't¥1111 1111' 11111111 *G00002* SYSTEM AND METHOD FOR TRANSFERRI NG Al RPLANES
FIELD OF THE | NVENTION [1] The present invention relates to systens and

nmet hods for transferring airplanes. BACKGROUND OF THE | In
motern airports the ternminal is located relatively far mmmmm‘"mwﬁ%ays
Airplanes use their jet engines to travel fromthe termnal to a way
(said operation is also known as taxi-dut) and to travek-%%ofﬂo%ﬂo—zr*_un\uay to

the termnal (said operation is also known as taxi-in). [3] These jet

engi nes arG ey 9! we AUtk SRARLEERRFAS AT rPUNNEL arge quantities of fuel
|canl? polTu

and cause tO0 sIgni air ion, e em'ssion of large quantities of
CO2. [4] Taxi traffic delay is the largest of all aviation novenents

delay, th rage .- ay in mnutes per flight is approximatel

tw ce the%ér%xgoSﬁeT%gT%Mﬂ%ough aircraft burn roughly 5 tines fastery'
when airbqooe;) Criew gtk PIBAntdest SraTrke st e sppstbniat&nd onetlaxdd ng
aircraft about 2/3 that for airborne aircraft. Consequently, the cost of
taxi - out deFayTRREERLI 1 hA B3 hor ne del ay by about 1/3, totaling nore
t han 1B$ annually. By automated tower controlled ground novenent, one shall

save significantly on taxi deIE?\&s, whi ch make significant annual cost. This
shal | add BASKERBURRB\VHgs'H rIdMHeCNbur ned during taxi perforned by tow ng

tractors qmep9botsgy mddelrn) @l Addehsi $nenecetihhe wolbaggsé_traiéﬂw%
operating expéenses (the other being | abor cost), constituting 25-30% of

typi cal aifelri feraanntiaé opepaslyen ddgPlaTher efssy ethehwi Aagti eriadees to

ConsunptiQ@abélogfoﬁftﬁgetégmfﬁafﬁgéné5%&H¥Wdyl(s%ﬁﬁ'%ﬁ@?ation is also
known as taxi-out) and to travel from a runway to the
terminal (said operation is also known as taxi-in).
[003] These Jjet engines are very noisy, .cause safety
hazards, burn large quantities. of fuel and cause to

~ significant air pollution, the emission of large quantities
of COy. ' |
[004] Taxi traffic delay is the largest of all aviation
movements delay, the average taxi-out delay in minutes per
flight 1s approximately twice the airborne delay. Although
aircraft burn roughly 5 times faster when airborne, crew aﬁd
equipment costs make the spend rate for taxiing aircraft
about 2/3 that for airborne aircraft. Consequently, the cost
- of taxi-out delay exceeds that of airborne delay by about

1/3, totaling more than 1B$ annually. By automated tower
controlled ground movement, one shall save significantly on
taxi delays, which make significant annual cost. This shall.
add to the savings from fuel burned during taxi performed by
towing tractors or robots.
[005] Jet fuel is one of the two largest airlines operating
expenses (the other being labor cost), constituting 25-30% of
typical airline annual operation cost. Therefore, saving in

fuel consumption is one of the major efforts for all airlines
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111111121121111211211111111 2 today. Jetfuel prices increased fromless than
1$ / gal in 2001 to 2% / gal in 2006 and is expected to reach 2.5 $/gal or
hi gher by 2010, naking the issue critical for the airline industry. [6]
Dufing taxi, typical aircraft fuel consunption is about 3200 | bs per hour
(9.0 gallon per mnute). Typical taxi-out tine today is 30 m nutes and
rising constantly with the increase of 2air traffic all over the world. On-
aver age, tggaral | y,Jataxi - Buelt i nePliises dnpesasehgEronhaastakiann 15 ne.

Thus, a ";,9; T 9h0$0.gi byt ?sggi Eﬁxbo@?taﬂé u§st@>§ﬂ>écj:1{b<§ I gdh 360
gallons o uel on airport grounds per ftlight, and this nunber is grow ng.
[7] Air pélgaliom imigherpdnt s2@Vdl vedking othe mipeneandisigalf ifoantthrazar d,
and- it keeg; evglyA&&ﬂgye to the increnent in air traffic worldw de. Gas

eni ssion f %l?et englné“is around 8 Kg of CO2 per gallon. In a typical 40

m nut es t 4806put Dolrisgt akaxin tiypecadn aircraft dmels 2ofstoptoén CAB a

very critical i . 8] By 2010, the.forecast is_of .npre.th one qbilli
(1B) air £PRYEI ?,%bg)r'é*’%uﬁ’&%fi ?%en ‘%’Pu%ﬂ i’swe¥|imglh“tu§e&'y?;¥?lcoan]1; i
the US, nekxiebati gméotbhey Wos! dM fenatés tamd f +Csikprceverantgo wgisdd on of

Igﬁl i za\égghg%rlég Btﬁgé: :qrf]g ag.?:r tfrlalf%gtc’ alltl Iosveafbc‘)c'"fnte 3v&oorl%$. Icpn fgx?elraagneq 12 M

typically, taxi-out time is 3 times longer than taxi-in time.
Thus, a minimum of 40 minutes of taxi-out plus taxi-in time
burn 360 gallons of fuel on airport grounds per flight, and
this number is growing.

[007] Air pollution in airports evolved into, 6 a major and
significant hazard, and it keeps evolving due to the
increment in air traffic worldwide. Gas emission in a Jet

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

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

of COo, a'very critical issue.

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

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

the US.

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

incorporated herein by reference: U.S patent 6305484 of



the US. [9] A typical busy airport has nore than 1000 departures a day or
around. 400, 000 flights a year. Every 100 gallon of fuel saved per flight,
transfers in 40M gallon fuel saved per year per airport, or 80Mb yearly
savings in fuel expenditure per airport (2%/gal today), actual savings
bei ng nmuch higher. [0010] In order to reduce the usage of jet engines

vari ous airglane tow ng systens were Povided. Sone are illustrated in the

fol | owi ngLpatents Bnt PAEMt %%)]p?qgatqpfoﬁg,llaﬁr b&Fng2t ntorPot at B ei n by

ref er ences sy Sepalenty £305484 ©fs Bakebl aBesotsS Rat enfe HPEANES ;0fy Rol | ner
et al.; U S patent 5314287 of Wchert; U S patent 5860785 of Eberspacher;

U. S pat enPab28B6988 3¢9 qrefmerunsterglet: all.g HafeRBtEB5283D2b30 kPR Rl@in al . ;

U. S patent, 654379 f oR: 8§y pate 92 f D € ;

Pat ent ap%Figgffo%'%uﬁ%ﬁ%ﬁ?i§ﬁ4§Z§?a€£ngé%§$g b0%7%0%%%%é:o§6§%%%%gfsu.S

Pat ent appliecattoalpubli gabPaventserpmalicaniver p2003£095884sef idbehembay S

Pat ent appl,i i blication seri.a 2 . . o) jrch et

aI.;_Eurp%gg%9%g€§%??aﬁglﬁ%%‘ggﬁ 6H9%8;%%%§% N%%ﬁ%%%%%ﬁgk %fgggggé%#gpatent

_?_Epl icati eerpagl |mmib|emn_%(m3/<ﬂ95r8]tc5_r4b_ewf V\Bbén@289103ﬁll°aﬁetd\thgfgpplJEcat[ﬂ]i;ml] _
ere is a peed to provide an effici a mfor transferrin

an airplaﬁ@gféﬂﬁkh BETTRE B ENTzﬁﬁééﬁﬁkgﬁg[Bglfﬁyﬁnﬁﬁﬁﬁﬁnf é??ﬁlane °

transfer sysbpsahsSpptextdagplIbetsyst eap7sTALdes Aithansder enpdil earadlapt ed
to transfer _an airplane, and.a controller, coupled to the transfer, nodul e,

adapt ed t 8CFeceiRAF &Y r angPBLISRGHA reBPBRIFIEIF a mSFéAtnt ofUHRET

ai rpl ane @enbnobssoRPNENtMAY drl.r esponse control the transfer nodul e.
[ 0013] Conveni ent l’"[éf t he unmanned airpl ane transfer systemincludes a_ sensor

adapt ed td08éhse TRFFeckS ng EBREr di° | RERICERF ndleMdit COPPENETAS: R Gear
and in respeRsR PEPVEfehfed @S ah 8k gpahnd 0 the controller.

SUMMARY OF THE PRESENT INVENTION .

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



[ 0014] Conveniently, the systemis adapted to sense a novenent of the

ai'rpl ane control conponent. [0015] Conveniently, the steering conmands are
sensed by a sensor adapted to sense control induced novenents of the

| andi ng gear. [0016] Conveniently, steering comands are obtained either
direc}ly ﬁr indirectly fromat |east one airplane control conmponent (such
as a flight control stic throttle, pédal,. 4 steeringwheel)andthe

ai rpl ane F§eFFé%%ferW889r% reéﬁgnset?ﬁaFﬁégéag?eeﬁ?ngqgﬁﬁﬁgﬁ%§?gAnJéirplane
control coppgpgst Gan ahbest dhemindocBRmendgl ound EaveNeAt Oortel
airplane, especially when the airplane can autononously nove. [0017

Conveni enEPFPORRE uRARNAEESETF r phanétPaREferIs SR FOVGHERE Of) He

transfer gﬁgghgn@da@éﬁ&ﬂam%u%eﬁt tRe! 208 I¥hJQn @fita3RCALLEE ANkowdld to
transfer the airplane; (ii) a sensor adapted to sense steering control

i nduced miVéaBht Sopvenhent indi idiegedrmannetheadrReangi ryleasécEot ¥t ™evi ces
(such as a_fli .C r ol j t e HQQ%J, t i ;s d
(iii) a con éggF%F,QQén%eE?%%gféft %ﬁ%%%s%? an €3§tﬁ§ﬁ?$§h§?§§*%§au e,
adapt ed t gepeceifveant diegaitnenardet tet itoansifgmaltia opithkang/ | dasl cne

sensor and _in_re nse,contraql t tr fer I iently,
the contr&FP&r*i éggﬁ%%etro as_ glpsteeggecteoerggl%r g%?g ; g%ﬁ%%%&%ﬁ%\’ i \étSéIQO]%n
Conveni enthy, 1bhdihgagséer onodhteothekudésphahé¢ i pbet roldepenidesst | such

SySt em | neFuded HPSUARE CEAL oPFSE: aBBSPEL S0 PRRE]ve® RBHLIE dl S0
si gnal s repres@ntiat iavecaitstigem, nganngmrds o oohé heeasopl ane awd went r ol
the trans&%gng?ggl%obﬂlé?sg%g%%egot&beggcgfggrgpgl%%ggaqgié detection
signal from the at least one sensor and in response control
the transfer module.
[0018] Conveniently, the controller is further adapted to be
remotely controlled.
[0019] Conveniently, the transfer module includes ﬁultiple
independently controlled wheels.
10020] Conveniently, the unmanned airplane transfer 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 includes location sensors
connected to the controller and the controller is adapted to
control the transfer module in response to a location of the
system. '
[0022] Conveniently, the controller is connected to a manual,
on board, control module and it is adapted to control the
transfer module in response to commands provided by the
manual control module.
[0023] A method for transferring an airplane that includes:

receiving a transfer signal responsive of a movement of an



[ 0021] Conveniently, the systemincludes |ocation sensors connected to the
controller and the controller is adapted to control the transfer nodule in
response to a.location of the system [0022] Conveniently, the controller
i s"connected to a nmanual, on board, control nodule and it is adapted to

control the transfer nodule in response to conmands provided by the manual

control nodule. [0023] A nethod for tﬁansferring an, ai rpl ane that
i ncl udes: 2 BBERRE P ¥ afr@erengnal r 88HohEpVRISF I Ao P16 €an 5

ai rpl ane gong Ol nRORAN N r ARG ot %@Bﬁé%f' & A Pl APonk¥ 89 tR&BNNned
airplane transfer system in response to the transfer signal . [0024]

Convenlenttynthe $e@ed i ng i ncl udes senS|ng a novenent of the airplane

control coppogentsand;denerating Addanstenashanal LO0Z Lonveni ently,

t he recei |ng €s’ sens hg, y an unmanned airpl ane transfer system

st eeri ng wmomemeht i ofuched amrermert sovtral | eenponpgenransf generatip ane.

