1 SYSTEM AND METHOD FOR TRANSFERRI NG Al RPLANES 1111111111111111111111
*159159f FIELD OF THE INVENTION [1] The present invention re’mwﬁlﬁwwmw
systens and het hods for transferring airplanes. BACKGROUND COF

[2]. In nodern airports the termnal is located relatively far fromsiobe

rufaways. Airplanes use their jet engines to travel fromthe termnal to a
runaway (said operation is also known Bs taxi-out) and to travel- froma
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FIELD OF THE INVENTION _
[001] The present invention relates to systems and methods
for transferring airplanes.
BACKGROUND OF THE INVENTION
[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] Theée 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 CO»p.

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

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

“fuel éonsumption is one of the major efforts for all airlines



[3] These jet engines are very noisy, cause safety hazards, burn |arge
quantities of fuel and cause to significant air pollution, the em ssion of

| arge quantities of CO2. [4] Taxi traffic delay is the |argest of all

avi ati on.novenents del ay, the average taxi-out delay in mnutes per. flight

i s"approximately twi ce the airborne delay. Although aircraft burn roughly 5
times faster when airborne, crew and @qui pnent costs nake the spend rate
for taxitedawircralet abotued/ 3 tRmicasoinarepdeRe faPncrars. theRsdduent |y,

the costoel 1axboout debay, cxgecds bhak olaaitboLpecdel ayo byeahpus. o/ 3.

total i ng”nore than annua aut omat e r controlled ground
movenent $/gak shalligbave ksi g20 10 camakingnthaxiisdakayeyitiisiedh foakethe
significant. annual .cqst. This shall add to the savings from fuel burned
during taXFIHRT St HETBY towing tractors or robots.. [5] Jet fuel is one of
the two [@apng@pst Darthionesaxper atyipigaéxpensesaft hefurlhercobeumptiaborigost),
constitutin‘g 25- 30% of t%}pi ca}I1 airlins annual o§erati.ontc st. Therelfore,
savi ng | APEel Csutpti 8FTi s"OMe dP -Phed P Bt BEF ot YSY “al TYRIFTt nes 2
t oday. Jet fxel put Cesmé Nes@@gedsf BOMmlgsses hana1$:£igal cons 201 oviddh / gal
in 2006 and is expected tqQ reach Z.S%Qal or %itﬁgher by 2010, neking the
i ssue crFRecaPcrerSehelaprfi ddatidstry. O] B i HF t%xi O t ypr e ai reraft
fuel congygptioly | staboWut330Ghd b perciheur 16998 rgahbANt BRI - 1h NHmEy . -

Typical taxi-out time today is 30 mnutes and rising constantly with the
i ncreaseThtsai p miafimue g 4 arinteswnt dtasrAdterges ¥3podl | 1M axi - out

time is 3 timegol Qager thal taxdi-idh td B0 MNUsnowhdd Nbdun of g0 Mduit es of
taxi-out plus taxi™-in tinme burn 360 gal l'ons ot fuel on airport grounds per
flight, a@hidsthiusbeunbergriowigigowi ng. [7] Air pollution in airports evol ved

into a Mihghand gl A GAM, azard pRRds! loJAGRY eYAlyT B0 lue.! Opddie
I NCrenen rn"alr tr I'c wor |l dw de. 8&8 emssion Iin a jet engine Is around
8 Kg of €npeicgat| ohazdrda typdcalt4Okeeps evolving due to the

' increment in air traffic worldwide. Gas emission in a jet

engine is around 8. Kg of COy 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 biliion (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 pef flight,

it is about 3.0 BS$ in fuel and 12 M ton in CO» emission, in

the US.

[009] A typical busy airport has more than 1000 departures a
day or around 400,000 flights a yeér. Every 100 gallon of
fuel saved per flight, transfers in 40M gallon fuel saved per
year per airport, or B8O0M$ 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
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



m nutes taxi-out plus taxi-in tinme, an aircraft emts 2.9 ton of 002, a
very crjtical issue. [8] By 2010, the forecast is of nore than one billion
(1B) air travels, or around fifteen mllion (15M flights a year, only in
the US, not relating to the worldwide air traffic. For every 100 gall on of
fuel saved during taxiing per flight, it is about 3.0 B$ in fuel and 12 M
ton in CO2 emssion, 'inthe US. [9] AR typical busy airport has nore than
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W/ 0402898361088 o MR01 Of iMagdi Q1] There is a need to provide an efficient
met hod and systemfor transterring an airplane. SUMVARY OF THE PRESENT
| NVENTI OMI0011] There is a need to provide an efficient method and

system for transferring an airplane.

SUMMARY OF THE PRESENT INVENTION

f0012] An unmanned airplane transfer system is provided.
The system includes a transfer module adapted to transfer an
airplane, and a controller, coupled to the transfer module,
adapted to receive a transfer signal responsive of a movement
of an airplane control component and in response control the
transfer module.

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

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

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

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

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



[ 0012] An unmanned airplane transfer systemis provided. The systemincl udes
a transfer nodul e adapted to transfer an airplane, and a controller,
coupled to the transfer nodule, adapted to receive a transfer signal
responsi ve of a novenent of an airplane control conmponent and in response .
control the transfer nodule. [0013] Conveniently, the unmanned airpl ane
transfer systemincludes a sensor adaﬁted to sense a steering control

i nduced Fb9erRtR¥ of wPREl] andPR§ gedheaRdrPh2Pespdise Pra\AigE T8 r aHsf er

si gnal t Qeggsnggntéoo' kgEsel OOdA Gany eRibrbh¥s . t Ny SYLBTL0S adapt £gh t o
sense a novenent of the airplane control conponent. [0015] Conveniently,

t he st eecomgorentands aféestnsbd Iyirdogepsor akomned nayerense afonthol

i nduced novenents of t I | r, . 6] i 1S in
connandsaéFBT%%?ai?éﬁf%gaﬁ%g?qéggegﬁgya%?éggﬁﬁr%ﬁ: %§%29§%%g¥lyeé§§ébng
ai rpl ane [00DT I olCon@ppaaenly [ sudle asnmafihedhticpohtnel ttancEfert hspstdre,

edal
P ' %ncludes: (i) a transfer module adapted to support a landing
geéar of an airplane and to transfer the airplane; (ii) a

sénsor  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 one detection
signal from the at least one sensor and in response control
the transfer module.

[0018] Conveniently, the controller is fufther adapted to be
remotely controlled. |

[0019] Conveniently, the transfer module includes multiple
independently controlled wheels.

[0020] Conveniently, the unmanned airplane traﬁsfer System
includes an audio interface adapted to receive modulated
audio signals representative of stéering commands from the
airplane and control the transfer module in response to
these steering commands.

[0021] Conveniently, the system inciudes location sensors
connected to the controller and the controller is adapted to
control the transfer module in response to a iocation of the
syétem. '

[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 airplahe that includes:

receiving a transfer signal responsive of a movement of an



steeringwheel )andthe airplane is transferred in response to these steering
commands. An airplane control conponent can affect the airborne or ground
novenent of the airplane, especially when the airplane can autononously
nove. [0017] Conveniently, the unmanned airplane transfer system i ncl udes:
(i) a transfer nodule adapted to support a |anding gear of an airplane and
to transfer the airplane; (ii) a sensd adapted to sense steering control

i nduced roverBRescoRtEhk ¢aRiinegtdear @Pct he2BEREFI AT pRamel Gof el devi ces
(such as fLi r t I al 5 ' e ; and
(i) a éghﬁboﬁﬁé?gﬁg%ﬁ%%%?él tgr%ﬁé@égng%?Pgﬁa %%S%%§&¥$%h£?e?hﬁndule,
adapt ed ttoaneferveigmal east one detection signal fromthe at |east one
sensor a i r Qnse ro h fer. lLe. ]. Conveniently,

t he contﬁgpﬁgﬂ ﬁ%%WEPﬁﬁégﬂgda%?%dg%%éiﬁ?ﬁ@g&gggﬁéegoﬁ %ggﬁgdﬁ [ 0019]

Conveni emfdvgmehheof raims el rpiothd eontcblidesmpuhéntpd eanddeperdeénnbya

controll ed mhgels., %0 20] Conveni ently, the unmanned airpl ane transfer
system i MdPHdé§ afit @At i nterface adapted to receive nodul ated audio

si gnal s represedaivene <ot 1§t eehé Nge commmnds folemeisheeakipy aAngy and contr ol
the transfer nodule in response to these steerin conTangfu dLOO%l]

Conveni eM\PRNEAe2 TREZNS | HATRIES PEEAETonSEBRELIS CUHTEt édP65Ehe

control | gfov@rdntBecE0At TR dBlg Igeaddat eHet 81 £pN4K®] the transfer nodule in
response to a location of the system_  [0022] Conveniently, the controller

i s conneckt®®@ 6o Za MeEAES fosntBaRs iR B Pl didddeecandhetMeshedlapt ed to

control tifh%ma@e@fg{) ol 8,4 N Hf%&onﬁﬁaggeeogmﬂén@r@aerg@@rby the manual
control nodule. [0023] A nethod for transferring an airplane that

i ncl udes:syséedi vEhgeaing apwitarolsiigsacedespbatioeabimevansndidet 6f an 5

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 ccntrol
signals representative of a command to alter a velocity of
the airplane and whereas the transferring is responsive to
the.command. '

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

[0029] Conveniently, the transferring includes independently
controlling at least two 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 ié.responsive

to the received commands.



ai rpl ane control conponent;and transferring an airplane, by an unmanned

ai rpl ane transfer system in response to the transfer signal. [0024]
Conveni ently, the receiving includes sensing a novenent of the airplane
control conponents and generating a transfer signal. [0025] Conveniently,
thé receiving includes sensing, by an unmanned airpl ane transfer system
steering control induced novenents of 6a |1 andi ng gear of the airplane.
[0026] Al®@3hbdAhonnpaanRed e ¥iMiPrEn ai EFRAREST t IESHRINGAS ncl udes: (i)
sensi ng, o py. 40 HTAMRL 3l kRLAGECLI AOSEEL Syhem 3! eehagegont ol induced
rotational novenents of a landing gear of the airplane; and (ii)

t r ansf er an ngiaplane gharepliyirghekudnaheeding » pirghe coatgbéiesystem in
response_to the sensed .steering.con i hduc . | andi ng
gear. [6%%%e%o%?/e%?ceenlt‘ﬁey%tteﬁglﬁgt %é%ﬁ%%ogg‘galgg\égﬁgsp%"géﬁ rol signals
repr esentehtyel of i gndlosmamiad ihorakpensa vebol ywhef tirdaasdierpl ane and wher eas
the transferring is responsive to the, copmand. 028 nveniently, the

t r ansf er?‘?%@{?‘sg‘ﬂﬁﬁfé} %s BERePyEd: 81F%'7%?%%Fﬁ:\[5%ﬁ§mlsﬁ’t%gamcbﬁnands.

[0029] Coayspié@ntd Ybe tdie gre@nsfienr tng iasditesydardependgnt|y control ling at
| east two i ndependently contrall ed wheels. [0030] Conveniently, the nethod
i ncl udesTPEREF VMY MORNSATSI °4udPs 81 ghat_®representative of steering
commands [ gfds WhebeivRnt Bat i § ans{erdy i@ Snce@sBessh Veet Sof hese commands.
[0031] Conveniently, the nethod includes determ ning a |ocation of the

t oned ai ppRERRd @l SHTETRiSteeHangr SABEEPE | HPUSAT apvieaepéspefisi ve to the
sensed | pgati ofyind 0032]; GRRVeRi gRblYdet hife NBIMAD1iRG! Wdeshggei ving
commands from an operator and wherein the transferring is responsive to the
recei vedcenhnahdsignals.

[0035] Conveniently, the system is adapted to control a

velocity of the airplane in response to velocity
commands from the pilot.

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

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

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

control module and wherein the controller is adapted to



6 [0033] An unmanned airpl anetransfer system the systemincludes: a
transfer nodul e 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 nodule; wherein the
unfranned airpl ane transfer systemis adapted to be aligned with the |anding
gear during rotational novenents of_tﬁb ai rplane. [0034] Conveniently, the
system i sohtdesd bheersdrsfdamasitleo i8efssrenser FAgCBMIST ATydced

novenent g of , th i DG G8AN medet 0 provide the controller steering
b Qth$a+g%g5§gh i ©

control sygna Conveniently, the systemis adapted to control a
vel oci ty [0D40he Faimethade fon tespofeer ing el @girpyapembhelsméthand t he pil ot.

[ 0036] Canveni.ent| t he. cont.rol l.er i h t .renmotely
controlIé89%F88§7]¥%%%%%%ﬁ%ﬂﬁﬁ%ﬁr1§ﬁecéﬂﬁgé%egi%irp 5%%15%%§§%é§ syst em
i ncl udes cantauvdi 6ignsesf aned adapteagoneer ecenytemnichy dthed adirghahs by

representative of atgfri commands frog%the ai rplane and.t.o send these
o)

nodul at edPs“gHaree tTGSEE Tt REPCPE BYaPRd tY SMfrol the transfer

modul e i RtkesRaRSEend Ond her Audiry commAgdaneh 0088t wdnNUaR @ninkyinetthe system
further includes |ocation sensors coupled,to. the controll ,mheiein t he

control | &-PdaR8apF RSt cOMTB e tPFaRLTRIFADAHE 1% 1 Séﬁéﬁgg to a

| ocat i on pf;etldarsystephe [HO3Darfonveni ently, the controller is adapted to
sense a systemfailure and in response to detach the systemfromthe

ai rpl ane.[0048040] ConvenieHtly, Hite rEERLYINE etNFSINIEGETIPE a manual
control nrAdylg+ndohghel Netdie GRNhakbker is adapted to |

[0043] Conveniently, the transferring is further
responsive to remotely transmitted commands.

[0044)] Conveniently, the method further includes receiving
audio commands.

[0045]' Conveniently, the method includes determining a
location of the airplane and wherein the transferring is
responsive to the sensed location. (

[0046] Conveniently, the method includes detecting an
obstacle and providing an obstacle indication.

[0047] Conveniently, the method includes receiving
commands from an operator, a safety driver sitting in the
robot in time of emergency, during maintenance operations or
a like, and wherein the transferring is responsive to the
received commands.

