SYSTEM AND METHOD FOR TRANSFERRI NG Al RPLANES FI ELD OF
THE | NVENTI ON [ 001] The present invention relates to

wo Yakesesand nmet hods for transferring airpl aneger/i1L2007/001172
BACKGROUND OF THE I NVENTION [002] In nodern airports

the terminal is located relatlively far fromthe
runaways. Airplanes use their jet engines to travel

seERBI B HEEIAbok OnBnfuPRURYNG ST BoDRRERT T 0N 15 &l 50

own "as taxi rave roma runway to the
termnal (said operation is also known as taxi-in)
et en |nes are very noi sy, cause safety
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quantities of 04] Taxi traffic defay is the

foratgessfefrang awralanﬂsnnvenents del ay, the average
taxi-out delay in mnutes per flight is approxi mately
twi ce the airborne delay. Al though aircraft burn

BACRUBOUNDSOFI TS fRsERTI®NEN airborne, crew and
OagU|pnent costs nmake the spend rate for taxiing
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al rborne ‘about” 1/3, totaling nore than
tramaMaEkym Byeamegmaned tower rowWay] I@mqywnpﬁratlon is also
enent, one sh significantl % on taxi__del ays
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tethengavi pgsdf sparétebnbus ngdsdurhognt axi tpeifonped by
tow ng tractors or robots. [005] Jet fuel is one of
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he annual ope ation cost: Theref ore, saving in
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ai.rlinestoday. Jet fuel prices increased fromless
ofi 18418 / gal in 2001 to 2$ / gal in 2006 and is

[08%?eCHEngotEg%%Ecz'gélay is the largest of all aviation
movements delay, the average taxi-out delay in minutes per
flight is approximately twice the airborne delay. Although
aircraft burn roughly 5 times faster when airborne, crew and
equipment costs make the spend rate 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



$/gal or higher by 2010, meking the issue critical for

the airline industry. [006] During taxi, typical
w@ERo0sn32t0 f uel consunption is about 3200 | bs peeT/I2067/001172

(9.0 gallon per mnute). Typical taxi-out tine today

is 30 minutes and rising congtantly with the increase
toddyair tfetffic faldl ovepriheswbntdeaendafarageless than 1$ /
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_airport grounds per flight, and this nunber is
A1 e NPy - Air pollution in airports evolved into
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th&rl ihteahskesoife.a{008taByi 20301 thef aecasbrig. oDnmawerage,
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Thﬁ§|ag'ﬂg.H%m&FQIynﬁbdgEqﬁt@br&f?ﬁgifLoJ%"p?M§r¥a%QQin time
gal | on of fuel saved duri ng taxiing per flight, it is
buaibodt03.0&1BPnisn diuefuahdod? aNMrporti o adsn ssroflight, and

t he . [009] A typical busy airport has nore than
thﬁ%o%lgg%% r%%r%]éo"é%g%y or around 400,000 flights a

[O0ERr . pEveryol06: Osh | am odifpettsaeediped fihegbt @ major and
~transfers in 40M gallon fuel saved per year per
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. I L pqrt / ay sawving j :
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Sonme are illustrated in the foll ow ng patents and
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[008] By 2010, the forecast is of more than one billion (1B)

air travels, or around fifteen million (15M) flights a year,
only in the US, not relating to the worldwide air traffic.
For every 100 gallon of fuel saved during taxiing per flight,

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

the US.

[009] A typical busy airport has more than 1000 departures a
day or around 400,000 flights a year. Every 100 gallon of
fuel saved per flight, transfers in 40M gallon fuel saved per
year per airport, or 80M$ yearly savings in fuel expenditure
per airport (2$/gal today), actual savings being much higher.
[0010] In order to reduce the usage of jet engines various
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



5314287 of Wchert; U .S patent 5860785 of

Eber spacher; U .S patent 6283696 of Truinnmer et al.; U
wo Sopasamé 6352130 of Klein et al.; U .S patenectHis8ia01172

of Johnson; U .S patent 6675920 of Diez et al.; U.S

Pat ent apgllcatlon publlcatlén serial nunber
Lebbasr 008694pabenEckedP038 of Patérerapglti cati-on U-S patent

53?&%§#CQEIQW1 %f@l %u%b g%%%ﬁlg%%%%@SOfﬁﬁb%E@rsHacﬁer, U.S

ent "appli1cation publitc seria
paﬂ@@ﬁ/6962666obemdamhemcbtehlal U.Bumpepest ERS@1t30 of Klein

l'i cation 649787 M chel son et a nd PCT p
ot aBBF oot Pom BT ot SIPC et afSHuRR: WP OFGESH0RRE 1920 Of
Di&MROgE Ok - [@Oélba{g%ﬁea 13 cRe8@nt QuUMI1AH4E AN serial number
effi cient nethod and system for transferring an
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fudes F ans e adapted ran
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nodul e, adapted to recejve a transfer signa
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[ 0013] Conveni ently, the unmanned airpl ane transfer

WO 69402890 P&l udEsMaggepsbr adapted to sense a steerlng

rqol induced _nove of t he, | andi.n gear. an
w?@ﬁm%&?ﬂ% ovf dé an?ng sPerPSgnal €0 g%e lccoln et.hOd and

sy$ 08l 4foLotvens eattyngt e syspeamés adapted to sense a
nmovenent of the airplane control conponent. [0015]
Conveniently, the steering conmands are sensed by a

SU@I@}Q}%‘? ?dﬁf@}ﬁeQRWEt[%@”ﬁ@v@r@f‘fét@' i nduced novements of
th andi ng

gear Conveni ently, steering
[0CbairandsAmr enndhaedesll ep i dee t:lmrm:fek]y gystemirecprgvided.

on BBk 2381302 21 LPLRTE SN S COIONER, {sueh Bher on
aiv¥beghe, adtldt Hecahf pbANEr ) Scdiipnsd ef s eehé Ntransfer module,
adapted to receive a transfer signal responsive of a movement
of an airplane control component and in response control the
transfer module.

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

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

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

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

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



response to these steering conmands. An airpl ane

control conponent can affect the airborne or ground
wonshesto of the airplane, especially when thepai/mpbem®1172

can autononously nove. [0017] Conveniently, the

unmanned airpl ane transfer sﬁsten1|ncludes (i) a _
steeninRg er Wﬁ@@ﬂé adaﬁvéd t 6hsuppsPLage| and ngtaea?fefred in
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response contr t he e 1
S nveni et |ayl’r aenecoﬁ{ir OI d ':clr g e’%ggd?ltrg&ane, (i1) -a
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controller is adapted to control the transfer nodul e
the ntFaRHHRE e ¥4 ocati on of the system [0022]
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contro l e and it 1s adapted to control
rehbiecly anshierohpeldd e i n response to commands prOV|ded

ool e TR T harBit ek OB 18 TRLRHLORu cipae
independently controlled wheels.

[0020] Conveniently, the unmanned airplane transfer system
includes an audio interface adapted to receive modulated
audio signals representative of steering 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



receiving a transfer signal responsive of a novenent

of anairplane control conponent; and transferring an
w@bgoplodszes by an unmanned airpl ane transfer syBtEmMm200701172

response to the transfer signal. [0024] Conveniently,

the receiving includes sensifRg a novenent of the
aigp}phanecebret ofoBpepoRent s arBdgéneratengiadt pAngfeplane,

bysagneﬁma&ggé% fx&n'@%yf Lthsey%@&ﬁ' vmgrw@ééﬁggsto the

Sensi airp Tane T ransfer SysS
tréﬁ@ﬁétngl@@@1f0| |nduced nnvenents of a | andi ng gear
of the airplane.. [0026] A nethod for transferri,n an
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transpeaneigaad- (ii) transferring an ai rplane, by the
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€ering mov erren
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Conveniently, the transferring is responsi ve
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lak@DNgngeat | yf the aeipDghé pcinigesit ECCré{m@geﬂDﬂrud; aed
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aigpbaeen Prethe ansrerpedgeisrtaspohsiveles shesen, in
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determ ning a [ocation o the towed airplane and
a Whedeng ¢geertransferring systemis responsive to the

Oéﬁzf % é%%%%%%&ﬂﬁéogg%%ggggy nlen&h%estQ%c%Ekg%% 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 1s 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.



froman operator and wherein the transferring is
responsive to the recei ved commands. [ 0033] An unnanned
wa@anegsloageeo t r ansfer system the system i ncl udespCBIL2007/001172
transfer nodul e adapted to transfer an airplane by
appl yi ng skid steeri n&; and & controller, adapted to
an
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e unmanned al rpI ane transfter systemis

an astapt ethé dopeadl givegd stid dtheetiangdi nMndyearcahuriogler,
rotati onal novenents of the airp] ane. [0034
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coSERSE $15841 NG PN A O e dgiiced- gV e frddiefer
| andi ng gear; and to provide the controller steering

modwht r ofhefeital the [\OOBB) N raerh ehte Erarf ey stxsien is

adapted to control .a velocity, of .1 i.rpl .
2S8R o B Th R L B L ot B 4| B 4G 0
rotonven Entdyemdhies contiiod | £1rpkarfart her adapted to be

renotely controlled. [0037] Conveniently, the unnmanned

[0Qi4 b1 &REVEPARSLY r sTECeRYPREMUBS 1BASEUEI 8SPAPEr f ace
ad 49804 el t 9ok S el v rogdyl a8 b S analiscd ERIEREL AL Vigr Of

steering comands fromthe airplane and to send these
thenbtandieg stanal and ote hergoide dihercarntato ] e mdspedind
CC)cont ol . tIQeJO%ransfer nodul e in response to the audio

LonPrantsd 4 0038] Conveniently, the system further

[003%] udesvkasahito), Sensokystewpliedatiaptba eentbaki-en, a
wherein the controller js adapted to control the
veloghY et T niofiti| L TR 3% pohsEC TRPRES At TP DL X he

comySi&m ¢ £ 9038« ?ﬂ;@pi ently, the controller is adapted

to sense a systemfailure and in response to detach
[0@3e] syshernficomlyhe ther pbateoller is further adapted

to be remotely controlled.