[ 0026] A netho for. trgpsferring an airplane, the nethod includes: (i)
sensi ng, 6§ 3ﬁ ﬁﬁ%ﬁ%e -ai rpl ane transfer system steering control induced
rotationauonnﬁenﬁmmeenﬁeathgndtmgygﬁﬂaiwﬂhgthecaudpbaaemsfmmt(by)an

transferrin | ane t he unmanped alr ane transf sLe

response t'87¢ ﬂgeg g@%ﬂgF%e aﬁ§%85nfyﬁ SPhdi é%F%ﬁ%éﬁ%ﬁf? o%ng fa%hlng

gear. [OoﬁﬁbeﬁéﬂﬁgnmfwﬁIbaﬁfﬂmg ekiodfi tisd uslesprareei vi ng control signals
representative of a mmand to alter a velocity of the airplane and whereas.
t he transf@P?ﬁth\§@F§§6039FvEr?%Pqqﬁ¥%ﬂﬁnﬁ§n&lrpgane' tie method

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

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

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

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

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

to the received commands. -



[ 0028] Conveniently, the transferring is further responsive to renotely
transmtted conmands. [0029] Conveniently, the transferring includes

i ndependently.controlling at |east two i ndependently controlled wheels.

[ 0030] Conveniently, the nmethod includes receiving nodul ated audi o signals
representative of steering commands and wherein the transferring is
responsive to these commands. [0031] Cﬁnveniently, t he nmet hod i ncl udes

det er ni ni hP33] oBAt PERERACT HE-HFIREE ai r pFamEt e Xat&™ei FPfhe transferring

System i Sgf ESRANH M& de :t Be+88ASLEr | ACAIIORaap@@32b Coanspréent Iy, the
met hod i nel udes recei ving commands from an operator and wherein the
t r ansf er rémga i 2 rasspdysiapelydng hek i@ cet st "o m3aAdd. coBtFRO38T: An unmanned

ai rplanet [S&d &Yl LheeBYeL e .émme%:igaaﬁggaﬁaeeewéyﬁ adapted to

transfer an airplane by applying skid steering; and a controller, adapted
t 0 recei veosteel i siggnadist rokd $hgpassomsrel amltowilt yheohtrrobfsignal s and in

response control the transfer_ nodul e; rein i rpl ane
transfer @9%%%5ﬁi%?%ﬁﬁﬁﬁ(§ *t 6"be"a ?g%% Qﬁﬁfﬁtgggsggggggggaﬁaégduring
r ot at i onahdapvedrend oeofaltibaedi wptanehe [(084|g Genveduemnhyy, the system

i ncl udes a sensor .adapted to sense steerjng control induced novenents of
the | andi hg*3es?"2h Wﬁ?eB&SVPgeg?ﬁea%iﬁéﬁé%1 er steering control signals.

[ 0035] Copyerdi pntbyvehbens)yst and Syadant edcladeond radnsowel ocity of the
airplane in reiﬁonse to velocitxgconnan s fromthe gilot. é 036]

Conveni entf3PLEhe T ARISE BEPSFSRP UFPREFC-AddtUsEt BOBE FBRBt 8f y control | ed.

[0037] CopnenisMing ddie ;uaranagdpaby Pl@nthd ravngikel 1syskesetnggudes an
audio interface adapted to receive nodul ated signals representative of
st eering eoRREMESS ¥ hSt-he airpl ane and to send these nodul ated signals to

the contrehhes)t Bahvbsiaden) ed Hd LRAMAOkL st Bapt s eredmdyie s n response
to the audi o conmands. :
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 éonnected to a manual

control module and wherein the controller is adapted to



[ 0038] Conveniently, the systemfurther includes |ocation sensors coupled
to the.controller; wherein the controller is adapted to control the
transfer nodul.e in response to a |location of the system [0039]
Conveniently, the controller is adapted to sense a systemfailure and in
response to detach the systemfromthe_airplane. [0040] Conveniently, the
controller is connected to a manual cofdtrol nodul e and wherein the

control | eFoREratapredt ¥ sEPL GRAHAE LRe TEPRARFEI tHOERMRATGF PESYIAEE to

conmmands BkoyhgegaguéfPg%ﬂ@%anhwgg@g[ol-nndule. [0041] A nmethod for
transferrihg an alrplane, the nmethod includes: receiving steering control

signal s ari@0¢&l odi mptoodt For sramefierrimed apnaieppanse thanmedtdad ng the
ai rplane by anquomapned APl R0e. L hanshet-¥ SLEDY: Al welgeskld steering
etween t

and mai ntaining an alignne e unmanned alrplane transfer system
and the acpptaok slignalsr ctrat ilonakspouesentansfethiqaqitihgl angplane by

0042] Co I entl th I Vi i.ncl ud I Vi .vel Qcl. ds f
the pi ot SCODASTCHYeh BHy CREEPAntYSTTT e 1 B Ko 7 Boponsi ve 1o

renotely trasshhétaedd ocpiraradsiing an alignment between the unmanned
' airplane transfer system and the airplane during rotational

movements of the airplane.
[0042] Conveniently, the receiving includes receiving
velocity commands from the pilot
[0043] Conveniéntly; 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 inventibn 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



[ 0044] Conveniently, the nethod further includes receiving audi o conmands.

[ 0045] Conveniently, the nethod includes determning a | ocation of the
airplane and wherein the transferring is responsive to the sensed | ocation.
[ 0046] Conveniently, the nethod includes detecting an obstacle and providing
an obstacl e indication. [0047] Conveniently, the nmethod includes receiving
commands from an operator, a safety dri%er sitting in the robot in tinme of
ener gency traosifag PR @ Nkh 0 BIFOSAL itonS Gt eg TiPRe iNGRESANBP ¥aTERth @£
transferricpg '1§ Bgsﬁo(g siye,d1udhe received commands. [0048] According to an
enbodi nent  of vention an unnanned airplane transfer systemis

provi ded. [lebé%ysteﬁ@ml@mmmsly,( ihea stisarBsf énchedes e2 atkaptad Bdapkadsfer an

alrplane’t%"ensekﬁﬂg Qgegﬁ%{ 6H1ed %@%Ehgﬁ EooﬁléﬁQBQ 4‘% %g@dlng gear
of the airplane, erei 9 an ng gear EI IS pivot ]h?agonnect ed to
a structumalldelrenrent of the unmanned ai rpI ane transfer system and (iii) a
control | er[’OO%%L]lpl edchI?véer_eer'Etl’layn,Sf e’ sys'%em 1nc? eg atOShCO %lsorger,

connected to the structural element.

[0051] Conveniently, the structural element is connected

to movable elements. '

[0052] ‘Conveniently, the structural element is connected

to shock absorbers connected to movable elements. |

[0053] According to an embodiment of the invention a

method for transferring an airplane is provided. The method

includes: (i) receiving a transfer signal responsive of a

steering induced movement of landing gear holder, wherein the

landing gear holder firmly grips a landing gear of the

airplane, and is pivotally connected a structural element of

the unmanned airplane transfer system; and (ii) transferring

an airplane, by the unmanned airplane transfér system, in

response to the transfer signal.

{0054] Conveniently, the method includes sensing the

Steering induced movement of the landing gear holder.

[0055] Conveniently, the method includes dumping enexgy

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 |

descfiption taken in conjunction with the drawings in which:

[0057; Figures 1 and 2 illustrate an airplane that is

being transferred by an unmanned airplane transfer system,

according to an embodiment of the invention;

[0058] Figure 3 illustrates an unmanned airplane transfer

system, according to an embodiment of the invention;



8 transfer nodule in response to a steering induced novenent of the |anding
gear hol der. [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
structural elenent. [0051] Conveniently, the structural elenent is connected
to novabl e el enents. [0052]Cpnvenient|9, the structural _elenent is

connect ed [095%hoEkIubsor Ber sl Eoifitectes ap morapnedeldmdiese [T ACcor di ng

to an e”bQQLPEW} égcéﬂgiﬂgn%%néhogmﬁodiment of the invention;
' [0060] Figure 5 illustrates a lower portion of a landing gear
and multiple springs and plates; '

[0061] Figures 6-9 illustrate unmanned airplane transfer
systems, accordinq to various embodiments of the invention;
[0062] Figure 10 illustrates a landing gear and an unmanned
airplane transfer system, according to various embodiments of
the invention;

[0063] Figure 11 and 12 illustrate multiple airplanes and
multiple unmanned airplane transfer systems within an
airport, according to an embodiment of the invention;

[0064] Figure 13 is a flow chart of a method for transferring
an airplane, according to an embodiment of the invention;
[0065] Figure 14 illustrafes a  method for controlling
multiple unmanned airplane transfer systems, according to an
embodiment of the invention;

[0066] Figure 15 "illustrates a method for transferring aﬁ
airplane according to an embodiment of the invention;

[0067]) Figures 16 and 17 illustrate an unmanned airplane
transfer system, according to an embodiment of the invention;
'[0068] Figure 18 illustrates a method for transferring an
airplane according to an embodiment of the.invention; and
[0069] Figure 19 illustrates a landing gear holder, according

to an embodiment of the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

[0070] According to an embodiment of the invention an
unmanned airplane transfer system is provided. The system is
controlled by one or more airplane control component (such as
a flight control stick, throttle, pedal, steering wheel) and
the airplane is transferred. in response to these steering

commands. An airplane control component can affect the



method 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 firmy grips a | anding
gear of the airplane, and is pivotally connected a structural el enent of
the unmanned airplane transfer system and (ii) transferring an airpl ane,
by the unmanned airplane transfer systdfh in response to the transfer
signal . [@d5bpCoaveni epeiyd nawenesxthed | Wes udéesp i ngsSPaelatber yhen

i nduced HEKEHEQE anghgaAagﬂit|ng %ﬁghBEQQK [ 0055] Conveni ently, the nethod

i ncl udes dunpi ng energy re ma fast change in a velocity of the
ai rpl ane. [BRVTEF DESSRIAENONYOFa THE DRAWNGPGGSE] Thevemesenefi avene¥ on

“w || be understood and appre ate fu th ol ailed
descri pti 8R Eakdh" F?Jﬁ %onfggncg on \%O{E%r%% %Al%alpv(\ifnr?g{spsl n&&% kJh %ggggﬁ—" i gur es
1 and 2 |bbuﬁteatehm1ﬂmlgphanenthan ssle|ngatraﬂsﬁeededobyoanr@hnamﬂed

ai rpl ane transfer f the | vent|

accor n_e od nen
[0058] Fi §or °§nFIVé§PFé gsCant 8 8888 rrpf %yt? er SETRI TN a&éordlng
to an enbqdi nestedf thhe ithéentiadking can be done by electro-optical

components, by electrical components, by adding a tracking
device on the control panel, within the control panel, in
connection to one of the airplanes computers and the like
[0072] Conveniently, an unmanned airplane transfer system
is provided. The system includes a transfer module adapted to
transfer an airplane, and a controller, .connected 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.

[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 vélocity related
commands (that dictate the speed of the airplane).

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

velocity of the unmanned airplane transfer system..



9 ~[0059]
accor di ng
| ower por
Figures 6
various e
| anding g
enbodi nmen
ai r pl anes
ai rport,

fl ow char
enbodi men
controlli

transferr
[ 0067] Fi

net hod fo
i nvention

accordi ng1{ge antemModidey fat! kel pYesti ean DETA 4ED ORSCR{PEIINGE THE
DRAW NGS [ 0070] According to an enbodi nent of the invention an unmanned

ai rpl ane Prameiee that bAst SMPRGNE JERECKTHE a8y i sl Jeoritheo | Sad@ thy Fore or

nore airpk ang. CONJQ|-}CANPRRENt 2L ieh &2 flight control stick, throttle,
eering wheel) and the airplane is transferred in response to these

pedal , st
steering

Figure 4 illustrates an unmanned airplane transfer system

to an enbodi nent of the invention; [0060] Figure 5 illustrates a
tion.of a landing gear and multiple springs and plates; [0061]
-9 illustrate unmanned airplane transfer systens, according to

nbodi ments of the invention; {0062] Figure 10 illustrates a
ear and an unmanned airpl ane

ccor g to an nment of the iInvention;
geaf wonkéhodtévedtbrnsher nimgnzad adiplares Acowidmesdean

of the inventiaqgn; [006 Fi_gur 4 j trat h or
Sl e b R FERE T A (ot e TRE AT
enbodi nrenb£pf trhe ipimentemnoyval 0@G6] He gdore 1dudilngst & aflesta pretfiadghtor

ing an airplane according to enbodi nent of the invention;
Eﬁhg%lé fgaﬁnd'sﬂaf?‘? ustPyte 3%n nﬂéagg?rfﬁ?’fﬁ 't ridhsfert&st em
accordi ngmiQued erkedi N2pta Of Thhe | Twent eRutk006BdcIFi guea 18an | laustr ates a

ned alr systens, accor

r transferring an airplane according to. an enbodi nent of th
Inghirs 0BBOTS FoquraPPIg 408, vt 65t TPTSHITHE goeF™ oFBar 7o

[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 the 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 system is aligned with the‘landing
gear during rotational movements of the landing gear.