[0048)] According to an embodiment of the invention an
unmanned airplane transfer system is provided. The system
includes: (i) a transfer module adapted to 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



7 control the transfer nodule in response to conmrands provi ded by the.
manual control nodule. [0041] A nethod for transferring an airplane, the
met hod i ncl udes: receiving steering control signals and velocity control
signals; -and in response transferring the airplane by an unmanned airpl ane
transfer system by applying skid steering and nai ntaining an ali gnnent

bet ween t he unnmanned airpl ane transfer8 system and the airplane during

rot ati ondlrams¥ememegubd irheregpopis@anéo [0G4EeCongenndnteg, mevemgrecaiivi ng

I ncl udes recei_vi,ng vel oci qnnands fromthe pilot [0043] Conveniently, the
transferFpﬁgﬁﬁgdfﬁgt%%ﬁgﬁéﬁ%%%§ive to renptely transmtted commands.

[ 0044] Comomnaiognt | yCohhentaritiod fuivet Bgstienchndesde ecei sdémppudidapeceanands.
to sense 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 moveble 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
steerirg induced movement of the landing gear holder.

(00557 . éonveniently, the method includes dumping enerxgy
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:
(00571 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 1illustrates an unmanned airplane transfer

system, according to an embodiment of the invention:



[ 0045] Conveni ently, the-method includes determining a | ocation of the

ai rpl ane and wherein the transferring is responsive to the sensed |ocation.
[ 0046] Conveniently, the nethod includes detecting an obstacle and providing
an obstacle indication. [0047] Conveniently, the nethod includes receiving

"~ cofmands from an operator, a safety driver sitting in the robot in tine of
energency, during mai ntenance operati®ns or a like, and wherein the
transferfbngsi sFligspensi4ve ibludteratesepuednremmeddsa 1 048] Accorsfiery to an
embodi nent_of -t he Cfntl Qn an uggagned aJrPH%pe transter systemis

prOV|dedsy§ﬂ%mSy%iCQE

rans are’ éapfed to transfer an

A udes? T

airplanejofs0) @ibandi hgipeast taiaters ﬁmwant@drtaoﬁloﬂ1a vangireg | gkt ng gear

of the airp

a structéPglm%&E&R%ﬂ SRS GR

| ane;

wherein the Iagdhng gear hol der is pivotally connected to
Bt®ai rpl ane transfer system and (iii) a

control | gposepuphgdrts tbegtransierrdmdulemaadiant editp1608t rotaider 8
systems, according to various embodiments of the invention;
[0062]

airplane transfer system, according to various embodiments of

Figure 10 illustrates a landing gear and an unmanned

the invention:
[0063]

multiple unmanned airplane transfer systems within an

airport,

[0064]

Figure 11 and 12 illustrate multiple airplanes and

according to an embodiment of the invention;

Figure 13 is a flow chart of a method for transferring

an airplane, according to an embodiment of the invention;
[0065]

multiple unmanned airplane transfer systems, according to an

Figure 14 illustrates a method for controlling

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, 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]

unmanned airplane transfer system is provided. The system is

According to an embodiment of the invention an

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



transfer nodule in response to a steering induced novenent of the |anding
gear holder. [0049] Conveniently, the systemincludes a sensor, adapted to
sense the steering induced novenents of the |anding gear “hol der .

[ 0050] Conveni ently, the systemincludes a shock absorber, connected to the
stfuctural elenment. [0051] Conveniently, the structural elenment is connected
to novabl e el enents. [0052] Conveni entl1Q, the structural elenent is

connect editrbosheckr ahpsowiyk me smemdc odd tbenﬁWabl@n%Aeﬁén?@ia{bDSBT¢@cording

to an en?gdlggg%lanetgghlghE%Hoﬁyaéiy.move.

[0071] Conveniently, a virtual or physical movement of one or
more airplane transfer control components can be tracked,
such as the flight control stick that is used to control the
airborne 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 cqntrol 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 '
-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 1is controlled in
response to mechanical movements of an airplane or of its
landing gear. Steering commands can be sensed by monitoring
rotational movements of the landing gear about its axis. The
system and method receive commands from the cockpit to alter
the velocity of the airplane and in response can alter the

velocity of the unmanned airplane transfer system.



met hod for transferring an airplane is provided. The nethod includes: (i)
receiving a transfer signal responsive of a steering induced novenent of

| andi ng gear’ hol der, wherein the |anding gear holder firmly grips a |anding
gear of the airplane, and is pivotally connected a structural el enment of

t hé unmanned airplane transfer system and (ii) transferring an airpl ane,
by the unmanned airplane transfer systlem in response to the transfer

si gnal . [00F4] Conneeneentiy, t he methed liandindgegesendhagudde a5ty

i nduced novenent of the |andi I 5 L.ent i met hod
i ncl udespﬂﬁn%?an% CHeEr gy rs(f(jalé;'uucl}{]?erljgeC Fo%gggﬁégt Bg%gnégwggéﬁgl%%q%ly f the
ai r pl anege8Rl €6 DESER: RTEDNLOF thEEubiRANENGS2 | 00581 d her preSentsyswnant | on

wi | |- be understood and appreciated nore fully fromthe fallown etailed
descript?%hstﬁﬁgﬁtan&BMﬁﬁuﬁ?Wﬂ¥Qﬂt?PQ%mﬁﬁﬁaﬁﬁﬁﬁg iR Pgﬁ:tfogggftigures
1 and 2 pkFustimat epan akefplane ddmtbe s dogiengdir ot er ried thyp sef Ligranned
airplane transfer syste accordi ng to_an enhodi nent of the invention,;

[0058] FFBEFE 3PAFI ustrates éﬁ?ﬂﬁn&ﬁheﬁaﬁFrﬁPgﬁéetﬁﬁﬁ??%r Wsfem@3ecor di ng
to an enhogdipEntcrRfckt hgréAVeniHigN,; 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 airplane .- transfer system.
Accordingly, the wheels of the unmanned airplane transport
system 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 by using the skid steering. Conveniently, the
unmanned airplane transfer syétem 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 autoncmously moves on the
ground by means of its jet engines as performed in regular
taxi. According to another embodiment of the invention, the
pilot can use the pilot flight control stick for steering and
velocity change. According to another embodiment of the
invention the same steering control unit is used for sending

controls to the unmanned airplane transfer system and while



9 [0059] Figure 4 illustrates an unmanned airpl ane transfer system
according to an enbodi nent of the invention; [0060] Figure 5 illustrates a
| ower portion of a landing gear and nmultiple springs and plates; [0061]
Figures 6-9 illustrate unmanned airpl ane transfer systens, according to
vafious enmbodi nents of the invention; £0062] Figure 10 illustrates a

| andi ng gear and an unmanned airpl anel€ransfer system according to various
enbodi neths aflanee iantencinewsly [ 0OG8F PPyuridhell Hegng? | fhusbellte Pl tipl e

ai rpl aneg,an ' . na; Bngg I, | t Wi £ hy .

ai rport, %Q%E%r %?%lr?%@%tﬁge odi nngrﬁt@o%@l%htgoﬁﬁ\%égtgi gﬁﬁ 6?88%% h%:(?g%lrpee 13 is
a fl ow chambhnatda aetdicohef ot réansafsf ersyistigmanbyi mplrane, imceor dingle®s an
enbodi ment _of the _ ipvention; [0065] Figure 14 illustrates a nethod for
control | PRE™REI EFBI h%nJIr?ake

( _ ahned airplane transfer systens, according to an
enmbodi nerooeb 1t redoraamigi ono [ 8A66¢mbb@imentl5 dfl | uster atieseat et hothé or
transferring an airplane accordi ngeé}o an enbodi nent of the invention;

[0067] FiVGdPE4tYe &fd 17§ | I'WRFURE arfUietifed SidphiETe t75h s er tystem

accor di ngche ran1egbpdi aratpofot herid vt L da@06R] ekieguted1Byi hiisgrates a
met hod for transferring an airplane according to an enbodi nent of the

i nvent i o, 9gA&CROBBOFORT ¥ &FP /i PPTSH Pat 8518X | FhdiHY Fear hol der,
accordi ngolh@13n @R iBRY yOf thbeuhRyendd o r TR LERNBESEREPIt &N F THE

DRAW NGS ,
fully automated. The unmanned airplane transfer system also
can be manually controlled. Additionally or alternatively,
the wunmanned 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.
[(0082] The airplane transfer system is computer controlled
and commanded from a. central control system. The central
control system can track the locations of multible airplane
transfer systems and provide visual indications to an
operator. This visual and detailed presentation of the taxi-
in and taxi-out process will replace the prior art vocal
based method of controlling the taxi-in and taxi-out process.
[0083] Conveniently, the transfer process is fully controlled
by the pilot of the .airplane, and the unmanned airplane
transfer system can transfer the airplane in a similar manner
that the airpléne was transferred at the absence of the
system. _
[0084] Conveniently, the pilot can use a combination of
steering operations in order to send commands to the
unmanned airplane transfer system.
[0085] According to another embodiment of the invention the

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



[ 0070] According to an enbodi nent of the invention an unmanned airpl ane
transfer systemis provided. The systemis controlled by one or nore

ai rpl ane control conponent (such as a flight control stick, throttle,
pedal , steering wheel) and the airplane is transferred in response to these
steering conmands. An airplane control conponent can affect the 10

ai rborne or ground novenent of the aitpl ane, especially when the airplane
cap aut omempiseéy nove. [0071] Comiénternirtervenpionyal orThghysi cBilhbvenent

of one oL, IBhg: ALl PLANRJd AN R 99H50bnEORRORRALS |AnRES! LAEKRhe SUCh as

the fligAt con S I's used”to control the airborne velocity or
t he groundaxefeci tysvéms heyair peaheall tonsrabt sgstbat thhe wiaekeésglyran be
done by el ectro-optical, co nents, .by electrical conmpanents b]){ ddi ng a
t r acki ng CABPPRECRET hd'1d: FE&F d‘é“ﬁe * 'tHPIHa?Iﬂ%dcoah’t% ANSan&farsHL
connect i ggstemene of the airplanes conputers and the |ike _

[ 0072] Conveni ently, an unmanned airplane transfer systemi s?% ovi ded. The

system i nOPB8és The ceRdral FOBGFeL ad%ptel €87t FRREFRFE ahqi PPFENE, and a

control | gkore@RNBHL @Get idiRid,r FISTRINAROIU R afaRbesh t bek e€Rivetigat r ansfer
~ signal responsive of a novenent of an airplane control conponent and in
r esponse 2&E6ntRF tipaedr dist BRe nddaPert| 0079] Adivent &ft | v, TiheCehstdn i s

adapt ed E%ﬁ%%e'sesa@ﬂea@mppévéﬁe Rfliane eRBhEOMYQABOBRPE tied 06T 4]
Conveni ently, the steering commands are sensed by a senSor adapted to sense
control iaddpest noyeavess of cedesteiaiing geaped  vehicles,  robotic

vehicles and aircraft. The central control system can also
control obstacle detection and avoidance operations, traffic
control coordination with aircraft, other vehicles and
personnel, etc.

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

[0088] Conveniently, the unmanned airplane transfer system
supports 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 least the rotations of the unmanned airplane

transfer system are controlled by the regular steering system



[0075] Pilot can control the ground novenent of an airplane by using one or
nore airplane transfer control conponents. The control can invol ve sendi ng
steering commands (which dictate the direction of the airplane) and
velocity -rel ated conmmands (that dictate the speed of the airplane). [0076]
Conveniently, airplane transfer is controlled in response to mechani cal
movenents of an airplane or of its |ahling gear. Steering commands can be
sensed byhabnisorsery bottats eddbtnwhenenths ofaitrd angndin®yegearcrabothe it s
axis. Th em t r.ecej f.ram 1 piL. er the
‘vel oci tySB@{%‘%e TR p d;?rale%%gggi nglrjéfs?%ggés@emggo?\ atlh%erh?ﬁgﬁgg oc%%y&o%]‘% he
unmannedtaanpfane sysinsier Jystseme Binpl@nép Coheenseakiing hesysimeta ng gear
includes, a safety_pin that once |s_stuck.in the | andin ear_al | gws_t he

| andi ng gaafu?%s b F&FSF%H%VEFF. ﬁﬁnﬁqﬁaﬁéd ey :brﬁeg%e Q[erc%nl%f'erlnsyos%eeng Thi s
safety peirpSafi€sovRd eneerihg plkavemi $nabadésta pake offf .pedd piare enoval
can be done during a last preflight check that is also known as |ast m nute

check, iHs8d| 5QF rRMuAL dfdckngr 69taFhPR 223 tSRASLCE ERECRIAPEA Ran al so

i ncl ude 1786 Ofr +apPRLYiMk dd I enext i fgw Sild ngheeans @ul the Lkke. fdris
noted that the pilot can initiate the jet engines prior to the |ast mnute
check ar 6heaRENNi T tHarsdregtynFi ATi & SPPPIIA Rk 9EnPPRB -1 andi ng gear .

[ 0078] A%@@@i NG dnQeffefiPodi Nefte of e (idieikoN at be] 4REBNAESH @ Pl ane
transport system uses skid steering and conveniently also places the

| andi ng gratemt shergebhettlicalnasent érangiinghedapfanked a?kpPEARS t rahsf er
system ﬁ?%&?ﬁ?%é{’ dde juheels  of %Qﬁdmamﬁ&drsal LRLANELLT ARSRAAe Y St EM

are fixe no steering neans, but their speed and optionally the
di recti oniopléhei rtnapisdeirons xstrenbe Theat radldpddnsuchr artsdte irimanheg$s seron one

side of the systemcan.he rotated i pendent|y f.r t_ he whe .t he
ot her si &"of" tllaiézgys?tké%\ s&&ﬁ&éﬂ?eﬁ?’?{%, %tthecalnanrcﬂtr%@gea;lron\g;nl SZ %) éat ed
al ong it wiakesubytast gl hheedk dushéayi ngdi@onveni ently, the unnmanned

ai rplane tr fer systemis aligned w.th the_|andin ear, during, rotational
novenent é%ngfhecqnd)r/?&ilﬁg‘]téﬁar. %%féﬂ%lé&ﬁveﬁ%%tlﬁn%g%ﬁffiot SRR t he
sane steerhRgreontspdtdini t(amben bei ng:dgoanef ets edndyeramtennapsel abr pl ane
transfer system and when the pl ane autonom)uslé noves on the ground by

r

means of VAEEURE! &fgi EPHELSerPRT Ed FATPRY UM ar 498X PORc coTHM§ t° anot her

enbodi MeRbdOlelN8at 8Y eRbAb] telisl OF 8a8idseed hE pilagk.f1ight control
stick for steering and vel oci tr% change. According to anot her_ enbodi nent of

the inverlOP8A1t HE s st etd g EbRET I3 i 1183 ased & drh&fent? ngeE@ht rol s
to the UQQ%HQ?Qr?é&p'%Qe Rﬁﬁ@%&%ﬁ SY§§fﬂméﬁ¥i\MYQﬂ%fe¥2 system 100,

according to an embodiment of the invention. In figure 1 the
airplane longitudinal axis is parallel to the longitudinal
axis of the unmanned airplane transfer system while in figure
2 these two axes are not parallel to each other, as the
unmanned airplane transfer system 100 starts to turn to the
right.