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

[0038] Conveniently, the system further includes
location sensors coupled to the controller, wherein the
controller is adapted to control the transfer module in
response to a location of the system. »
[0039] Conveniently, the controller is adapted to sense
a system failure and in response to detach the system
from the airplane.

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

control module and wherein the controller is adapted to



[ 0040] Conveniently, the controller is connected to a

manual control nodul e and wherein the controller is
wadaphest7d ocontrol the transfer nodul e i n respePOBEL20607/001172

conmands provi ded by the manual control nodul e. [0041]

A nethod for transferring anairplane, the nethod ,
conhrpludele treeslfengnededeihy &6APPHSSsitgnaPrEmMgRds provided

byrgﬂgc&gg$§9néé§{rgigﬂg&&iegnd in response transferring

e al rplane an-unnanneéd airplane transfer system
(0by1app vietthoskifdrstteamiste randgrainntadinpilagean taki getraod
bet ween the unmanned ai rpl ane transfer system and. t he

Ingi AR Bner BEF T hy" P oF BEFBHAT FOVERRht S1PR R r BT Het LY

cohPP42] s Conyent ephlyint REsF668E Vi Pn s PEL HORS i8Sl Viflane by
vel ocity commands fromthe pilot [0043] Conveniently,

ant heménpesf@irphgnéstfansher sespeonshyeapplyempt ekid

t ' d ds. [0044]. Co [ |
SCE R PG ORSe F BEAF \Fig” hLeh B CorbRntacr | 00a B atned

aiGenyeai endhyfet heyseéhoghd neheldesres 6 ndlit gy arotational
| ocati on of the airglane and wherein the transferring
moygmerkpopSi et d1FRe2B@nsed | ocati on. [0046]

[Ogﬁgrenie@&ﬁyenigﬁtﬂyyh@ﬁeiP&é@g@§ngeiﬁgiﬁ@83aPeceiving

acl e and providing an obstacle™indication. [0047]
ve Conveni eomhgnds hEromt hloe phtdtides recei vi ng conmands

r an er at or safety driver sitting pn the robot
oph3f e SRR eanly, e R b oo oher BT e or
regﬂbhg@veaﬁs neeo ek Dyt beah sanst &d rédgmasds esponsi ve to

the received commands. [0048] According to an o
[0@#bbdi neRPnBENE ARt 1 Vv ekl ® oRc BrCdnhahheer al Pl éfes receiving
aulifansfghasystemis provided. The systemincludes: (i) :

at

ranster nodul e adapted to transfer an airpl ane;
[004b) a |aonivagigettyhotllermetuapt edcivdés radyegnipiag a
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responsive to the sensed location.

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

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

[0048] According to an embodiment of the invention an
unmanned airplane transfer system is provided. The system
includes: (i) a transfer module adapted to transfer an
airplane; (ii) a landing gear holder, adapted to firmly grip
a landing gear of the airplane; wherein the landing gear
holder is pivotally connected to a structural element of the
unmanned airplane transfer system; and (iii) a controller,

coupled to the transfer module, adapted to control the



hol der is pivotally connected to a structural elenent
of the unmanned airplane transfer system and (iii) a

we onksd2her, coupled to the transfer nodul e, agepiiedot@i172
control thetransfer nodule in response to a steering

i nduced movenent of the |andi®hg gear hol der. [0049]
trenﬁﬁen|eﬂdu9e ithersyreBAT| hel vded eerdams dnduggapmegement of

duced f the land
AR Rbl eR SFODB0T S Bonveni ont |y, 1 he System | ncl Udes

oa4smock absoebEéntmpnneheedybeemhenelﬁdetuaabeebenenadapted
[ 0051] Conveniently, the structural elenen
tocéﬁﬁé@téaetétﬁ%€éﬁgel%PBﬁ%ﬂt@OVFEGBEf QﬁnEEﬁueﬁPﬁﬁng geat
holiherstructural elenment is connected to shock absorbers
connected to novabl e el enments. [0053] According to an
[O@ﬁﬁbdineﬁonnénihetlmvehheoﬁyatﬁethoqlﬁdeStaaﬁbbekrahgorber,

coflaBHoRL 88 bE RLRYL OGP B RCY, el €1

FVin STQ esp hsive of a steering

[oDBduced gexesRDéndiy| asHengtgeatubal delemwher ekncbhgected
Ianding gear holder firmy grips a |landing gear of the
thWPBPH 8, e4fflerEsSpi votal |y connected a structura

[0? Tent 8k %Qﬁléﬂﬂ§9neghé'EP%QE@uEé@”éi@ﬁeﬁMsiQ"boﬁﬂgcted

trans erring an airplane, by the unmanned
toalspbaheabsanbées sysneqtedntpempwabeetelementsansfer
0054],. Conyveni ent | t he t hod, i .ncl ude
08b807 g PRESELSET! HE PRACEEAIBEReRE bPor REVFARIPRg?
mefBaH RekderankPObBIngoaveni eplhie tBepawiheddi nthedesthod
dunpi ng energy resulting froma fast change in a

ingépgepty (bt fﬁeeaV%@gaﬁetreeféﬁrDESE?@#WT@FP@FS#WE of a
stgggér§$§og9an§]mg©§mgﬁ€58 léH&??% ?Qa¥1hglg r, wherein the

appreC|ate nor e
lahdihgwpagrdebdderdfdestyi pripa aakendnngcgapnnofibhe

ai?%ﬁag%pZﬁgégﬁgagiﬁégﬁﬁﬁ%ﬁgénkggggé glgg£§gt&rgEde%ement of
the unmanned airplane transfer system; and (ii) transferring
an airplane, by the unmanned airplane transfer system, in
response to the transfer signal.

[0054] Conveniently, the method includes sensing the
steering induced movement of the landing gear holder.

[0055] éonveniently, the method includes dumping energy
resulting from a fast change in a velocity of the airplane.
BRIEF DESCRIPTION OF THE DRAWINGS

[0056] The present invention will be understood and
appreciated more fully from the following detailed
description taken in conjunction with the drawings in which:
[0057] Figures 1 and 2 illustrate an airplane that is
being transferred by an unmanned airplane transfer system,
according to an embodiment of the invention;

[0058] Figure 3 illustrates an unmanned airplane transfer

system, according to an embodiment of the invention;



being transferred by an unmanned airpl ane transfer
system according to an enbodi nent of the invention;
wo 06883820 gure 3 il lustrates an unmanned ai r pl BO"E1L2007/001172
transfer system according to an enbodi nent of the
i nvention; [0059] Figure 4 ilPustrates an unnmanned
(059 bl &agureanst er léi@@éﬁﬁtaéc@ﬁdiq@at@@ﬂ] enbplppenttransfer
of the invention, [006 j . 5 41 lustr 3 | ower
Sysp%err?’l oanc% P%Er}%ﬂtﬁ nagpgeg%bro':dal%%rnﬁtulﬁ p4hel{e slpr;ﬁ%eﬁgcslaoarln'd
[OPé@L eFighe6t] iFlgutestes9al Lbustr aoetiomoied landing gear
ai rpl ane transfer systens, according to various
and Motk FRetf SRELIHR §HYentd'$it/ [0062] Figure 10

(0641 PsEighiessa lkanrdi ng 1983ka20d apinpRENed j3i1RRANe t ransfer
transtfer system according to various enbodi rents of

systems nvaestdohing 006 3faHE U erodime s idf uste atrevention;

i pl.e airplanes, and multiple_unmanned ajr n
[O@%ﬁs?égug?sﬁeorarsl%lﬁ?%a%%s a‘igr SLS‘Pt%}“gc&erad% n%] oggn unmanned
ai b} Merdnof et heysoyent kedorf 00§41 oFvgieus3 embodliments of

flow chart of a nmethod for transferring an airplane,
thackdyeithPto an enbodi nent of the invention; [0065]

[06% #T@Féﬁrgllyftr _Sl§'ﬁ%fﬂgkgégeCQﬂﬁEQbhE”%ﬂrplanes and
multip unmanned ai rpl ane transfer systens, according
mulpipke enboemert ofaittmlanwentransfE0066]yFieguwr e wbthin  an

.illustrates a method for .transferri an airpl.ane
@ LR T T HIE enbtit OB e vt (e 008Y]
(066 QuUr esghBeand 1 ial lfushs aheran oynEBRRehod IfRirar@ansferring

transfer system according to an enbodi nent of the
an | avemtanry, USR] gie enennqdidientt «xf £hfetivettoron:

S L.ng ai r di;ng e [ :

O e on Mand FOBRGT Frgure 191 Tkt rares g mtzolling
mulapleigugeannédl dérplaceortdiang ftear agy Erdhoxli neatoonflingpeto an
i n(\éenti on. DE[:éI'AI LED DESCRI PTI ON OF THE DRAW NGS [ 0070]
eGP F NPt o- i BRETEi 1Eht of the invention an ,

[odeRNEeduakr Pl e 1tihaRsielesSyst eMBifodr evirdeghraddiferring an
aiﬁgfgggngézording to an embodiment of the invention;

