:?urat% eﬁ%rsn%e%]f of the

unmanned akplme,trmasfemﬂjstgntcarmlr(iisrwmﬁmm, cdupled to theetransfer module, adapted to
control the Eot(ggla fer 1891%'5 in .rfjs]ggﬁ%gocggt%eringﬂ@gu 6d.mavement.of;the landing .gear holder.

[0049]Conveniently, t e’system includes a senso, adapted to sense the steering induced movements
of the landiag gemr hblder [085DICERVETENTRA 3RE Bystem includes a shock absorber, connected to

the structurgh@lgMent; gures 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, according to an embodiment of the invention;
[0065] Figure 14 illustrates a method for controlling
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 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.

DETAILED DESCRIPTION OF THE DRAWINGS

[0070] According to an embodiment of the dinvention 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 is transferred in response to these steering

commands. An airplane control component can affect the



[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 grips éolanding gear of the airplane, and is pivotally

connected &4FEAERR elEmBRPBPHeHRRAREd ArplFHE tranier &)stemS aRE it arsfeiFy an
airplane, bythe uamainadeaitplane transtercsysigmmoeesponse to the transfer signal.

[0054]Conveniently, the method i c.[]ﬁ,des sensing the steering induced movement of the landing gear
holder. [005%?§§r&5enﬁ%%?l¥?fhleer%% od f'?]cl\ﬁldrets%&l?mﬁﬁgp élﬁgesré)cla}gs&ﬁﬁrge Iflr%rr% acféstoéhean%lé ina
velocity of the afplanie: BRIEF DESORRTIONOFITHE DRIFWINGSJ0056iThepreseatim@ntion will

beundasm@gémdas the flight control stick that is used to control the
alrborne velocity or the ground velocity of the 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 system
is provided. The system includes a transfer module adapted to
transfer an airplane, and a controller, connected to the v
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 airplane
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 1s 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 wvelocity of the airplane and in response can alter the

velocity of the unmanned airplane transfer system.



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, éécording to an embodiment of the invention; [0060]
Figure 5 illusYitdd a fbeiISpErEBH bf 2 landing Year aAGRiPIEEFRndS ant Pidted; PRBTFEigures
6-9 illustrate unmannedaitplane transtar systems, acconding tevarods embodientseithagnvention;

[0062] Figure 10 illustrates aojtaarplrég gear nd an unmanned alrg

. egr to be T 0% 00 nmaand d%p%“%@gbrfgggg1g@g%qmngto
various emﬁo&‘lmencfs OFthe mveﬁetlon, [O §] Il—llgure an&lﬁ | usr{rate mll:lllﬁp € airplanes and

multiple unfansed aifplanertransfes systemewition s apert rdcooding taanwmbodinentof the

Invention; ;¢ The pin removal can be done during a last preflight

check that is also known as last minute check, in a last
minute check area. This last minute check area can also
include means of applying fire extinguishing means and the
like. It is noted that the pilot can initiate the jet engines
prior to the last minute check area and while the safety pin
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 alrplane transfer system.
Accordingly, the wheels of the unmanned airplane transport
sysiem 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. Conveniently, the landing gear can be rotated along
its axes Dby 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 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 Jjet engines as performed in regular
taxli. 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



[0064] Figure 13 is a flow chart of a method for transferring an airplane, according to an embodiment
of the invention; [0065] -Figure 14 illustrates a method for controlling multiple unmanned airplane
transfer systems, according to an embodiment of the invention; [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, ac&%rding tg an embodiénent of th%én\{_lentig ; [0068]

Figure 18 illG&fFatEs aMetfoth I PSRFEHing 8% Bt plde abESrdirg f0°RR emBdtimaRt Bf te invention:
and [0069] Eiguse: 19 itustiaies adaadingdgearhoiderhaccandimgntisarc embodinenttoftthe imeention.

DETAILED PESCRIETION OF THE DRAWINGS [0070Laccpirling,toan embodimet gl fag nvention
an unmannednalrpféne transfer system is provided: The system is controlled by one or more airplane
control. commporent (such asa flighecontrol stick, throttle, pedal, steering wheel) and the airplane is

transferred ipyesponsetodhgse steering sammansisa AR-aplane conlfel companentsan affect the 10
airborne or around movement of the airplane, especially when the airplane can autonomously move.

[0071] ConvERI&HtyE R virfifal ofF PRysicalH ent dt BREBEMorE ASIRRE traf¥dRer EWntrdl
components-eait be tnackedy suek asihe flighticontelstickithatis useddrcantretitheyaitzdme velocity
or the ground velacity of the airplane. It is nhoted that the tracking can be done by electro-optical
componentsa,t b%lleeegiégﬁ%gﬁcgﬁ%%ﬁ%%ts!frb%/bédg}ﬁél gi[?dck?r?glagvi%g oﬁ%ﬁéccedntrol panel, within the
control panel Oitdohné&ctioretolend bf thé hirplants ToaTb LR rsRaRd: thet Meer 0672 EvpiveRickily, an

unmanned aifplane transfer systemisprovidedEhe system includes.a fransfer, adapted to

transfer an airplane, and a controller, connected to the transfer module, adapted to receive a transfer

signal respdfidive BEa MBVEAENt o2k Biplakecontfltompaientandin rédfGiEetontraithe

transfer module. unmanned airplane +transfer system can be remotely
controlled. A central control system can control multiple
unmanned airplane transfer systems. The central control
system can optimize the taxi-in and taxi-out process of
multiple airplanes.
[00821 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. A
[0084] Conveniently, the pilot can use a combination of
steering operations in oxrder to send commands to the
unmanned ailrplane transfer system.
[0085] According to another embodiment of the invention the

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



[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 airplane
by using one or more airplane transfer control components. The control can involve sending steering
commands (which dictate the direction of the airplaié) and velocity related commands %that dictate the
speed of thé afpidifey. [0076] C¥hveniently, RirpPine tFErFerG8 tdRRolled in F8Sponse 13 Mdchanical

movements:afanairplane of of itsdanding gear 1 Steeriggcommands cambersensed hyomenitoring
rotational movemepts of the Ianding dear about itslaxis. 'It'he fystem and method rece'ive ccf)meands
AT IO [SPR

from the co&fpaiflt% ater RS 1%/%Tbscity of ﬁ1ecae|‘rr|lo‘fé:r?e afd'in respoﬁgeS t&h a QF ﬁ1ewvle]iocfyscs) the
unmanned aigplane tremster system. phrethatehcéns stuckmethedandinggearratiows thesleading gear
to be rotateg}pgggﬁy'nmanned airplane transfer system. This safety pin is removed once the plane is

about to take off. The pin removal can be done during a last preflight check that is also known as last
minute checlQ #% &last Afingeréhcek fFeBITRS |4stShRTUtE BReck aiBaccah 186 intidde eahs of

applying fire-extinguishing meang asdrhe liks: Itismoted that thenpiloh gan infiatedhe Jet:angines prior
to the last minute check area and while the safet Iapin is stil| stuck in thglandin%ggear. %%078 According
to an embodiffenPSFthe iRiERtiohthe ﬁmgﬁﬁé’éﬁ rplafd Frardport system usél Bkif €t&éfig and

convenientlyatsorplacey thetanching gearvatthe geofieéirical among moving entities on-
Centerdthe%’l@fﬁg@‘ﬁdair%ﬂ?@% @Qrsfers%gétggl,@g%q{dingI%atrpgev&hee@ é)rgl&ei ggmang%% g,icrggine
wi