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

* . three landing gears 12, 14 and 20.



‘the plane autononously noves on the ground. In both of these alternative
enbodi nents the commands can be sent to the unmanned airpl ane transfer
systemby wire, in a wireless manner and the |ike. [0080] According to an
enbodi nent of the invention the velocity of the unmanned airplane transfer
systemis controlled by the pilot. The control can be executed by using a
dedi cated control knob, handl e, stlck1%r devi ce. [0081] Conveniently, the
unmanned [APPPI afdouransfer iySERRESST 13T 2 HRIGRR 64, aTHe2DnWRIFARREAI 1 pl ane

transf er 23436 2L 30,000 DS, SARHAINGY 60RO ImofAd! £hENBLLYC A1 ine

al ternat fve t he unmanned airpl ane transfer "system can be renotely
control l edlluAtcemfs ah é‘(vntrrcglalsycgufém@&rlrecdmer odippfane| eeamnb@r@ENdi r pl ane

transfer ?ist erﬂ%elThe LGentr; r al ..\ge% tcrl%l.. slye%éogr@fgéphé)pté% zg, & hﬁ%ﬁﬁ;’? 4n and

t axi - out p 6c€sSof Milt i P % al rp anes € alrpl ane er system
i s conputerptangr alreedfand sy&reanddd f:c@mtaece’mafraﬂclcedntfmmsy‘slne@i The

tral trol I t I I
[ ans! er SSYSEORR” AT BT 0 GE-ISual FPRGLL FARSYE A BT st or | Thi s vi sua

and det aifoedepr eseftrat i ®n iafl Usheataxi -dmh anthahaxd- cadrgiraoeessrans fer epl ace
the prior art vo trolllngthetam-m and taxi - out

met hod of co
process. sp§68%) 1 n‘?‘/‘é?f?recﬂ‘ﬂ%/ tq rE anﬁﬁgf’@?nbr% 5% i PR ¢cont rol | ed by

the pil ot;oab7 heyrgianRlaneai Aothridetuananaed HigtRiraneod r ansfladesysé £ can
transfer the ai rEI ane in a simlar manner_that the airplane was transferred

at the abberée of1PhE) sy5Q ety [TOELE CdiPeni éWPWOltlﬁé ptP®t carPile a

combi nat QR 49hyStheakl N AREHALNANS IR t@hd8l nh0 $aRY CPBNES 145 thgg
unmanned ai r pl ane transfer system [0085] According to another enbodi nent

of the imestireénerhe dxianh AA8 t-axTheoutrprséess meshlge il rymaRedmt ed
and 13- raquhLesnopLloteln rggy&ﬁtlm 1HRafddsy v@i‘étquatl'l@r(lls ncl ydese) ,

control li ng one or nore unnanned airplane transfer systens by a central

control sypst eenghme Vidlel esdl yarymmasheaties lwi thansmlsriarispl esadmabmed

airplaner%&%@%fgﬁesxﬁégfg_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 lénding 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 rightlhe can rotate
the steering wheel to.the right and the landing gear will
rotate slightly to the right. Sensors 142(1) - 146(1) will
sense this slight movement and indicate to controller 160
that the airplane should  Dbe turned to the right.
Conveniently, changes in the velocity of .the airplane are
controlled by the pilot.
[00100] According to another embodiment of the invention
system 100 also includes sensors for sensing change in the
velocity of the airplane so that when the pilot hits the

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



[ 0086] The central control systemcan 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 anong noving-
entities-on airport grounds: pedestrian, manned vehicles, robotic vehicles
and aircraft. The central control systemcan also control obstacle

det ection and avoi dance operations, tt&ffic control coordination with

ai ycraftoperaee véRi clELY¥anddPEr sorhel akgtrlaneg08ThiAcc 6L dvVhpd t (Aot her
erbod MRl 0frd heel DUENH, 0N AN UBERAAGHe BLEPlANCCAE ARRS eLoyss eByanl or the
central control system can have collision avoidance capabilities? The
central eenstool §yst erahcam)prébent &8l | pesoined mbritweenngthde mhst ance
bet ween adj acent airpl a eepi in predefined distance

bet ween g?b%f%%e%?aﬁﬁg§ﬂ§%§n%§ gaﬁgﬁﬁg%g %%%%%fer system can prevent

col i sionsobglsansi ng thetedstamete ainidiee aiagpbdmetfipom ofhestedyisers. |f
an object is tﬁo ggose thﬁ%fnnanned airplfne %ransfer s¥7ten1can provi de an
audi o/ vi SGAPARAT| ¢APT ofi*d r SCARCRAT T r O hECEF hhdter 207/ theP AT i hikhe
accordi ngk¥ak5P088h Copresient t ¥and her uasmmdIets .ai Fq adearigiansd ef i sgtst em
supports the nose | anding gear. The unggnned ai rpl ane transfer_system can

apply anytBFFord aFfe™PaRhSE™Y dPEGHE6r g "ERE HBsEPFEAdFRgERRat oV RS

exanmpl e, pirbc€38. hewe Fpsd LR uSi”Ja&PQ:o@ﬁ@.nW@i ¢brt BepeBae P N8B! FeREl S Of
the | anding gear can clinb. T0089] At |east the rotations of the unmanned

ai rpl aneofr ansfel sItdRrar €cBBARfol Fed BSIe MIgulsyEtemeetPPg st em 14

that is Wsgeflphy, the RiHOLWRRN tde alddl ang: n'9¥§tjerﬁmlbbe 51 odh Wi g prout
bei ng connec?ed to the unmanned airplane transter system In sone airplanes
t he steercitngssystlandimgl vdeway dieerihglaheel caspRed ws oot deddt s. In

other ai #)ek?gﬁﬁiﬁ ea%ﬁ%ﬁ@gsg%éémmg' BGSQIfmggié;mF%%cg%ﬁﬂaﬁ are dsed for

controlling the rotation”and eed of the airpl IS noted that
vari ous Wkeéehsdcam terrnusesteor 190eerinngpeédrup rigrs fteransfgropracessbi nat i on

of bot h. l+.Conveni ent once_t he. unmanned airplane tr f ystem
uppor s PRIOALIE RAnHP RO oBlF® (A H Tl AL G Ly anehssreo Bh vt Loy
| andi ng gear sisendratrieuvanpatbed aaitr pludne -triaast eonsystenind heeahm pdane

transferring systemcan utilize skid steering th it, can rotatge along its
axi s wi t ANGbSTANtI IS, eV 8F LR g Besai 98 wheels ' including™ fited

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 Univeréity), and the like. It is further noted
that the unmanned airplane transﬁer 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 is 1incorporated herein by
reference.
[00103] Conveniently, at 1least two wheels out of wheels
110(1l)- 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



[ 0092] Conveniently,controlling the unmannedairpl ane transfer system (ATS)
in'response to novenents (real or virtual) of airplane control conponent
does not require to add dedicated control panels or dedi cated displ ays.
[0093] Figures 1 and 2 illustrate airplane 10 that is being transferred by
~unmanned ai rpl ane transfer system 100, according to an enbodi nent of the
invention. In figure 1 the airplane Ibhgitudinal axis is parallel to the

| ongi t udimed laaxian ofoniche sidgannéd bhe pluamennednsf aireyatem iidnsfier figure

2 these two axeigggeasttng%t %%regldl e‘lhattfﬁ?ﬁgeg h%%maftd%%zeﬁéj%%ng?d @d pl ane

transf er S5y5¢em to turn e ure 1

i |l ustratesebds aitr phacehdd tshalke | of| whes tmoaneed lsdmgilagegearansifzrand 14
that are positioned bel ow correspondi ng wi ngs of airplane 10. Unmanned

ai rpl aneSY?%‘?f%f]edb'system 100 al so includes a nose |anding gear 20. The
center ofp@rew] ty 16 ofuathptametld ithdiostheongshbleet weenwhbelshreem | andi ng

gears 12, 14 and 20. 15 [0095] Figure 2 illustrates qn ai rpl ane. 10 and an
unmannedhf £ ardd AT afdker 9%t &RETHOST n YUPHIHY nBdePL3hAE dg?dbsdf% ne

illustratgscan " Ybot vah gaciuvbersuthenailpl amger eamdeandifngirgears wheel s are
the "vehicle" rear wheels, and the unmanned airplane transfer system 100 is
the "vehpeRrally (TRAPIAUTESE tor £BRI NEL VeI ¥kithe AdRJErehF8akF nP % power

syst ens. ' 1{] Ustdatiase an pnamened abkphange 4 ransfeyhtsystem
100 accor[%llgggﬂ ggggeg%gail%ent of the irfl\llbgnti on. [0097] Unrrannedlejg rpl ane

transf er Légst enhd 00r &nef exlesodi ke wheet st dsiofhyelisl 0k 6) (Lengi i (30,3t
controllgr d80s.A40d La0d] Qe84 SRS N0 A0] LONSHIAI NLAY Uihd kA, and 146

and restrainers 148 e transfer nodul'e of unmanned airplane
t ransf er ps¥de@m (tGvadicl ddesawmeminerl 100hay -raa9gsles t hdeengleieé BB and any

hani cal ' i SSi t t.at h A ' ' 0098
Tho | andPREEbaR 8 ARe A Hne oot P RLAG SuALt 2Rl ot BnBt A6 Y sensor s
142(1) ap¢ 146(dJlidptiararnsemee.rotati onal mechani cal novenents of the

Ll 00 9BBRpBL 2305 BESEorAPE AT RS sk e YRR anl ng
a single motor 130 but this is not necessarily so. A motor
can be allocated per wheel or per group of wheels. The motor
(or motors) can be connected - to the wheels in various
manners. For example, the unmanned airplane transfer system
can include at least one of the following: (i) diesel engine
for providing hydraulic power that drives a hydraulic motor
on the wheels via a valve assembly; (ii) diesel engine
powering an electrical generator and a battery that drives
electrical motors that rotate the wheels; (iii) a diesel
engine that both powers an hydraulic pump and also powers an
electric generator such as to drive  a combination of
hydraulic motors and electrical motors; (iv) an electrical
motor adapted to receive electrical power from rails places
on the surface of the airport; (v) fuel celis 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



[ 0099] These nechani cal novenents at |east partially occur in response to
steering commands froma pilot. Thus, if the pilot wants to turn the
airplane to the right he can rotate the steering wheel to the right and the
| anding gear will rotate slightly to the right. Sensors 142(1) - 146(1)

wi Tl sense this slight novenent and indicate to controller 160 that the

ai rpl ane should be turned to the ri hil8 Conveni ently, changes in_the
veJocityn©Wighéi©Prrﬂ%ﬂ@@léﬁ§chﬁV?og?eduiﬁi%hu?%ﬁqroPPmFGGEgof%éE%?@?ng to
anot her - QUBRALIRNLy Of o Nfod AN 651;100:aba0akRph udes eragore for
sensi ng change 1'n {he ve ocity of the airplane so that when the pilot hits
t he breaksnamavdgstet Heskiéaks cinatdmr |aindilegegemr UQP wattizg Reinperate

to slow down the airplan Thi s sl owi, e n by.
accel er om&f8r wgfcgaﬁ@bé'@%nggalﬁf}lcg %gggg?mﬁﬁggpggoﬁg ﬁﬁg% |¥%§’g%%??i oned
bet ween tdoe mesetbasadi ngNgengataish t henirtearl 8l0andiang gear sonh861&d] to is

noted that uni que c ination of steering_.coq nd fo xanpl e_s ences
of rotat ic8ﬁ§raﬂg?5rgg§)e8§i ﬁ@nbBSaEsfaEEngFeﬁgggéﬂ?l%‘Fai\%?'er?Eoﬁ%%ﬁgé For
exanpl e anbilhgk Heelésr convandceanonndictaios tde weell e speedonpgéhe
tow ng process., The speeding up can continue for acg{(gg%{i ned 9:?” od or
until andPiér tB8RmERTTFS %é‘%’s‘éﬁ‘%%ﬁ§?éﬁ?i@6§t%‘? & PPt he pilot
real i zes {opabsel8§atQ0ni urdlouish 0aCN665 a&d andiigteunwey herpaanessue a
speed up command (by perform ng a unique sequence of steering conmmands) to

syst em 100amsdeirn $yFtemsydnem 1001 1dan apbema- t FenhpanstEt [Fr 068837

[00102] It deshaRObedn il UpmBnad QEﬁQ%éD%OBE§B§T%ﬁm§NSA&nh$@9peéBease
various prior art multi-direction steering technique and can include

vari ous temses ofudthea$ sai molasgngg fdixed sbashaatd RWEEEES) stoderdi¥tardard

wheel , castor ee| r di Shesl LkepSOBLE s Wheel
(devel oper§n§§eﬁhe%&lﬁ?é?%§rlga§g -'Olzramhi ZI ngteag%glttrﬁtg‘gl :CfL:lgente ggfs)t ém; at the
Ut ah St aty Enicvatspblyer ahde tdmntinade contripd fmither noted that the unmanned

ai r pl ane f system 1Q0 n also i.ncl o) o] e. cat Lkl ar
tracks 'orfogq@?r]rﬁ%a#oﬁglé go%éggr %rlrlger eélc tl(;é%% Icpaglr E%lr%'g slg%d?%ﬁguc])? nore
-wheel s. AyzanbbAatirmaefeanhettsl @l catespelk| ayydteackbyi pliddinsgt r ahed in