[0067] Figures 16 and 17 1illustrate 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



controlled by one or nore airplane control conponent
(such as a flight control stick, throttle, pedal,

wo b@ehs2g Wheel ) and the airplane is transferrgcimoozoo1172
response to these steering conmands. An airpl ane

control conponent can affect 1®heairborne or ground
alnbvenenorogrphédam@pemﬁét espehal pyrphenct hesgiagiladdey when

th%?Qb%§i$2§ngg ¥u98¥g%?L9971%0anvenlently, a virtua

novenen one of nore airplane transfer

(000Dt r dorGmienailys can e dalackedbhyicta lasndhendd gt one or
control stick that is used to_control the airborne
moyg| ¥Rl RS t A agSdGid GerbErty SIMRIRERL T pIcdme. PRt Feacked,

subpted that ﬂg%;ﬂﬂ%%%ﬂﬁﬁbfagtpskdeﬂstbxseh%%hrQdﬂ%dﬁ%¥ol the

conponent's, | ectrical conponents, by adding a
aitbachénged@¢ﬁ¢e mmtﬂhﬁcmwwmmm EahQCItMADﬁIﬁhEh@lrplane It

contr n onnection_ to f the air nes
Ae ggé‘ﬁd‘i %Fﬁsif*B@?ﬁarboﬁ Oe’h‘?|§y an LE0FS-optical
coﬂdﬁﬂﬁeﬂeg aigypl @m@ctfﬂﬁ§ﬁ8fccﬁﬂgﬁdrﬁéﬁﬂ§ ppovigetingdhe tracking
systen1|ncludes a transfer _nodul e adapted to transfer ,
dewhcai rt ahBe &Rt PonPrBPLer ,WidhiiectBE t@PtHeel panel, 1in

cohh8P08t 8h Edeh fdéﬂéeglz 1588§'¥§T§%eéPES£§& shanal ye

responsive of a novenent an air control
0OaﬁponenCoamdnnEntbypoaseunmanneﬁ theptanasteanabdul eystem

073 |entI , the ten1| ada ted t ense a
5 oL 0! ThheckP L BRanacLbiESor BEataneh mofysatabted to
trgﬁgYéﬂlQHtEerlQ§e§t§ﬁﬁlQgcéﬁHBBMQérﬁf@oﬁﬁ@é@édbtoathe
sensor adapted to sense control induced novenents of

trenefpantPAyglgeardapbed 5o] reppdvecanttonsfor shgnal
reg§8HnggD¥%n§n%09£mQH%rongﬂnglp l%ﬁ%ngﬂgg?ofr gﬁﬁgnent and

rplané transter con conpon e contr can
ininaspuassendhngo$tehe|ngansﬁannﬂedcmblch dictate the

irection of the a rpla and vel oci re
1083 andsCptRat APl eLPRESSREEH bF FAPLFpFanagnse 2
mol/8RERL Genvgai gntbyanai EBhEPELT E8RASERENt S control | ed

in response to nechani cal novenents of an airplane or
[0074]t £onveniently, the steering commands are sensed by a
sensor adapted to sense control induced movements of the
landing gear.
[0075] Pilot can control the ground movement of an airplane
by using one or more airplane transfer control components.
The control can involve sending steering commands (which
dictate the direction of the airplane) and velocity related
commands (that dictate the speed of the airplane).
[0076] Conveniently, airplane transfer is —controlled 1in
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.



| andi ng gear. Steering commands can be sensed by
nmonitoring rotational novenents of the |anding gear

wabgugliozsre axis. The system and net hod recei vepepiimogsd 1172
fromthe cockpit to alter the velocity of the airplane

and in response can alter th¥l velocity of the unmanned
[0GT Thl &eevendrsftdy syst em {097 AlarCimgerdean |yncluges a safety

o1 2001005681  EnaLUcRe i SALEo Rt R 00691, 314K ancing

ged Ot abedeby dthe dnmnngige ainphanedt eanpl ahes tsta@mfehiss/stem.
safety gin is renoved once the plane i s about to take
This f SaTREYPIHTY ehdvAPTEERIbOEEne fur PAGNE Ilastalpres to take

efi ol cheek that, s aksq kiowaoas | @sti Nyt e1gbeckref1ignt
© #n E#F%sﬁ ninuté)c eck area. Tﬁis Iastlﬁ$nute chec?re 9
checleatban alsoadlsc ukeowears ofaasppmiimge i ckeck, in a last

. extingui shing neans_and the like. It is.noted that the
Mgt ot gcg‘a%ﬁ:ni NPt e Fﬁésj et EngitHes 5 i S AECRasran also
indlhek emeheek &f eapangiwgi | €l tdieegafayiphAngS idddd and the

~stuck in the landin gear._&OO?S] According to an _
likgrbodit neat nefFeeh&hprRY ﬁ?i@h Pﬁecaﬁn&ﬁﬁédaéﬁrﬁmﬁhéet engines
pri SANBROLLSYSLEMAISaS Skhb St GEILN0ARC,GONLERLEN Y ety pin

al'so places the Ianding gear at the geonetrical center
isoftihe stuekned @he plamding apesfer system Accordi ngly,

wheel s of the unmanned. ai r.pl ane transport .system
o0& PE) {RREaT e 6 o reer G HIBRET bt BAY  SJUET e the
un@Phhodaldirgig i 't%@h'sﬁ@r@f st dmr fstd 0OBKEAN H€eering and
controll ed such that the wheels on one side of the

corystbenichn béspoParegsi Hdepekrithily 9eam Ble Witedlapmsgtrical
ceéggrOthSE S'%%éﬁ t&ﬁh%%ﬁ%%ngl%?ggf?ﬁgntl%Ta%@%er system.

ndi ng gear can be ro e S axes by using
Acthed kg Uy st egrd nghe&baverfi ethéy urizrenihraanedlane pltarmsport

transfer systemis aligned with the |andin ar,
SYRRFT nEE? of LEPSnal' LBy BHeALE6HPBhBSFRRd fy tgddr Lz speed and
opt DO 1 FopMenieRtlticd Rif Ath&ian HS€atEnSaER Heeidittolled
control” unit when being transferred by an unmanned

sueli rphahethe anbtelsspst encafddahed the plyatem can be rotated

in é%é%@%%%‘§y EB%gstﬂﬂatQ%eels of the other side of the

system. Conveniently, the landing gear can be rotated along
its axes by wusing 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 steering and
velocity change. According to another embodiment of the
invention the same steering control unit is used for sending

controls to the unmanned airplane transfer system and while



ground by neans of its jet engines as perforned in
regul ar taxi. According to another enbodi nent of the
wo posiss2on, the pilot can use the pilot flightpcont20@boo1172
stick for steering and velocity change. According to
anot her enbodi nent of the inl@ntion the same steering
theom¥aie umiutonomgyed yf oroseddiay com r (dzeunsdd + heln both  of

unmanned_ai r pl an S e ileth I _
e oRoRsEor s haverbBATRRE 57 KRRG PoRtpleh <G Bl BNt co the
un@éheedatd W ewditrenisTetrhesgemerndsy candeg sent &40 wireless
the unmanned airplane transfer systemby wire, in a

mappeE| @84 HBAnktXand the |ike. [0080] According to an
[O@é@?d' J:oqfngt he d nueht iRk ddnti! 04 Y e t ivention the
unmanned airplane transfer systemis controlled by the
vepbtdty Thed corfie ol upmanhedexedutrddirlsy usifagsier system 1is
dedi cat ed _control . knob, _handl e, _stick or_devjce. .
CoTBﬁ%i?eébHVeﬁbsn?Fg?gfhggﬁnﬁ§Wﬁ 3haf?%ﬁ§ﬁ%€?$%%§€%% by using
a gyatentés Edhtyoautwsm) efandbe, uspaskedr adepl aae
transfer system al so can be manual |y controll ed.

[ORGH] t iCsmanani egit Ll t éhgatinmanyeq i it dd i sifitarfysten 1is
fuﬁgn%fulet%n%%%td?mﬁ?é“ Qﬁméﬁﬁghelayj, rgrfeou:f"gnsf\efe%ys%lem also
control system can control nultiple unmanned airplane
cahr ansf emnspdflgnscomtueo teed r alAdchritiraglaldyst em caiternatively,
optim ze the taxi-in anq}taxi-out Erocess of nmulti
i

|
thel r BAEREES 0GBIPITRE ai THAMES 1 andF EFT oy SPBm € | Temotely

cofPPBUL 84 . cant rRhked1andogoppandegsfdwmcancesbhakol multiple
control system The central control system can track

unppenpdcapidR$ane nhiFepplerai EyS&eEStr afdieer agftfens control
sy8PnPr OYh &) Sl | MlCall s ;b0 RGOPELAt Ofut MMiSocess ot

visual “and ed presentation of the taxiin an
mulaxpieutippbeess. W || replace the prior art voca

ed et hod o trolling th i - d_t axi - out
0BB3E e [ 30ma tanyeRra iy CPRLSR it PP EEse s rolled
anful ¢k Q! 8@y at heeRi 181 Aordth@1ai kRlsdea,. amHet heentral

unmanned airpl ane transfer system can transfer the
coatrpﬂa@QQQ@miqﬁnﬁtg@chaﬁ@g-locations of multiple airplane

transfer systems and provide visual indications to an
operator. This visual and detailed presentation of the taxi-
in and taxi-out process will replace the prior art vocal
based method of controlling the taxi-in and taxi-out process.
[0083] Conveniently, the transfer process is fully controlled
by the pilot of the airplane, and the unmanned airplane
transfer system can transfer the airplane in a similar manner
that the airpléne was transferred at the absence of the
system. '

[0084] Conveniently, the pilot can use a combination of
steering operations in order to send commands to the
unmanned airplane transfer system.