[0079] Conveniently, a pilot can use the same steering

control unit when being transferred by an unmanned airplane

transfer system and when the plane autonomously moves on the
ground by means of its jet engines as performed in regular
taxi. According to another embodiment of the invention, the
pilot can use the pilot flight control stick for stéerihg 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

. Iransfer system according to various
{80Bt) t Renveweertbyy, [ 0063)e Filgoddng198a8 incindemstd &Ryl tipl e

%ﬁ@dugg&n e l@g%nbdggg i3 kRLangLLE AGS @5:83?1% Mid NidhAg

64] Figure 13 is a



10-ai rborne or ground novenent of the airplane, especially when the

ai'rpl ane can autononously nove. [0071] Conveniently, a virtual or physical
novenent of one or nore airplane transfer control conponents 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 el ectro-opl‘.1 cal conponents, by electrical
conponent $hebypkafth nguaCRPERYS Hy BEVEEe IUh tHE cHFOMBR - pahBl , PAFR hi%t t he

control papeke LRcCPRDELId UhddAiARG L@ thie Bhhphagesagoppuiers andddhe |ike
[ 0072] Conveniently, an unmanned airplane transfer systemis provided. The

syst em i nchndesed tyiapsfae notrnsferlapystieno ky andfrer akn aier pyhfrlesthd a
controller, connec eghet Olit}@e transfer nodul e, adapted to receive a transfer
signal reSPBRSIvE"of “& noveérent of an airplane control conponent and in
response qoonspodl Adverdiapsfer namlul enbdiow3itComienitbrt | ynveheigyst@mi s

adapted to _sense. a venent of the airpl.ane contr QIpone, 00.74]
Conveni ent"Fiz?Ct‘ﬁE stggeriqﬁ]ge C OB sedar & S ﬁlsaen ~bytollémsensor g;}dg(;l:ﬁ{"[edOl'tso sense
control i rduecedlmeyepgntise afildie ITnrdidugmtgedr can] B876kePuted spnusiont r ol

t he ground nmovenent of an airplane by using,_one or r.e airplane transfer
control cé‘nﬁSHéﬁ?E‘?dT‘F]%mc‘i?at H%‘IO%caHa%H$8rvgtjs£]F10?% St'&&ri ng comands
(whi ch di qhabe )t hedieneeht 09, 0fhd henmd ki ane)rpaRdevereabtyrr systead comands

(that dictate the speed of the airplane).. [0076] Conveni ent-le/, ai r$l ane
transfer if§ldgndioredefn fo&pIHERIEImetatics TRARSHERt ST 315Dl ane

or of its cla%nd&@gm%%uft @2k RE1ELATRNIRI iGARnRE 15eNsedaby e FREE L €81 1]
rotational novenents of the |anding gear about its axis. The system and

met hod reddéieve upawraRds PioRleme CBERPFESTo AYTERT t HEAVel BRI t?e‘&‘?*f%]ﬁé
ai rpl ane and.i.n1583PONSeCAMR t @bnkhe1velpoidy ehnt hdtnmaNNRd @ignd ane

transfer system.
unmanned airplane transfer systems. The central control

system can optimize the taxi-in and taxi-out process of
multiple airplanes.

[0082] The airplane transfer system is computer controlled
and commanded from a central control system. The central
control system can track the locations of multiple airplane
transfer systems and provide visual indications to an
operator. This visual and detailed presentation of the taxi-
in and taxi-out process will replace the prior art vocal
based method of controlling the taxi-in and taxi-out process.
-[0083] Conveniently, the transfer process is fully conprolled
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
unménned airplane transfer system.

[0085] According to another embodiment of the invention the

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



11-10077] Conveniently,the | anding gear includes a safety pin that once is
stuck tn the landing gear allows the |anding gear -to be rotated by the
unmanned airpl.ane transfer system This safety pin is renoved once the

pl ane is about to take off. The pin renoval can be done during a | ast
preflight check that is also known as |ast mnute check, in a last mnute
check area. This last mnute check ar eh3.can al so include nmeans of applying
fire exti AgAESRERY neans"@nd the Piket |imtervestd@nthat tHE pi | ot
initiate gnfoﬂnghfrpgir?@ﬁl&gg 'Q{or%t%tlﬁﬁnhaéke%Quagrghgﬁ%aﬁﬁ@@_ and,whid e the

safety pin 1s sti stuck 1n the landing gear. 078] According to an
enmbodi mentrahsfae snveens opyt Aecanhnahedort ¥l apestemntpal t Eyatesa s es

ski'd st SCLbRg, ARG, LOVENLENt L. aliga nlages, bl a0 ding deqe afsdlere.

geonetrical center of the unmanne ane transfer system Accordingly,
t he wheel syetetibe unmanned airpl ane transport systemare fixed, wth no

steering t their _speed _and optionally the direct.ion of .thei
rotation Eﬁﬁggé ?glﬁt rc(?lnltéaisﬁ(?ﬁtfﬂgt s?ﬁ%e%%ael?(sl%%r%%see stiife so?gettﬁ’e os{/st em
can be rotak€ditndapenderidonntd, omft heanneeelandf utneenroichevelsi desoftHate

8 ng t he gk FUREAPIRY. Eoruehi GAEPOrT N lniuinot &7 1 pl ANE (S HNSTSt
system i scahtgpedspbtdm tden | gddidid @RaAFldutEngmbayahbonag ebyEmEsY sorof the

| andi ng gear. [0079] Conveniently, a pilot can use the sane steering

control UuRREPQRREN BEIWGISF ansPeieHd i -an TARRAAed W Rl&5e t r2?RT%erC syst em

and when thg;plage sadt Anomughy nouescom tde graundl by yEeans ceh idssd et
engi nes as performed in regular taxi. According to another enbodi nent: of

the i nventPbhrot hebpFpeie caAtaskiomeapd | 8YO1HRRRe €BRTRBIORY ckrdlhic
steering ufleygl 0ckbyyGlangron AGEOnd! ng: L0 ANO! heguRmbodyient &f  tdigy

i nvention the sane steering contr unit 1s used for sending controls to
t he unmanpedsanngl areteransfer systemand while 12 the plane autononously

MOVES on ﬁ%egﬁo‘é%%rh@nﬁo 2 Pimfé‘rf‘e%e é’xlmﬁ&;i'}?éritveofm%g@ e iRG cpymands
can be sent To the unmanned airplane transter systemby wire, in a wrel ess
manner andntbBenédkelrpDasd] t Asusfel ngystemnerdbodi tieat cefittdle ¢onviernd on t he

1ot TaYEbHtr ST B Des SkLLUr gl B USRS S 0o 4t Ea cont? or ot
handl e, sthekrol deyiten [3081prEesreni@stlyside wymamoedtatipd anghe
transfer systemis fully autopated. The #nmanneddgi Pgl ane transfer sr}/stem
al so can BESHARGEI RPTEHTr of F L HAdPEFBATTY 67 %I FBRFRERT v8I SOt
unmanned irkpkangedr anst £hcSYbt e &aNa DEHTLEY €] Phe onhmOhh&dl. a ArSrarig al

control system can control nmultiple unmanned airplane transfer systens. The
central cGABREFCEysE¥ATRAN 6PRi nPZeveMe tERXILIFLAMY tRX%i - DERSPDcTE of

nul tiple ikPhABESof the airplane from other objects. If an object is
too close the unmanned airplane transfer system can provide
an audio/visual indicétion and/or can alter the transfer of
the airplane accordingly.
[0088] Conveniently, the unmanned airplane transfer system
supports the nose landihg 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



[0082] The airplane transfer systemis conputer controlled and commanded
froma.central control system The central control systemcan track the

| ocations of nmultiple airplane transfer systens and Provide visual

i ndications to an operator. This visual and detailed presentation of the
taxi-in and taxi-out process wll replace the prior art vocal based nethod
of controlling the taxi-in and taxi-oul4 process. [ 0083] Conveniently, the
transfer phatess used iy ytheomideok| edepy thfe pimgtlase t OVAS plohe,thdhd t he
unmanned gp‘a%&“%{ efbéi}sgt e%gﬁ@c{é@méoer the ahhRhADE |8 A Bidd | ar
manner th e alrplane was transferred at the absence of the system

[ 0084] ConvensBat| ysystenpi IIot cameuseiapdenbsnathen stesrieyi ngy D ati ons
in order to send co nds.to the unmanned.airplane.transfer st 0085]
Accor di nglPSJs"éﬂ%? h@?ggﬁsiﬁﬁp?reﬁ?eﬁr f’ﬁewieg\}er?tsi & e eé‘)%ﬁl-esl'ns%lndp aexil-out
process cabrpkafies| yhausomatengandstdd deqluudesnspphdtr of pedals are .
intervention.Thefully automation includes controllin e or re unmanned
ai rpl ane Pfﬁﬂsg‘élf %?fitt ' ﬁggeﬁf’fﬁgl%’bnﬁlq |SE&E7S 8%1 ?ﬁgt a\}virng?ré%'sl y
communi cagsom t it hesmudddd etuprannes Aig phaselsr anaf ebesyateds. £4:0086]

The central control system can increase the safety of traffic on the
ground, oftR&hheA ablf &ﬁ?&%ﬁf@&r&é‘ﬁi BFe? THHRITATEPoSt PBHEd in the airport,
and the lilsg91 Theceeahiaht EPNt rShcSYSERM Gaaphedenhi ephihé Ct Sram®fgr NoVi ng
entities on airport grounds: pedestrian, manned vehicles, robotic vehicles
and aircr aVsteMheserp@¥lad O r G105y sti@ROdAl aP8dr cohR? ol 2bPRIZRG e 1S

det ection.andsavpidance, onelat -ans, 14R8&{AE GRAMSO! ag@or dhaat hgfadd
aircraft, other vehicles and personnel, etc. ~ [0087] According to another
embodi neneivplehe itmeesteon sstamranBed giirplane tymaister rdyst esWERY or t he
central caohr ol ;3¥SLemGaN SBaLe; £l khakon :avahlarie canalild H4Es. e
central control "system can prevent .collisions by nonitoring the distance
bet ween adjabestbatiamptady amdokéephnhggare@iusi n predefi ned di stance

bet ween ai es. _The.unpanned airpl ane_transfer an

col lisi onﬁﬁé%e%ﬁ%ﬁ%ﬁ%%&t anccoé}_t%fﬁgﬁggai rp %ne%&%&mgtgherg% ié%%es. | f
an obj ect tirank6er clDgadrhe (AMARNNEd aigsploase ttransfarereysisem(caal prawvi de an
audi o/ vi sual__i ng'})cati on and/or can alter the transfer of the ai.rplane

accor di ngFyTtUEH088F CHRRIRTENt T i He TARRAHET a72PT afRTt raifsrér system
supports the RegechesdiduhtaRar pahbesubrageeicaidpldareltyansf er system can

apply any f%ri or art methad for supporting the nose | anding gear. For
exanpl e, ilPO&ah Hawdrgssilofed sur¥ SWAITRIERE dife BRote BFE s of
the | andi pgaggatread Chiym.uik@988k Alailr@ashet he raelk@eronsaftdrhe Lomanned

ai rpl ane
P 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.

[0024] Figure 1 illustrates an éirplane 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.



transfer systemare controlled by the regular steering system 14 that is
used by the pilot:when the airplane noved on the ground without being
connected to the unmanned airplane transfer system In sonme airplanes the
steering systemincludes a steering wheel as well as break pedals. In other
ai rplanes the steering systemincludes a pair of pedals are used for
controllinggthe rotation_and speed of the airplane. [0090] It is noted that

various WHBBPS] cdRoBgeuséd fidrivsteatefg, 2 GIAARe & ARY BF WRHHHT%at i on

of both. [QQ81ik,Lopvenient |yyshca dohanunignied abHRL amBet hagsd@rlsyst em
supports the nose | anding gear the airplane is transferred on its rear

| andi ng géatyshpateheaunvaahdlaicepl anderearidiera SR 19 ar?tpidie
transferrijng, SyskemcanUiddd 26,cHiid 5t 614 MO HdUISs | tak@Ne KOt GhRarig 11S
axis with suBstantlaIIy zero turning radius. [0092]