U. S patent applicat, on ubli cation serial nymber 2006/ 0056949. of Ecgert
whi ch is YHEGNSEr & ﬁgFeitﬁFaBVfFéf SETEE. 001057 v ehPERTTS” &FC east

two wheelghiow efhe Waeeksndd0Ehrplbhe( 6)radtdot aystémdepensieritl,y them each
ot her. According to another enbodi nent of the invention the rotati oa speed

of one whiddiotcamafilfRERs r bita PBEGL i BN EHERd BRTanhetNihe SPMEBRE
steering, {41 H%AWRLBs LAV ¥ESnFotating 17 wheels on one side of the

unmannedai r pl ane transfer

[00110] Figure 4 illustrates a rotation of a four-wheeled
unmanned airplane transfer system 101 about its axis by
rotating different wheels 111(1)- 111(4) in different
directions, while the wheels are parallel to each other. The .
pilot requests to turn the plane to the left
(counterclockwise) and in response the left side wheels
111(2) and 111(4) are rotated clockwise while the right side
wheels 111(1) and 111(3) are rotated counterclockwise.
[00111] It is noted that each sensor out of sensors 142(1l)-
148 (1) can track the movements of a spring that is connected
to a plate that interfaces with the 1landing gear. The

springs, or alike, can be connected on their other side to a

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



system 100 at a speed that differs fromthe speed of the wheels at another
side of.the unmanned airplane transfer system 100. [00104] It is further
noted that the nunmber of wheels can differ fromsix. For exanple, unmanned
ai rplane-transfer system 100 can include four wheels. The nunber of wheels.
is’usually responsive to the weight of the airplane to be towed. [00105]

~ Conveniently, when the airplane is tolfed in a straight line, the transfer
modul e reietasedher| doudéd )dowrl 10€) athea lepgidnangeratelinReadithgl vy, the
ai rplane_is_constantl,.. pu _ i a manner that resenbles the slow
and cont?lﬁ%%rh%eérmavler lr?tn%o%k?ﬁé%?\r,\%?%%éenﬂlo when it is transferred by its
idling jeboerg) Regurf0010b6]udttrdtesf wr tlowernpbetdivhadf ad t handind iqpare 1
illustrates a éi n%hz m)g)or 130, but thi S i s.not necessar |dll so. A nptor can
be al | ocaf ed2per EEPOF pEPTEPBTp BFOwhEErSSSThe AFC6F 8r MStors) can be
connect egmbe&d ikentwheelthe Anvant oosmanners. For exanpl e, the unnanned

ai rplane transfer systemcan include at | east one of the fallow n%:cd (i)

di esel ehBPhE3F BLIpRoFFaMRAg LAY dSHEEPENEBwER St FRE 1859Fy 68 2ul3E not or
on the wWheghsnvd aife VA ME RESRER! Y0 (firoh @o@sal BAYbNE POYEstdigniated

el ectrical generator and a battery that drives electrical notors that
rotate thevemerts, FErerp aldt esén ehgi e fites 86t hra_pfo?ﬁéjr sd’éﬁlﬁ?dr_ ic punp
and al so EQE‘&B&@%S' BAE NGnBeng! el DHE Nurdfardre T & V6o Ba O D g dean Of
hydraullg motors and electrical "notors; (iv) an electrical notor adapted to
recei ve evetemi cldl0 .powermer ohd ¥ aida pkises Yrckufe sdetaebablet W port ;
(v) fuel h i electri [O0307 RveRhent 1os
unmnnedeggé\%ﬁ%%leq{}}ag%s¥§}1 s§§t'eﬂr%q%§0w?%8%3323 navi g]ecl)ttiq-}%n unit 180 e:[ hat
enabl es unmanned a@irgplaree treassber spyserm AQkaws rdvipdane aP-an airport.
This 18 i ion capabiljt an ef n ned. .al r

transfer [Qgﬁgﬂ\tsfé‘éoff’ngé glé 8gt8§?$%%t§€aﬁ£ a?é%f%%%’. n%ﬂe%ﬂl}?é cggn@ér}gvi gate
itself tasaspthegsalbplane F4)t ahaai tareg cpanettédotowplatest (sudh amvi gat e
itself towards the next. ajirplane.tp be towed. vigation unit_ 180 can be
connect eHlFBeEoi?goﬁ“F%rls%doté’ratcéﬁgﬁégﬁcﬁa‘ﬂt}bf eo%‘tarn&llngr 9t60: It shoul d

i ncl ude aknheagt gene 2ocatd o menserteas awel inebudisf otwgewhaélsthat stores
information representative of the airport. E00108 Na¥i gat i gn unit 180

al | ows t 8uhaFn§ate™PRE &ifr piPSRe St PHREPEFSdy S¥ e MARECRUF TP AR D mat i ¢

nmenner, iR, as$EN &L OMRId, MRERer tahhowsor enpte control when an unexpect ed
event such as a presence of a obstacle occurs) or a fully renptely

control | &4, nefinFerexaptel e ehit ePtbtit r oiskanh b8 AppTi & bY@ Eofttoller of a
central Gaat a4y t'gea([::irOOZ](pg\]lilIi[ Lsi ot pd Ebalcd hersikwl sheagan place its

| andi ng gear on unmanned airplane transfer system by placing the unmanned
ai r pl ane attr Aeefér sopst epranga ekt &ifn sbaéageon>3dndSthhi PE ehékanmanned

ai rpl ane _t.r.ansf i till, the pilot navigates the nose | anding
gear on twﬁel%ulﬁlﬁg%n%éééﬁqp Q‘ierZ transfer system [00110] Figure 4

i || ustr atFeguaer ot at 1 bnstofatzes ounmanres! edirphammetrans pémneystansf er system
101 about .i.ts_axis by rotating.differen I 1)- 111(4) in different .
ﬁg?,mﬁFFgrgﬁ%g“% é%bodlmen% Efmfﬁg fnfé%##ﬁg.

. ; n
directio ‘eet’s Are paral’l e 0 eac r. The
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_transfef system 102, as defined by the front
and rear axes and by an imaginary longitudinal symmetry

axis that is parallel to the wheels.



pilot requests to turn the plane to the left (counterclockw se) and in
response the left side wheels 111(2) and 111(4) are rotated cl ockw se while
the right side wheels 111(1) and 111(3) are rotated countercl ockw se.
[00111] It is noted that each sensor out of sensors 142(1)- 148(1) can
track' the novenents of a spring that is connected to a plate that
interfaces with the |Ianding gear. TheGprings, or alike, can be connected
on_ theirroghes 3i deluetaateamanmiheedr aiepdadeatttassteonsyptete and spring
can be 19 elevated or | owered down en_the l.andin ear clinbs on the
unmanned!3?r p?%‘?%rq%yerans%‘%ﬁfmf%gﬁé]tqﬁ dﬁ‘rvéen%qio l'ustrates a | ower
portion @hoalbpndinagneeanizgland raddnsFee spystngs aod pnatlesiesactmrdi ng to
an enbodi nrent of the invention. . éoo‘#&% Rigi.d frame é41 gr{]ounds t he
springs BRBEHP ates And gddent sREAE | (3o fp mHS) (hy Hond

predet er FBE?Qié@é’c?”ﬁmﬁné:r@% 1éHe catedps | df t B8N @Ing ahspd Zor i ngodthe
pl acement of the |anding gear on unmanned airplane transfer system 100.
Frame l4wheahsaldd(Lhclkode et @hatie Fraher elBABAEs thRAt Gdn MRV ed

t owar ds 0 t hepunmanned aibRkangnt aANS{&ly syst esr dOPidpws
airpl aneg%{}g[%g%ﬁ},\,g%gﬁéors track the rmverrerr\lt ~of springs, or ali ké; (such
as springsils2thnd resa) whestl sararecorgrett £elr t opiagesbPisuchigs 5 dt¥s 156
and 158) thggséﬁfrfs ce with the | anding gear. Landing gear 20 is

i I'lustral&8®58%ined u I'ng two wheel s but the nunmber of wheels supported by
unmanned [aDLpbama guransf et 1syst&ne s ammdrfrfesr atilrgd aneotrahsf¢prsext@ml e t he

oL M 5052 A2 40 A G B h0E, | BRCH0 SRAn R | ol 1ohtly rotate

move accqodingl Wnmanned airplane transfer system 104 includes four
wheels 114(1)-114(4), controller 160 and transceiver 165. The
transceiver 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 comménds. It is noted that unmanned
airplane transfer system 104 can operate in multiple ﬁ&des—
pilot controlled mode, remote control mode and a hybrid mode
in which various commands can be provided in a remote manner
whiie other commands are sensed by at least one landing gear
sensing and constraining unit, and aléo manual (local)
driving by and operator.
[0011811t 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
ihcluded optional position sensors such as but not limited to
GPS based sensors that enable to determine the location of
the system. The location of system 104 can affect the
movements of the system. For example, if the system is about

to cross a landing runway thén system 104 can speed up the

transfer process. The speeding up can include increasing the



Figure 6 illustrates unmanned airplane transfer system 102, according to an
enbodi nent of the invention. Unmanned airplane transfer system 102 i ncl udes
four wheels 112(0)-112(4). Rear wheels 112(3) and 112(4) define an

imagi nary rear axis while front wheels 112(1) and 112(2) define an

i magi nary front axis. Landing gear 20 is positioned at the geonetrical
center of unmanned airplane transfer 2ystem 102, as defined by the frontand
rear axespesd Wy am imerfefdmed oapeeddiaral dpneeiny &tiss sraedi LY al |l el
to the I [ u Hopnne r ystem
103, ac\(,:\%r?egl %jgr %9%(% gﬁ%g%grr%}lhét %%lg&hrggsl nvent ogrhaé 'géollgftr{ﬁ?g}\ﬁgeh

ai rpl anelinairsf eruaysyemckd2 baclpueesohielly vﬂmmlwlel:il?(d) syb3en) .1 Rear

vvheels 1 and 113(4) .are sitioned in ne_w t he_wheel | andi ng
gear Z}ﬁg%%ql%e%?s A ggtﬁadﬂ‘ﬁ(’g) ofr EhgasPo?ngh%%l ?ha?f%calnt Yotate
al ong thes ro@Xe Sconftis flcanbywhirel siten. be used for steering while the rear
wheels are used for to but this is not. necessari 00116], Figure
8 illustFapesl hﬁﬁﬁﬁﬁ@&le‘a‘Ff%'l angmeraRgt &R Em &6@15% oFérFkam éda%

embodi Weﬂﬁcgfldé@eoﬁﬁi/&ﬁﬁl Obb s {0kl AnWnmargesiaitd ane déensd edndist em 104
i ncludes four wheels 114(1)-114(4), controller 160 and transceiver 165. The

transcei ¥BPL14 6P T2 fPpt ed to recei ve conmands over a wirel ess nedi um

These Comﬁﬂf]f abgraent t@ieonti®l ke LGRibRt dik t HEN AR COBMTLt1unmanned
ai rplane transfer system 104 in response to these commands. It is noted

t hat unnafnReer i rHIEneasdr ahsfl@sesysteRNITY can 5péRht e § nCRBFERpl @n _
modes- pi LQ&u&@P&r%é 10de, ée?%:rr%l?ﬁ@&w' rRde.gnd a hybri é‘t!%pc?ié n which

vari ous conmands can be provide n a renote nanner whil e ot conmands
are sensednbyr athueasﬂcacme thandengagetr sEmwithg odndadonsenai nl(h(?g wit, and

aISO'anggéeéigf 19r 5H@ Q¥ Qﬂgagggéa£9£plane transfer system 104

in order to detect obstacles. If an obstacle is detected the
-unmanned airplane' transfer system 104 1is stopped by the
pilot, or it can alter the path of the towed airplane,
provide an audio/visual indication (including activatihg a
siren), sending an indicatien 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 is informed and
the airplane transfer system can acknowledge a change of path
or request the pilot to select whether to change the path.
The path change can  be controlled by the pilot, by the
central control system and optionally by the airplane
transfer system.

[00123] Figure 9 illustrates unmaﬁned airplane transfer system
105, according to various embodiments of the invention.
[00124] Unmanned airplane transfer system 105 includeé four
whee}s 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



[00118] It is noted that the unmanned airplane transfer system can al so
controlled by a short-range renote control transm ssions, by using a lap
top conputer and the like. [00119] Conveniently, unmanned airplane transfer
system 104 i ncl uded optional position sensors such as but not limted to
GPS based sensors that enable to determne the | ocation of the system The
| ocati on of system 104 can affect the %vements of the system For exanpl e,
i f_the systanafier abpatemno IossIh | &Rl AGCruARay? t FéResy88em® cad speed

up the transfer S$.dhe speeding up can include increasing the 21
speed to a pHé é?{%%g sﬁeed and |l owering the speed once the airplane passes

t he | andi P Iafmiway. iTheotedathansanf unhanhechdd fp ranenvdyRredie o ystew ousl y

provi ded to system 104. . Accordi ng. t n e ' t.he . tion
t he vel occf&ﬂ/ réc_lou ey%(%r?t r%%ﬁé’“&sgﬁl?’ﬁg %Hgo%.&%@%oﬁ%‘ﬁ%ﬁ%ﬁ#ﬁg
unmanned sid pkaae tgwtsf er sysieem ¢84 iopedrades pt modalipbbstdidiferenitt 118
adapted to detect and/qr avoid obstacles. [00121] Obstacle unit 118 can

i ncl ude o‘?féerc?rtlr?d‘rag 86S€5cl e sensors such as a | aser scanner, a radar, a
camera, ap@ECistigus&nsor Ohldusordiaat i emmileyeofai rBiambstaene feensor
can scan the area In front _of airplane 100 or especially in froPt of

unmanned B TYAHNECS randf &r 18PEiBe 2627 ¥ orFEP oM deltEcid o EENY f an

obstacl e 45 et eivadittibg unmanned airpl ane transfer system 104 is stopped
by the pilot, or it can alter the path of the towed airplane, provide an
audi o/ vi slA913 HdVemeneed (RAEPLENAQ taePPFaEi FYSaeE rdY) , 13erdPREe@N O

i ndi cati op, £0; @ GRIYI1R: CONRRl 18y $LeLaBR: 408vd | k€ st d D022l AeRRIdi Ng tO
an enbodi nent of the invention once an obstacle is detected a _central
control syetem i |atdieredceameethiond r pThare t readflatesy std@n@ds adBow edge

a change of r.re e.pi-lat to : o, ch e path.
The path %%%%%ée&cagnlrﬁ)egggéé?%gl 5% tP&ltO}'nte %? %ﬁ%gwﬁ%gtc%n?%a?aggn%?ol
syst em angibpt icaomeidol by the seiptane ¢of aisf erirpysnem [ 00123] Figure 9

illustrat ned airplane ansf er. system 105, accordi ng. t rious
enbodi rrenf@owg@?’ﬁ%le%’% f. tﬁf‘ﬁofzuzf{l n?rﬁ?l?e&%ai“r‘%?cgnéfgfrg:nosr}g Syst em
105 i ncl uglesid owommaedks flidd( 1xhél15{d)qt .cothmahhed h6@plunanseinsdterl65 and
a manual control_interface 167. Manual control jnterface 167 c%neraltloow an

oper at or $%5 Ul FBHARRY FHEnefC]PPpFANR techniques in or

recognize these audio commands. Once a command is recognized
the unmanned airplane transfer system can operate accdrding
to the.command. _
{00129] It is noted that the reception of audio commands or of
the modulated signals representative of steering commands can
replace the sensing of mechaniéal movements but can also be'
applied iﬁ 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 audioc 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 recogniticn to guide an interface of the