[0085] According to another embodiment of the invention the

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



that the airplane was transferred at the absence of
the system [0084] Conveniently, the pilot can use a
we okiosatd on of steering operations in order tpcEando7/001172
commands to the unmanned airplane transfer system
[ 0085] According to anot her Ehbodlnent of the

reguiessi on t henPaxi -in apdlebxilnd@r ysrdcews. can Bge fully
culdhLy; At omat edo andraauit 65,00 pLl B (ALErYGALON.S e plane
¢y aut oivation-i ncludes coAt rofl ’ng one or

tr&ﬂﬂﬁ@ﬂeéyatémba®® Era@éﬁtﬁasyébﬁﬂﬁobysgscemtﬁﬁat w1relessly
control systemthat wirelessly communicates with t
CORPR} B e Binried S pima.%élp.lsns%ma%g}@?erﬁlrp%%%cs]transfer
sydbépsentral control systemcan increase the safety of
Ytratfic on the ground, -of manned and unmanned vehi cl es
(0f®at ahe g@munaﬁunbmtrqlusyﬂvmmr@anamd0¢ﬁ@SE|w@e Fafety of

traI c ntroI S an prevent onflicts
trﬂgg%%g 8nt| i 359 n%1r8 rgmnpgun&§cgpe8es PF%n QQCleg that
arée@o@lQi,onfe@lbOimCt%%hlélimoﬂi’l,d anfcrafd . 1Ike.centrhal central
cont r ol gsten1can al so control obstacle detection and
CO%’V’é‘PHaﬁE% oPefali BAEYeRFafPELd6hEr SMOSGoMAiAg GRtities on

a1¥%%§7 5&& sDth ed%%Q&E'%S anﬂagﬁéaonngéhlgiés, robotic

ccording tO another énbodi nent of fhe
vehihweas i emdana inmeamfied dihepl aaret tglansberreystenstzam/ opn also

t he ont stem can_have_collision, . .
conb e fianes LRy BbI T T AL P A= SoRt PRI Ay B o 2T
coRf B¥ENt ceBlrki 8EeASNDY Wik t (fimgrdfe, di stheee kehweers and

adj acent airplanes and keeping a certain predefined

pe§$§@%ﬁ%e peEween airpl anes. The unmanned airpl ane

[Oéé? %&5%5§ﬁ§n€gn o%%%t éﬁgéé] éH%JQ¥'§9ﬂ§'QQVEH€10n an

di stance o arrp ane rom ot ects
unm@pﬁed a$rpdenel asenisie rurayeriread amdp¢anEhEram$ﬁeﬁl control

R S SN VIR I g
control system can prevent collisions by monitoring the
distance between adjacent airplanes and keeping a certain
predefined distance between airplanes. The unmanned airplane
transfer system éan prevent collisions by sensing the
distance of the airplane from other objects. If an object is
too close the unmanned airplane transfer system can provide
an audio/visual indication and/or can alter the transfer of
the airplane accordingly.

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

[0089] At least the rotations of the unmanned airplane

transfer system are controlled by the regular steering system



[ 0088] Conveniently, the unmanned airpl ane transfer
system supports the nose | anding gear. The unmanned

wa@bdophsw2go t ransfer system can apply any prior peti2007/001172
nmet hod for supporting the nose | andi ng gear. For

exanpl e, it can have a sl opelf surface one which the

thainel drused edheld sPbiot heherndiftfy geliP e cIPaBed  on  the

ar§ 98, Al L 8aSth ey T LB ONSOT dD1e HUTBRAGA AJP! 8o ane
ransfer system are’ controlled by the regular steering

tr&aystent haystesmuselinbysthe piliaplwhes t heeai sple@rdng system
noved on the ground w thout being co:})nect ed t

. he

Inghidthed &g t"f}‘_aq?slf e‘?ssﬁ?@tlémasl_ e %?(Sf)iﬁnegn other

aifPEas € hBY HBM Nehddas anstegebng wWeal a8 wekhls are
as break pedals. In other airplanes the steering

useysfem ¢ort volbbing paie bt pedan sard esped dlorthe airplane.

raol,ling the rotation and .speed_ of e alLrpl.ane.

(07385011 1P NGEER THAT: vaA Sonand0re anchl Udeq 1a5d or

st&& £Bfid Ngfof Of ramenst e1id ngr 0f EormieiH thiadri af afotios h.

[0(50091] Conveniently, once the unnmanned airpl ane

9 BhsfCanvepdeafhldupprcs t iéhod®medidchg dgdar’ e transter
sy &Rl B8 hSrtEansherrgdsan hbsqghegr Lendi ngngears @Ndne is

t he unmanned airplane transfer system The airpl ané
tramafsfeedi ngn system oear utidndngkigkasteerdnyy tihes junmanned

. C rotate along its_axis wth _substantiall ero.
=R HRg TS | B895F T ConVeni @My S Corl TOTTi Ty thE SYStem
capngennedeaigialans dd@isd ethsystiemdaATS)otidt o esponge itt@ axis
~nmovenents (real or virtual) of airplane control
wighynpepehentbrblnoteFRguiFelRd B ¢Rdi cat ed control

[O(Ib"?a?]el %o%rve‘iiﬁ%inqﬁ ,d d%%ﬂ't?%ﬁ:lihgo_gs’lhé:i gq{rﬁ%rﬂn@dﬂd 2airplane

ustrate airplane 10 that 1s being transferred by
tramsBeneds ys reah an@Td)ansher regppvesel00o aueormys t

v+t L g

o{mml or
q:.t of the inven&i an. CIn firﬁ%{e é t he aoitrplranlc?lire o
@rnat BT T s “Paralrel “VET ongFtuditial “&%1's
ad@f dd hecaps@nesgt AbT phanel & r ansdedi sysdempleyd n
figure 2 these two axes are not parallel to each , _

[0Q®hEbr Figéirelwe 1 and 2 illustrate airplane 10 that is being
transferred by unmanned airplane transfer system 100,
according to an embodiment of the invention. In figure 1 the
airplane longitudinal axis 1is parallel to the Ilongitudinal
axis of the unmanned airplane transfer system while in figure
2 these two axes are not parallel to each other, as the
unmanned airplane transfer system 100 starts to turn to the
right.

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

center of gravity 16 of airplane 10 is positioned between the

three landing gears 12, 14 and 20.



unmanned airpl ane transfer system 100 starts to turn
to the right . [0094] Figure 1 illustrates an airplane
wd Sooshad27d ncl udes two rear |anding gears 12 angciif2oévadn1i72
are positioned bel ow correspondi ng w ngs of airplane
10. Unnmanned airpl ane transf®& system 100 al so
[0092] udégugdenose | hhdiREr YR 20 aRHP B8R 0 andragyiupanned

a1%§l%& a££gkggg Zgy%ieﬁozbgogﬁoggg?ﬁ eﬁmkﬁﬁ Fﬁq €®ashed ‘line

ng gears i‘gure 2
illbsusdtasea dnwiaitypdlanea#0 ahdran theraanedlaneplrane landing

transfer system 100 in_turnjng node. dashed |ine
Gt T | HBERAPOS s Vit UAPNEELS iR VE Sl % pi GRE. tag, Lnmanned
alfﬁﬂgﬂl@g tgedsreheel ssaLR e "vehipke " y&aicnreelrson@ndiheel,
e unmanned airplane transfer system 100 is the

stegehial eveimhtyml@@mgest}e@%lﬁgng Ve @ cheye e hayigesms -
O???ﬁk@qgﬁr%g gomfflégé e@@s ng %mghg de glr %anﬁi)transfer

strates an unnanned aitp IPane rans Sys
sy@t@@rﬂ®@ga¢©oﬁ@1ﬁ@bbdlmﬁnémmédiMQntnNEnth@nln%émEE@n
Unnmanned airpl ane transfer system 100 i ncl udes six

[OQALE élnmn@f) 211pleBe) Craipite PIETCONt LS | ERCLEELs Six

wh@@ﬁsla@gbng geap (8¢Nnsi BeyRE coRBL I ARG MNiets 149, and
and 146 and restralners %44 and 148 .  The transfer

landdug e gob rurmrarwiad aamqbl anastramsiag systtem 140D and 146 and
i udes Is 1 1 6), _the englne 130
re%ﬂ§ah%%ﬁ%nlc é %%& tra sferté%eli A 8 qnmanned

SSIOHS used?t

aitplany @Iréﬁgfeensy[se@%]loﬂihenbandne@gw@e@usse_rm (ng a-ndL10( ),
constralnlngﬂgnlts 142 and 146 include sensors 142(1)
thanengera) kitht aowh sensempehabicaal heehaRigafons used to

roggygnPﬁéSwﬂéeigelﬁaQQ%”@iﬁ@%%i@@g al so include

restrai ners 142-148 at prevent the |anding gear 20
(0098 In Minei nhaheyond geelrat $ams yns| aght ovenentsing 0099Fs 142

ond S35, O, IOYSIED 3 al 1| ety P! Y RV sonce
rot €1 Pha Ot meaALEi ka1t HoRchdatal IqH afee t Dahbengi gikrhend also
_ can rotate the steeriqg wheel to the right and the
1n¢h%@$n§e§§5ﬁlmpp§ 142-148 that prevent the landing gear 20
form moving beyond relatively slight movements.

[0099] These mechanical movements at least partially occur in
response to steering commands from a pilot. Thus, 1if 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(1l) will
sense this slight movement and indicate to controller 160
that the airplane should be turned to the right.
Conveniently, changes in the velocity of the airplane are
controlled by the pilot.