transport systern are fixed, no steering means, but their speed and optionally the direction of their
rotation can'eé6rteslled Uk it Thé WhedRONGHESie offietsyRlent Eart be rétied2 1 s0

independently, from the whegls1of the other side ahibe systemreanvepiantly; helandingsggar can be

rotated along its axes by using the skid steering. Conveniently, the unmanned airplane transfer system
is aligned witf?Hré @ndirfgoﬁﬁgﬁaﬁ‘ﬁﬁ@?otat‘ﬂ mdVErTERES fof the’lhRfihg g&ar1ob7d] cBRfeniently,

a pilot can use:rtbersasie steering control unit when being transferred by an unmanned airplane

ransfer systemgnd when (he plane autanomeusly meves.nLife groundby means,of i jel gnaines
as. performed in'regu r?aXL Retor Ing to another embodiment of the invention, the pl?ot can use the
pilot flight contraitieR foristedang aiid ¥eERy chaf§erAceoiding td-hfotherenbodimentetthe

invention. thé’ﬁ;?d@ﬁ steafing.crNteed 1nitds ysed for seRding copligls 19 the snmanned.aigiane transfer

Sygen]andggygrol system can prevent collisions by monitoring the
distance between adjacent airplanes and keeping a certain
predefined distance between airplanes. The unmanned airplane
transfer system éan prevent collisions by sensing the
distance of the airplane from other objects. If an object 1is
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 the 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 1least the rotations of the unmanned airplane

transfer system are controlled by the regular steering system



12 the plane autonomously moves on the ground. In both of these alternative embodiments the

commands can be sent to the unmanned airplane transfer system by wire, in a wireless manner and

the like. [0080] According to an embodiment of the invention the velocity of the unmanned airplane

transfer system is controlled by the pilot. The contrtillﬁcan be executed by using a dedicated control

knob, handle, stick or device. [0081] Conveniently, unmanned._airplane transfer system is fully
r!b 8hi n%]%% Sv%%nm a%he larp J ‘Icthe

automated. I uAmhanned alrplans trah 6 carf béfmantally’ controlled. Additionally or

alternatively; the:uvimannéch airplaneitrensfersysterecan be rentotelywomirofied. Axentrakoentrol
system Ca“tCPeE‘rErso%é“r“'“%'gs%‘éﬁe}””%a”@%{?ﬂ%traﬁﬁhsé’ééegns-t he cenual.conyol gystem, can

optimize the taxi-in and taxi-out process of multiple airplanes. [0082] The airplane transter system is
computer cémedifetEand: corhfahted fioRT 8 lcentralednirok Syskama The e@ntral- cohfrolPsyfstém can

track the logations-Qfdnultiple airplane transfeissystems and-urovide yisual ingicgtionsite anreperator.
This visual and detailed presentation of the taxi-in and taxi-qut- process will replace the prior art vocal
based metHotSt Comrdiit e bkl N 14 Gl HrEcdda’ [(B5 C SHverliéntiy: e ftBfisfer process
is fully contrptleddy the: pilot of thecaisplanea andvheiunmanned airplanatranster systein carmrctransfer

the airplane.ip g similar aaner, that. e aitplang was Lansferred al he alisepge of the system. 0084
Conveniently, the pilot'can use a combination of steering operations in order to send commands to the

unmanned digflahé transfeesysterd.y 0085} Aecokdifig ttaRatiee@middimerinof tHeimveRtdn the
taxi-in and tayiseutprogess gan be fully autgmated;and; A3 reqyirgsnopilot intgrveptignd hefully

automation includes controlling one or more unmanned airplane . transfer systems by a central control

system that Wird1858Y temmeRicatdS withhE maRPR-GTmafRBd Qirptaie trhher SYERARES

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 require 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 Ilongitudinal
axlis of the unmanned airplane transfer system while in figure
2 these two axes are not parallel to each other, as the
urnmanned 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.



[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 moving entities on airport grounds: pedestrian, manned vehicles, robotic
vehicles and aircraft. The central control system cap also control obstacle detection and avoidance

operations, [t()ad‘gg gor%t%t\%)gdi@atioglvxigggggrgaef% other \é@ﬂi&lﬁggdl@e@ggngk etc, (0087}

According to another e ment of the invention an unmanned airplane transfer system and/or the
central con&rdFrsystam darrhave Eolfigivshavolddhcercdpabilities. Tislgentfaltcottol 8¢stei8an

prevent collisions byJpaegitaging $he-distanceetween adjacent arplanesrandkespinga geHgin
predefined distance between airplanes. The unmanned airplane transfer system can prevent collisions
by sensing #& HistHiielSt tA Sirpiafe frofMofHET objeRes: If AAShiSet ST diBSe HEiMERNned
airplane traasfes systenteam pravidesarsaadio/Visualiiedicaiion andiot €haaltér the: traviséer1of the
dinlgilx. 00§§1 an%/enieﬂg%, the %r;:nélgﬂged aiargl ne tranrgfesr}, system supports the nose

airplane accsq__ria T s ! Jrar
landing gear. hé un anne(falrplyane fransrér system can app y%ny prior-art method for supporting

the nose laridifggeak. iRormexarple; ewmthave a slepedsurficesshe AHER #7e onerGMASAE wheels of

the landing gear candimb. JO8Y:Aljeast the wtations.efthe ypmanned,sicplang iransfer system are
controlled b\é the regular steering system 14 that is used by the gl%t when the airplane moved on the

ground withb%P Béing CIRARRES tGthHEiNEnnetFaifiaTe taherTSystafh. IhohiE G pldies the
steering systeaeneludesoa steering veheel asnweth as break pedaladadgthetrairplades the stegring

system incluydes,a pair of pedals are used far contralling. the rotation and ed of t irplange. [0090]
It is noted thaatnv%fg%s%veh%elssggns be uséd %orcs%gg?lcnrﬁgfgﬁ f?gnslfélrlri%a o]r'sgfcoamnénra%c;%n c?frbd;h.
[0091] Converémeyironce thid dnmarhed 4irplan€ ransterasystam soppbristhe hoselermiag gear the

airplane is transfeued onyits tear landing gears gnd fhe Hamanped airplangtransfer sysiem, The
airplane transferring system can utilize skid steering thus it can rotate along its axis with substantially

zero turing2@liu§Te692] CotVenfiitly, GohtroMfG e tiffhnnedadipldfe tons  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 partially 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 ailrplane should be turned to  the right.
Conveniently, changes in the wvelocity 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



transfer system (ATS) in response to movements (real or virtual) of airplane control component does
not require to add dedicated control panels or dedicated displays. [0093] Figures 1 and 2 illustrate
airplane JO 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 fSure 2 £hese twQ,axes are not.parallel to each
other, as th%pﬁﬁrﬁgﬁnedncéllrplasne tvfans%rwgyste%mhiooasjt‘gﬁs fo turn t%%ﬁ'és rigﬁ??&dg‘ Figﬁ‘fg1 1
illustrates ameairplme $01hacindhydestwa rez lamding gearsd? andn 4 tifat srenpesitiopngd below

corresponding,wings qfaitplang 4, Unmanned airplage dransfar system. 100 also.ipgludes a nose

landing gear 20. The center of gravity 16 of airplane 10 is positioned between the three landing gears
12, 14 and %@?dfglﬁ)o@%??ig%ﬁ% FEskafss dafpRAed974fd an unmanned airplane transfer
system 100inctuoningrmode s Tha slasheddinedllustratesa "vistiad castwhere the aigplare rear landing
gear wheels are the "veh%cle" rear w ecelsé and the unmagned tairglane trans&g,r S%Stem 10.0nis the
"vehicle" frocrﬁn\?tvﬁélgl,sstéeﬁﬁg,ev}é?oa y”cha%%%?%?fa?(in% an%lopéﬁw:érO gfsteanr%s. f Q%T ?—Slésulre%
illustrates anngrkiahnedkairptape trearstertsysterin <00 eeoording to anendrdiment of theé imrention.