22 transfer system 105. It can include a steering wheel, a pedal and the
like. [00125] It is noted that an unnmanned airplane transfer system can

i nclude both a transceiver and a manual control interface and that such a
system can operate in multiple different operational nodes. [00126] Figure
10" il lustrates unmanned airplane transfer system 100 and a | andi ng gear 20
according to an enbodi ment of the i nvhtion. [00127] Unnanned airpl ane

t r ansf erusypaneed 10¢irplagapt eirdbsfereiswsteBdul 2PEATIP gnatle r e tative
of steer'Lrllg%gprTma&q:sfa \éelbfagh@ugglqdlcrp&rbeec%g_on. These nodul ated signals are
' g

generate response to pilot steering efforts as well as pilot control of
the vel o¢D0Y33F Fliberai i pl BhkusiGOEz8cabemredidént byirpee bW os1idhid s used

for convexhlg 8ydy0:69MmandS ShiQThinguRbolovkRmnaed ahionl aha ! ISl ef
syst em 105“¢AnPappl y vbi €€ r 8cogiii ti on techni ques in order to recogni ze
t hese audonneotedmnds. Onnevabtemamnd 1%5 r eMogabked arive camaAnéd dilrepl ane

transfer syste n_operate according to_the command.. [00129] It i s noted
t hat thec‘?é‘é’é‘bngﬂ bY & i%ejc%%%sg%ef %‘f]dj_t%eo%r%?d’]u a r{etfrilégr?alzél ot
repr esent ahliveg ofgesireerd Ng wMMENES] € ars riefdnacegt hepsendiodg ob reclichini cal

novenents but can also be applied in addition.to the sepsing of th
mechani caPPHDISNERS t%qwaﬁ@ienﬁldgéw FB%&%OT%&%E.r&»ﬁ%e’?ot%/e]tl ot her

embodi megt Qfydhechavepiceactie fanrechihopat o itheraddeo Al ugnearcimn done by
an operator. [00131] Typically such audio output interfaces are found in
ai r pl anesnehie Wb eslbtiRp b%/u%aaﬁhrié]diq o hgt ¥ eRPRIEE  FD0A%H° |RUER ot ed
that the;geapectiop to the audio output interface can be done automatically

by using a canera and appl yi ng ina?e recognition to guide an interface of
t he [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 airplanes transfer systems 100(1) -
100(10) according to an embodiment of the invention.
[00136] The multiple airplanes 10(1) - 10(11) and multiple
aifplanes transfer systems 100(1) - 100(10) are located at
airport 200. 7
[00137] RAirport 200 includes terhinal 210, take-off runway
262, check up area 261, unmanned airplane transfer system
pathl266 and taxi-out area 264.
[00138] Conveniently, a last minute check is performed at
check-up area 261, by an operator that checks the airplane
for leaks, can extinguish fire, can remove the safety pin
that allows the landing gear to be rotated and the like. The
airplane can ignite their jet engines at check up area 261 or
before reaching that area. For Example, -airplanes 10(2),
10(3) and even 10(4) can ignite their engines. An unmanned
airplane transfer system can detach from the airplane before

reaching check-up area 261.



23 unmanned airpl anetransfer system towardsthe audi o output interface of
the landing gear. [00133] Figure 10 illustrates canera 191, gripper 192,
sliding audi'o plug 193, and sliding audio cover lifter 194 that are
connected to a novable arm 195. Mwvable armcan |ift the canmera 191 to the
hei ght of the audio output interface 21 of I|anding gear 20, use enable
sliding gripper 194 to hold Ianding'g%hr 20, allow the sliding audi o cover
lifter t60P132] dncovditinat pioneet $ZaddildSEFRpEE int TR 2P hen

enabl et | di |0 u 0 GOt e} ut 5 4 ce 21.
[ 00134] %@%ﬁiéﬁ?|3#gﬂ6vg Igaégﬁ%%gg%can bénﬁgggqgg Pgﬁﬁeeé%{égfﬁii

| andi ng geansfideel spafestsy Pi0A,(1) n accREe tamd heontanslengi nghsimst em
node of'ogeration and according to the towi ng phase. [00135] Figure 11

i |'lustralBEHEPEFple airplanes 10(1) - 10(8) and nmultiple unnmanned

ai rpl anesobraosrarpsyatens (100{4d)pesitidGntd) aiceaydnrgsteranardbdudaient of

the invention. [00136] The multiple airplanes 10( - 10(11) and rmultiple
ai r pl ane8Pt r ah% erz%@sfﬁﬁﬁrlo g1yr9- %ﬁ e I%%&Pedgé? arPport® OOP
[ 00137] Ak PRI Ln@0Q dafglrudess iste Neha®1@owkakertof Eromnwaymd®a) ciexk up
area 261, unmanned airplane transfer s sten1gath 266 and taxi - g area 264.
[00138] EBmaBRAPEnALFPlaNFadtitamSiGte B Ss 'ﬂ)céti‘férsneﬂ’s}te@he%@- L%) ar ea

261, by aBgoopeyatefdt hajo ahecksathecahpréedie fdleilreaksskcaneextnh ngts sh
fire, can renove the safety pin that allows the |anding gear to_be rotated
and the tekeindhe2hr pligheindannegnpt Pt #ef rtjats iaigisyed Bt PehBck®bp area
261 or behghgj¢ Cﬂ?a'l%ﬂe%h?ﬁo gea.o 891 EXaMYBngdi £ ohaRes aL0(2)xi10(8) and
even 10(4) can'ignite their engines. An unmanned airplane transfer system
can det aelrehr 0268 he bai r phrearendsef edepi ede hitygrohieck - spsteesm 269.(2) -

100(8). Airplane 10(5) waits at terminal 210 to be towed Dby
an unmanned airplane transfer system.

[00142]Conveniéntly, the airplane stops before the unmanned
airplane transfer system detaches from it. After the towing
ends the wunmanned airplane transfer system can navigate
towards the terminal. The navigation as well as the towing
can be at least partially controlled by central control
system 250, but this is not necessarily so.

[00143] According to an embodiment of the invention the

central control system 250 is a c4 command and control
system. It 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 airpléne transfer
systems, can override steering mechanism based upon sensing .
airplanes movements and the 1like. It can optimize the
movements of unmanned airplane transfer systems, either
during towing operation or during transfer between positions
without airplanes. Central control system 250 <can Dbe

integrated with the airport air traffic control system.



24 [00139] In addition, figure 12 illustrates a central control system 250
that is. capabl'e of communicating with airplanes transfer systens 100(1) -
100(10) and controlling.their nmovenents. [00140] Airplane 10(1) is
positioned at engine start and check up area 216 after being di sconnected
. fotmthe unnanned ai rplane transfer systemthat towed it fromtermnal 210.
Unmanned airplane transfer systens su2h as systens 100(9), 100(10) and
100(1) thadlédThet edcemeral t askonteblr nsystarer n2h@l 220, viraaknapined

ai rpl ane.trapsfer syst pat h . [0014 ir 0(2): ) bei ng
t owed, atlof%gllg%utogr egmi%?’aﬁggg%rra%ﬁg ﬂé?épl g%\%qgf%%sf% S%%é%engggoow) -
100(8). Aeepliaieg 1Q(dmatdi@nt siafotmdtiaral 200 t bthée diopddniey anansfrenned
airplane transfer _syste 00142] Conveni.entl the airplane stops, before
the unmafAXEHSEF pﬁﬁﬁ@ ttg‘]ﬁné‘lflgr“esgystfe‘:rﬂ“be?gb%sy??%t?ﬁ?rl .S%?%?S)t’heg?%w_ ng
ends theguapaaped abrphanechtapsier sypéemeastiavi gate towardaribes
termnal. The navigation as well as the tow ng- can be at | east garti ally
control | @4TBYyaRent r AL TREARS of T3St e 9BBtemend nFRUF sIRBR L hEcESdRrFYy so.

[00143] Aegghdi ngrtd-an epbodiment wfxithe i nygat i amstihegent pabceoat rol
system 250 is a ¢G4 command and control system It is operated by, the

Al rport FaRVESEPRYLY sofhf GSEERdatr afFItTednt rfIE™ opet R or FeEBRY A
contr ol %}5%5@%5%%%5??&&Ol(emkéf Pher & PRr &ty anshRbLBYSt €8RLrél can

override manually controlled unmanned airplane transfer systens, can
overri de syséemni ngfnecirdrusmisds ed egpdhagermingezdagiitanies wewepenPsrand t he

| Tke. 1L 6aN QRLCILE S BE.H0uaRRALS alndiRNDRd abiplane.fdagalelosyst ens,
ei ther during tow ng gperatmn or “during transfer between positions without
ai r pl anesre@entaral camt pobviyst em 260e cawnbaoiihergrat eavewall t éswadt port

air traffic contyrol.system. 25 [00144] Thecentral cantrol . system 250 can
track théepﬁﬁfepé#b?xt%g V% i HUL 'lcrpnéjngC S ansfersys é‘rcr%gfbf/nrég%i vi ng
| ocat i on dimbetaat ras fcearrthecantpbaneystansbéd syst ersyefit omitbheaft anes,

f th |, ti, , d di.spl t t I t he | ti f
he vari G aPEGaRBEs aPFBFahE Tr AEPEr by SEERRERET ik GPBaPFy Fbtuced

human er QNsti Nothert@rfrd N Yt rbaXieroUbr pHOSESEnd Carlenidenttyntibegeentral
control system al so received | ocation information (either directly or via
anot her d6oMerer ty%eeryfofanhirihsud ik&hicles that are present in the airport

and espeqioahlsy | tea{t JUNwWaYE rand siyd tbhe 2baxiinkcnuass: t axj - RUt 18588S088d can
provide to the controller an overall visual representation of the airport
and the V&ensudtear t {rh naghd NSt erThed tenfAaPtednttl TEP8EBAT 250 can

prevent A elahl {8hnafsd da Sniehbeke unAbAGia! laAgalARNt $rahbzean

prevent pilot or traftic controller errors and m sundérstandi ngs towards

t ake- of f vedwridlehe |(iiké. At least one receiver (such as receiver 254)
adapted to receive location information from the multiple
unmanned airplane transfer vehicles. (iii) At least one
display (such as display 256) for displaying locations of
multiple airplanes and the multiple wunmanned airplane
transfer vehicles. (iv) At least one interface (such as
interface 258) adapted to receive from an  operator
operational mode commands adapted to determine a control mode
of at least one unmanned 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 contiol system 250 is adapted to

receive an obstacle indication from an wunmanned airplane



[ 00145] Central control .system 250 includes: (i) At |least one transmtter
(such as transnmitter 252) adapted to transmt steering conmands to nmultiple
unmanned airpl ane transfer vehicles. (ii) At |east one receiver (such as
recei ver 254) adapted to receive location information fromthe nultiple
unmanned airpl ane transfer vehicles. giii) At | east one display (such as

di spl ay 256) for displaying |ocations2®f nultiple airplanes and the :
mul ti pl etuanmafieed aisygtane trandfer toensleztivaly) Atatknmtlasiee i ntarface
~(such as_interface 258)a LVE. r ati onal node

ch &g?egs & Shpdartad LanLaRehvE; L5 PMAN. ARRALO ARehE

commands “ada ermne a contro ast one unmanned air
pl ane tr&ansier] Sysvemighelynteediticel camtinwd wistlegyB268r ds rdagesedand t he

li ke that are connect%p to.a conput r.tha% in turn controls dis ia 256.
[00146] ESROERF orft] y CPCEAPTEI TOPTH1 Y s rERT250" | STMRISES PotPesetve an

obst acl etirads€ati Gy Ftie@im and unmanreatabl pl @ne-hayd r afsferigy soenmangé o
sel ecti vel yacknow edgea change in a Eath of the unmanned airpl ane transfer
system [BB2aRrgd T tHRPRSEERt PXPTEBNt rol system 250 is adapted to

receive 3000084 20h@chfdheady| 0OBeht 04N adbritvEANNSG taind Plsanest kansted system
and to control a change of path of the unmanned airplane transfer sgsten1
[00148] CBREEMFent| yIatbiEs al IRGiftatdiorsy SEom 258 | IPE3apeEd 8oTPEReFve a

failure. E@th%'ko%ygeem ARgUNRNESTe & 1Rl BNea b kRsT &igsSYSt 8Bt 3BRme Ot

sel ectively acknow edge a detachnent of the unmanned airpl ane transfer

syst em f pénthhevanapiethe i rloOR4SFacshvenfent ey, fxamtthe adamiAbP - syst em 250
S gAne] SR Bolay| et 1 oo o, smscdopgisione
ai rpl ane recenseerasyfakdhure indication from an unmanned airplane
transfer system and to contreol a transfer of an airplane by
thé unmanned airplane transfer system.
[00150]Conveniently, central control system 250 is adapted to
optimiie 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 senseq by the unmanned éirplane transfer system.
[00152] Figure 12 illustrates multiple.airplanes 10(1) - 10(5)
and muitiple airplanes transfer systems 100(1) - 100(8)
according to an embodiment of the invention.
[00153] The multiple airplanes 10(1l) - 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.