Conveni eneliyptaner ¢irkinsfer hesnsieannd ais pithre ‘twedrstle” sizandm ¥as), in

response tQ_nopvepents eal qr virt _al 1 pl I conponent does
not requiﬁgeFSl%%ﬁ %%H%%hﬁéégfg'efoﬁ§%éﬁg$%a%égdgﬁﬁ%ggggt%hgblays. [ 0093]
Fi gures 1[and6? idilguster ad e idilnpltaneet0 drhatinmgnbefing inrairsfeer teahpier
unmanned ai rpl an ransfer. system 100 ccordin 0 a [mrent of the
invention?yFEe?ig%éeaﬁ??ﬂ%ugyﬁb sﬁeeﬁ88§%§§%86%€‘%%?éﬂFgg%§§§r|e| to the
| ongi t udi naboaxi Indfanhbe uwnhBsack atrphafert ransfar 396t amodhides isisfigure
2 these twp axes are not rallel tq eac t her, as e _un ned air pl ane
transfer §?§?éﬁ11668§%bﬁ¥£ﬁu t urR LG he 3 VghF?n%fﬁggif Fryure 1 and
il lustrata@snaing gphaneech@ihbatandndandesatin@ngeanilkandiazg gearisial2arahd 14
that are positioned belom/corresgonding mﬁngs of airplane 10. UnnaQ%ﬁd

e

ai rpl ane teahipenresystiédth 1 atdd i-nctifRiesTaNAbLSE W§ﬁ&'%g‘ﬂ%a?nﬁﬁﬂn
center of .gravhhy 4P2Rfrdi r P/ dNg Lo sirkasideisonedchet weenif he 1hges | andi ng
gears 12, 14 and 20. o _
the engine 130 and any mechanical transmissions used to
rotate the wheels in any direction.
[0098] The landing gear sensing and constraining units 142
and 146 include sensors 142(1) and 146(1) that can sense
rotational mechanical movements of the landing gear and also
include restrainers 142-148 that prevent the landing gear 20
form moving beyond relatively slight mbvements.
[0099] These mechanical movements at least partially occur in
résponse to steering commands from a pilot. Thus, if the
pilot wants to turn the airplane to the right he can rotate
the steering wheel to the right and the landing gear will
rotate slightly to the right. Sensors 142(1) - 146(1) will
sense this slight movement and indicate to controller 160
that the airplane should Dbe turned to .the right.
Conveniéntly, 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 1landing gear 12 'and 14



15:[0095] Figure 2 illustrates an airplane 10 and an unmanned airpl ane
transfer system 100 in turning node. The dashed line illustrates a "virtual
car" where the airplane rear |anding gear wheels are the "vehicle" rear
whéel s, and the unmanned airplane transfer system 100 is the "vehicle"
front wheel, steering, velocity change, breaking and power systens. [0096]
Figure 3 illustrates an unmanned air I1a§1e, transfer system 100 according to
an enbodi ARR¥aRE t ke i it PV ooQ‘E;T Oirkd386 - ai FPEaneStPUhd erd¥yst em
100 includes gex wbeels 1310 - 110LPL roREl e o130:af0BEr Oddfiedl 68y and

| andi ng gear sensing and constraining units 142 and 146 and restrainers 144
and 148 . s¥heotr aftrsfter shognl e dhatinnesnapHitrigingde beinseer Y&t dASEO0

i ncl udes 110(1). - ( t i and any ' mechani cal

transm ss}ogﬁglﬁ e%e%% arnodt ;:31% ?Egr %%‘?% nnge%a:l%qdi rection. [0098] The

| andi ng géapl8khditngiandncbedt rigiati nginuimives toHRbandtids i of| usheeswimgor s

142(1) and 146 ‘that can sense rotationa C {cal f_1he

| andi ng ggg?lm% %; af( g%ri RErTRe” r estral ner soﬁ4¥3%@%%§taﬁzw(%%s§ﬁgtandi ng
gear 20 fpreak®yi agnbeypndsamet at rared fers|aqgimamipve fent =xdn@l®0]a Thiese
mechani cal _novenents at | east .p%;iti %I I)é occur i@ resgonse t&éstteewrfnn
comands FFERFEPi FYPrmA 8D (GFETH FBE R&RTs o PTrh The AT riplei® to the
ri ght he papcess atend hepsddEerd ng Waeelcoh@ihhe foght ppddéhenddnstmgdyear
will rotate slightly to the right. Sepsors 142 1|)1P - 146 1%“ V\H}é1 sense this
slight no9EneWRthhd 3MRANCEt e COBMEBAL rbF | 3o t it EHETENr pt Whe SHul d be
turned tockhgpllght £ GRRVENIAM | YoalGhaRgeshdt sherael 000t Y sofaddue aid pl ane
are controlled by the pilot. [00100] According to another enbodi ment of the
i nvent i onc8986em 1GMdENgo HURFRYdEE serisot35YRr 2 sEREPAg UPhAirfEand t Ry

vel ocity of Ebenfhd Phansige t Babuahiah $hesphdptindli dsubdiRir aakss gitdrpast
the breaks of rear |l anding gear 12 and 14 16 operate to sl ow down the

ai rpl ane. 198i snd| bwi tirrdemstean 1868 sensere ey Wh tAecdlransdeteProgesan be
sensed by . (no ' .t t ndi'-ng
gear and ¢ RTEZERY Elohetdctlat MnaDt Hi 28, SEIRED" unfaie 0%

conbi nat i canofisst weriingscommandsrEf omletanprectieomentesr big r bechiions and/ or
pressi ng breaks) can represent.transfer co For . e a fi

st eering 88@17&%%" cal qlﬁgieca}’aemf%ues nzcé%etso §g§e S % hel%;ég\g\ngﬁlggprfolc}leegs. The
speedi ng gpaga@aréonwhaug, f ostaepeddefstnadaper i odheerl ,untddstanot heéreedonmand

is sensed b stem 100. For exanple, .if the pilot realizes, that. system 100
i s about §5g8%%§é és‘f%‘%o?mg_‘?klﬁ?avafnﬁet%’ﬁnailz‘guesg%éeggeﬁg ¢ ?r‘ﬁ%lnody y
perform ngya tuei quatseqyenRcee0f-otgefi Ahgoanants)el Di garst esy sltGnsardt i n
turn system 100 can sgeed up the transfer: prgcess. LOOIOZ{5 It is notded t hat
unmanned APEpPaAR PFaRR IR iSitidy) 106 dakh§se1¥8ri bhis pr FOFLRFY note

nul ti-direghion:sd eqidrgnkaChRi fpteand teansiFBe! Ugesta | Qe t ¥pes Hfsovheel s
including fixed standard wheel, steered standard wheel, castor wheel
Stanford (SEEERShPNRhex] BORE t feteFRellamEragkheeP! ( de\BYER Yt IRE Cent er

for Self- Q&Qarﬂ;i RErandahatel h i gente ;SYgensndt ohhe dd afo St atgcbhivernsity),
and the like. It is further noted that the unmanned airplane_transfer
syst em 10@omaanat soni pfl wheedme amd rorte rpdtldepi Y mcks abksibtugt e nati on

of one or Lur & cat erpl.lbar t130ks. and, onepgr, ML e gheels, ;A conblpal on of
wheel s and caterpil Far tracks™i's 1llustrated in U S patent application
publ i cati @a0$€pDabohUnbef 20O B05684Chof iEckdénconhprhteéd | heveor ded
her ei n by r%f erence.
: reference.
[00103] Conveniently, at least two wheels out of wheels
110(1)- 110(6) can rotate independently from each other.
According to another embodiment of the invention the rotation
speed of one wheel can differ from a rotation speed of

another wheel. Skid steering, for example( involves rotating



[00103] Conveniently, at |east two wheels out of wheels 110(1)- 110(6) can
rot at e i ndependently from each other. According to another enbodi nent of
the invention.the rotation speed of one wheel can differ froma rotation
speed of another wheel. Skid steering, for exanple, involves rotating 17
wheel s on one side of the unnannedairpl ane transfer system 100 at a speed
that differs fromthe speed of the whed#l s at anot her side of the unmanned
ai rpl ane vhamdserovysiesm FoGle [PGO104E |unmanriegr t hedTRéERE t hBkanHfeehunber
O qheel S5§8Bedl hbpr v 0 Sled MOl EXATPEEr, LBTRANGG A1 LRLARCOL Al ef
system 108 can inclu four eel s er of wheels 1s usual
responsi veheels heatwehghthef tdigieai opl dree tonmenmm/e(ﬁll[p@em%]tmmm ently,
when the ajr lerﬁmli- %S towed in a straight line, the transfer nodul e rotates
wheel s 1-16(?? - q (6) at a constant rate. Accordingly, the airplane is
constantlyopmbhpdt(tmveﬂf)lrichea moteelr thwt rBsemiingésrt hef swhweandoant | nuous
novenment 8 % | ane 10 en i.t i§ transferred by ig |d||n%#sf[e
engi nes. 6 366 i $fart het (fSr8® Ehat "R HEUGh FFigafBe1 T Fates a
single m)tsQétérBOlbUt ckhi SnicsuAet frecesseilky I0e Aumbber oFarwHee1al liacat ed
per wheel or J? oup of wheel ES The notor (or rs) can_be connpected to
r

t he wheel 85Pf Mér TiferS. tR6r Yexahpl *F "(I}?eadﬁ' RREA T8I PHI EXEEY 1 ansf er

system capopneb Pddnakbnkeasiyonend drhe didliawends tokedi 56t angdin or
provi di ng_hydraul ic power t at drives a hydraulic notor on the wheels via a

val ve asseémBfy; t{fi Franeser megetr pbaertery #Weiectyqcdl yehdt@orrtand a

battery thatogiduas elaebll CAL-ARIMS , hatne ot & & 1lhe Wagel Sonddddr1
di esel engine that both powers an hydraul i c punp and al so powers an

el ectric Behéedt oftaiReh agnt oadmargiexr cbhbinat¢dfeshy dhaul $1;0Wmtac§1% and
el ectri CanHPRﬁqréu (b el Setilcal; a9 o%%t ?ga%&q 1P £§C€J§é/r$ te% ' taI

power fromrai T aces On the surface e -alrport
that dri vbyeILEstxqibJaig ruﬁttomlgln[ee(DlO?] Conveni ently, unmanned ai rpI ane

transfer 0. vi gati hat _en bI nned
ai r pl ane ﬂfg%@ r%%s /St em ggﬁ t%o%%%l ga qltthoﬁl%gl trfpg1 § ? ffuél%r”%aw gation
capability G&Imgbe mfoul 1o esutunoebheeds anbpl ameetsrsamsigzr ssystAemo]rQ&

fi h to t t i rpl Th t t t sel th
ai 1ol ane BR™1 BowLLPRo H0i AL PR hATERTE O PTE i U991 <19 AT ds. t he

next airpliape hotdes)t oweth Navi gahhestedi ttal8Gheanwheetonnest ethdidus
controller 160 or can be a part of controller 16Q. It should include at

| east one™POCEE? oanénWmﬁéemltl easune{“aé’tn@tdagaelﬁﬂ%at“et hetarStEre S YSHG mat i on
represent ahhveneiulbeadi 1BQEL - 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 cells that drive
electrical motors.

[00107] Conveniently, unmanned airplane transfer system 100
includes navigation unit 180 that enables unmanned airplane

transfer system 100 to navigate at an airport. This



[ 00108] Navigation unit 180 allows to navigate the airplane transfer system
ina fully automatic nmanner, in a sem automatic manner (allows renote
control when an unexpected event such as a presence of a obstacle occurs)
ora fully renotely controlled manner. The renote control can be applied by
a controller of a central control unit. [00109] It is noted that the

ai rplane can place its | andi ng gear on1&nmanned ai rplane transfer_ system by

pl aci ng t hevigahherd CaPEPRAMEYt reasf BE etk aftgrceprparief oruiriiand

while the &Qg@@@%dsgéwham tFANSRSs S¥stailsust bh! aitpLamd] Ofndiavigat es
the nose landing gear on the unnanned airplane transfer system [00110]

Fi gure 4 ickhustavdagesea iteeafi ¢ chodhleguraiwipd@ned o rtenneézil tEindg| Revent
transfer stem 101 about it Xi Y i iffe t e ) -
111( 4) | n THOFY én’]r“éﬁ% d?r gétlzlo%g,@l\%{%}:?el%%Léf%v\hg(g‘lqgslhg% e{‘gﬁr%%@?%&%%%

ot her. Theopi bet regeést sNdwidatrirort heinpltané 8o the | bét ¢coueterad| ovkwi se)

and in. response.the ft side wheels 111(2) and 1 4) e jotate
cIockmﬁsecﬁﬁ?F8§%ﬁ5 }% ht T sF& Qﬁealgai%1% )Cgﬂgri%%éﬁ)lgéé #%t%%%éﬁd
count er cl aekwi:ge. 0004t | bné s 1Betedohhateneaeh sen8erl out &f sersays

142(1)- 148(1 track th ts_of ing t i ted t
ol at e hat el ERFRCEECYR i RE NG noDEas o THe Goriingl® BT CHYTRe, can be

connect ed [@D10B@iINavAlgAeh osi @&1it0 P8¢ r alkowd heof mave gand athd easiplaee pl at e
and spring can be 19 elevated or | owered down when the |anding gear clinbs
on the un¥EAREASH] rPISHEE t LBnsT efUdy ¥t et PRI MEPBEFe 571 1 Pust¥®tes a

| ower port@Bmatia hAndeRrd geaw20 sarbilll EbAL LoBPWhBES ANduRbAb&Sted
according to an enbodi nent of the invention. [00113] R gid frame 141

surrounds eVeatspridigsrsand prasescaneipravenssacie PERETRY §8ar 200 Ftbm
movi ng be%%%ﬁt@ﬁgg@&ﬁE ﬂﬁgiqﬁﬁﬁﬁﬁnt%%eF&%%%té4%oﬁégopec£hfﬁ@daﬁﬁl{éﬁSEd
placefent of the

during the | andi ng gear on unnmanned airpl ane transfer
system 10®y Er asptidllenrrilsceameiaddeoderathabite frame el enents that can

be noved t r ach. ot by t u ai rpl transfe st em 100
t ows airplgﬁgoggqﬁtdﬁilﬁ?g%%ﬁgggg ?ggc%q?%ggggvéﬁgngﬂ%¥x%ggﬁiggéﬁ%f&glike
(such as sgerirngsn 152manded54yingianear ergnsfiect eystempl iy eplesdaob ashel at es

Dot g il B LAES (YLD LD s\ BRI oA Mo diYor Cadd
while the unmanned airplane transfer system is  still, the
pilot navigates the nose landing gear on the unmanned
airplane transfer system.