[0097) Unmanned; aigplang Jransfer system 100qnclides sixyheels %‘Qé@']cl]gp@}iéen(%nv&ng
130,controller 160,and landing gear sensing and constraining units 142 and 146 and restrainers 144
and 148 . TREQF&TSTer hd8URPSEHMANHRd Gffplanetfaristsr dysterd FOPRABILERE YRsEIsA40(1) -
110(6), the pgingn 130 angdrasyn@echapica ansmissiersysed te rotate treanheelsdn anyogirection.
[0098] The Iandinqgeagtsgn%irq%; and constrainin units ]h and 146 inchu(glg sensors 142(1) and

t

4
146(1) that TARTSRHsE rétationAl mechahicAFmovarients bt the iy gear and af3IReIuds

restrainers M@ﬂsmah.altd?révegt thedandingxgemo f@mmq@ngspe)mhduelamsﬁght fnpvements.
[0099] Thege mechanical moyements atleastpartiglly agcuL in [eSPONR 10 steering copupapds 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 thé$8ndiRg giear WHIFL rétate slighthPiordie rRpfeSersorstA X IR E46@ ) BPSBASe this slight
movement and indigate to confseller 468 thatihesipiane should betuznadto-theyright Conyeniently,
Changesingg%V%ggn%%g?gégpg¥¥%%m%%¥“%mi%?Xég% g%&on steering technique
and can include wvarious types of wheels including fixed
standard wheel, steered standard wheel, castor wheel,
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 1is 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



[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 16 operate to slow down the airplane. This slowing down can be
sensed by an accelerometer or can be sensed by a sensor (not shown) that is positioned between the
nose landing gear and the rear landing gears. [00107] It is noted that unique combination of steering
commands fF 8xamphE seGiiénces-6Frotaffon 85/ BIRESIRE bredRSREAT R predértitfivdier
commands skertexamptea fitst steesingeconinand carringicaterthenneed 4o spradiupthe tewing

process. The'j%%peeleéjlngcl up can c}?ntlnue.fgga prgde@ged Berlod or gntll another command fs sensed by

system 100" For example, ﬁrﬁ% pﬁgt réalizes that systeem is"aboutto o8 s IaEﬁ?ﬁlgs ay he

can issue asspeeduplédmmand (by performing a unique sequence of steering commands) to system

100 and in tuyp Systern 100 can-speed up the transfar process. [00102] It is,poted thatunmanned

airplane transfer system 100 can use various prior art multi-direction steering technique and can
include varigti$ ffpes drvReelifcludifg fixedatRddard WhBaR Bistred isiandar] wheen t&&tor wheel,

Stanford (Swedisty wheel anththedikes smardlyheet{developed by thewsentes for,gel rQrganizing and
Intelligent sgstemls at the Utah State Univ%rgit%)% and the like, It is further noted that the unmanned
ude

airplane trah§faF systeft 18672 &h AlsS nd s m8le EAGrAERTERE 5Pa BniEfon of one or
more caterpilldrtftdckSand @necortpre wieels: e cembination dfavheets dntrcate rpiltariteaaks is

Hlustrated iy U3 patent application,pyhlicagion serialuraber; 2000/0050049 of Ecke

. : el
incorporated herein by reference. [00103] Conveniently, at least two wheels out 0 eels 110(1)-

110(6) can fotafeemaepBRderiy rom Aeehthes WecordiR) tofdridthePremBcdinfeit v aheé nvention

the rotation;speed of opeswbeel cam differ framra rotatinn speedefanather wheel.Skig stggrng, for
example, involves rotating 17 wheels on one side of the unmannedairplanetransfer-sgstem 100 at a

speed that &ifBs PSR He SPERUIthe WHekTs At ARGART stde SHIRB uhmarhedramsans thihsfer
system 100b[00104] ltds furtheratotedghatthe number of wheels can differ from six.. For example,

unmanned aigpjane transfer system 100 can include four, wheels, The number of wheels is usually
responsive ?o the wéig tt 0 sthe al‘?rp ane %S‘gg tqwe&t[o 1\%@?8%%@&3%& \;Evhér:mL he %aﬁ%?aense Is towed
in a straighlin€ 1the transfsranodie rétates WhcelsiB1012) - TE(6} ag A chnstant rate. mcordingly,

the airplaneds copstantiy pulled ftowed) imadnanner that resemblesthg;slow andgantinyous

movement O e Al Dane 10 Ve Tty ralSer e DY s Qi ELendiNeSs s 1n 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 'fto 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



[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 enginfzafor providing hydraulic power that drives a
hydraulic motor.on the wheels via a jyalve assembbely; i

i) diesel ine powering an_electrical generator
and a batterrt‘ya ?ﬁla?%%/%ré ef:e%:?r?c%r mc;ttgrs fhat rotate t(ﬁ;egkaﬁsgelg;? gi%ra H%I%ae?%%cginaeltﬁgf oth powers
an hydrauli¢c pemss and sss powebd adk electiic geheratersuchids mndriviesa bonsbindfisgmofiyydraulic
motors and elgctrical mmotars: () angelectrical metor adapted 1q Leceiveglectical power dram rails

places on the surface of the airport; (v) fuel cells that drive electrical motors [00107] Conveniently,

unmanned &FpRANERIEHsTéCsystenm 108YAdadEs havigatiort BHR 180 thaeibiés GrmRhABE airplane

transfgr sys@%m_]gg) t_ot@a@igate @taaﬂ_g_gmr@nThisntm_rlsf@e eysteahlo%ﬁnisbegﬁ@&)é@ut an airplane.
Then it can navi atfpltself t% Egzjmother alrplgerale or to waitin pcomt frOT:LVé’Q'CT étownlﬂaw ate itself

towards the FraXtairptatie 1S e?cl):wec(fq\lawga?io%aurntlt CA'B& Cohnbcted to controflet or can

be a part ofiom_ﬂ'nod!er =00} lt&e!rmtuIddneludleoatal‘e'asnor@eloaa_tton@nmlés well as asston@eunit that
stores informationgpresenialive ohthe: tnort | AU0P} Navigatiopaunit LeQAlgwsdgngvigate the

airplane transfer system in 'a fully automatic manner, in a semiautomatic manner (allows remote

control wheh BH ARéxpeeisd Biemt stk bs aPesehte'st a bbstadicitfs) dia falrrehidiely

controlled manngssdhe paetacontrol can bgiappliedkyaconyolies ohacential contreldumit- [00109]
It is noted that the airplane can place its landing gear on unmanned ajrplane transfer system by
Fran%?‘eL‘}r%S : %‘ nJon ‘gﬁ‘g

placing the GHrAMHetCairbfaRe Stent &R cBrtain Tocati WhilB the TS airplane
transfer systemns stillythe pitot aavigatesthes nase landiig gearlen thecummanmed arplané transfer

system. [00110] Figure 4 illust tes.a (o @Hp 'qf afaur-wheeled unmanned airplane transter system
101 about itléeang?é: %;%tca?#]%%é%erent W%ee s 111(1)- 111(4)in qéljlﬁerent dir((a:ctions, Wh}iglg the wheels
are parallel fyeackothar T pifotreyueststsirn fepldietotheidt (counterclockwise) and in response

- the left side pieels 131(2) and, 411¢4) arasrotated clockwisawhilesthe sight sidewhegels i Hd) and
111(3) are rotated counterclockwise. [00111] it is noted that each sensor out of sensors 142(1)-

(
148(1) can F58EthEMoVBREMME B a*SptyNG: i E8RTEGEd B % paTe tht itsA5EESwiththe landing
gear. The spiifgsrordlike reambe canreciéd ondheit athex side taaftame. The frafenananat least

One[ﬂau}awggagngéﬁg]Q%unanned alrplane transfer system is still, the
pilot navigates the nose landing gear on the unmanned
airplane transfer system.