Airplane 10(4) has previously landed and is approached by



[ 00150] Conveniently, central control system 250 is adapted to optim ze a
di stance between nultiple airplanes being towed by nultiple unmanned
transfer systens.. [00151] Conveniently, central control system 250 can
control an unmanned airplane transfer systemin a first operational node in
whi ch central control system sends 250 steering commands that override
steering commands that are mechanical By sensed by the unmanned air pl ane
transf er uspsnead [ OvlsRlamg gurteans fier| usYsigresl lﬁipléléﬁ¥¢ﬂ%nég(§b(l) -
10(5) and MiLLLA! 8,al/hlanes ta&afgﬁgg% %akg@rlgggam 1é@@§§>tas;gpa§h ng to

an enbodi fent "6 Ke i'nvent i on Iple arrplanes 1
10(5) andemminapl él@| r PiarpEsanter ah$ f2r systt@mgdlon( 1pnmaree] S?lapbamebcat ed
at airport _20

212, | and¥A§” geﬁk Q] BTt £AGINC U8R LTI P2l a2dh oA 2Ngh Py T unviay

area & URrahined alr ané transter systen1path
214. A caabrabwedanOMDamahedlasepﬂanalsaahstaredysnamil©@rl ) 2004 ¥srpl ane

10(5) is landi.ng on Iandl runma 212. Airplane 10(4) has previously
‘1 anded aﬁ&og gBrB%EIWera 321027;i Hﬁnﬁgaﬁl rpl anetransfer system 100(5).

Ai rpl ane (5008} ) itnr-ewed byi spr@ined rankpbanesistamrsf eL0syst em 1000 8)) t owar ds
term nal 210 Airplane 10(2) is towed hy unmanned air Iane traﬁs%fé system
100( 2) t6“8P6§3F%rE?H%Pgﬁlﬁnméﬁqﬁﬂzﬁﬂ¥9ﬂﬁﬂﬁ YRSt e d B§eﬂnﬁﬁﬁ frpl ane

transfer t%yz%&am 190Gt hgand dphapkead QPBteUanﬁxﬁeczlgl_@ﬁ)lérh@ gakfsfef 00155]
Unmanned airpl ane transfer systenms 100(6) - 100(8) gagate t hr ough

unnannedSaﬁﬁﬁmaﬁéoﬁﬂéngﬁéﬁssy§ﬁe%ﬁﬁﬁﬂﬂgZEACkPBméFﬁé ?é di h§ BLERLPGr ea
218. Unmgpned airplane transfer system 100(4) waits, at |anding pickup area
218, to airplane 10(4). [00156] Conveniently, the- alrplane stops before
bei ng t oVi§@1560 Gametsing enité yun ridien el 2t bepleantt ansanke £9T S yBe 0 t 5OYRPport its

| andi ng_geare, AlLLT £0e JQlhAGa RS pabnbne 20QIe sIAltening, ClgEhoup area,

t he unmanne alrp ane trans system can navi gate towards the Tanding
pi ckup ariea 2EdiTlki weazavi datticon Wen tevigentendd eat byha epairal stentro
system bud tcrllllesckl Supnoa;[ nec%%eardnlr%nned airplane transfer system can
| navigate towards the landing pickup area 218. This navigation
can be controlled by a central control sysﬁem, but this 1is
not necessarily so. ' I
[00157]) Figure 13 illustrates method 300 for transferring an
airplane, according to an embodiment of the invention.
r00158] Method 300 starts by stage 310 of receiving a landing
gear by an unmanned airplane transfer system.
[00159] Stage 310 is followed by stage 320 Qf sensing, by an
uhmanned 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 movehents of the mechanical gear
such as rotation, de-acceleration and the like.
[00160] Stage 320 is followed by stage 330 of transferring an
airplane, by the -unmanned airplane transfer system, in
- response to the sensed steering control induced movements of

a landing gear. Referring to the examples set fourth in



[00157] Figure 13 illustrates nmethod 300 for transferring an airplane,
according to an enbodi nent 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
unimanned airpl ane transfer system steering control induced novenents of a
| andi ng gear of the airplane. F@ferriﬁb_to t he exanple set fourth in
figures 8igndes mult4 pl @nsensdrs s&ERSe didtRAENGNal 1frecHaeal RBverPhts of

the mechapical .gear $4Gheas ALY | Ofst Lf- dRCEl AIRIHQN 89 e bikeaqy [ 00160]
St age 32§H| S’ %?I ov%/er% %yestage SOQ%? transferri% an airplane, by Otlhe
unmannedmavepénane. transfer system in response to the sensed steering

control i venpﬂgs of di ng, ge et i es set
fourth ir[negggﬂjisgopgsl- anld%,f%iefgaﬂé&plggeg%ggoﬁg lﬁ)yr}gaé}lélcugrlér}rlglirﬁ1 eﬁ%rpl ane -
tow ng syskpheha rexpansetio t hemsenseéd ruvedents. tf0GiEel StwgeeB30 is

foIIovvede stage 340 qof detachjng tge oir ane fromthe | manrée_d f{irpl ane

t r ansf er REYELEMII RECerTih gt TH R He &% nﬁ?élrgbt Jfrbuh%u]f%sfﬁguraéis 1%and 12,

once thechaxi - tReOrtdaxirOUbri sStaQnpbet edid hecdapTeteeld the unmanned
airplane transferlsystem can detach.
[00162] Conveniently, stage 320 of sensing includes sensing
pilot commands to determine the airplane velocity whereas the
transferring is responsive to the velocity change commands
[00163] Conveniently, stage 330 of -tfansferring 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
receiving commands and it can be remotely controlled by a
central control system , although this is not necessarily so.
[00164] Conveniently, stage 330 of transferring includes
independently controlling at least two independently
controlled wheels. Referring- to the example set fourth in
figures 7 and 4, different wheels can rotate at different
speeds, at different directions and can also be placed in
positioned that are not parallel to each other.
[00165] Conveniently, method 300 also includes réceiving audio
commands or modulated signals representative of steering
commands and wherein the transferring 1is responsive to the
received audio commands. Referring to the example set fourth
in figure 10, the unmanned airplane transfer system can
receive audic 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 is

responsive to the sensed location.



ai rplane transfer system can detach. [00162] Conveniently, stage 320 of
sensi ng- i ncl udes sensing pilot commands to determ ne the airplane velocity
whereas the transferring is responsive to the velocity change commands .

[ 00163] Conveniently, stage 330 of transferring is further responsive to
remotely transmitted commands. Referring to the exanples set fourth in
figures 8,9 and 12 the unmanned airpl2he transfer systemcan include a
transcei (@816F Cpeuenwéh‘gl%ommmééhﬁa@d 30t0 (,falriftbérr énpledss crftaiined by a
central contr t £G5S \ FQQJS@
Conveni efit'| Egé rgg% g]ép%)%l‘% lug{berrl n dapls I ndZE{)dedn erfl?lf y4 controlling
at | east dém@cmrrdppet)demilqplta@m rfﬁdnedth\dﬂeellnsxanﬁeﬁeramnmam@ thearesdaml e set
fourth in figures 7 and 4, different wheels can rotate at different speeds,
at di ffeF@ﬁ’Engi rections and can al so be placed in positioned that are not
paral I el (po1esrh others h60485thGenvenientl yfairideodi 80@eaksoeindhedes
recei ving audi o_conmands or nodul at ed SI nal s reprgienta 've of .steering

conmands UAREN R r G IFRIFRS r AREPEFFT ng®Y S er“ésﬁ:cﬂ{’sl P8 t he®r VR audi o

comands coRef81 M sRgtbR tfe exadpbensesl f ouhth dentiraguredntGolt heyammnned
a| rplane transfer system can receive audi o commands fromt h I an i nsgegear

' r ecogni £&8nt GeleskmaRd SdREFPadtheadddPdidng! )Fra[r{ﬂff%]syé&ﬁ%n t hod

300 al Solgn%e@esnée&eg&mfg g ocat i ons of rhhenaid I phanay aﬁﬂndﬂ'lertﬁien t he
transferring is responsive to the sensed |ocation. 29 [00167]

Conveni edekgchpehiod c300 Baur rheponficiaudes décectyPR) 8 HHAE] - ai FP ane
transfer §¥ﬁ%§@f§éii{5 Lo 2ndhd JS.85R P%S%@%%Qhaadt Qgrglgrpéa@fartgmthe

unmanned “A1 T pl ahe §ranst er system [00168 I's noted that once a failure
i s det ectsgdtéhe tonneenednaireplade byr aisf ecesysabmeoanral | ewstha dei r al

o ol REReILl 0 LRKECAARDE Ol G OO T B SORLIBICSYSE SMOATAE SOt 1O

detach t pl ane transter syste IS TS not necessa y SO is
further mg@edmt haétt Iaecdetian@nem agabhée emspdiseve ¢D tlrr@ ily‘{ml@fon
failures.  For failures that. prevent the gnman ai rpallﬁamte Itransf er

syst em t §PBe p&ﬁﬁ?r &al o TheCTeMt G al t}é%n}l?%?n% t 8t <-’lym:"r equite a

det achmerty sweihhogdr tdrearmpitsr frar eraaing axh@mom;ﬁmﬂncgystem Yet according to
anot her enbodi ment of the_invention the (ﬁgl ot, c control the

unmanned [QPLBPANEWERAENEL Yoy s WHPOor BhnpHEe 89e§en §§5d8Po Bhmands.

obstacle and stage 330 of transferring is responsive to a
detected obstacle. .
[00170] Conveniently, method 300 includes receiving commands
. from an operator and stage 330 of transferring is responsive
to the received commands. _
[00171] Figure 14 illustrates method 400 for controlling
multiple unmanned airplane transfer systems, according to an
empbodiment 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 locationé
of multiple airplanes and the multiple unmanned airplane
transfer vehicles.
[00173] Stage 420 is followed by stage 430 of receiving from
an operator an operational mode command that determines an

operational mode of an unmanned airplane transfer system.



[ 00169] Conveniently, met hod 300i ncl udes detecting an obstacle and stage 330
of 'transferring is responsive to a detected obstacle. [00170]

Conveni ently, nethod 300 includes receiving commands from an operator and
stage 330 of transferring is responsive to the received comands. [00171]
Figure 14 illustrates nethod 400 for controlling multiple unmanned airpl ane
transfer systens, according to an enmbddi nent of the invention. [00172]

Met hod 4Q0037 ai tSetalgy: st¥Hyeid 1@ odfloredei Y ngtheeat44dn ¢hf SraRsNohtiRdm

mul-tiple nmanned ne ns te ge f ned. by
st age 426H0f Slpserﬁa |11ri1)£fll orgét ?onrs:&glf"gér(r(?jl t|£f§| e%uér pﬁgﬁégngﬁd fg%}élgrrul tiple
unnannedtaanplfanes;tzs'e&rsfer vehi cl es. [00173] Stage 420 is foll owed by

et or m naQ0AASEREPAE] SAD) MoREoF &k Thririel (0 iade P Afst CTee) T em 30

[ 08174] Ebﬁhg@négotbsalﬁ O&hmd)yaﬁﬁ;ﬂ]mé%a@fsfblralsyﬁtém ngft aerepetat i onal
node command to_the unmanned airpl ane transfer syst 001 Stage 440 is
fol | oned SRy tEPAYRA 4505t LRt nﬁ‘og‘?eé’talsngs f’bﬁ' % ?‘?ﬁ‘]rﬂ{b rpl ane

transfer pgystem iy aar efEdte00ntbatked Oopeytald oagérgr@@lﬁ was agel ecs@d. The
sel ection can be made by a central control system operator. Stage, 450

i ncl udes 186AYPRE stutingg EbRARKES tW%rFaétst%‘@qwecoﬁ%ﬁﬁsmﬂ hat are
nmechani cal by 588sedrly thec.unpmpRgd;akbi plangehsaisf 8y systeMinmanned

airplane transfer system.

[00176]) Method 400 can alsb include stage 460 of receiving, by
a central control sYstem, an obstacle indication from an
unmanned airplane transfer system. Stage 460 can be followed
by'stage 462 of selectively acknowledging a change in a path
of the unmanned airplane transfer system. Stage 460 can.
Alternatively or additionally, followed by stage 464 of
controlling a <change of path of the wunmanned 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 Optllelng a
dlstance between multlple airplanes being towed by multiple
unmanned transfer systems. This optlmlzatlon can include
positioning the airplanes close to each other but at a
distance that will not dramatically increase the probability

of collisions between airplanes.



[00176] Met hod 400 can al so include stage 460.of receiving, by a central
control. system an obstacle indication froman unnmanned airplane transfer
system Stage 460 can be foll owed by stage 462 of selectively acknow edgi ng
a change in a path of the unmanned airplane transfer system Stage 460 can.
Alternatively or additionally, followed by stage 464 of controlling a
change of path of the unmanned airpl adt transfer system %001_77] Met hod
400 can &P8bd7Phéligueest hye i4igssraregeinatitpd BP0a feantrarsesrted dystem a
failure Lnod] o] g;a; | n i etr f; m Stage 470 can
be foll oﬁggb%ﬁés’t }béeé Ehg;f L&s%gﬁgctgﬁ%gﬁ/&%c n%%d%%éilﬁg’ez*ggﬁéchnent of the
unmanned [aDEPD aMethrdnSDer ssgstenbyr eheghe3alr pfanecebrage #7Dardimal so be
foll owed by stage 474 of controlling a transfer_.of an airplane by the
unnannedgsgfp}?%n%ntl‘i“ré“haﬁneerdos?ﬁg gﬁ{]e fﬁﬁlﬁg T NBXHod 400 can al so incl ude

st age 48Qoofisoptsitaigai @ desti@mideweedt ieen smakbei 20 abf plmeees vheong t owed
by mul ti %I e uEmanne.d t ransfer sgstem;. Thi s oQti n‘iéati n_can incJ[ urge '

posi t i onithg EhET ai F i Hes TEPBERST Y edth 8t hBPVBIT Bt A dPSt aREEPTHAT will
not dramabheably coRgbaase. t Beapeolsai |ddry ohcrtedd i stags Beowesn atampl anes.