[00100] According to another embodiment of the invention
system 100 also includes sensors for sensing change in the

velocity of the airplane so that when the pilot hits the

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



rotate slightly to the right. Sensors 142(1) - 146(1)
W ll sense this slight novenent and indicate to

w0 anisloed@¢r 160 that the airplane should be tupoesioer/001172
the right. Conveniently, changes in the velocity of

the airplane are controlled B the pilot. [QOlggﬂ _
op@Aeebe di iy t 0Sapdt hélowanbothererti wilanste i Mhe | ghlowing down

t | i ncl ' h '
cof T HBGE B R e O SIS TR by
sehsd8 t heobr estkowat |tEast tie lpeaksi @fed easetverhi ngthe nose

ear 12 and 14operate to. sl ow down the airplane. This
la%@bﬂ?n%eﬂﬁmﬁn a %er%%ﬁs%ﬂngﬁn%ng%%ﬁ%1eroneter or can

[00€0BENRTEd jRY RTRRSOM KOl QMY tdRLina iR tidnedsteering
between the nose | anding gear and the rear |anding .
cogeards [(G0T0ERamplies srotushadratofinFquetéonsi sad/or gfressing
brgggeglggnc% ) %%%an%fé%¥¥B@ SR ?SF8£ Eggﬁ%hgn% first

andr or pressing break§§ can represent transfer
st éortmgdsomtgnd exanpliadachtesthet aeedngoc epe@ad wgarthe towing
i ndicate the need to speed up the tow ng process., The ,
Prapeedi nglapSEaRdenat FRuEAPoFORt pPEGefPRed PSS igted period

orUngiht i fnof hern £OMERELA Sy sensedsdyssystgm 10+ &£ 100.  For

exanple, if the pilot realizes that system 100 is
exaple, t d fcridss pilahdinegligewayt et camstssud 0 speedbout to

up cao nd,.(b erform.ng a _unji que sequence, of
CrETReri g SHARNEL) " Th 05si G 100° Shd=i mHuTh sfapmand (by
pe2B8reang speed idpet RRedueaanss e3f psoeessng[ B6MRAZhdLY it system

noted that unmanned airplane transfer system 100 can
10%3@@a%moﬁgrrbr$mt%ml%ﬁ|%n Freedigh Stedrfapsier process.

[O@f@?gg&ﬁ%saﬁ%t%%n tihré | %‘?na\fﬁreicplési RER thramrs system 100

I nc g fixed standard wheel, stéered standard
camheek, veastors wheigly, SttanhottditShedcshpnwséeleramg ttwchnique
l.i ke, smart eel__(devel oped by the nter for . .
ang T4y gIf iRy dRd PHcel FVERT Soot gt (HSlidipe fixed
st Shah £d Uniwnekesi,t y)st sdebd heskbkBarbt iwnhddirt hecapebed wheel,
that the unmanned aiéglane transfer system 100 can

Stanserdnéfuadiohk vhedsnrandatbppiliikar tradks wreed (developed
byceﬂgl%%%%%Q(yor Self-Organizing and Intelligent systems at

the Utah State University), and the like. It is further noted
that the unmanned airplane transfer system 100 can also
incilude one or more caterpillar tracks or a combination of
one or more caterpillar tracks and one or more wheels. A
combination of wheels and caterpillar tracks is illustrated
in U.s patent application publication serial number
2006/0056949 of Eckert which is incorporated herein by
reference.

[00103] Conveniently, at least two wheels out of wheels
110(1)- 110(6) can rotate independently from each other.
According to another embodiment of the invention the rotation
speed of one wheel can differ from a rotation speed of

another wheel. Skid steering, for example, involves rotating



one or nore caterpillar tracks and one or nore wheels.
A conbi nati on of wheels and caterpillar tracks is

wohbogabgaged in U .S patent application publicatt®roor/001172
serial number 2006/ 0056949 of Eckert which is

i ncor porated herein by referbhce. [00103]
whephvenpent Pye asifeastt ohahesimamgd of agheelape  transfer

1 110(6)_ c t in ntdy fr e

sy ER rogl 8k O SEoEE i nISpERIE byl PO o e

whda@ygntatonahbehmt asice speedhef anmanheedl ganptafiéertransfer
froma rotation speed of another wheel. Skid steering,

sY$bemek@Ppl e, invol ves rotatingwheels on one side of

O@f’@ﬂ"ﬁ@nﬁgd @ifh@learnenE)E@HSf@{atsy%B%mﬂ%@f ®fSPEBEels can
hat differs fromthe speed of the wheels at another

dléf@e of rathe mvanied abrphahe.t ranséenedysaenpllone transfer

0010 s fur oted th u e
YEEH ot PPetl oS hPo B ahbPbs" ortlnneafs P naneels is

usﬁeﬁBD§f§és§¢(§§Eﬁé 108 €k Weﬁl:{:cbluldeof ottie Weed sand heo be towed.
nunber of wheels is usually respansive to the weight

[0@% 02 h&caivieprignd o HWEFOWEE FIRLESE Gonvéiisshtry @ straight

llM\Qent%‘Qetﬁ" ge'f%en{o%lutl%mdréih@e§t&ﬁéébé hh@gl ythe 110(6) at
trans e rotates wheels 110(1) - 110

a ocorrsttaant r aiaehe Ac éorcgirdging 1 vi, he ther phanlelasecohst amrlfycantly
| I, ed in a manner th esenbl e the |OMI nd
LS et R N S R e 8 R and
coht 8RS r @8veeht SofdkhBgajieplangi nes wh[e(ﬁOJl%]ld ttﬁa&lsferred
further noted that aIthough figure 1 illustrates a

by sihgl edhbedriaBoepEinNehis is not necessarily so. A
0%6@{ I(‘ta[a.hsbefualéh%%atn%ctel?frthv%le%!l uQﬁ{ fQLrgCEfH:é of i1lustrates

tor (or notors) can be connected to the
a Whﬁgﬂ&lmbtﬁﬂlbﬂ@ anndrts.s Fbs eranpleseddsr unmasmed”r motor

cafhhBl BIRCLLAs e SYaLem can Loel yde.al sbessl 91° Ghe nocor
(oRYydhatbt§) poven that ebhivestad hyeh ane mreE1oHn the various
wheel s via a val ve assenbly; (ii) diesel engine
manners. For example, the Unmanned airplane transfer system
can include at least one of the following: (i) diesel engine
for providing hydraulic power that drives a hydraulic motor
on the wheels via a valve assembly; (ili) 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



powering an el ectrical generator and a battery that

drives electrical notors that rotate the wheels; (iii)
wa26b8esLh0 engi ne that both powers an hydraul i cpEUNRIENB1172

al so powers an electric generator such as to drive a

conbi nation of hydraulic not s and el ectrical notors;
nayigytann el @AM cHI toCen alapt et Fol rakes v et eq calrolane

_ fot tr
RO ITLER, L BAR SR8 S RN Oy ISiflRer enen oo
cafomeeniganel yitasinanbed aabtpeaneitndrsferosysbemali®dng point

i ncl udes navi gation unit 180 th enabl es unnann
Frofy BPARE (rarreh U EHa 005 POl hat PUAFESat Ty HER airplane

todl HROI towdhAl, snﬁ\éwa@t%ncamml i tpgocande usef Wodfd@led to
unmanned ai rpl ane transfer system 100 finishes to
conaxplbar dhlajorplcgme beThenpartcah mavitgaddert &0 tlg- should
1nc ther al $£§pe %% t?o&@fi&ﬂgs%%%%&:fggnkﬁﬁhph ét storage
naV|ga tsé owards t he next airplane o fe
uniemedathbvogaglanuﬁmatiBQ caprbeenvanecéedf t ohe airport.
controller 160 or can he a part of controller 160. It

[08RERI HaRAde ar TP bhstl Sonen ] bRNE | 67 SRHEHI=ER GePI aistplane
tr§n§fgfa%%éggﬂ LhAt oSt epesy i f Or R4 00 HeRRRSENt 8hi VE  semi-
of the airport. [00108] NBV|gat|on unit 180 al'l ows to
aunamagacemdnmanrpaéhewsnmﬁmqnesysnéﬁpﬂnwbdmlay uneXPected
evauhogpkgc manner r's ncsem| autgng nann%&s llows (.43
FRhot e Tont of WieH HR- Un8xpétt 84d° v%n? SEEHTE A Y
refbeseficeont ral 0B&t AGhAe@CCURS) re@fmod of wdnytrroe_rmiaei Yoe applied
control |l ed manner. The renote control ,can be applied
byby GOBBRPHLEFePlofr GCRBARFaFORBRPFOR LRI t. [00109] It
[0b%089tRd lgahokge %Hé%e%ﬁ?céﬁrBhﬁﬁg'5§h|§ﬂgb591%%aﬁand1ng
on unhmanned airplane transfer system by placing the
geann&nmewnammmkaheauramsher syspefent system aby placing the
cati,on .an t he unnanngd ai_rpl ane transfer . q
ung S8Rk Pa DU AT SRAETBachs 3 nEChbesT dRaAEgon an
wh@ear e t hembARBANES: ST Phane ronaFefrer spyseemid 00810}, the

Figure 4 illustrates a rotation of a four-wheel ed
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 with the 1landing gear. The
springs, or alike, can be connected on their other side to a

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



unmanned airpl ane transfer system 101 about its axis
by rotating different wheels 111(1)- 111(4) in

wohbds@send directions, while the wheels are paperichoii172
each other. The pilot requests to turn the plane to

the left (counterclockw se) ¥hd in response the |eft
elevaeedvher| dovere?) dovd: 14N§Y) téece Lamddingd aslage lediigds on the

while the rjght side e (1) and 111(3) are
um?%rf%‘?deoajc%%% et C %%Iks\/my{%.éf%%%%l] t is noted that
[0@BECH] FeRsee Gutildfuissensess alddfk)- ph48(1bh oFn at nackling gear
the novenents of a spring that is _connected to a plate