[00110]) Figure 4 illustrates a rotation of a four-wheeled
unmanned airplane transfer system 101 about i1ts axis by
rotating different wheels 111(1)- 111(4) in different
directions, while the wheels are parallel to each other. The o
pilot requests to turn the plane to the left
(counterclockwise) and 1in 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 counterclockwise.
[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 &

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 movng beyond predetermined movements. Frame 141

can be lifted.or ra,lcséecg cgl)urrl_ng tgelpl%ced?ent of the Ianqllgggggr on unmanned air Iangntratr}]lsger system

h
100. Framé ?Leﬂacan also include getac O%ie ‘f’raerﬁle e‘fements t é? gar%J %aérmgve toswards each other

when the uwmmﬂ@diahpméamsﬁaagﬁsﬁem BOG t®Ws airplane 10. [00114] Sensors track the
movement of spiings: o alike {sych, as sprngs 152.anek154)bat are eennecied ko plates (such as

plates 156 and 158) that interface with the landing gear. Landing gear 20 is illustrated as including two
wheels butdfle néifther BRWRERKSsUpPBHEETLY urft@nnddl@iftane trafstef Sy8@m &h différ than two.
If., for exarapledheeilot wishesto tusR & theright the landing gear 20 will slightly rotate clockwise and

at least some springs out aof springs 1% -154, or alike, will. move accordingly. Figure 6 illustrates
unmanned [e§ p%%ff?éﬁ% er é%satgr% 102, aéggrﬁ?ﬁgnfﬁosar? }elr%bg’gilﬁ%enrﬁsof%ﬁ\{ed inggﬁﬁgns. Uanr}r?anned
airplane trarsfersysternik02linclides fgarwhee|sti2(0me 2@y, RegrwhieptssEA(8yanddd 2(4)

define an imaginary fear axis while front wheels, L12(1) and 412(2) defing an imaginagy front axis.
Landing gear 20 is positioned at the geometrical center of unmanned airplane transfer system 102, as

defined by & fidREaRd Pdar BEs aRd By Hh iffRfinaty IoRGRGHR&AsymietysistharsiFrallel to

the wheelss@O-em 100. Frame 141 can also include detachable frame
elements that c¢an 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 scome springs out of springs 152-154, or alike,
will move accordingly.
Figure ¢ 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 toan 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) and 113(2) are castor wheels that can rotate along their axes. The front wheels can be used for

steering while the rear wheels are used for towing, Bt this is not necessarily so. [00116] Figure 8
illustrates uﬁﬁ%‘ﬁjﬁ%daéirﬁlgﬁést%ﬁgfgfs sy%%"ﬂf%,ﬂ actofding 85 ant &t dRRert OF ti&invention.
[00117] UnmaBned airplahien transferrsystém ddandludes fouw wheels t1il41)-114(4), controller 160

and transcej 1635] Ep&é@pggei\éqr q%hs adgpgerq to receive comm s qver ireless medium.

T
These comrLangiIs are sent to controﬁé}r 160e that in tﬁrnecransc%%%r% un%]gnnéa%lﬁ%\%aense tff:bn%lfer system
104 in respohseioStheseTommahds? Itis nBesd thav bamshnetldifane artisfer sy$tem 0z can

operate in rpultjple;medes-pilot gentraliedrmede, remote confrol mede agd ahybrid gnode. i, which
various commands can be provided in_a remote manner while other commands are sensed by at least

one landing"§&stsending @nd AtrdiniFdniB BRd 88 Manddra6edl) kg GiAnd Bpéfitor.
[00118] It iszricted thatdhe uamannediairpanertransfersystesa camalsocontraled ky ashostrange

remote contrgl‘ti%nsgﬂsesi%%%rbyw%ér%% z? Iaao too computer angl the like. [88%19 rg:,onve’nienthé,

unmanned glrpjﬂane transfer system included %ptlona?f)osﬁgﬁ‘ 38nhsors such'as bdtndt fimited to

GPS basedseesderthbl enadle to determine the location of the system. The location of system 104
can affect theymovementaetthe systens: FQr example. iibg system is abeutto crass a Janding runway

then system 104 can speed up the transfer process. The speeding up can include incréasing the 21

speed to a predefifEF SpeLdandlowerPHe RpBdd Bhck fife AitBRiNe!Pa5ses the landing runway.
The locationgofithelandirgreawaysesnbe previouslyprovged sensystem 104 1Accordigg i@ another

e ST LR sty ooty e Pl SR

avoid obstatlegnsceiver 165 is adapted to receive commands over a
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 modes~
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.
[00118] It is noted that the unmanned airplane transfer system
can also controlled by a 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, 1f 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



[00121] Obstacle unit 118 can include one or more obstacle sensors such as a laser scanner, a radar,
a camera, an 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 1.04 is stopped by the

pilot, or it cap altgr the path of the Jowgd airpiane proige angudiolylsualindicafion fnclyding

activating a siren), sending an indication to a central contr:Fsystem and the like."[00122] According to
an embodifreat GfithBiAventipRSOnEe BRbsie Igdetepiéalva cdhtfal £8ABBIESYStefifis iGrmed and

the airplane yansies system=can acknowedgera shange of path o1 seguestthepiletdq selggt whether
to change the path. The Eath change can be controlled by the pilot, by the central control system and

optionally By YR8 iiishe FaRSRF 8§ Lteti1861 35  Fighife §MRistrAteE (MMBnHEE alfplteranster

system 105, acsatding t; vataus emodiments obthe invention. [00124] Unmanned airplane transfer

system 105.i ur wheels 115(1)-115(4), controller 160, transceiver 165 and a manuyal control
interface 16#?%&%%8&?0 |ﬁ?etr ade 1%9%%#§I§)Waalnrg§§r%%or %r%%ﬁ%gﬁy osp%srdatt%mung"l%gnned
airplane 22 rransfée systehi 2081t ehA aclide BrstéerPwirerPa pédalariethedikea[BVAP5] It is
noted that an,ynmanged-aifplane transfer system can include both a transceiver and a manual control
interface and that such a system can operate in multiple different operational modes. [00126] Figure
10 illustratesUHrhadridasiiffiafie #andtersystef? 100 A5 B98ndfF gedf 25 8EEorfRg 18 &t
embodimeniat she inveniian. [012/] Uamannestairplane transfeasystem 400dasaelapted 4o receive

modulated glg(r)\glsstt%EéJresentatlve of rstegrlng Samma g_s ovej&gnraéjg%o conn@ﬁtion. Tg%sae Enodulated

. . _BEnsor . I Il . oﬁ e
signals are genéerated in response o pilot steering Stforts as well as pilot control of the ve?ocny of the
airplane. [GCH28P Convenieriiyathe abdio keis usad fof centeying audiceémnsandd fronpthe pilot.