31 [00179] _Figure_15 illustrates hod 500 for transferring an airplane,
accor di ng"Féudfr eAHLBFRARMVHHY t PR gﬁéb’f&?fb‘?ﬁl}’r[ 0bA%oTV Wit hz)?i‘gq\érooszlfearts by

stage 31Q,0f; y eCejMidiG s IR GeardNs @Y USHEHIEds 2ok PARNEi tp Baved er
system [00181] Stage 310 is followed by stage 520 of receiving a transfer
si gnal r espoAsivec@PeRTvemEFECELNEN BRE pI BRNERSGH r QI c8RpoRdRAFla®} age 520

can include:$b29€omaoh Mt LN dhachygde, alternatively or additionally,
receiving (over wire or in a wireless manner) a transfer signal from an

ai rpl ane [60ABPOISteaepSRéNtLs thoddkiag PhieskBuentAP of &naBFERr&IRI c¥htrol
component, ;and the | pke. akooé%%Lnf?'&égeaggBléﬁefOJCLQM@PePy §}208, 530; of

transferring an airpfane, by an unnann alrplane transfer” system 1in
r esponse te@pbheet tansher tsegréer Siggel 56308teadm PAC| ade snayedld39tddr this

B N i SR el iy
[00183] Stage 530 is followed by stage 340 of detaching the
airplane from the unmanned airplgne transfer system.

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

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

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

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

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



[00184] Figures 16 and 17 illustrate an unmanned airplane transfer system
according to an enbodi nent of the invention. Figure 19 illustrates a

| andi ng gear hol der 78, according to an enbodi nent of the invention.

[00185] Figure 16 is a top view of system 70 while figure 17 is a side view
of ' the system [00186] System 70 includes a transfer nodul e adapted to
transfer an airplane. The transfer m)@RJ_I e may include wheels (such as

wheel s 7d{¥9taliy 4)) , comrecedore éAgi Helstussaeneds enygi név?3),CH¥eRsni ssion
mechani s, (00f $B0UN) s LONALY SL1dfenSPELAA B3 TR ARSOT DR

| andi ng gear hol der 78, as we as one or nore structural elenments such as
structurad. eCenensl7& Bhdisensmmedted |to | shaotezhsffeat modtlraucng als el enent

can be a chassis, a plate and.the_like [ 001 Landi r. hplder 78 is
adapt ed ¢ a???‘?ﬂ fogrgﬁnﬁﬁ%gi g SgesF 230t BF é“r?dgll-ﬂrepl érﬁe.r%%'é%%l%ﬁg g!éarar'hol der
78 is 32tpkyvDiql indiareaiedmaati bEushe at &thing taearchiolddrarrows) to a
structural el ement such as, str ctural el enent 79 troller 72.is

Co
connect eBOQ58F h&ePFaRs'Sr hodGCEPARE it alaptRd s RS A% hE 9 et er

nodul e i foteaPenset e eenidigg gdueedor@yenent of the |anding gear hol der.
[00188] Sensor 76 is adapted to sense the steering induced erverren%t}Z of the

| andi ng §R&F8HbICaeVENfonItY] ColtEmi%entrer |BRtisty ¢éar 1Rol BEYOTAH

pi vot al | ¥,6R0Ress edot Ot StEtetal ak1 &hafNio 7thddhain i futhlr Is | Sogperesd ed to
anot her structural elenment of system 70, wherein the other structural

el enent hayahethepastrwituled telamemdr ofpGuSESThUP  t W8T 85D nke nee¥sari ly

S0. structural element may be a part of the transfer module, but

this is not necessarily so.

[OOl90jConveniently, landing gear holder 78 includes a first
pair of arms 78(l) and 78(2) that can move forwards or
backwards, and well as two rods 78(3) and 78(4) that -are
pivotally connected to the end of arms 78(1l) and 78(2) and
rotate such as to virtually and close (or substantially
close) a space defined between arms 78(1l) and 78(2).

[00191] Conveniently, structural element 79 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 of the invention.

[00193] Method 600 starts by stage 610 of receiving a transfer
signal responsive of a steering induced movement of landing
gear holder. The landing gear holder firmly grips a landing
‘gear of the airplane, and 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 is noted that the
steering induced movement of the landing gear holder 1is

responsive to a steering induced movement of the landing



[ 00190] . Conveniently, |anding gear holder 78 includes a first pair of arns

- 78('1) and 78(2) that can nove forwards or backwards, and well as two rods

78(3) and 78(4) that are-pivotally connected to the end of arnms 78(1) and
78(2) and rotate such as to virtually and close (or substantially close) a
space defined between arnms 78(1) and 78(2). [00191] Conveniently,
structural elenent 79 is connected to3xhock absorber 75 and spring 77 that
absorb sbhesks Mtr:lan&lesarteericdamddngegaan thedl dstrr uctﬁjrzailyel ermpnipst o ittt

per - shoc ndition. 019] Fiqure 18 illu trat thod 600 for

t ransf erlrff’”ﬁg 0% a‘h ot dor (f%r?gﬁtyocg “8%%88. m%n? rtEF]‘-’ler“i’Snvoeérjlttlhoen
[00193] WetpDEnS0Qtseaihg hyyssteaget it eher ecaidiimg gedr ansfieersigmal
responsi ve of a Stee“a{l% i nduced nmoyenent. of | andi ng gear hol der. The

| andi ng §EAFX Mot tdr: I3 niBP YGRS SaCF ahfdf nA Bt F&the airpl ane, and is

pi votal | yoooonpetesk tor@ £4reehidial 8Y egealeOfs2bhe funiEaHEk aiingl ae
transfer system [00194] Stage 610 includes sensing the steering induced
movenent 24FPE#ER 1 anklY ng2BeakDRBNERY . FTPLAMML ebF MR heS %@ ngt nduced

nmovenent gt the. | anding 1968a/s £l ggg nk$. responsive to a steering induced
novenent of the | andi ng 33 gear ecause the |andi ng gear

hol der fi I[WW]I gsevre | &I mdsgeaindiiwdeps PEIBE al PO corwrRIRA N VITer parts
of Lhe abrLplapegteeshng SYstembien the d magg]aﬁaa £ halder; o, 4d ack

rotationa nts of the géar. [00195] “Stage 610 is fol l'owed by
stage 620hid ctamahefleererﬁuﬂgwaem aihepbarelangy saepun@aAnent idi the anenanr@wf er

system 59:£fa r%?%nsfe st%ﬁSf?aa %%BQ!-

[00197] According to an embodiment of the invention the status of
the unmanned airplane transfer system can be reported to the pilot
or to a central control system or both. Conveniently, the pilot can
receive status indications while the airplane is being transferred
to the unmanned airplane transfer system and the central control
system can receive status indications when the unmanned airplane
transfer system 1s not attached  to the landing gear of the
airplane. '

[00198] Variations, modifications, and other implementations of
what is 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.



[ 00196] Stage 600 al so includes stage 630 dunping energy resulting froma
fast change in a velocity of the airplane. This can be useful when the

ai rpl ane stops, and until the unnmanned airplane transfer system al so stops.
[ 00197] According to an enbodi ment of the invention the status of the
unmanned airpl ane transfer systemcan be reported to the pilot or to a
central control systemor both. Conveni et |y, the pilot can receive status
i ndi cati onscwt;;jf[[\,psthe airplane is being transferred to the unmanned
airplane transter systemand the central control system can receive status
i ndi cations en the upmanned. ai r.pl ane transter systemis not attached to
t he | andi ngl'\é\%ﬂnruné?a@%%abnlﬁﬂ? g?iréngr SP’%BTQ%‘imWéSF?gdti ons, nodifications, and
ot her i npl emangati ons_ of t is descri tfed herein will occur to those of
ordinary ski | [i# tapgfenmodyle qemprisiag 2 (¢35 opg gnetehand sidapted 4p dransler @Bope
of the invention as clainmed. Accordingly, the invention is to be defined
not by the precediftigns| | ustrative description but instead by the spirit and
scope of the following clains. 34 CLAIMS 1. An unmanned airpl ane transfer
system conprib3i mgontadllea beimgnastenbled duitle theotmqursies isysgtemt cowsled to e waisr and
adapted to transfer an airplane; b) a controller being assenbled with the

transfer systemmooulplaad ddaptelie) to ROsiVER timefer 8igaaDthAf aPfegsbrsiveldT dRGRI ve a
transfer signal that is responsive of one or nore conmands provided via an

ai rplane control mBFHTR?ﬁ&ﬁQﬁdS yided viarf AR cddiR1 tc{)x%g&xfle%é aga) %b' 18 cbftrol

response to the transfer signal, wherein sard comman ar priorr capabl e

of controlling t irolane and/aor parts..thereof..2. . The t.ransfer system of
Caim1 further @gr%%rn |Si§|r %Odgﬁ %lnr(?%o%s%i:oa}heh%ﬁgerr ,Slgélahﬁfqbeaelflﬁa 'Crm%'ﬁfsi p a
| andi ng gear of the ajrplane, said | andi ng gear hol der pivotally coupled to
a structural el eHeRPTIGF ctaﬁaﬁﬁﬂ ding the drglaneynd/rpartgthareafn said control

of the transfer nodule in response to the transfer signal is adapted to be
responsi ve &f diedwpsigysystamebglawpyvietvsther esmprising & lailing asemholder| adapted to
resulting fromat |east one steering command provided via an airpl ane
control conpordemly grip a landing gear of the airplane, said landing gear holder pivotally coupled
to a structural element of the unmanned transfer system; wherein said control of the
transfer module in response to the transfer signal is adapted to be responsive of
steering induced movement of the landing gear holder resulting from at least one
steering command provided via an airplane control component.
3. The transfer system of Claim 2 further comprising one or more movable elements
coupling the transfer module to the structural element.
4. The transfer system of Claim 3 further comprising one or more shock absorbers,
wherein the structural element is coupled to the transfer module via said shock
absorbers connected to the movable elements.

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

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



3. The transfer systemof Claim2 further conprising one or nore novable
el ements coupling the transfer nodule to the structural elenent. 4. The
transfer systemof Claim3 further conprising one or nore shock absorbers,
wherein the structural elenent is coupled to the transfer nodule via said
shock absorbers connected to the novabl g _el ements. 5. The transfer system
of any one of Clains 1 - 4 wherein at | east one conmand i s adapted for

ve] ocity co6u IThk tansikeosyssme eflamgontloft Olirhd 8RS fRartheycongifsing3dséhsoridipted
transfer systemof any one of Clains 1 - 5 further conprising a sensor

adapted to semsSeme als&RfihgdokBdtin@lced W@ﬁl@nf@vaeﬁﬁﬁ'ihggea@oﬂ tﬁlg Q![rgﬁ{lﬂ gﬁ’d, of

the airplane and, in response, to provide the transt si gna

controller. 7in ;J'elggoisﬁf\tg%fé idééﬁ%tn%ﬂ%t%{ Sig‘aqg‘#%‘% \ﬁﬂ{%ﬁé n the controller is

C . .
adapted to recelv eering contr ars and vel oci ty control

signals and, iR _response, to tro he. t ransf er nodul g, erein the
transfer sybt gﬁeitgmgﬁéﬁygﬁ‘nt%c%rﬂtéaw eigin Hiej emirolier Be?ﬁ@@ﬁhtf’ﬁécﬂ}‘ﬁrglﬂﬂed

ai rpl ane transfer. system and, the airplane duri n(I:1 rotati onal novenents of
the airpl ane. Sgeringgontrol signals andselapitycontigl signalspandgimreggonse. tocoptiel &en t he
transfer nodule conprises nultiple independently controlled wheels. 9. The
transfer syst digngfer megulgnavhereiothe wensfer-systemuist ddepted dapnaisiaingamalignmién
interface adapted to receive nodul ated signals representative of one or

mor e conmmands bptvaeh dbel uimaniad @iplaleatiansto sy stom a@nihe dplane aliding irbtatieggdonse,
to provide the transfer signal to the controller. 10. The transfer system

of any one of nfdvaihtsbf thehifplddener conprising |ocation sensors coupled to
the controller, wherein the controller is further adapted to enable control

of transfergi Wettpﬁs?érrﬁgéﬂxe of ngl CHRODE B1difhs l—oga\svilgr@inothet Hgns?é/rsﬁx%mﬂe
comprises multiple independently controlled wheels.

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

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

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

a) receiving a transfer signal responsive of one or more commands provided via an
airplane control component, and

b) in response to the transfer signal, transferring the airplane by an unmanned
airplane transfer system that comprises at least one motor,

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

thereof.



11. A method for transferring an airplane, the nethod conprises: a)
receiving a transfer signal responsive of one or nore commands provided via
an airplane control conmponent, and b) in response to the transfer signal,
transferring the airplane by an unmanned airpl ane transfer systemthat
conprises at |east one notor, wherein said conmands are a priori capable of
controlling the airplane and/or parts ti#reof. 36 12. The nethod of C aim

11, wherein {hept rrﬁﬁ%{)ﬁrof%lgﬂ&‘gli éhérsﬁlp&@s&amfegifs%afgsggnés'g@%ﬁ\ieeggfﬁ%@eemﬁgemt

of a | andi ng gear er, sald novenent resu one

steering co Vi V] Lrpl cont.rol co nent.. erein the

| andi ngggeawﬁr&%agdr g}oblrg%?@t (égf?% %gdlggl %@?ﬁaergéaég Tgtve nﬁ&fﬁ%%ﬁ%}“ 'h]gaﬁts
ivotally coupled ta a structural, el enent of an unmapned airpl ane transfer

Eyst em 13. TRBS SEEHBY commEng; provided yia #9 aﬁmhnﬁecrongeﬂﬁ?mg?m dwhgEiRgthener gy
resulting froma fast change in a velocity of the airplane. 14. The nethod

of any one of laydigygear tholder Figxrgsips alandigsgeannd the miralaei andaitapivewllyor

vel ocity control and/or speeding up the transfer system 15. The net hod of

any one of C abuped b a sthugtiirairdléreent of apnnmamedsephina trahdfer siear.i ng i nduced
nmovenent of the |anding gear of the airplane and, in response, providing

t he transf et3.qhgmadthod of Claims 11 or 12 further comprising dumping energy resulting from a

fast change in a velocity of the airplane.

14. The method of any one of Claims 11 — 13 wherein at least one command is adapted
for velocity control and/or speeding up the transfer system.

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

16. The method of Claim 15 wherein the transfer signal is responsive of the sensed
steering induced movement and one or more velocity control commands, and
transferring the airplane is provided by applying skid steering and maintaining an
alignment between the unmanned airplane transfer system and the airplane during
rotational movements of the airplane.

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

18. The method of any one of Claims 11 - 17 further comprising detecting an obstacle

and providing an obstacle indication and/or altering a path of the transfer system.