[00110] Figure 4 illustrates a rotation of a four-wheeled
.unmanned airplane transfer system 101 about 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(1)-
148(1) can track the movements of a spring that is connected
to a plate that interfaces wiﬁh the landing gear. The
springé, or alike, can be connected on their other side to a

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



but the nunber of wheel's supported by unmanned airpl ane transfer system can
di'ffer-than two. 1f, for exanple the pilot wishes to turn to the right the
| andi ng gear 20 will slightly rotate cl ockwi se and at | east some springs
out of springs 152-154, or alike, will nove accordingly. Figure 6
illustrates unmanned airplane transfer system 102, according to an

enbodi ment of the invention. Unmanned W rpl ane transfer system 102 incl udes
four wheeékevdtd)on 1¢ugreRedeowmtierds e 3pndhag 19931)cldatisne@nathe

i magi nary _rear i S il egl 2(1) and 112(2) define an. .

i nagi nar y“¥1on ea&;xailsr%é%diuﬁg%fe%? %%%%posi ti oned at %he geonetri cal
cent er of [chnENNEtigate pb ahkl Ustartfesr asystvem pO2tiars ofd nechdiyat lgeafr ont

and rear es_and b n_i maginaty | ongitudinal sy r S that i
paral | el ?@-tﬁ%gmh@éﬂgfpiﬁo ﬁP6h¥%57 g??us??%%%?'ﬂﬁ%&ﬁé5§§% ergneaﬁransfer
syst em 108mbeCa@rdi RF tthealneshotbment of the invention. [00115] Unnanned

airplane transfer system 102_incl udes four eels,113(1)-113(4). Rear

wheel s 11@9%31¥n31§i§(ﬁfaﬂ?eléésFﬁFBHBHS?ntﬁgnépﬁﬂPﬁstﬁédwﬁ éFésoPn%anding
gear 20. Froptnwheals 1kh3ihy aedrl23(2)oRr Rotasy Obe yhiee! srddiale ridheriot at e
al ong their axes. The front. wheels can he used for steering while the rear
wheel s arBOYR®RIMNor £6@MAg, 1Yut CBRI P§ s lAdEeHec®s s &AL Is oI X AL 167SFi gur e

8 illust rgiséemn&edtﬁy RhaRend " dBatelns \SRMnke4 2 :3¢AQNdI NG dn@ faR

enbodi ment of the invention.
system 100. Frame 141 can also include detachable frame
elements that c¢an be moved towards each other when the
unmanned airplane transfer system 100 tows airpiane 10.
[OOil4]Sens§rs tréck the movement of springs, or alike (such
as springs 152 and 154) that.are connected to plates {(such as
plates 156 and 158) that interface with the landing gear.
Landing gear 20 is illustrated as including two wheels
but: the number of wheels supported by unmanned airplane
transfer system can differ than two.
If, for example the pilot wishes to turn to the right
the landing gear 20 will slightly rotate clockwise and
at least some springs out of springs 152-154, or alike,
will move accordingly.
Figure 6 illustrates unmanned airplane transfer system
102, according to an embodiment of the invention.
Unmanned airplane transfer system 102 includes four
wheels 112(0)-112(4). Rear wheéls 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 ;s positioned at the geometrical center df unmanned
airplane transfer system 102, as defined by the front
and rear axes and by an imaginary longitudinal éymmetry

axis that is parallel to the wheels.



[00117] Unmanned airpl ane 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 w reless nmedium These conmands are sent
to'controller 160 that in turn can control unmanned airplane transfer
system 104 in response to these conmmands. It is noted that unmanned

ai rpl ane transfer system 104 can operad® in nultiple nodes-pilot controlled
nmode, renBigurentrdllpstcabesl anhgbred mRdd@lpReWHENSI&E oUsS @ mands can
be provi degly] N & &I RRARCEMOLL fo.0l MY SOMBAARAGE. sensed by at | east
one | andi ng” gear sensi'ng and constraining unit, and al so manual (Il ocal)
driving byoantsbpematned afi@0lase ltransfest eaystem i0e dneanded &aus ane

transfer systemc l.s rol Led by or t.~r. e te,<ontral

t r ansni ss‘(’%ﬁ%, s byla{}as@ﬂdqégﬁgé)'t o%e%]énpvﬁl?eeeﬁl}’anél?ﬁg% i éggl)[g]oﬁ%] _ dre
Conveni enpbyit usmedned Bidepladteh t e sitese Iy sifem it rion adeedte 2 O pt B et
position sensors as hut. not limted to GPS based, sepsors that .enable
to detern'Rge T’lelﬁgzg{i 6h oflltgr{é)sfsrieen?a%%rl‘ﬁ ar %ntg stsa erﬁoit@ Tan
affect thgiopyerrpis @ketheTR¥skeBht Faheexanphe, bief uded siat espdesriakput to
cross a landing runway then system 104 can speed, up the trgnsfer prce{cess.
The speedFhglept8&n TEREI YBESLAc LS TS hePT 25V Ehded®tb LDpPedEf iFed speed
and | ower pgdetber speegd, .once the airplane passes the |anding runway. The

| ocations of the |anding runways can be previously provided to system 104.
Accor di ng [lehﬁbtﬂ%éﬂr@ngoﬁjrh‘éﬁr%ﬁe% HEmeaneat RRPLARS vET RFESF | T
control | edohy Lhe,Ridfd +d QA12RAL-GRRYENI &ntdne WRarAed.ai rpl ane transfer
system 104 i ncludes optional obstacle unit 118 adapted to detect and/or
avoi d obst@61&3] Unoenned @israshe Wansres cavsteiel LOé dmelvdefori®Wbst acl e
sensors such er. scanner r , cangr ALAUstidgs sespr or a
conbi nat i gﬁe?ggrgyfl ?f)'l'hlemo(glgt’acﬁoé&gg%gg% %g?] gggn@fﬁlgg%r ea inle?sr'ont of

ai rpl ane t@8nscekspecildld y is fadeptedf wrnanaediuer ptameandansfE@r syt em
104 in order to detect obstacles. |f obst ac I S, . det t nned
ai rpl ane Wﬁﬁg?ﬁ? glfi‘étlgrrl}i 1(LJF *°§ s(fogﬁnﬁg@lsbyart%eg%ﬁ ott,g ocreochlttfr%(::L:étL%?aIbit%(raara t he
pat h of thaatowed wirpl ase, cphovble wwmaavddo/adirguanel ndiagetfieon {ysicdnudi ng
activating a siren), sending _an indication to a, central control system and
the Iike. %Péoiﬁzfeﬁe%?%li ]ﬁﬁ FBean S%B%I?C%e'ntftofl? h%o?%vefhf?nconu%nﬁac%neaaﬁ
obstacl e isrgetget edanscent 6akt&MNLDO| caystopragel nfrormeEd e triweded+ pl ane
transfer .system can acknow edge a change of path or request .the pilpt to

sel ect wheEheE €6NERARRY tARAPrat FEMotfe R ChARFE A o BRI DITEE by the

pilot, by;ithhgngent kaki6ea! FohmSYSE ePansk OptbOIBdd YibYa t henddd phadieer
transfer system [00123] Frlagure 9 illustrates unmanned airplane transfer
syst em 105hidecerBRRgCPBNIRAT 0RES ehPRATENN s2lof 123t | PRt dHHNY (EPRH]

Unrmanned %Eﬁg%ﬁge LE@NSE S s SYStBML0RniRC! udas f QuEowWhRghsal15(ldcdl5(4)
controll er 160, "transcel ver 165 and a manual control interface 167. Mnual
control iwrévfingebd 6t apealdtow-an operator to nmanual |y operate unmanned

airplane'[OOllB]It is noted that the unmanned airplane transfer system

can also controlled by a short-range remoté control
transmissions, by using a lap top computer and the like.

[00119] Conveniently, unmanned airplane transfer system 104

included optional position sensors such as but not limited to

GPS based sensors that enable to determine the location of

. the system. The location of system 104 can affect the

movements of the syStem. For example, if the system is about

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

transfer process. The speeding up can include increasing the



22- transfer system 105. It can include a steering wheel, a pedal and the
li'ke. {00125] It is noted that an unmanned 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 illustrates unmanned airplane transfer system 100 and a | andi ng gear 20
according to an enbodi ment of the inveltion. [00127] Unmanned airpl ane
transfer s3ee®mte00a PLRAFHIAE 0SPerdi @BdOHOYRE Y sitdfal SPFEHr &I&R/t at i ve
of steeri C I?BHHH% i Iy . These l;athed 0%l gmal s are
genetateda%% ?esponseq¥§&ﬁ%?g?ﬂgfggfﬁﬁgpg?¥§G?% gzéhégﬁggé%pilot co%trol of
t he vel oclandiofg t hensaypl are. $O0D28Yicenvenipanvigedt Heo aguFbeni A 4i-s used

for conveyllg Audl o commads LhaLERE, P! Lol en ONIBANSL A Tl ANRJARSS er
system 1 can aﬁbly vol ce recognition techniques 1n order to recognize
t hese audis cdyandserodied aycohaspilats. recogni zed t he unmanned air pl ane

f di th d._ 400129 [ d
hat the TEREAT GROBFRSTAr o coRMBRANSr Sor SLAC moGU M sPghars 1047 ©

represent ahé Mededd Spesidly @omnds wan rnapl agkpthe sensleatgpaf amethani cal
novenents but can also be applied in addition to the sensing of the

mechani cafV oy &6 'the | anding gear. [00130] According to yet another
enbodi mento@f21hebkaxent i @nithe i@onaect iaaltudet kmeaudi omplreg atartdad edone by
an operator. [00131] Typically such audio output interfaces are found in

ai r pl anesSemRTversdichoned 1y ﬁﬁﬁﬁéd FRANEF rveRi TR [ 0813%7™¢124 s ot ed
that the gopnectd ondr@othesaudi o QubRHLLE B erflacedrm@n berdoneut-ematical Iy

by using a canmera and appl yi ng i mage peco%nition to guide an interface of
the 23 sensor can scan the area 1n ront of airplane 100 or
' especially in front of unmanned airplane transfer system 104

in order to detect obstacles. If an obstacle is detected the
unmanned airplane transfer system 104 1is stopped by the
pilot, or it can alter the path of the towed airplane,
provide an audio/visual indication (including activating a
siren), sending an_indication to a central control system and
the like.
[00122] According to an embodiment of the invention once an
obstacle is detected a central control system is informed and
the airplane transfer system can acknowledge a change of path
or reqﬁest the pilot to select whether to change the path.
The path change can . be controlled by the pilot, by the
central «controcl system and optionally by the airplane
transfer system. _
[00123] Figure 9 illustrates unmaﬁned airplane transfer system
105, according to various embodiments of the invention.
[00124] Unmanned airplane transfer system 105 includes four
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



unmanned airpl ane transfer systemtowardsthe audi o output interface of the
| andi ng gear. [00133] Figure 10 illustrates canmera 191, gripper 192,
sliding audio.plug 193, and sliding audio cover lifter 194 that are
cohnected to a novabl e arm 195. Mvabl e arnlcan lift the camera 191 to the
hei ght of the audio output interface 2§ Ianding gear 20, use enable
sliding gripper 194 to hoId Iandlng . |l ow the slidin di o_cover
lifter to §5aNStE&Icov¥tteMhati Oprot ekt Eﬁhdﬁﬁc$ﬁ Dut® i REEPFALS iglﬁﬂd t len
enabl e the,sid:di;ng aHdi 0iptUg 193 to connect to audi o output interface 21.
[00134] Conveniently, novable arm 195 can be used to renove the nose

| andi ng ged01APdelt sbt gt nthath & cortRIMES 1% HHE e IFSPELFTnGYSTElem
mode of Ogﬁﬁ@tr&ﬁu@@db@EﬁOEdeQnEQeivgrt&W@ RARSE. cdr?@E3Shinkegtneell

illustrates multiple airplanes 10(1) - 10(8) and nul tipl e unmanned

ai rpl anes anchnshat spshens BOGLEN -CaWOEPOYakecomli PYltbphe EHEGETRBAL of
the i nvention L%g%3g%dgpe multiple airplanes 10(1) - 10(11) and nultlple
ai r pl anes ?rang?' Systens 100(1) - 100(10) are located at airport 200.
[00137] A [rqumz6 12D0gusrec| udes ibhmtnaeltﬁlo unmsareof f alpdape262raghéek up

area 261, n rpl ane nsfer d 264.
[ 00138] (Ié&? %3F?11§1Ias WUt e98he Egréegé??%SQESQatBgﬁg%%a%ggggga

261, by anxppﬂﬁQUQWehhabnchecks t he alrplane for Ieaks can extingui sh

fire, can reane t he saf et n that allows the g gear ;to b rotated

and the |ik¥l ZﬁHeurﬁ?arrﬁ}%ngcgﬁl?%l FﬁaPﬁg T F@Ft?ﬁg r?@ %1 %ﬂ%%’f( ‘gp ar ea

261 or befﬁﬁdéﬂw%aaﬁbmgatbatsagﬁalsFeép£§§éﬁﬂétlwurqﬂzﬁﬁﬁetm&@kamm@ﬁaﬁ and

even 10(4) can ignite their engines. nmanned alr ne tranifer gsten1
i Bed 5 23t

can det actP¥§omahe %qurﬂ AP BRI GrE eacT 7§ cedRlgnedr e 1985

[00139] | nyagddiddon. i f i gal§Sordee | kbu?ﬂ@fte%t%e@%br alf featsr ols s¥s1EM250
that is capable of comunicating with airplanes transfer systens 100(1) -
100( 10) arefilkwntaositiricagof hehe violedint £f the airplane.