Unmanned airplane. ragsfer, sysiem: 10>:canapplya@ice recognilion fechniquesdp ardar 1y 4
in order to detect obstacles. If an obstacle is detected the
unmanned airplane transfer system 104 1s 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 i1s 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 unmaﬂned alrplane 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
manual control interface 167. Manual control interface 167

can allow an operator to manually operate unmanned airplane



recognize these audio the unmanned airplane to the command. . [00129] It is noted that Once a
command is recognized system can operate according the reception of audio commands or of the
modulated signals representative of steering commands can replace the sensing of mechanical
movements but can also be applied in addition to thg-sensing of the mechanical movements of the

landing geat. [90130]Accarding;fo yei another emhodiment ofithe invention the connection tosthe audio
plug can be done by an operator. [00131] Typically such audio output interfaces are found in airplanes
that were toReedly ﬁfé%n’%@e(omﬁijivehicles. [00132] It is noted that the connection to the audio output

interface can fe1done autamaticallyby-using arcameraandiapplyipg dmage resegnition tasguitde an
interface of the 23 , .
can include both a transceiver and a manual control interface
and thét 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 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 link is used for conveying
audio commands from the pilot. Unmanned airplane transfer
system 105 can apply voice recognition technigues in order to
recognize these audio commands. Once a command 1is recognized
the unmanned airplane transfer system can operate accdrding
to the‘command.
[00128] It is 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 also 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



unmanned airplanetransfer system towardsthe audio output interface of the landing gear. [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?ff)rotects audio output interface 21 and, then enable
ut

the sliding BOBO"RIEG 19F o EoriHett to 2081655 Gthut SRR 21 H{U6139F Convefient§ Movable arm
195 can becussdito dfemeve Hheenose tarwinggeanwheeksafety pin, in accordance to the transferring

system mo f ration_and, ac in e towi ha 00135] Figure. 1L illustrates multiple
airplanes 1 ?ﬁl %%e(g)lgﬁé mu ?p%o{%ﬁn%ﬁ%te@d' 3ir§|§r€§% ?r;n?gf[e'r sjggtie%g%oé% " 1%EOJ(?L§(J))n§ccording
to an emboeiAent ¢flthe inhtioR B0 E36)HRe makpleaigstanes 16@AYen01PY arbahuléple airplanes

transfer sysigmst0QA) +100£10)areslocated af aifppst 20Q6 03] Airport200 inglydesdgeminal 210,
take-off runway 262, check up area 261, unmanned airplane transfer system path 266 and taxi-out

area 264. [A1%8F Chnvehidniiy:% R&E AU ThERR isTEHIMBY R thet RIraa®261t byfan
operator thatelecks the=airplade, fordeaks ccamextinguishi fire; can-terpeve the safety pindhdt allows

the landing.gear to be rotated and like, The airplane can.ignite their jet.engines at check up area
261 or befojfged?ééc%naﬁ?ﬁgt gr(gé. Etgrf E‘Qa&%?e,%r%ﬁﬁle% fﬁl( ){olocig)vgéd ]é%/%el%(ﬁ)ocﬁlénite their
engines. Ag urffRaRfedtdigdlanenrdrstérsy stefd eancdstadit frobh tee Srprané beferedreddiiig

check-up agea,264. .”gf}a_e [@1@81%3(&@}@6’ figure 1@é'glsgéteé&lﬁ%'&tia@%?”&@E%St%@t%ﬁﬁthat is
capable of (;ommunlcatln% with airplanes transfer systems 100(1) - 100(10) and controlling their
movementéx:nterface 21.

[00134] Conveniently, movable arm 195 can be used to remove
the nose landing gear wheel safety pin, in accordance to the
transferring system mode of operation and according to the
towing phase. ‘

[00135] Figure 11 illustrates multiple airplanes 10(1) - 10(8)
and multiple unmanned alrplanes 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 1is 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
alrplane 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 thelr engines. An unmanned
airplane transfer system can detach from the airplane before

reaching check-up area 261.



[00140] Airplane 10(1) is positioned at engine start and check up area 216 after being disconnected
form the unmanned airplane transfer system that towed it from terminal 210. Unmanned airplane
transfer systems such as systems 100(9), 100(10) and 100(1) that completed their task return to
terminal 210, via unmanned airplane transfer system path 26E. [00141] Airplanes 10(2)-10(8) are

being towed, at taxi-out area 268, by unmanned 'ﬁﬁan transfer systems 100(2) - 100(8). Airplane
10(5) waits[egt%ﬁ%%étlrﬁ1@48%&%%%%}?%%nﬁanﬁégléfrﬁ’faarl%ef%/an%fe?esry}%éarr)ll. [66){’%}]01

Convenienflysthemirplane stops beforethembimanned@irptane rahsteg systém detaghesnes

from it. After the towing ends the un ned airpla fer system can.na\ igate fowayds the
terminal. Teﬁé: %%\Sn%g%ﬁonsa%sstvgﬁ\%s t g ef%]o(v%lsjng can %egb;ﬁeﬁa%st par%eally control[iedraL b)§J central control
system 25@dgmgiB isnot necessarily so. [00143] According to an embodiment of the invention the
central Contré’bﬁ%i?'ﬁ@??ﬂ%ﬁecﬁ epmmand angieoniral systenJbis-eperatad by the Apert Taxi

Supervisor / Ground Traffic Controller operator. Central control system 250 can control multcggle airport
transfer syStBm< Fcan vetridd hanuaRPdofrol PG MRRREE Girptaietranbfer sYBIEMHE an
override steering meshanismbased upensensimg airptanesimavementsnang:theslikel It a0 optimize
the movements of unmanned.airplang transfer systems, either during towing.operati uring
transfer be V\Illgleannﬁlgs?gi]oan%{/ﬁghaou? ainﬂgrﬁtSes's,{e5en?Pé%%’rﬁfc’rol SslflgglemngO %%gntb%lsnteggg?g%qv'vith the
airport air tea#fidl Eontrolasysterh 0 @51001443 FThecentalebatiol $ystém 253G 84n tiagkuhe |oeation of the

various airplang iransfes systems, (w.reseiving Jacation iformationdrors fbe irmiana,tragsfer systems,

from the planes, from other location sensors), and displays to a controller the location of the various
airplanes, difplare-trahisrer system afd s g§rchltly AtfucRERthar-8M6 in fhe tebd-irt Rl taxi-out
process. Cenvenientgthe sentrahsantieksysierpalsad eceieackloeatios jafosmationaeitber directly or

via another.conirol sysiem) pf variays, chicles hat are present I the.aliport ad espegially pear
runways and-in taxi-in 8nd taxi-out areas and can provide to the Controller an overall visdal
representation oftheraigbreamne ke vatioas ehttiesiysth@mairport. The central control system 250 can

prevent aircraf taxh acgidents, yehicle - ajreraft agcidents. Lt.can prevenf-pilot g traffi, copugller errors

and misunderstandings towards také-off, and the like. [00145] Central control system 250 includes: (i)

At least on@kaRSAREEr SIRPSAS FafSHtRr 252F ada5ed 8 #8ndrhit stebhRG coffmdris e multiple

unmanned aikplanedransiemnyehicles. (il Atdeastone:receiri(susk asdaceiven 254 adgpted to
receive location information from the, ultilple unmanne airglage tragiffr \éeshiqéﬁsé (ili) At least one

display (suctPHS Hisplay T6) fortidiiaying i5eatishs 8F mtfiple*sirptanes ahd the multiplé thmanned
airplane transfer vebicles. (iv)o&tdeastemne inerface (suctrinidréate R58)adapted to receiveddom an
operator system 250, but this is not necessarily so.