16. The nmethod of C aim 15 wherein the transfer signal is responsive of the
sensed ssteering i nduced novenent and one or nore velocity control conmands,
and transferring the airplane is provided by applying skid steering and

mai ntai ni ng an ali gnment between the unmanned airplane transfer system and
the airplane during rotational novenents of the airplane. 17. The nethod of
any one of Clainms 11 - 16 further conpri¥ing determning a |location of the

ai ypl ane, rel h n [ . f.h ' I.S:fes ' e
sensed | oc\é\lﬁ?éA n 'C&it%ﬂ %?h%&né{sﬁe(% chgp g%gé'o%e@%# QJ&? Q?arrrlé&lﬁe?-a%%&%? Egtt aﬁég%ﬂ
conprising detecting an ohstacl e.and providi ng an obstacle indication
and/or alterif e%“%g?‘??“t?flgi h% W‘ﬁ%ﬁ&‘ﬂ’%‘@%‘f@ﬁ&aﬂ%?aﬁ er xehuglgsir af) leash moe o
system conprising: at |least one transmitter adapted to transnit steering
conmands to mifETYSF danise nive secsiveplosation infagnaiion, Eeny |thes myltiplecurrmansgd
recei ver adapted to receive |ocation information fromthe nultiple unmanned
ai rpl ane trangirplang siahsfereschieles;| atdeast ome displap| fay displayitigslptations @f Inndtipleons
of multiple airplanes and the nultiple unmanned airpl ane transfer vehicles;
and at | east airplahed end deemaitigi¢ edmanngdesieplsee franyferanehigley; aindr atopgst alnkonal
node commands adapted to determ ne a control node of at |east one unnmanned

air plane tramngt@icesadapRintb hedeiveOfidihiad&perhtdr GHREdtRhalRE CoAMEnds adapted
controller; wherein the transfer nodul e conprises at | east one notor and is

adapted 10 {1 308LEmAR aAhRbARGde 8 ILRPOGOR AR hir SlafeWRIRA St Qerh
transfer nodul e, and] I's adapted to recelve a transfer signal ge eratectl by
tracking, in a _cockpit of_.the airpl,ane novenent.. of an airplane control
conponent and CPWpP%egsﬁotﬁagléfeégfﬂdela?ld(?lftomgneétw %rgg’tthfiﬁén%d@? Yfe transfer
nodul e. 20. The central  control system accordi ng to claim19 wherein the
central contr §PMBYIESeRY 1east, @ap TafOF Gind ols cdaptednioo trapsen en; iglanss ia9d theom an
unmanned airplane transfer systemand to control a change of path of the
unmanned ai r plcarfeolier dn spepled yo thariranster Madulecand & adaptedr ©l resgise @ntraustaor di ng
to claim19 wherein the central control systemis adapted to receive a
failure indi caignalngehearmday teavkipgnata @bekpitotehd digplades b nsoretRM G dilane

sel ectively acknowl edge a detachnent of the unmanned airpl ane transfer
system fromt 'rdg,h% : 0, S r di claim
19 wherein thggrétgénltral g(e)rgtzétgl 132&‘3%;{021?“5 F@tﬁ’a‘g{%ﬂe@l atlto%?c%?g}f \%&a%’ ?H aei ?J[{rsger

i ndi cation fr%‘&(ﬁi‘e unmanned airplane transfer systemand to control a
transfer of an airplane by the unmanned airplane transfer system

20. The central control system according to claim 19 wherein the central control system
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.

21. The central control system according to claim 19 wherein the central control system
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.

22. The central control system according to claim 19 wherein the central control system
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.



38 23. The central control systemaccording to claim19 further adapted to
optim ze a di stance between nultiple airplanes being towed by nultiple
unmanned transfer systenms. 24. The central control system according to
claim19 wherein in a first operational node the central control system
sends steering commands that override steering conmands that are

mechani cal |y sensed by the unmanned ai r@8ne transfer system 25. A nethod
for control)j | tiple manned_ai rpl ane tran r systens, .the nethod
conpri ses: ?je'(r;lglle \r}i% ﬁ%raf(%%“at O?OS SR BFRETTS A fﬁaé% ﬁ%&ﬁﬂb%eadﬁﬂtr?gﬁﬂe@t‘&?‘ﬁ)laane
transfer systems; displaying. |locations of multiple airplanes and the

mul tiple u%nm‘fltlﬁéﬂlcﬁik?’%‘?’%%’e“‘?’#&ﬁ%@liﬂav%gﬁpés‘?w?‘g@éﬁ yukple upmanpedopisiiror an
oper ational node comrand t hat determ nes an operational node of an unnanned
ai rpl ane transVgemsystem and transnmitting the operational node conmand to
t he unmanned airplane transfer system wherein the transfer nodul e

conpri ses a?4.|Tdgsentorl eontwelaystamchcesrdagaptctaiimt 1 wheaeiafien fmst operapibaal enodand
the controller is coupled to the transfer nodule, and is adapted to receive

a transfer sighalceggnlercohgel Bystemackidigstebfing @@Ekdids @fatt Beeradd pliaig a
novenment of an airplane control conponent and in response control, during

at |east one nBfghaniSat sr3NSERANIERL LeRseddf: thd nﬁna&;eaggp%e%qéfgﬂs Rpe! al m

25 wherein the nmethod conprises receiving,” by a cent control system an
obst acl e i ngli catj f n %ir | ane .t ransfer.system and
sel ecti vel yg%(ﬁ%dgwb éid%?nmé&g()ﬂé ng‘;lg?pﬁ% a %?ﬂ aé?ﬁatlﬁéraﬁlﬁ%ﬁﬁégnﬁﬁﬂepﬁﬂ’é’d
transfer system 27. The. method. according o clai.m 25 wherein the nethod
conprises rec&PPHES Fyeymgloratign IBgWPF‘B‘%‘ é’?@tr@&tlgkrfl‘Wﬁ P’éplﬁ?‘ﬁﬂr%ré%‘?ron
from an unmanned airp| ane transfer systemand controlling a change of path
of the unmannéMStﬁpﬁ;pﬂléﬁ]éymgaWﬁﬂt&ﬂSs@gﬂ@iﬁple Jirplz@es Bhé thetmultiplec vomained t o
claim 25 the nethod conprises receiving, by a central control system a
fail ure indi cairplane fransferavehinlesa raveiirgy frgrh an@peratn ah @pemtisha maledommand
sel ectively acknow edging a detachnent of the unmanned airplane transfer
system from t higat dlefePhfRRe an operational mode of an unmanned airplane transfer system; and
transmitting the operational mode command to the unmanned airplane transfer
system; wherein the transfer module

comprises at least one motor and is adapted to transfer an airplane; and the controller is

coupled to the transfer module, and is adapted to receive a transfer signal generated by

tracking, in a cockpit of the airplane, a movement of an airplane control component and

in response control, during at least one mode, the transfer module.

26. The method according to claim 25 wherein the method comprises receiving, by a
central control system, an obstacle indication from an unmanned airplane transfer
system and selectively acknowledging a change in a path of the unmanned airplane
transfer system.

27. The method according to claim 25 wherein the method comprises receiving, by a

central control system, an obstacle indication from an unmanned airplane transfer

system and controlling a change of path of the unmanned airplane transfer system.



29. The nethod according to claim25 wherein the nethod conprises
receiving, by a central control system a failure indication from an
unmanned airpl ane transfer systemand controlling a transfer of an airpl ane
by the unmanned airplane transfer system 30. The nmethod according to claim
25 further conprising optimzing a distance between nultiple airplanes
bei ng towed by nultiple unmanned transfed® systens. 31. The net hod accordi ng
to claim25 [-Si S ' | g VEerri

28, Uik "Ein6EWRLrainB Ao SAAH DY (RS BRI S R0 el i, 19YEELER

steering coman at are chanically sense rpl ane

transfer system. 32. An nned..ai.rplane transfer., system conprisin

t ransf er n%dulcgnt{%asty“g%]l’r% ;}{f@gg “&qlca}tlé)ﬁ B8 We%ﬂé’ﬁ?%enaéﬁgg?éﬁﬁ?% ahd
transfer an airplane; and a controll er bejng assenbled with the transfer
system and codpeey ba&ﬂ’@“ﬂ%% claplynen of {be prmanned gigplanie, fgangter susigmer
signal generated by tracking, in a cockpit of the airplane, a novenent of
an airplane cdm tic agplpenent and, in response, to control the transfer
nodul e. 33. The system according to claim32 whereas the controller is
further adapf.dietmethed nesopdiag yto ctuiinr 28 whereiBthe méthod ¢einpris@C@odidinggby @
claim 32 whereas the transfer nodul e conprises nultiple independently
control | ed wheehtgal cohflol system, a failure indication from an unmanned airplane transfer

system and controlling a transfer of an airplane by the unmanned airplane transfer
system.

30. The method according to claim 25 further comprising optimizing a distance between
multiple airplanes being towed by multiple unmanned transfer systems.

31. The method according to claim 25 further comprising sending steering commands
that override steering commands that are mechanically sensed by the unmanned
airplane transfer system.

32. An unmanned airplane transfer system, comprising:

a transfer module that comprises at least one motor and is adapted to transfer an
airplane; and

a controller being assembled with the transfer system and coupled to the transfer
module, adapted to receive a transfer signal generated by tracking, in a cockpit of
the airplane, a movement of an airplane control component and, in response, to
control the transfer module.

33. The system according to claim 32 whereas the controller is further adapted to be
remotely controlled.

34. The system according to claim 32 whereas the transfer module comprises multiple

independently controlled wheels.



35. The system according to claim32 further conprising an audio interface
adapted. to recei ve nodul ated signals representative of steering comands
fromthe airplane and to send these nodul ated signals to the controller
that is adapted to control the transfer nodule in response to the audio
commands. 36. The system according to claim 32 further conprising |ocation
sensors coupled to the controller, wheredn the controller is adapted to

control theyt ransfer i e e.to a location of .the.syste 37.
The system %1% (:T(:)ﬁ r@ di %8m?%’ g(gljldgrllgrﬁ%:%‘gal\ﬁﬁée)? gL,‘ine{ REMRYHS 81 Iag&oi lggéfa‘é%?@@[d&os ense
a systemfailure.and i‘ﬂ rﬁs;l:)on e to det achtlhe system from_t he airpl ane.

38. The syst edfSEEOPATHEE STRNBR: TePHsseipbiEtrsITRBE SOMMABII e froms the itplade
coupled to a manual control nodul e and wherein the controller is adapted to
control the t@afh49 sendibens modaied sigaalseta e contmelirashasrivadanse toycontrel thenual
control nodul e; 39. The system according to claim32 wherein the systemis
adapt ed to be tmhsfgnmddule timreshense dmthierngdigemmmands.ng r ot ati onal novenent s of
the airplane 40. The system according to claim 32 wherein the system

conpri ses a3&Kihd spéte@racegdingao sfath 30dUithe cothbrisifig Nedakiofl sémbrstdoapiell @ theng an
ai rplane, the nethod conprises: receiving a transfer signal generated by

tracking, in gop@slkd] Whefeit RRe @RRbIRRCIs AaPRUCHERINRl AR @Ms?r%@dﬂ@rihr ol
conponent; and transferring an airplane, by an unnanned airplane transfer

systemt hat C%%Bhféﬁ%é%dtﬁﬁ%?tl%%?%or’ in response to the transfer

7 S . . P
signal. 42. The'ne accordin 0 Claim 41l wherein the receiving
a _novene | ane c ents and

Sggg; :ats ?ﬁgsgﬁflirhggsgp@pl gfc‘é)ﬁcglhgqg Qilen %r herein t?xgnéo;l?rgllerogp 2(1) apted to sense a
system failure and in response to detach the system from the airplane.

38. The system according to claim 32 wherein the controller is further 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;

39. The system according to claim 32 wherein the system is adapted to be aligned with
the landing gear during rotational movements of the airplane

40. The system according to claim 32 wherein the system comprises a skid steering
transfer module.

41. A method for transferring an airplane, the method comprises: receiving a transfer
signal generated by tracking, in a cockpit of the airplane, a movement of an airplane
control component; and transferring an airplane, by an unmanned airplane transfer
system that comprises at least one motor, in response to the transfer signal.

42. The method according to claim 41 wherein the receiving comprises sensing a

movement of the airplane control components and generating a transfer signal.



43. The net hod according to claim41l wherein the receiving conprises

sensi ng, by an unmanned airplane transfer system steering control induced
novenents of a | anding gear of the airplane. 44. The nethod according to
claim 4l whereas the transferring is further responsive to renotely
transmtted commands. 45. The nethod according to claim4l whereas
transferring conprises independently cor4t1rol ling at | east two i ndependently
control |l ed r.t her rising
Fecel ving annge axfiot bRy Vdﬁglﬁgﬁ‘%?t R eSOl et NGk P 2 e
recei ved audi o cowm%ln 1 :% met hod accorduﬁg i 8Ia|n141 furthe

conpri si ng det®PAM alrgap%ctéetnis h P Slefrng| Sotrol igduged, moyeppys of a
transferring is responsive to the sensed | ocation. 48. The nethod according
to claim 4l flgndHergeabaiihe 8irplgneiet ecti ng an obstacl e and provi de an
obstacl e indication. 49. The nethod according to claim4l further

conpri si ng 4edér vietgodenentding tof ¢lom 4h vdseaathsr transtervihg issfuntheheesperaivsfter ri ng
is responsive to the received commands. 50. The method according to claim
41 wher ei n t heerhotalyttaasmitreg coammparidses appl yi ng skid steering. 51. The

met hod according to claim41l wherein the transferring conprises mnaintaining

an al i gnmends, liak whethod REcoMMNBRD &daidi 4 Plvaidfeak rtﬁﬂ%ﬁ[ngsy&hﬁﬁee§triﬂdetpeﬁdénapdl ng
gear of the airplane during rotational novenents of the 7airplane.

controlling at least two independently controlled wheels.

46. The method according to claim 41 further comprising receiving audio commands
and wherein the transferring is responsive to the received audio commands.

47. The method according to claim 41 further comprising determining a location of the
airplane and wherein the transferring is responsive to the sensed location.

48. The method according to claim 41 further comprising detecting an obstacle and
provide an obstacle indication.

49, The method accord'ing to claim 41 further comprising receiving commands from an
opefator and wherein the transferring is responsive to the received commands.

50. The method according to claim 41 wherein the transferring comprises applying skid
steering.

51. The method according to claim 41 wherein the transferring comprises maintaining
an alignment between the unmanned airplane transfer system and the landing gear of

the airplane during rotational movements of the airplane.