[00128] Conveniently, the audio llnk is used for conveying
audio commands from the pilot. Unmanned airplane transfer -
system 105 can apply voice recognition techniques in order to
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 mechanical movements but can also be
applied in addition to . the sensing of the mechanical
‘movements of the landing gear. _

[00130] According to yet another embodiment of the invention
the connection to the audio plug can be done by an operator.
[00131] Typically such audio output interfaces are found in
airplanes that were towed by manned towing vehicles.

[00132] It is noted that the connection to the audio output
interface can be done automatically by using a camera and

applying image recognition to guide an interface of the



[ 00140] Airplane 10(1) is positioned at engine start and check up area 216
af'ter being di sconnected formthe unmanned airpl ane transfer systemthat
towed it fromterm nal 210. Unnmanned airplane transfer systens such as
syStems 100(9), 100(10) and 100(1) that conpleted their task return to
termnal 210, via unmanned airplane transfer system path 266. [00141]

Ai rpl anes 10(2)-10(8) are being towed,2%at taxi-out area 268, by unmanned
ai rpl ane tnmarziet sysitrErwne00( E)TanSﬁ_@JO(&)ystAmr pl 4AEa1Q85) wee t s acicer i nal
210 to be n a ansfer system [00142]

Conveni en?‘lggw&?hgytéalarl:fal%%gg%s?g%si%%%?i gﬁw ‘unmanned airpl ane transfer
system def@a¢h®3s] Fignretl0 Ailhlstmasowamgrend§lt heriuppannkR ai ¥l damey

transfer systemcan i gat rds th termnal nayi,gatiqon as wel |
as the _to%gi Ocﬁfﬁu%e?gg’ 8§t SWSH‘%I ntP8FFed? Etegeﬁzérzla?cth@gntro
syst em 25@oniittddli 8ol Sa NAbVAISTES 2@l I1y95o M[:)Gﬁ)ﬁllé] aAmcoasa:h ngifo arhe
enbodi nent of the jnvention th cen r ol s, st.em 250 m"rand
and cont r6f™eIRteM tO FReopet %ﬁ?% 'iﬁSJr(bo‘?Lf Byt l'é:tlepreflr esggél/ G ound
Traffic CoghdDhd erge@per ap or useOegﬁg@ie CaNtidangsygt £pp2b0 10an eontHald
multiple airport transfer systens. It can override manuall cont r]slr#tb
ased

unmanned ARRBIRHIAMGerdldpst &k SLAA1BGeRRAYR SPBRT I hif

upon sensing:Ridpl angs Hvererts A d heutpke. ihteg@aceptim agdt Ren
movenents of unmanned airplane transfer systens, either during tow ng

oper at i onebabheir thg £} b@dEteraywdiageiiPosd |’%ﬁ15¢%ft¢f‘c¥utt°alé‘ﬂ%ﬂ1é%u'cp(9§ntral
control system250 g£an be integrated with the airport air traffic control
system 25 00144] Thecentral control system 250 can track the | ocation of
the vari ol80534 pCangeniansies sys@l@h% b lédeicdmgbe ovaeHot o NfeMA¥®R i on
fromthe pI r t a , er i on
sensors), %ié%d §$§p%’é§§§l§§ %é%%n‘t%?%?]l rﬂt%]gie%%lat |nl§?1 a‘%é&h@aq‘{/éaér |t(§)|ugcqlaet

ai rpl anestranspanend rapsten sydeemiancbatnisiqgr eandly acedudedg htirarther ror s
inthe taxi-in aqg t axi -out process. Conveniently the central control

syst em al §8%188 VAT 1 ocation information (either directly or via another
control syesbeB}] e@figudei 0USiVEhs ot hmﬂtarpeepaéspmhnem 1;elai+ pldr ¢8)and
especi al | ear .run and in the taxi-in_and taxi-out areas.and can:
provi de té 5 %&Pﬁ%l |lé?m%mleé{/ePéFP%ﬁ‘%ﬁaFrﬁé‘ﬁf&%n?%%‘i%‘}? 0 Oﬁﬁg) airport
and the vaphous) exdddicind fot Ba ainbp@ihenTher cend rialvepenbrol system 250 can
pr event alrcraft taxi accidents, vehicle - aircraft accidents. It can

prevent pilPBE38} TheafMilt iodmt r ot FRkangs o8 (Ahd T sBAdEL s CRAdI RYS™ iRMar ds

take-of f, ;apd) A hes | ltksns{sgplé%tgﬁgt nalp (gents of 06Ys6 £Ma280 tieekedesst (i) At
| east one transmtter (such as transmtter 252) adapted to transmt

steering ebrRAAESZQG nul tipl e unmanned airpl ane transfer vehicles. (ii) At

| east one I h r 2 te o () I
(gbsg@w%lﬁgéyﬁ @REN YBE s %)rna%%ri sh I2GRLYe £ %@Hégﬁ”) A

i nformati rom-t p e unmanned airpl ane transfer vehicles
| east oneZGZSpICQBeCQ%U@m agedl Afilay 2s@ynfed diisplapenddagedeironsy gfem

mul tiple I s Le,gpmanned airpl ane transfer vehicles.
(iv) At Iéaé$ %ﬁi I'n af)nceg%suc asg?nterface 258) adapted to receive from

an oper at gpobper a:bmaahen‘oblxe, cemiads adiaptted tbedkt ersni perdocoedr gt node

of at |eag£eOEeugngggge%6%irkplagg E£3?§£8£ %%SEeQﬁlp%s 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.



interface can include keyboard, nouse, and the like that are connected to a
cdnputer that in turn .controls display 256. [00146] Conveniently, central
control system 250 is adapted to receive an obstacle indication from an
unimanned airplane 26 transfersystemandto sel ectivel yacknowl edgea change in
a path of the unmanned airplane transfer system [00147] Conveniently,
central control system 250 is adapted 2% receive an obstacle indication
from an uff@hpeH Iai apiddhéony afisgere syat drilawd regce ot reRnteadh e 1L pat h

of the unrranggrgzégbplt%% {§n§gg5b§¥sbgmcé%gﬁ%ﬁ%tgﬁath@ptgjyrplc&{gsr aI.

0 t
control sy% em is adapted to receive a fallure 1ndication from an
unmanned arapsbee tsansiesr 4PSt(é@n and 1@ Sldl)ecteindel goatkabl eaigecheir
detachnment of the unmanned airplane transfer systemfromthe airplane.
[00149] CBRAVERTRME1y, central control system 250 is adapted to receive a
failure i pdotayi enrboaneano yhnadwesh i triphade atr angiee systtenmhdharkcont rol
a transfer of an airpl ane by tge,unmanned ai rpl ane trans{er system s
[00150] C8RveRteht 1510 c&fttFal BEAPP ol S8R 81 i $°48aptBa T EHHA ze a
di stance petpesre Milrbinpkeraidypiarestiel ngokewed thy s Auht itplrtii namarmed
transfer systenms. [00151] Conveniently, central control s stem)(ﬁgqq can
control aH UARRPARed1EPLANENd O S EFers m $%Fh FFrsStyS&ﬁé‘rSat ‘node in

whi ch cengpal1epntsod susf@m sends 280msiderd ngneqarnandskt hastwmer rigle
steering commands that are nechanically sensed by the unmanned airpl ane
I

transfer  sgsnepel [ DDA5Aiavgmeaned pirpkanattenafiey svetsmr Brlhesd0(1) -
10(5) and i pl [ n fan s ems. : 100( sq.10Q¢8)+accoygding to
an enbodi r[rgg%&!(L)PAt%ﬁzjlfgﬂégn?@oﬁ)m[%o(gi%%{gmg%ﬁ%leti%a[vqee%i rgleantes 10(1) -
10(5) andamahtiff% abyplenmesnnadansieplayst aéxgnsdefl)systeysy 8}08£4) | ocat ed

at airpor 4] Al t i gel Le{mRgl +21Qe l@Rdigng,y unway
212, | andlarqéqgf bk%‘ggé??allée %g?g{]dwéggﬁn%gdgg?ﬁﬁ{‘ane t rar%sf e,re system p}}z’it h
214. A ceantr ahmgonéd od irpistremt2B@sifsrabgetémcated in airport 200. Airpl ane

oL oniBBTagp 0B LaadnOg, T UINEY 3180200 ReAPE HUA: A" SHl ARl
airplane transfer system detaches from it. After the towing
ends the unmanned 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 1is operated by the Airport Taxi Supervisor /
Ground Traffic Controller operator. Central control system
250 can control multiple airport transfer systems. It can
override manually controlled unmanned airplane transfer
systems, can override steering mechanism based upon sensing
airplanes movements and the 1like. It can optimize the
movements of unmanned airplane transfer systems, either
during towing operatién or during transfer between positions
without airplanes. Central control system 250 <can be

integrated with the airport air traffic control system.



27+ unmannedai.r pl anet ransfer system 100(5). Airplane 10(3) is towed by
unmanred airpl ane transfer system 100(3) towards term nal 210. Airplane
10(2) is towed by unnmanned airplane transfer system 100(2) towards term nal
210. Airplane 10(1) was towed by unmanned airplane transfer system 100(1)
and is hooked to term nal 210 at the gate. [00155] Unmanned air pl ane
transfer systens 100(6) - 100(8) propaZate through unmanned airplane
transfer $981é4i Faeh 2ddntraar donkandi ry gdieskupl 24 eacang. twagknnede

ai rplane transfer system 100(4).waits,. | andi i p 8,
ai r pl ane Sfﬁilmf 00156] g}iﬁ%nvgﬁ%én Ty, a%%gel%%]pl g%aerpés%c%s %é%%ﬁ%lbe(lbhg
t owed, toresnablend ha datandonediafophanieort r dnsfer tisy steampilensuppoans fiers

|.andi ng gear, After the _tow ends at the.engine start and check up, area,
t he unmanf&aC&PF pl AhE™ ttbﬁsfpg%nﬁ?st Oglaﬁecﬁbe\}g 18 CRMar T IHE 1 arfidihg

pi ckup ar @asgi8ys Thts navi gahtesltan behe€onlsedtash byo cend r abaxiants ol
system but this is not necessarily so. s[00157 Figure 13 illustrate

met hod 3081FBFeRfansfefPtiRe abr & Fifianyy S ot n’g"g‘i% GRS D! ¢ he

i nventi onyyumbQ0158] Vet hod,300¢18d ar tes <y 8t a0end10 wefkirecei viggb@edandi ng
gear by an unmanned airplane transfer system [00159] Stage 310 js

fol | owed B9nEERFRNBLY oFN8ensieRGraby &YNGERRNNEY SEeMpl M r arRFTVEY st em

steering §QRLEObn| DHYSEAA DY LB Shf & tandiynGh96@1a ginmeelai&cmm

Referring to the exanple set fourth in figurés 3 and mul tiple sensors

sense rot aysoeml méchvaniions mehérdass thhtt e eneuiemengalingedre subtPas
rotation, aqg' {%;;g%kgmwﬂe%d r?u%fa&zbk%nd [i0016Q) Stage 3200d scdol lqued by