[00143] According to an embodiment of the invention the

central control system 250 1is 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 like. It can optimize the
movements of unmanned airplane transfer systems, either
during towing operatién or during transfer between positions
without airplanes. Central control system 250 <can be

integrated with the airport air traffic control system.



operational mode commands adapted to determine a control mode of at least one unmanned air plane
transfer system.The interface can include keyboard, mouse, and the like that are connected to a
computer that in turn controls display 256. [00146] Conveniently, central control system 250 is adapted
to receive an obstacle indication from an unmanned airplane 26 transfersystemandto

selectivelyacknowledgea change in a path of the urfManned airp?gﬁ transfer s¥sten}( [00%47]
Convenienth? Cthfal Tohtrol S58(R 250 S AU=Rted t5 ¥8c&We an BbstaSleindication front ah
unmanned aisplabedransiet systeim and ta coatroka change of pathrofthe unmertregdsairplaye transfer

system. [00148] Conueniently, eentral sontiol.ystem 2305 adapied lo,iegelie.a fallig dadication
from an unmanned alr%Iane ransfer system andtto selectlvé?y acknowle ge a detachment of the
unmanned airplagasranéfiearsystes Pomnhe airpkee. [0o149] Goredrdientlys eertaFcont@Pdystem

250 is adapted o aceive.a failyre indigation:from apanmanned: aisplang transfer system aid to
control a transfer of an airplane by the unmanned airplane transfer system. [00150] Conveniently,
central contRoISySEEH 25054 HRbpied (o GPtimize aSdistmte BRAveEH MufipTé hirdlah&s Befity towed
by multiple unmanneddrarsier systems {1511 Eonvenientlyneentrakednttaltsystemaasean control

an unmanned Aplene fansfer yster In,a it operational mode g yhich.weqtral conyal guster
sends 250 steering commands that overridée steering commandsthat are mechanically sensed by the

unmanned aipglahe transfef sysear ofo015 2 Rirpured 12 diRiskatesrmuliiplezainiiings QY raD(5) and
multiple airplanes fransfer systemsL00Eh);--5QUB)-acqording tg,an smbodiment.ef the ipyention.

and especially near runways and in the taxi-in and taxi-out
areas and can provide to the controller an overall visual
representation of the'airport and the various entities in the
airport. 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: (i) At least one
transmitter (such as transmitter 252} adapted to transmit
steering commands to multiple unmanned airplane transfer
vehicles. (ii) At least one receiver (such as receiver 254)
adapted to receive location information from the multiple
unmanned airplane transfer vehicles. (i1ii) At 1least one
display (such as display 256) for displaying locations of
multiple airplanes and the multiple unmanned airplane
transfer vehicles. (iv) At least one interface (such as
interface 258) adapted to recelve from an operator
operational mode commands adapted to determine a control mode
of at least one unmanned air plane transfer system. The
interface can include keyboard, mouse, and the like that are
connected to a computer that in turn controls display 256.
[00146] Conveniently, central control system 250 is adapted to

receive an obstacle indication from an unmanned airplane



[00153] The multiple airplanes 10(1) - 10(5) and multiple 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 27 unmannedairplanetransfer system 100(5). Airplane 10(3)
is towed by unmanned airplane transfer system 1098;,) towards terminal 210. Airplane 10(2) is towed

by unmanngcg airg!fane transfertsgstem 191%(2) towar %(égrg&igg%lﬂ/ Airpl; gg@é\gag towed by

I SYS jii g
unmanned alrﬁféneefransfer \éystem 1005(1) and is hooked to terminal 210 at the gate.”
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 system and to selectively acknowledge a detachment
of the unmanned airplane transfer system from the airplane.
[00149] Conveniently, central control system 250 is adapted to
receive a failure indication 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 airplaneé 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 multiple airplanes 10(1) - 10(5) and multiple
airplanes transfer systems 100(1) - 100(8) are located at
airport 200. ‘

[00154] Airport 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.
Birplane 10(4) has previously landed and is approached by



[00155] Unmanned airplane transfer systems 100(6) - 100(8) propagate through unmanned airplane
transfer system path 214, towards landing pickup area 218. Unmanned airplane transfer system
100(4) waits, at landing pickup area 218, to airplane 10(4). [00156] Conveniently, the airplane stops
before being .towed, to enable the Unmanned airplane transfer system to support its landing gear.

Afterthe toying.edsat the, enaige start and,check Un gea,he ypmenned airplanedransfey system
_ e )

: d >
can nawgat%ntowa?gs the Tan Ing pickup area 218. This navigation can be controlled by a central

control systéf, bovets RynoteeeBsaily s5P001% 7 FRfuTE 43 ifstHatEs héthot! 306t tfensferring
an airplane -aceording te an embodimentof the invention: R8N ethod300Q-starts by stage 310 of
receiving a landing gear by an unmanned airplane transfer systemégngQ _Stagle 310 gs followed by
stage 320 of SRRSHTE by ¥ (iitnahhed il Sisferysterh! stéering Eortrot Mducad movements
of a landing.gearofthe aisplanarReferting o the examplensetdourtty st iguréd @ @dnd sntultisle
sensors senseor}?é%ti%:éal rg%chani%al Bv%ryeg seof thteemechanical gear such as rotation,
de-accelerafion and the ﬁke%%i 0 Stage 320 is followed by stage 330 of transferring an airplane,
by the unmdrriisd airplane tramefercsystamnin résirorsestd thevsdrsedl ste@bing controlifduéed

movements gf 4 landing ggar, Referingia-iba examplas setfourthin 28 figuias 1dandone,

airplaneistowed byan unmanned airplane towing system in response to the sensed movements.
[00161] Sta§e"s3¥ris fIRRFEd By HAGEERI0 Of Hetaching tHEBAPRFR ok tHE DRmARASE Biblane
transfer systgpa+Refergog 4¢ thesexamplesel towtmin figleesd 1 andal 22 déice the @kplentaxi-out is
completed tgg gjép)manned 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 tbothedel ditywhahnge dammaids .J00pé3Peormiertentpestage 386 bitrafisfetdng is

further respansive to semately transmitiadicommands cReferingrothe gxalples setdoughin figures

9,9 and 12 the unmanned airplane transfer system can include a transceiver for receiving commands

and it can bé FembElfi teRtreRaF by & EERfraltdthtroP e REmEMithoagh TS isSRAHET eSS so.
[00164] Conyeniestlycstage 33001 transterringncledesingependentlyscanteoflingyatieastduo
independently controlled wheels. Reﬂ‘grri{:% g.the example set fourtp i%)s.fig,wﬁs 7 ang 4 dtifi‘%%ent

t
wheels can PRt At iffePERtspeets at difterent directions and Lafi also ba bfaced in positioned that
are not paraflehtolsackhothierolled 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 of 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 wunmanned airplane transfer system, in
- response to the sensed steering control induced movements of

a landing gear. Referring to the examples set fourth in



[00165] 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 audio commands from the landing gear 8recognize the commands and act accordingly.
[00166] Conv,enlenélsl)q/,.m?tp?d 30a0nglso |8clude§_ d rmlnlq%a location of %hoe alépla e and wherein the

transferring'id F8&5ohsive fo the $ahsed Idtation 29 [0D1B7TEBnvehiently Ratiiod 308 further

includes detectimgrartiunmmianriethairptane. transferssysteni failure arcningesponsehaetachinge the
airplane fro%@&%qlrggnned airplane transfer system. [00168]It is noted that once a failure is detected
the unmanned airplane transfer system can 'allow the central control system to take control. The

central contFSI0s\aldnPEay seléélio tretath the difbldme tirafs sydtemobutdRizfishbr fieddssarily so.