20 t hapdi nfRrlfdeds wi TP tHES | aflifing PgE&ES Thef SEritgsd of©  an
em_?(l)élﬁﬁen{:a@f bg,connected,en their other side to a
(

rame. The frame and at | east one plate and spring can
0kE} kRaged dirdmewel4l downowhds the |smdings geed plates and

clinbs on the unmanned aifpl.ane transfer system .
er\19) hr GhRTENF | POSFr APod L1 DROP B0 TSR Sp rp e termined
movaHeh ). geatard0 amd nuhhi pbe SpritRegs amd phases, during the

according to an enbodi nent of the invention, . _[00113]
plagegyient r aie thel IR bUhdgeiRe SprimiRNRed prapésngndranster

sy&&%(erht(}co .t hé%&]a%di A9 1ge@5n20ai§9m ﬂ%’i bQ;‘t/é:’d"aQ:hable frame

predetermn novenents. Frane 141 can be lifted or
elersérstesl dihtdtng ddre placeoertl ofovhedbandaaly gedreon when the

unmanned. ai I pl ane transfer syst 00. Frane 141
unUR e A et A S (3 EeTh) BHB T 1 R et
[0 0DVE skawaieds teaelk atthemaharetthe. ingpAnadsai bpl angke (such

transfer system 100 tows airplane 10. [00114] Sensors
as tspEknghel PAveRdni o6t EppEngse epnaprked( $Gcklases (such as

pl %gén9§61§gdaﬂﬂBﬂggﬁ%égﬁygggﬁ?%gsﬁﬁ%%gg?écléﬁéﬂﬁ§n%ﬁsr.

such as plates 1 ace wt
Landirdy ngegear20 Landihgugearnt20 ies ilhabtdamtedtas wheels

' ding t | s but_th f wheel .
R

trahdf&F {P@feh Woan IdirfOF EXMIwo the pilot wishes to
turn to¥he right the | anding gear 20 wl | sllghtly

Ifrofare adaudkdg sehangilot wishes to turn to the right
the landing gear 20 will slightly rotate clockwise and

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

Figure 6 illustrates unmanned airplane transfer system
102, according to an embodiment of the invention.
Unmanned airplane transfer system 102 includes four
wheels 112(0)-112(4). Rear wheels 112(3) and 112 (4)
define an imaginary rear axis while front wheels 112(1)
and 112(2) define an imaginary front axis. Landing gear
20 is positioned at the geometrical center of unmanned
airplane transfer system 102, as defined by the front
and rear axes and by an imaginary longitudinal symmetry

axis that is parallel to the wheels.



at | east sone springs out of springs 152-154, or
ali ke, will nove accordingly. Figure 6 illustrates

wonsRReedy ai rpl ane transfer system 102, accor dpogrnt008601172
enbodi nent of the invention. Unmanned airpl ane
transfer system 102 incl udes? our wheels 112 (0) -112
Figuye. TRadrlugterites] 1oi@ineed EiXPDardef thengher system

magi nary. rear axi s ilLe fron eel s and
103 1505085 16 o 2 Sl S A O e WGP Pnfeladn 200 0

[00 51 PPYinmaened aiiibeageoneianistalr cepseemofl onmanagddes four
ai rplane_transfer system 102, as defined by the front

whepds r ebt3 bkesl whi by difdFadiBREYS | onlg? tdi mgtd  113(4)  are
poSY{TBALY 2! $ ihRat, ik pafalhgle 10 dhe1uhachs: B4 €07 Front

ustrates unmanned airplane transfer systéem 103,
whaetor dildd 1t o and eirb3dR hrertreof ca sieot nwaieteilon. ti01¢Bh rotate

Unmanned airpl ane .trapsfer system 102 i.ncl udes f.our .
21GRBelSo T3 S - 11 (4297 C RERPOIRe S 1% (35Sand0r Steering
whill3( 4hear 20sihéONedairs hises Wdh tBeiwgeelsutofthis is not

| andi ng_gear 20. Front wheels 113(1) and 113(2) are
negassarlihe®Ps that can rotate along their axes. The

l.S «C f ri [ t
0f 28] 0 SR AL U SRL 20 MR IRIA: systen
l0decaessardiyg svo §00dri6dd Fnenr eoB the ushvatesomnnmanned

' ane transfer system 104, accordi t n .,
(08D  Rers ot (RSO0 19y S Dom iy APFpRERE four
whiéapster (sysiemdp4 bpgtudesctousonheel § rhkdcellverlibs. The

( , controller 160 and transceiver 165. The

trapapeteeverl485 i85 agdppeddt otPec&rFeiveMETTSaRESr HVer a
o : =
witblel esnmalim rlhese LcopRads A seft Lfoaﬁgeheghhfgr 160

arn‘can con unmanne
thét adsf etusysicam 1ddntiroY esponsectio dihwgskoommaadsfekt system

is. noted that unnmanned airplane transfer s sten1lg4
unmanned

104 ahnop&rRPESen trulth % $ ot Ltohfr GAFES
aif§MRLE eeahtebrmdeand aohybahd Jdedd Wi @hlvapileUsiodes-

comrands can be provided in a renote nmanner

pilot controlled mode, remote control mode and a hybrid mode
in which wvarious commands can be provided in a remote manner
while other commands are sensed by at least one landing gear
sensing and constraining wunit, and also manual (local)
driving by and operator.

[00118] It is noted that the unmanned airplane transfer system
can also controlled by a short-range remote control
transmissions, by using a lap top computer and the like.
[00119] Conveniently, unmanned airplane transfer system 104
included optional position sensors such as but not limited to
GPS based sensors that enable to determine the location of
the system. The location of system 104 can affect the
movements of the system. For example, 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



whi |l e other commands are sensed by at |east one
| andi ng gear sensing and constraining unit, and al so
waoamsabs2é ocal ) driving by and operator. [0011B¢TALt2008001172
noted that the unmanned airplane transfer system can
al so controlled by a short-radnge renote contro
spaecind® s&i opsedpylusiinreddp ancp ¢onpuiag aklet rpeed once
like, 10011 veniently,. un ai a er
e SE BRI 0% Pheraded Sptidir ORI Hoh soRbot Soshh a0t the
latdftndnotruniwigiyisedca® GRS pasedosebgornsrdhiate®nabl esyotem 104.
deternmine the |ocation of the system The |oocation o

| f f .
AcGRiA i 102 RBATREY ctTLPRERBY efEnt 8o NWRETLPEL &RE F&LOCLtY

is Pl &nifoiNgy syptem isiaout to cross a | anding
runway then system 104 can speed up the transfer

[Op¥TleSonvEneegpérdi ngnupneed iaigindded ntreasfay system 104
. _thespeed to a_predefined speed | owering. th d
nER REP BT POF B pheSos TRET Adl b TUr Uy COTRE ToCe. and/ox

avétasponscnis t he | andi ng runways can be previously
rovided to_system 104. Accordi ng to anot her
[Oi}&ﬂddpﬁéﬁtacéﬁ tHel ndeft | G t RBCHELSCi €32 | $Tonpgre obstacle

seﬁé%gg(ﬂéfgi bysthg pidot, [LAIgYr Convepigntly. s camera, an

unmanne I rplane transter system 104 i ncludes
acoydtiionalsebsiraclos uni t céhBindhpbed thedetBct arfiieor obstacle

ST orHHor S 1 dlfe SNReor LT AL 2 Tasdh BEARer (00 OF

espedBdily anCaMBRA, odN WBERUSIdE SEASDIN®T t BaBOHbENakis@Bm 104
t hereof. The obstacl e sensor can scan the area

n
in feuder of Caidepraite Obo¢ asrl esspddi At yoPht#¢ bt 18f detected the

ggp@gpe - et fer m 10441 n; or b
ifet'ect gﬁg#%%rgg_t|5%%§e§b3§§§F§ 'S dete%?eggg?é d by the
pilmmanned aitr pkane 4liaesf ethesysiadim 104 | shat oppest byairplane,
ilot, or.it can ilter t he path of
u

t he , er., ;hg.tomed fivat]
PIQYIH afié, PREVPAB AN hudiiEiiddudl™ i dPCatFgRY Sctivating a
sifdic) ushingi At ANat hAgcat sbkhend a sendirAg abnkREICakis@Rm and

to a central control systemand the |ike.
the like.

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

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

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

manual control interface 167. Manual control interface 167

can allow an operator to manually operate unmanned airplane



[00122] According to an enbodi nent of the invention
once an obstacle is detected a central control system
wo :osmisarored and the airpl ane transfer systemme@nmL2007/001172
acknowl edge a change of path or request the pilot to
sel ect whether to change the2path. The path change can
trpaséent ravfeembyl e ditl ofanpyinpbudents alstesrtingl wheel, a

t a optignally by the airplane transfer system
pe?é%l%%? Egau?%kg'illustrates unmanned ai r pl ane
[

obnassfry systetredObhaaceor dimgrinedvari mpissrenbtoch mefgs system
of the invention. [00124] Unmanned airpl ane transfer
caBy 4PETPI0E DPEI duds TG ol T 4 P (T GJO1 interface
anfONth ot | 160, t4pnsGei v 16geahRdea fRNHAN t6PNLSr Ol fferent
interface 167. Manual control 1nterface 167 can all ow
opamagpenatomotesmanual |y operate unmanned

BRe P S! Y, SUSAETHH el SBE VOB B SR encer

sydfednmaonechdi & plandingangfar 3ystesvediingneloudsm batbodiment
a transceiver and a manual control interface and that
ofstéR an¥gsteffean operate in nultiple different

[O@@@ﬁ?ﬁi _négm§§r?hggé2Qhéﬂ§B€@ 10stEhUstgat €8 adapted to
unmanned ai rpl ane transfer system 100 and a | andi ng

regeave20ododertdidng ilgnadrs erdyodi seeritatofvet hef i sivesw inn, commands

00127] U d_airpl transf 00 is..
ovRlaptil (4T ohei V6" HOHLT AP eq STGRl S PEpPeten aT e are

gefbeakeAy GPNHBSESH S¥ el ANp Als 0 seerreall afEfofeseas well as
nodul ated signals are_generated in response to pil ot
pidpEefPhgreff 6t shgsvRePrihky pfl 6RecBAtPORNEF t he