stage 330 o sferring an airplane, by the unmanned airplane transfer
system iareesp@anmsie tant beogédsedostdes i agntoatler Bndwvedaddyeneiasl of a

| andi ng g?%%reggﬁgé{igﬁ £§)éﬁgéé?%%gyte%n%ekhgo%gggohg entities in the

airport. The central control system 250 can prevent aircraft
- taxil accidents, vehicle - aircraft accidents. It can prevent

pilot or traffic controlier errors and misunderstandings
towards take-off, and the like.
[00145] Central control sysﬁem 250 includes: (i) At least one
transmitter (such as transmitter 252) adapted to transmit
steefing commands to multiple unmanned airplane transfer
vehicles. (ii) At least one receiver (such as receiver 254)
adapted to recéive location information from the multiple
unmanned airplane transfer vehicles. (iii) At 1least one
display (such as display 256) for displaying locations of .
multiple airplanes and the multiple unmanned airplane
transfer vehicles. (i&) 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 control system 250 is adapted to

receive an obstacle indication from an unmanned airplane



28<figuresl-4and9,the airplane is towed by an unmanned airpl ane tow ng

systemin response to the sensed novements. [00161] Stage 330 is foll owed
by stage 340 of detaching the airplane fromthe unmanned airpl ane transfer
system Referring to the exanple set fourth in figures 11 and 12, once the
taxi-in or taxi-out is conpleted the unmanned airpl ane transfer system can
detach. [00162] Conveniently, stage 320 of sensing includes sensing pil ot
conmands toadefer ni néYSheMai r fi¥he vEPoSHYPaMiFEENs t REFPHRSAERring i s

reSponSiVghgggéhfn%§hﬁﬁhF%fCHﬁ@gﬁnﬁQHH@@q§irpﬂéﬂ%lQ%hng@@YeQ§§ﬂéﬁy{ stage

330 of transterring i's further responsive to rermtelé transmtted comrands.
Referring[0014he Coxamppliestbet denpnal japntirgdr eys8en ahel 19 adrptathded

central cgntrol. syste ough,.t hi.s s neges i 0..4
Conveni eanf/?lg? agae]n 33 58%%%&&%@8@ ng% egaq} n?fg‘%éhﬁ%ﬁt IESI/l oalat%féol i ng
at | east twenshdependeril yandnttrool bedtwhkelas. cRehgeriofy pethheobxaifyd e set

fourth in figure(g 7. and 4, diff(Erent m@gfgls can rotate at different speeds,
at differ BHPSQTY cﬂ’i#llsanfn&rggﬁ 8 s8Ybe"P1 aced in positioned that are not

paral |l el fooeagh cehbenienf DP1654ntGariv eningrilly syseehods300s ahdaptiatt|tudes
recei ving audi o commapds, or nodu].at Ed Si ggal S reﬁr esent at i(ye of St eering
commands ARGSWAGr ef n tREIY5%N i9rd OP's ~ FESPon& Ve FBRNE r etEiREd audi o
commands. +Rgherél Ngykoehhanaxampl £ sait iveuit dindwlgdge 0, détwchmuranned
ai rplane transfer system can _receive audi o conmands fromthe | andi ng gear,
r ecogni ze°fhEhe oW hid rRAENEC LBRET RYT ySYS IO 166 EBRVEATRMRETS: met hod

300 al so ![@@hyg?%o@%a&_@hm?g e t0GAt i tebit Besabhphsne: anshaheseive t he
transferring is responsive to the sensed | ocati on.
receive a failure indication from an unmanned airplane.
transfef system and to control a transfer of an airplane by
the unmanned airplane transfer system.
[00150] Conveniiently, central control system 250 is adapted to
optimize a distance between multiple airplanes being towed by
multiple unmanned transfer systems.
[00151]) Conveniently, central control system 250 can control
an unmanned airplane transfer system in a first operational
mode in which central control system sends 250 steefing
commands that override steering commands - that are
mechanically sensed by the unmanned airplane transfer system.
[00152]) Figure 12 illustrates multiple airplanes 10(1) - 10(5)
and multiplé airplanes transfer systems 100(1) - 100(8)
according to an embodiment of the invention.
[00153] The muitiple 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



, 20 [00167] Conveniently, method 300 further i ncl udes detecting an unmanned
airplane transfer systemfailure and in response detaching the airplane
fromthe unmanned airplane transfer system [00168]1t :is noted that once a
failure is detected the unmanned airplane transfer systemcan allow, the
central control systemto take control._ The central control system can

sel ect to detach the airplane transferzéystem but this_ js not necessarily
so. It isuPnRRARE nABPIINS t AE3@eL8Ehrbhitt Tan B Pes Pt A glqcﬁie’ type

of failures. -t%%d%gmlnﬁlanﬁahl Whies1bhat tpagyest thecamnponet) ai sy ane
transfer systemto be controlled Jé% the central control systemmay require

a det achmsgrmihahodi Ot hinmlanterkhcd ofs t REWEBNtWol URIARNSGA &P rdi ng

to anot hertrSHP?Q]:”EPEtQ% @ (bpveRtiefst he Riihat cam trys 49 LeNt1@{1)t he
unmanned airplane transfer system for exanple, by sending audi o commands.
[ 00169] Censemcwat] pynmanhedn800ainpl ame st daneten ngystremobsi&id))e aivd st age

330 of trans gér%ﬁgtdé%easlpoﬁrﬁi ve ;:Rea?ggégact ed obstacle. [00170]
0

Conveni ent P§l), e I'ncl’udes recerving comrands from an operator and
st age 330 [00166anNsimahniedg asrplesponsraesfer t vy stemsi vEW commandsQ0 (§)00171]

Figure 14 illustyates nethod 400 for .contrallin | t] n i rplane
t ransf er ?§§P§ﬁ§£eaﬁﬁﬁ?%}hgu%an§r? ermio :ir%lﬁt 5 tsggri ﬁgéﬁ?#o@p%ﬁn]
Met hod 40@ostadss 1ayidshagei4kpofa rieac €l M .nguhmeratddna i et £ oang feam

mul ti pl e unmanned ai rpl ane transfer stens. Stages 410 is followed b
stage 420 S¥FtaPspPlyf ngbEﬁtiﬁﬁsfﬁ?S?\g’tﬁt?b‘Fléu%i gﬁ%n 8rant t AL );;I e

unmanned aipr(@hane transfer vehicles.

.[00156]Conveniently, the airplane stops before being towed,
to enable the unmanned airplane transfer system to support
its lanqing gear. After the towing ends at the engine start
and check up area, the unmanned airplane transfer system can
navigate towards the landing pickup area 218. This navigation
can be controlled by a central control systém, but this is
not necessarily so.

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

[00158] Method 300 starts by étage 310 of receiving a landing
gear by an unmanned airplane transfer system. |
[00159]Stage 310 is followed by stage 320 of sensing, by an
unmanned airplane transfer system, steering control induced
movements of a landing gear of the airplane. Referring to
the example set fourth in figures 3 and 5 multiple sensors
sense rotational mechanical movements of the mechanical gear
such as rotation, de-acceleration and the like.

[00160] Stage 320 is followed by stage 330 of transferring an
airplane, by the unmanned airplane transfer system, in

- response to the sensed steering control induced movements of

a landing gear. Referring to the examples set fourth in



[00173] Stage 420 is followed by stage 430 of receiving froman operator an
oper ati onal node command that determ nes an operational node of an unmanned
ai rplane transfer system 30 [00174] Stage 430 is followed by stage 440 of
transmtting the operational nbde conmand to the unmanned airplane transfer
system [00175] Stage 440 is followed by stage 450 of. sending steering
commands to an unmanned airpl ane tra’_ns? r. system |f a renote controlled
oper at i on&i9HBEE was %el d. °The SBPe@idH@&n beS made®RY a B¥nt r3ft

control sysheRhOReratehanst adfide0 systdigtesnsendifg st eepi RtheCos@BEKLS t hat
override steering commnds that are nechanically sensed by the unmanned
ai rpl ane mpusBeéRESsystem [00176] Met hod 400 can al so include stage 460 of

recei vi ng, ral,-gonts o n aglg indi j n
inmanned- 30 P5F ISRl et e 15635588 1Rl | e By et g 462
of sel ect kuebyanekndwlosdgitite a chamageedn aipathnef tthanafreanneslyaiem! ane

transfer tem _Stage 460 can, t atd r i.tionally, fol]owed by
st age 46413%?6355%1??0% i ntglea Thar grgg o§£ga?ﬁ\égf%t %en ﬁ%#leg% ghrﬁ]ﬂgﬁeiét)’r ansf er
system pAO&77{hdkthad 400 oan ahsdH-ouc| ude stagdetdd ofheecenwamugd by a

central corjtrgl syste £ failure indi cgti on from an unmanned airpl ane
transfer SySPLATSSHEYE P YA Be Bl Poldd by stage 472 of selectively
acknow edgongea) drinaehient19f hagenmmmeds aiseplsang tiratisfdars systeing rom
the airplane. Stage 470 can_al so be foll owed bﬁssta e 474 of cont rﬁlrl ing a

transfer BElah GPFBRAMR By ¢ THmEn e &PrprlaRe FRPARSTEY €3ttt “1vo17g]

Met hod 40Qrganralsond Ned Udasshadeed88 ohe OPEd T FZitg chatliget aBgRahat ween
mul tiple ai I’€| anes being towed by multiple unmanned transfer sgstems. Thi s
a

opti m zat ilBA1E€&h GonclendenpbYi t iVmdSy £Re A% pFaARSLRI BRI t dSeat P Hi%er but
at a di stapggohbate Wd! raRtt AnANBLd LRlik Yt cinebrAsRat NerpEOPADI 1ty ©e

‘col l'isions between airplanes. = 31 [00179] Figure 15 illustrates method 500
for transkarmphgsansed r ploangh ateoridigwysso 8n%endddi fent tHe t WRMFERRGt i on.

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. _
[dOlGS]Convehiently, method 300 also includes receiving audio
bommands or modulated signals representative of steering
commands and wherein the transferring is responsive to the
received audio commands. Referring to the example set fourth
in figure 10, the unmanned airplane transfer system can
receive audio commands from the landing gear, recognize the
cbmmands and act accordingly.

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

responsive to the sensed location.



[00180] Method 500 starts by stage 310 of receiving a | anding gear by an
unmanned ai rpl ane transfer system [00181] Stage 310 is foll owed by stage
520 of receiving a transfer signal responsive of a novenment of an airplane
control conponent. Stage 520 can include stage 320 but can incl ude,
alternatively or additionally, receiving (over wire or in a wreless
manner) .a transfer signal froman airpt®ne control conponent, tracking the
moverment 6P0hA’ hepranierbhys ol FeRbehe00aRdrther| irRel uieD 18eeidge 520

s ol loved Bynghags §§g$9$nér@9§éseferﬂ Wy ad L2 R0 al,

ai rplane transter syste I n response e transfer signal. Stage 530 can
i ncl ude stiagect3Bfy bohet higplsineot f mac eskar iunpagsped] GOIPIRNSt dgearBI®@L s
foll owed b Etage 340 of detaching the airplane fromthe unmanned airpl ane
transfer §§§ ¥M [00184] Figures 16 and 17 illustrate an unnmanned airpl ane
transfer $9681e&8] accoril ngotedanthenbodiaqent dfaitlherel nventdietrct&lgurhe 19
illustrates a | andi ng gear h%I der .78, according to enbodi ment__of it he
i nvent i on"PTOt%3E] FH 16 F8N8Tehp Y T e C%S‘?st 8@?% ‘whi'fe $9YPe 17 i's
a side vi evhefol heysyshemo [©d86LcSyssem Thei rRehtides adntawdf eyystedul e

The transfer nmodul e maﬁ i nclude wheel s

adapted to transfer an ajrpl ane.