Itis further notedhthatthe detachment canbgkeshansive ta-fhestype offalluies: For examplg, failures
that prevent the unmanned airg}léine transfer system to be controlled hy the central control_ system may

require a detachnentdithdut tetintefRTEnGe of tite donitror Systém. Y& Hcording t8 Xhother
embodimensnEthe irtventiaa the pilot can tryaeicemtrol thissunmanpéd @éplanstransiensystedn, for

example, by sending audiq Qmman .Jgglgg]nc%\é%r&igntly,methodSOOincIudes detecting an
obstacle anais}fggg %O%ﬁr%mgs]z}rrin IS responsive to a detected obstacle. [00170] Conveniently,

method 300lihefeRRs feverng cohiandstRem apdperafor anastage 330-eMEaTsietAng i$:9
responsive {0 e receied L¥NMaNdStermine 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 include 'a  transceiver for
recelving 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. ‘
[60165}Conveniently, method 300 also includes receiving audio
commands or modulated signals representative of steering
commands and wherein the transferring 1s responsive to the
received audio commands. Referring to the example set fourth
in figure 10, the unmanned airplane transfer system can
receive audio commands from the landing gear, recognize the
commands and act accordingly.

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

responsive to the sensed location.



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%YStage 420 is followed by stage 428 of receiving from an operator an operational
mode comm&Nd fiat HERTRINES A bperatiBRRPRBASECart HimaRhe i ifHIdFe HAR5RT SY_%Em. 30
[00174] Stage 436kis felkawed: by stage 44%:aktransmijtingthe operatienal maodencoramandde the
unmanned- airplane transfer system. LOOl? ]EStage 440 is foIIoweg by stage 450 of send%u steering
commands% %Wﬁnn@%eairﬁéﬁgjtréhesfe teﬁ{’ﬁ aTEmdte'e ntr%ﬁ@ﬁg]t?ﬂé?ati%ﬁ%Pﬁ] was

selected. Ty seksttion can be made by a central control system operator. Stage 450 includes sending

steering commn&g]thatﬁver{ige steering commands ghgg are mechanically gépggtgydthemgmanned

airplane transfer system. [00176] Method 400 can also include stage 460 of receiving, by a central
control systBRTI&RTGIstaglelRdigafion Fowt ahsunmarfédRirpkie tradsfer systef. Stagé 460 can be

followed by st3ge-462 af selegtively ackmewleddginga change in-a paih of therunraanned aiglane
transfer system. Stage 460 can. Alternatively or additionally, followed by stage 464 of controlling a

change of paift of the Uimarihed Rifitane Banster SyRam. (061291 fetibd 468 ca? Biso iditde stage

470 of recelving, hyta cendrat soatrollgystenm, a fature indicationtfrem amunranned atrplaniesransfer

system. St 7 e followed b 412 of ectively wledging. et hment of the
unmannedag%%nqel%%e%gfe%é?stg% fr)(%rgn%%i %ir%lgnzgét;gééﬂ%c%ﬁg% afs% b%gfbaﬁgwgg by ?s?g:ge 474 of

controlling &transfer of Anaipkate B ite oarEHed EiplaRansiér systerpe0178Méiod 400

can also inci4de stage 48Q,ef optipizing a-distapce:-hetween multiple-aikplanes beingdawed by multiple
unmanned transfer systems. This optimization can :inclu%?bgositioning the airplanes close to each

other but at & @Stdrte Ih&ASHif HOPErImEtcAR hcidate H#iE Brobabaity of 88IidiBRs GefvesH

airplanes. 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 i1s responsive
to the received commands.

[00171] Figure 14 d1llustrates method 400 for <controlling
multiple unmanned airplane transfer systems, according to an
embodiment of the invention.
4[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 fcllowed by stage 430 of receiving from
an operator an operational mode command that determines an

operational mode of an unmanned airplane transfer system.



31 [00179] Figure 15 illustrates method SOO for transferring an airplane, according to an embodiment
of the invention. [00180] Method SOO starts by stage 310 of receiving a landing gear by an unmanned
airplane transfer system. [00181] Stage 310 is followed by stage 520 of receiving a transfer signal
responsive of a movement of an airplane control cogld)onent. Stage 520 can include stage 320 but can
include, alternatively or additionally, receiving (over ire or in a wireless manner) a transfer signal from
an airplane BR3P cofipEent Hackifg the'mev&Hlent s diraisiane tontrol c%%?b‘oﬁ%qtah%gthe like.
[00182] Stage 520 is-tollgweshby staged30 efdransierringan aitpdane iyameamanariet aiptane
transfer sys;cem, in esponse to the transfer signal. Stage 530 can include stage 330 but this is not
necessarily S(r).arfﬁ f‘é%]%’t%g%msso is followed by stage 340 Of detaching the airplane from the
unmanned difsIane iratisfee systent. s[001BUd Firyliréy 16 waakl 7 Hllistratesan dhntarfieekdiiplane

transfer system, according tg.an.embodimentaf the inveption Figure 19:llstrates g landing gear

holder 78, according to an embodiment of the invention. [00185] Figure 16 is a top view of system 70
while figure 27715 5Sid€ YieAPET el sytem OO £86] Sy steft 76 trAude s trafsfer dtule“ddapted to
transfer an ajeplapgdthedransferdaaduleimaydnelude wheels suchpsruftesls 71{t)qkL (435 ©ne or

more engines (such as en In%aZPS , transmission mecham%@s (tr‘%ghogv_\pgrcor#rollergzé spring 75,

shock absorbe¥ 77 @hdifg 'y olf&r 78, Awell A& 6he or more strictural elements SUch as

structural elemventZ8sanc-bensoraft: It imecteththat dlstrucagabelémepy carkbe a chassis; edplate and

the Iike. [OQi]jhfﬂgig&@ng%&o}dg&%%@nqdapted to firmly grip - landing gear 20 of an airplane.
Landing gear holder 78 is
[

00176)] Method 400 can also include stage 460 of receiving, by
a central control systemq 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 Dby 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
system.

[00178] 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 zirplanes.



32 pivotallyconnected(as illustrated by two curved arrows) to a structural element such as structural
element 79. Controller 72 is connected to the transfer module and is adapted to control the transfer
module in response to a steering induced movement of the landing gear holder. [00188] Sensor 76 is
adapted to sense the steering induced movements of the landing gear holder. [00189] Conveniently,
landing gear holder 78 is pivotally connected to struttural element 79 that in turn is connected to

another strut?dral 8lefeRt B syStem 7oL Wierairfthe Bier SueifalfaEment Aty BE Hfaf df the
transfer modulep buh s is-potiracessadlyas0.« IO Tanveniely, tandsig-gear. holder 78 includes

a first pair o 7 nd.7 that can move forwards.qr backwards, and well as twq.rods 78(3)
and 78(4) th @%?g (|)o v%%%oc%r?éééte%t%ﬁlgg entd 0?%?.%?5%3&) and ]%%fzé)lgnld’l ?otgteisaunc%lgg to
virtually andoelese ¥or substantgaliyecloséra space efineddetween airms 78(1) and 78(2). [00191]

conveniently,sructyral element; 79 is conpected 1;shopk ahsarber 75and spring:27 fhatabsorb

shocks and also tend to return the structural element to its per-shock condition. [00192] Figure 18

illustrates nieBSGF 6806 fof trangferrih§ SCAFHERe dtcordingt8 EHTrEmbodihentdf tHie iivertion.