[OB%%ggi¢éh{§nféH%l. rpkﬁ%e'aLQQ&Z%hjﬁpnygnhﬁﬂ&iyftheconveying
audi Ink 1's used for conveying audi o conmands from
autihe pcomrandimmemed &hepl mheot r angfemreydt enrp@8neantransfer

o 0B A1 S RO 4 SO AP LGB ¢ i orcer o
reb8gngnibzetelske BN Nesah fi@s anenteans@mmsiet e Cadcognized
thgp?Lgéguiifoggéggane 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



to the command. [00129] It is noted that the reception
of audi o commands or of the nodul ated signals

\V@Qammsgnﬁative of steering conmands can repl aperaty®07/001172
sensi ng of mechani cal novenents but can al so be

applied in addition to the s&hsing of the mechani cal _
unmm/mnt sa bfpiaee | andf 3es betar SYSOGIB0] tAee6ids ng e audio

ou %mf ﬁ{e‘r%&gfaggbgfil{@gt]bﬁ%l% %ég/fntl on the connection

i 0 plug can y an operator. [00131]
[00ypd calilgyreudld dudietautput canleaaf 40ds ard dfoeund 920 sliding
aj rpl anes _t hat were towed by manned tOMAfg vehlgég§8hat are

audpp18219) 5% ﬁHF%ds%h%&DQh@uébﬁnéﬁyﬁﬁ1 ot e

co PUbq | Rier f agR, N Deadane ait opptaeakl YaBy Wsinnd18ft the
canmera and applying image recognition to guide an

cam@t@rial;etgf tbﬁe@mﬁntedafautrkm amedip apsteptsystemiace 21 of
lan V\r’?(g df%ﬁtffgs?%dl ouggt g%ttxaklf terfla%nocaﬁgqglp%gdl 192 to hold

Fi gure Ust
1axgd1rp@e<§ea1922osl hUibg andi e1philggladdiandosleirdiligtaudite 1ift
cover lifter 194 that are connected to a novable arm
a peyenbvapFe REGERE | PREiCheC R bieE a HFPHTRIhe 2hei gRE then

ené)xgléh@hgugingpr%\hd'lgt efce &l of Landipg 98akhudlo output
use enable sliding gripper 194 to hold | anding gear

in@grfate ol t he sliding audio cover lifter to lift a

(OFAE] ePRb-RHRSS, LA FULPHL B CLLRCE 2N B LB crove

thouhpyé nahaihacgedlk. WHIRI3HaKonyepient iy, afevabkacar flo the
195 can be used to renove the nose | andi ng gear whee
tr%ras'r%wrbm% sy§ tgEc diefithceft PRHE Gt iUhsRBAr i s to  the

‘Fg%§§§§ % peration and according to the tow ng phase.

fgure 11 illustrates nultiple airplanes 10(1)
OOll@I&ﬁg&me il tilghe tuatresned ldirgleares tleaest €0 (1) - 10(8)
n@ %ﬁséﬁSO(lkmloo%éo accordi ng Ep aqir enbo dlgEnt 0{00(1
end hE S oH TPOBT36] 2 THEIHRITT | "¢ 1 ands T601) 10
1040{d)1) a@d6h-dhd i b €an embodiment of the invention.

[00136] The multiple airplanes 10(1) - 10(11) and multiple
airplanes transfer systems 100(1) - 100(10) are located at
airport 200.

[00137] Airport 200 includes terminal 210, take-off runway
262, check up area 261, unmanned airplane transfer system
path 266 and taxi-out area 264.

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

reaching check~-up area 261.



ai rplanes transfer systens 100(1) - 100(10) are
| ocated at airport 200. [00137] Airport 200 includes

wo gdoslosaho 210, take-of f runway 262, check up apepn26dio01172
unmanned ai rpl ane transfer system path 266 and

taxi -out area 264. an‘T 0138] veniently, a last mnute
[0@haek Iins gsistiftarared Etowireck? up ldred r26ES by &ﬁntral control

heck
ex%elrﬁ ui shggglt Clgga%agr%?n%e\?leg?he %5‘1 ce}{ CJEjlq:a"hﬁ;( aI Ial\/v:,planes

triﬂﬂ@féﬁn%;ﬁ@t@ﬁ@r 1@0 bE) r ot atiexd @ro) tlmd i lcemtmelllng their
airplane can ignite their jet engines at check up area
MOYERERF S hef ore reachi ng that area. For Exanpl e,

[O@ﬁi@j@ﬁ%%l%ggzhﬂ A9(3)s %ﬁ@l%ﬁ%ﬂeaoﬁﬁ)e%%ﬁdéyﬁﬂé§ﬂ'3ﬁd check

engl nes. unrranned ai rplane transfer system can
up detaeh f2b6n tdet e r gheaireg beiacﬁr@rrmdwg et k-t arwsananned

26 00139 addi t ure 12 .ill.ustrates ,
ai ?‘{1 éﬁ][r%lr syEY ﬁﬁnzstﬁl"%hagowgdcalptablfe%o términal 210,

Un@@fﬁlﬂi@kﬂn catripigns t brah s péaneysteanrsf sicisy stsensyd060d) 100 (9),
100(10) and controlling their novenents . [00140]
10ON(}P) amend o(H90 (%) poshdt orféanpa]tet@r?bl ﬁ%“es‘trarttaafﬂﬁ dfen  to

tefﬁﬁ fané6 @I%eﬁn£5ﬁﬁgﬁ f%ﬁﬁgﬁgnﬁ¥éﬁ ﬂgﬁmggﬁm 266.

alr ane transfer systemthat towed it from erm nal
[0(2114)1 Binpireesai kR ahelm(ahsfare spetiegs sgwhdas at taxi-out

ste 100(9 100(10)_and 100(1) _that co
e|2r ’as%yr e%ﬁ?‘ﬁn?%&t Simnl q“%l%ra\rh eﬁnnﬁ ﬁgﬁms 100( -
10@(8]0' anﬁzr ransf an @ystemqat i 25§rmELQQl4P]1OAHfCD|l@@eﬁowed by
10 (2) (8)_are being towed, at taxi-out area 268,
anb@ﬁ%%%e@lwlw%\n%rw%# e?Y%werrs 100(2) 100(8).

[O@i&@L%%vJegx( %?“5\#2" tst}?é Bﬂf Qﬁ‘é %Jc%é% 5Pé1\’eghgy hanned

unmanned air "t ransf er stem [
aifiphaeai embhy fetrhes yed trand a@@tssd:lm bebor etI heAtiremnhbd towing

'rplanetransfe syst detaches fromit. After the
end{w Ny endPIHE r%lnrré]oma%‘? rp rﬁ?{erranssfyesrteﬂ/stcéarﬂ cé’r?Vlgate

toﬁ@ﬂ&ﬁaﬁﬁet%%¥ﬁ¥héﬁe tBEMMAligath®ennays gakinan &5 wekl towing
as the tow ng

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

integrated with the airport air traffic control system.



can be at least partially controlled by central
control system 250, but this is not necessarily so.

wo 268A37Accordi ng to an enbodi nent of the i nveet/iQ007/001172
the central control system 250 is a C command and

control system It is operatd by the Airport Taxi

[O&Upel Theor teCtoahd Teamtiel Comtgtcin er 26Per atagy . track the
Central control system 250 can contro Lple

lo%??b%?t ??ang er §§§Jéﬁ§ I?lE%nagéer#Fgggﬁgguaﬁﬁftems (by

re€OMV 104 | exbarisned rfiorilaaied r &asher tEyst@dplaed transfer
override steering nechani sm based upon sen

si ng
Sy af ?PF anés OfoViéifenP $2BRR t &M IR AR bpbPniP28sPRe) + and
di§£Yﬁg$nt§oOfaun@%H¥¥%f@éﬂﬂfﬂﬁ%trﬁgégﬁioﬁySBQWBthe various

el t during tow ng operation or during transfer
aibetawees, pesirpilens wirahsie rai vyl taresandenhpnal geenttdyl reduced
h s¥sten1250 can .be i@ egrated.wi.th the airport air s
URPRf £ i IO rolt sy stém [ 00144] *The €8hitrar®tontrol PrOCeSS-
CoSySheamZbP camet r acknt gl | oeahited10f dferamari aiso received
ai rplane transfer systens (by receiving |ocation
lO?@l’fh‘Pm#PéﬁrF‘ﬁéﬁPPhéeditrhﬁlrar%llfe?ca’h]s‘ff ePT sydpepdothegmeontrol

syLD&n P! e@e%ﬁ,{iro%@ %@ﬁ{ciggatchgg ﬂ%%ﬁése@@digi $RAYSi rport

to a controller the location o e various airplanes,
andi epbanéaflignsfesrr systemyandnthus grieat tgxiedocedd taxi-out
human errors in the taxi-in and tggéégut process.