(such as ﬁ/ﬁ%elsg?iﬂlf-o #f(tﬁfg thfe BrrPHBRE STGITEST(SUSHTSHe &NGi fd73)
transm sskgn ABEhanb&aBs4ADLy Shoywn) . TEoNtd ol FeFtheds Sty Hhatshagie
absorber 77, landing gear holder 78, as well as one or nore structural

el enent s datachreny r gapurky BEEPRINILIVAD, tandbsensde 78f IR 1lETREt edYhat a

structurakygheient s LN, e & Hla$Yeen? Rhat @npRBAntACal i Keane [ORkEMed andi ng
gear hol der is adapted to fi rrﬂé grip landi ng gear 20 of an airpl ane.
al

Landi ng gé#steml der 08 rentBelpedobil IHhcontret el asontrast S¥EEEMbY Y0

curved require a detachment without the interference of the control
| system. Yet according to another embodiment of the invention
the pilot can try to control the unmanned airplane transfer
system, for example, by sending audio commands.
[00169] Conveniently, method 300 includes detecting an
obstacle and stage 330 of transferring 1is responsive to a
detected obstacle.
[00170] Conveniently, method 300 includes receiving commands
from an operator and stage 330 of transferring is responsive
to the received commands. ‘
[00171] Figure 14 illustrates method 400 for controlling
multiple unmanned'airplane transfer.systems, according to an -
embodiment of the invention. | '
.[00172}Method 400 starts by stage 410 of receiving location
information from multiple unmanned airplane transfer systems.
" Stages 410 is followed by stage 420 of displaying locations
of multiple airplanes and the multiple unmanned airplane
transfer wvehicles. _
[00173] Stage 420 is followed by stage 430 of receiving from
an operator an operational mecde command that determines an

operational mode of an unmanned airplane transfer system.



arfows) to a structural elenment such as structural elenent 79. Controller
72 is connected to the transfer nodule and is adapted to control the
transfer nodule in response to a steering induced novenent of the |anding
gear hol der. [00188] Sensor 76 is adapted to sense the steering induced
novenents of the | andi ng gear hol der. é00189] Conveni ently, |anding gear
hol der 78 is pivotally connected to st8®ctural element 79 that in turn is
connected[Qéléﬁbﬁﬁégesv¥ﬁbth$aﬁoéﬂéwﬁﬁt ¥ syavemid, vhekepRsthettiher

structurak glegEFESgS%T £ anPaL t g%mﬁggdtr@gsfgﬁeanHﬁganyt gpf 1 45 NOt

necessarily so eni ent | andi ng gear hol der 78 includes a
first pai trehs@enssy8{en). and 78(2) that can nove forwards or backwards, and

vel | ac {MBotads 103 a0, 10081 LB iy S elald v cammactad, st I, end o

e suc rtuaIIy an
substantiabhmaﬁa@sed ansmmmanmkﬂ|ammbﬂaﬁamﬂﬂanafar £861¢manitf 78(29motd 00191]

Cbnvenientlﬁ s;% tural el qgﬂ IS conng d to hock:f orber 75 and
spring 77 SPREFOLHEIr BPERRERY" dm8 Eow?énd*? §FUr FUctUr ar®'el ement
to its pepeshaske ccwydlél Qfbnt 42001982ht Fbursy skBmi Ibpuéfamle.s setbed 6900 for
transferring_an altgéane accordln to an enpodj ne of the invention,

[001931 M{PROHIBHO /TS byreEEYyRT efd’nlg?rﬁdéceﬁ}?%g Y S ANST ef TR GhAd

responsi veopfhaddst eerhfg hpducpdcABr esENLy Of sésest Nd@geathdol defiandd®
| andi ng gear holder firmy grips a |anding gear of the airplane, and is

pi vot al | y 2ésRAREE B3RS e S tSYFECHr-al el ement of the unmanned airpl ane
transfer syshiem Me[t(ﬂ%%bos&élﬂeaﬁég inel wlesstsRpsieg blRersteeving, imguced

novenent of the |anding gear holder. It is noted that the steering induced
novenent , aof cémerdlangpngrgbarsyssiager B r&sf@Tievelndieakider fHgM Mfuced

t 3 th di W
ngggfpir gp?ehaﬁgkﬂgané £ PEL £ o BELHUSE §%A@@ 46 G823 ve followed

by stage 462 of selectively acknowledging a change in a path
of the wunmanned airplane transfer system. Stage 460 can.
Alternatiﬁely or additionally, followed Dby stage 464 of
controlling a change of path of the unmanned airplane
transfer system.’

[00177] Method 400 can also include stage 470 of receiving, by
a central control system, a failure indication from an
unmanned airplane transfer system. Stage 470 can be followed
by stage 472 of selectively acknowledging a detachment of the
unmanned airplane transfer system from the airplane. Stage
470 can also be followed by stage 474 of controlling a
transfer of an airplane by the unmanned airplane transfer
system.

[00178] Method 406 can also include stage 480 of optimizing a
distance between multiple airplanes being towed by multiple
‘unmanned transfer systems. This optimization can include
positioning the airplanes close to each other but at a
distance that will not dramatically increase the probability

of collisions between airplanes.



| andi ng gear but is pivotally connected to other parts of the airplane
steering systemthen the | andi ng gear holder can track rotational novenents
of the landing gear. [00195] Stage 610 is followed by stage 620 of
transferring an airplane, by an unmanned airplane transfer system in
response to the transfer signal. [00196] Stage 600 al so includes stage 630
dunping energy resulting froma fast cHange in _a velocity of the airplane.

a
This can beOL5 ELWARN the LdilFpraAkest 53 Nognd0ANEPF TRV UATENME 3&i r pl ane
transfer §¥ﬁ;§f§ﬂ&' %Q:c%%r@i?ﬁl k801 7L SN G @n@an 1a0Radi peNt Oof the

invention the status o unmanned airplane transfer system can be

reported {0018@ Petbodob00oshatentbnl stage rdl0 sgSteesorvigt R 1aliaw ent |l y,

the pilot_can recei t UsS _i. i | he @i rpl ane is being
transferr8dt obfhagj-\éﬁlrlpzaﬁlﬁg glELrEl :l%ﬁée t([)lLrE('Elr]nggé!er % ys%lenrh and the central
control sys0Esnlcanagecsle ¢ atfod lorddcaty oasagden2Oheclinmanagdinadr pl ane

transfer systemis not attached to the_ andin ear, of .the air. .
[00198] VE\#%#T] s,Slr%l&?f i EATPOMEVSand Tot ﬁerm(?vn%T“eanenf)éft i %ﬁs E{)]_T@p\éfa\?r%glte is
descri bedchbet b vbhpowestsy bBoagdoseoofcamr dimarudeskstdge n3ghebakt asint hout

departing fromthe @gl rit ,and] t he scope .of the invent.ion as, cleari %dr'e
Accor di ngtPcit9Ry | AVEMTIT IS P hlf Gt i 1dr  BY THE 1pfec€difig

i I'lustratpyeidescriiplelersbutaninest ead dnanisite rsS Filgnialamtosc ope afrgllame
following clains. 34 CLAIMS: 1. An unmanned ai rgl ane _transfer system
conpri si NGB} arfFHONEFul e tAASHERY t10'% r ASEEL AN 8 r pPRNE TP yi ng

skid steepbRgroR SHiperrdapledntol sease steering control induced movenents
of the landing gear and to provide the controller steering control signals;

and a contPol82f Stagapfel t6 feibpyedsheeftder coil rof Srymafer=md W& ocity
control 5599%‘*&@,”0' b I E3PORRRKA L4 I 041 Ehes Ad ansf &1s amdul g;sveher eim the

unmanned airplane transfer systemis adapted to be aligned with the |anding
gear duri mgspotse i omatheovearnier ofignml .aiF5AINeS30 can include stage

330 but this is not necessarily so.’

[00183] Stage 530 is followed by stage 340 of detaching the

airplane from the unmanned airplane transfer system.

[00184] Figures 16 and 17 illustrate an unmanned airplane

transfer system, according to an embodiment of the invention.

Figure 19 illustrates a landing gear holder 78, according to:
an embodiment of the invention.

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

is a side view of the system.

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

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

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



2.5 The system according to claim1l whereas the systemis adapted to control
a velocity of the airplane. in response to velocity commands fromthe pilot.
3. The system according to claim 1l whereas the controller is further
adapted to be renpotely controlled. 4. The systemaccording to claiml
wher eas the unmanned airpl ane transfer system conprises an audio interface
adapted to recei ve nodul ated signals r%’present ative of steering commands
fromthe mivgtally and ¢NReHED hese (Fpddllatedrargial Lo EHR cHWVEA er

that is @P@&ght %C%ﬂtgt%éﬂ?ﬁ&w s RIn tTOdWhe b Lsecsf@%ra%@agqetl@%emdi 0

conmmands. e systemaccording to claim1 further conprising |ocation

sensors coupl@dntoollver cthtiol ¢emeatiest dion tiftve toomstelr| aedudeadapt 46 to
control th t{eaé‘s‘cteﬁg e &'QPEGSPPﬁsefé:ﬁe%OBBQé‘“j]Q{‘ %sk@ﬁgéysédoema 6.

The systemaccor di o claimT wherein t controller s adapted to sense
a system §uddtirey andludedr espemnset t of ddiadhantdiegsgstenhdidert he airpl ane.

35 7. Th em ing, to_claim1 wherein t troller | ed
2 manual CSHIH SROOGT e ‘nd-WhBrBPFCEnd CoortHDl | 81° 1 & BAapan YO Eorof

thg ltransxfé@&emh%dﬂ' ]I:thlées.aﬁﬂiﬁgt@e@ﬁrﬁmlm&.pr ovi ded by the manual control

nodul e. . A nmetho or transferring an airplane, t net hod ¢ Ii ses:

recei vi ngt 834t} ﬁ@nﬁﬁﬂf?lbtrl%'i gr‘]ﬁ‘ln?lflgsp%ﬁ?f vgwta)"fjeéfenzgd 4 eé’ﬁ"r?%%@&ﬁﬁ rol

i nduced npyeRERtsd Of o ast Al ik 1gealen@intt 19 ainapl ame tane rieceiotinegteel ocity

-~ control signals; and in response transferring the ai rpl ane by an unmanned
ai rpl ane 9 amReEre s yEtIIAI adpSILleMegtsRE dSEeket i My d’h‘tﬁ??ei‘i”nt%\enior?ée&n

al i gnment s ba Weer, | F@léemn%g, aid pl gnerd rensfiy systgmanbdie, aibupl ane
during rotational novenents of the airplane.
this is not necessarily so.

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

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

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

[00193] Method 600 starts by stage 610 of receiving a transfer
signal'responsive of a steering induced movement of landing
gear holder. The landing gear holder firmly grips a landing
gear of the airplane, and is pivotally connected to a
structural element of the unmanned airplane transfer system.
[00194] Stage 610 includes sensing the steering induced
movement of the landing gear holder. It is noted that the
steering induced movement of the landing gear holder 1is

responsive to a steering induced movement of the landing



9:aThe met hod according to claim8 whereas the receiving conprises

recei ving velocity conmands fromthe pilot 10. The method according to
claim8 whereas the transferring is further responsive to renotely
transmtted commands. 11. The nethod according to claim8 further
conprising receiving audio commands. 12. The nethod according to claim38
further conprising determining a | ocat3on of the airplane and wherein the
transf errgegri Beaspendihee lepdine geasedidleeat i ofirmly, TREiRSt hodhe

accor di ng, L0, 6l a1 408, fift her BUTLh S| ndofleLecting, ag. phistaske and provi de

an obstac e met according to. claim8 further
conpr|5|nglrp&&nwlegeeohngn¢@5kemnnaﬁnop9hatdmnwn@@Muﬁaﬂnhphéetraﬁ@ﬁerring

IS responsive to e . .
P %rack rota 1JH% e%%%%mgg S Qgsthe landing gear.

[00195]) Stage 610 is followed by stage 620 of transferring an
airplane, by an unmanned  airplane transfer system, in
response to the transfer signal.

[00196] Stage 600 also includes stage 630 dumping energy
iesulting from a fast change in a velocity of the airplane.
This can be useful when the airplane stops, and until the unmanned
airplane transfer system also stops.

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

1. An unmanned airplane transfer system, comprising: a transfer module adapted to
transfer an airplane by applying skid steering; a sensor adapted to sense steering control
induced movements of the landing gear and to provide the controller steering contrel
signals; and a controller, adapted to receive steering control signals and velocity control
signals and in response control the transfer module; wherein the unmanned airplane
transfer system is adapted to be aiigned with the landing gear during rotational
movements of the airplane.

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

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

4, The system according to claim 1 whereas the unmanned airplane transfer system
comprises an audio interface adapted to receive modulated signals representative of
steering commands from the airplane and to send these modulated signals to the
controller that is adapted to control the transfer module in response to the audio
commands.

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

6. The system according to claim | wherein the controller is adapted to sense a

system failure and in response to detach the system from the airplane.
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7. The system according to claim 1 wherein the controller is coupled to a manual
control module and wherein the controller is adapted to control the transfer module in
response to commands provided by the manual control module.
8. A method for transferring an airplane, the method comprises: receiving steering
control signals responsive of sensed steering control induced movements of a landing
gear of the airplane and receiving velocity control signals; and in response transferring
the airplane by an unmanned airplane transfer system by applying skid steering and
maintaining an alignment between the unmanned airplane transfer system and the
airplane during rotational movements of the airplane.
9. The method according to claim 8 whereas the receiving comprises receiving
velocity commands from the pilot
10.  The method according to claim 8 whereas the transferring is further responsive
to remotely transmitted commands.
11.  The method according to claim 8 further comprising receiving audio commands.
12. The method according to claim 8 further comprising determining a location of
the airplane and wherein the transferring is responsive to the sensed location.
13.  The method according to claim 8 further comprising detecting an obstacle and
provide an obstacle indication.
14.  The method according to claim 8 further comprising receiving commands from

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