[00193] Metbed 600 stadmpystage 613 & seceiing-atransfel sigaalgespenspeoofmusteering induced

movement of 'aTE'lng gea holder ngiandci)rlg %eac.rri alder t_'{r{nly gri%s a landing gear of the airplane,
oft

and is pivotéﬂcconnécte Foeé:% rjﬁlcturaP’elemenfj e unmannied: alf;pﬁéﬁ’é ?r%nsf%‘f%%t‘é%n?e [00194]

Stage 610 irctudes sensingethesstearatgnieduced movesfant obthenlanding gearholdérdt Bngoted that
the steering induced mavgment.ofdhe landing gear holder ig sesponsive t9qa sigering inguced
movement of the landing
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.
[001847] 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 systemn.
[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 1is 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 1is



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 to the transfer signal. [00196] Stage 600 also
includes stage 630 dumping energy resulting from ézfast change in a velocity of the airplane. This can
be useful whefPtha dithlane SIBPE SricRbntil thel GRmanmearane rafster syfem 4155 &&5ps.
[00197] Acgeréingsto anvenabosglinert-aithe investien thesstatus of thetinmanned aigdlanent

transfer.sysétsff can be re%erted_}g theS pilot or to ae%engral gggtrqcl rsg/stsegg or boy.l%onavrgecri]ielnstly, the

. . troller.. 13, connec u
pllot can receive s?eﬁus indications while t%e alrptlane ISObelng trans erredrtonfﬁe unmanned alrplane

tr_ansfer sy@teapa@dithe@emmitcnﬂol systent cangéegiverstawsandicatiorsswhas ¢he tmmanned
airplane tragsfer,systen s not attacheskiatheJanging gearofibe airplang, 00198] Variations,

modifications, and other implementations of what is described herein will occur to those of ordinary
skill in the drf WihdltREpERting ffomi-the 3P 871 tHescdPR I thEiRvehtipRE Alairfed a2tordingly,
the inventigiisdpbe-defired net by thei preceding ilustative description but instead by the spirit and

scope Ofth?g8|]|_o8vgi?%g?\irrgrsﬁe¥ll‘glsylf L'lF;r?{ icr:ll?gA”\ggér 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 wvirtually and close (or substantially
close) a space defined between arms 78(1) and 78(2).
[00191] Conveniently, structural element 792 is 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 c¢f 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 1is 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 1is noted that the
steering induced movement of the landing gear holder 1is

responsive to a steering induced movement of the landing



1. An unmanned airplane transfer system, comprising: a transfer module adapted to transfer an
airplane by applying skid steering; a sensor adapted to sense steering control induced movements of
the landing gear and to provide the controller steering control signals; 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 rotatftRf mARFAESR STitfe bAPRME Zetie dyRif AccordingitbyclainP T Wtferead e system

is adapted tpGontrR| agealecityief the aiplane mkespense ta welogity 6@%%&39%@9*@{@- 3. The
system according to claim 1 whereas the controller is further adaﬁted to be remotely controlled. 4. The

system accBrding 38 Blaifr TSHERas He Hmantdd airpfane fFAART sy&téh cBfprists &7 Budio
interface adaptetk to- seceive mddutatedrsignals sépraseniativeiofsteering commands from the airplane
and to send[tﬁg§§§§osd£ua!a1éed6§| nallgt ctﬂ‘i Cg:‘genérql)l%r tg@%;sead B_edotg cggggg%ertﬁglsferargoqme in
response to the audio commands. 5. The system dccording to claim 1 further compnsmgg location
sensors coupled 1@ He comyolleRwherairRiteesontdilEPiscadapted tedistol the fiapsfer middule in

response to.a location efdhesysteran 6+ Jhesygtem according to claim | wherein the controller is
adapted to sense a system failure and in response to detach the system from the airplane. 7. The

system accdfingao dARAS witdin HeRontBfeFfeEoupied %6 a niaiual TN hodtEaRd wherein
the controllerdsatiapted toreantro| thesttansfiemmedule irnregpansea ty cammignes prayided dy the
manual confrol module; 8, 4. method for transferring,an aitlane, the methad comprises; receiving
steering control signals responsive of sensed stegrlng control ifduced movements o?lgalanging gear of
the airplanezaricbteceivingaridety cortioisigrials; anelin-response transferring the airplane by an

unmanned aigplang transtersysien by apphving skid stegring,and maintaining o alignmentbetween

the unmanned aiglane wanster sysiem and the landing gear duying otglonal movgrents,of the

or to a central control system or both. Conveniently, the pilot can
receive status indications while the airplane is being transferred
to the unmanned airplané transfer system and the central control
system can receive status indications when the unmanned airplane
transfer system is not attached .to the landing gear of the
airplane.

[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.



9. The method according to claim 8 whereas the receiving comprises receiving velocity commands
from the pilot 10. The method according to claim 8 whereas the tferring is further responsiM@gQLp
remotely transmitted commands. 1 1 .The method according to claim 8 further comprising receiving
audio commands. 12. The method according to claim 8 further comprising determining a location of
the airplane and wherein the transferring is responsivé to the sensed location. 13. The methc_)d
according to claim 8 further comprising detecting an obstacle and provide an obstacle indication. 14.
The method according to claim 8 further comprising receiving commands from an operator and
wherein thet ring is responsive to the received commands.

1. An unmanned airplane transfer system, comprising: a transfer module adapted to
transfer an airplane by applying skid steering; a sensor adapted to sense steering control
induced movements of the landing gear and to provide the controller steering control signals;
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.

2. The system according to claim 1 whereas the system is adapted to control a velocity
of the airplane in response to velocity commands from the pilot.

3. The system according to claim 1 whereas the controller is further adapted to be
remotely controlled.

4. The system according to claim 1 whereas the unmanned airplane transfer system
comprises 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.

5. The system according to claim 1 further comprising location sensors coupled to the
controller, wherein the controller is adapted to control the transfer module in response to a
location of the system.

6. The system according to claim 1 wherein the controller is adapted to sense a system
failure and in response to detach the system from the airplane.

7. The system according to claim 1 wherein the controller is coupled to a manual
control module and wherein the controller is adapted to control the transfer module in
response to commands provided by the manual control module.

8. A method for transferring an airplane, the method comprises: receiving steering
control signals responsive of sensed steering control induced movements of a landing gear of
the airplane and receiving 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 landing gear during

rotational movements of the airplane.
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9. The method according to claim 8 whereas the receiving comprises receiving velocity
commands from the pilot
10. The method according to claim 8 whereas the transferring is further responsive to
remotely transmitted commands.
11. The method according to claim 8 further comprising receiving audio commands.
12. The method according to claim 8 further comprising determining a location of the

airplane and wherein the transferring is responsive to the sensed location.

13. The method according to claim 8 further comprising detecting an obstacle and
provide an obstacle indication.

14. The method according to claim 8 further comprising receiving commands from an

operator and wherein the transferring is responsive to the received commands.