AreRhvEMentty HE TS raP &ift r 6P ffaldb PEEERVEq visual

repPESEHOR | B ObFBEhENaf ebbher adir edlel Ya01i ovisa cdattiels in the
~control system of various vehicles that are present |
airporhe Ahppoentand <P |3yt £BRAWERE &EVieRtt meircraft

'ta%?x%bh'ﬁéﬂgsta%@hﬁ%ﬁeansaéifg¥gf@nagégﬁéggsEngh%an prevent
control'er ah overall visual representation of the
pibot post andafiiec vacomiso el t iesroms t hendi mpiorundefte-andings

central control system 250 can prevent aircraft taxi
to%%ﬁ%ﬁe%?§?_9£ﬁic?%g-t%?r t%Ft accidents. It can
[001 8YERenRirdal QAnidrf fdEscants 9| ehcehn®Es aRd At least one
m sunder st andi ngs towards take-off, and the I|ike.

trgneniyse Centsuth cont rbrassBi eheR5¢ 35c| adepted )tar transmit
stégg§$gongommands to multiple unmanned airplane transfer

vehicles. (ii) At least one receiver (such as receiver 254)
adapted to receive 1location information from the multiple
unmanned airplane transfer vehicles. (1ii) At least one
display (such as display 256) for displaying locations of
multiple airplanes and the multiple unmanned airplane
transfer vehicles. (iv) At least one interface (such as
interface 258) adapted to 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



transmtter (such as transmitter 252) adapted to
transmt steering conmands to nultiple unmanned
wa@bgoplossreo t ransfer vehicles, (ii) At |east onepcPOSIVAINI1T2
(such as receiver 254) adapted to receive |ocation
information fromthe nul tipl4® unmanned airpl ane
tranafefer otfitames. @ndi) Afo| esstednieradispl agcksarhedge a

di spl ay 256 0 i.spl ayi cat] f ipl e
cngh Il B £ Beh e LR, RIS LR 0! IS Syaton.
[00EhT TloeswvehiiehtAly, | easit rane donftterflacsy stect25ds is adapted to
interface 258) adapted to receive froman operator

regREyYat i YhaloBfdde Conmrafds2hdapt edT0B deberwifrnned airplane

tr&QBEEP!l Jpdeof 3l | east-gReryOmBNNed Aide Pb@dnNepath of the
transfer 'system The interface can include keyboard,

unmause] ahdpldee |ikenshat saystewnnected to a conputer

in_turn controls displa 56., [00146 .
[Ogﬁééﬁ’{éélﬁtew,enggﬁ't’ r &encgﬁ‘?r c'ﬁ\é nsz,cyrs?tler%y Hg & %aapt &farged to
ret&cebveaanrebstagl eihadcaadtiban from arnunnmi@thed airplane
ai rEI anetransfer systemand to sel ectively acknow edge

tranghahgéYSheR it BP (6 SGiratied aF Fpe 99 apsfdgtachment
sz %&?gﬁ%%a §é7;iégﬁﬁﬁgu5¥gﬁyfe e & @b COALH Ol nSYSE £ ane .
[

pted to receive an obstacle indication from
0@nh4 ghtenved izntplyaneentardf eongystlemyatent @ Sdornts gldegpted to
change of path of the unmanned airplane transfer .
regysy ma[Ogﬂ ]lr%on%gﬁlﬁgg?ﬂﬁ?,n c%ﬁf) 2l SCont¥BIRESt eirpiane
tr200tés adapbad ahQ recetyet fof abl WreinsTdcadf oanf GAMpAAne by
unmanned airplane transfer systemand to sel ectively
the ckrbaneeldea Brofbane hredt s bR L t est@fmnned ai rpl ane

fer S ro tnergirley}.[(gi% 250 i
[O%ﬁgiﬁ%@nti fe%gg t’rg}e Ici}or?t ro nsy?tler?\ ?)é%g S 5ada'inSt eaéja ged ko
optetmkryeaadiatbnce bativeahi onltiphean ivpianeed baiingl dameved by

ransfer systemand to control a transfer of an
mu F%Bi%n‘én%%“?%% Eﬁﬁfb?\ﬁ%ﬂ S TPFShe transfer system

100991 PQornGrrMeniteRt | Yoe e T akbofORbI Ols et ZP0chd control
adapted to optimze a distance between nultiple

anajunpleaned velinrg anewedr &ys her t sséetinridhnad firalsfaerational
mo§¥8tfﬁﬁiwhich central control system sends 250 steering
commands that override steering commands that are
mechanically sensed by the unmanned airplane transfer system.

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

[00153] The multiple airplanes 10(l1) - 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 1is approached by



[ 00151] Conveniently, central control system 250 can
control an unmanned airplane transfer systemin a
wa boos3saper at i onal node in which central contretT/Rye86RM 172
sends 250 steering commands that override steering
commands that are nmechani cal 2% sensed by the unmanned
unpanpedne aisRsPRE sy§réﬁ$fFOOﬁﬂ§t¢mgh@é(iﬁ- Airplane 10(3)

. i LlLustrates i ble_al e -
o] YR RS o tpLanes AL LS i) wovasas
tea@€osdi g 0.0 Abrpbbedi menk)ofis he owedenty onnmp@OEBE3]airplane

The multiple airplanes 10(1) - 10(5 nd | tipl
trail%fanééf%treahs%@ﬁ’ <%&sﬁew_(§r%290(tﬁr(r@l)nfgo(%¥yar ' ql%&é‘?&d 10(1)
wagtl Eewltee%ty gﬁ@nar{r@ﬂszﬂrfilir@rﬁr%qgféﬁcE'j;}g%émt qn)mmgl and is

, landirng runway 212," [ andi ng pi ckup area 218 an
hookednhedtarmphaheZi P aatf ehesystem path 214. A centra

(ofPP Rl SraSBE] F2PPaRnRng o T B g Yy 12030) - 100(®)

prépaghasethbdyhhasmphevbousrylbarded sand drs apyasageth 214,
byunmanned airpl ane transfer system 100(5). Airpl ane
toyards ilencdned BickiraAned é%ﬂfn ahemerapdf el rejepemtransfer

D043} obowar 43 steer mal 1 218 n A S pLRs 1062) 2hs,tquedyirp
Sy%ygunnanggﬁ aiﬁbléne transfé%ﬁgésteﬁ§loo(2) t owar ds rrprane
10(érm nal 210. Airplane 10(1) was towed by unmanned

' t f t em 100( 1 is h dto .
0L R) BTG St ke AT e LPBO TR} XitRmngar SFF pPsies toved,
tol reangfier eNSt efEaR(P) ai rg P S) thoRdeat esydfangho support

~unmanned ai rpl ane transfer system path 214, towards
itpafanAgngi gaqr arkiteagthenvenied 191 ape tRgnsMgine start

anEY§h?gk1% (%%¥¥§i8%¥%g?n%§ﬂgé@9aEkﬁggﬂeaE?%n%%%rté}stem can

ai rplane 10 [ nveni ent the airplane
nas@gpﬁebebwaedbethg tlanedngt piekalpl erese Aldmriieids navigation

cafy bl TR GhI Ty EWUE aTSTHE bhgPRE™Btarty it ohik Gpis 1s
nofl 88cesH8rynprBHed airpl ane transfer system can

navi gate towards the | andi ng pickup area 218. This
(0R&ALT hatiiamre 13 illustrates method 300 for transferring an
airplane, according to an embodiment of the invention.
[00158] Method 300 starts by stage 310 of receiving a landing
gear by an unmanned airplane transfer system.
[00159] Stage 310 is followed by stage 320 of sensing, by an
unmanned airplane transfer system, steering control induced
movements of a landing gear of the airplane. Referring to
the example set fourth in figures 3 and 5 multiple sensors
sense rotational mechanical movements of the mechanical gear
such as rotation, de-acceleration and the like.
[00160] Stage 320 is followed by stage 330 of transferring an
airplane, by the wunmanned airplane transfer system, in

- response to the sensed steering control induced movements of

a landing gear. Referring to the examples set fourth in



can be controlled by a central control system but

this is not necessarily so. [00157] Figure 13
wo bdoyassad es net hod 300 for transferring an ai pEl/aR807/001172

according to an enbodi nent of the invention. [00158]

Met hod 300 starts by stage 3% of receiving a | andin
figewesby dndunndited %i rpl BRR taidilsfadre sydfem tpeedsolby an
uné%ﬁggds ﬁiﬁﬂg |9$§9n§ §¥E%13%9 oEe%@@ﬁé@gﬁxpytﬁQ sensed

unnmanne ane transfer system st ing contr
mov@mamed.nnvenents of a | andi ng gear of the alrplane

Referring to t l.e set fourth in f|

O%ﬁ?%iﬁﬁ@ ey l§e :¥¥W¥ﬁl%%aﬁtﬁ€8h5Wi a?§n€€§ ﬁﬁgg the

14he mechani cahegealnmmitededs %Qr%ﬁb%%a transfer system.
e-acceleration and the like. [00160] Stage 320 is

Referltongd tyy t:c,ln%lg@xa@gl@f $¢1an§f>ew:ithnglranfagrlﬁleanell bgnd - 12,
ondd® Y ””Hngg al fpl ane ¢ %@S&% Syt eé‘an\lpl%{ eéF’Q{}?e thmanned
?%e sens SJf n a

e eering control 1induced novenen
aitphghadt geasfe Red pstrémocdm ddieaexanpl es set fourth

infigures 1-4 and 9 , the alrplane is towed, by_an ,
w%%ﬂﬁ@@"&“ﬂﬁ%ﬁé’ t oW A9 sy<len?f n %Eé’sspl&%elfl%ltlﬂ@s sensing
1f@@sggmﬂgﬂﬁgeﬂgSdetEQQ%ﬁé]tﬁéaggréqganVQQUd¥M§jdﬂéreas the

stage 340 of detaching the airplane fromthe unmanned
tramspéaneng r ansfespaysteen tReflee r i vyl 2ol t heclexagmp| @omeands

égg? %ﬁnvenl a3 113@?%%13%%gn%% tg%aka%éi%%Pgns%er further

Pét e ned ai rprane

re§p«sxt1§mz§aﬂodeémchelpOeléa}sm@@wanbammlayldsst &g 320 nof to the
sensi ng i ncludes sensing pilot commands to determ ne
exgpplasr ptahe MR t ywhéreiEePhebt Pandf@r rifg flie unmanned

aif §§9@$'¥?fﬁ§fépe g?%@@htycghangﬁcqgggangs tﬂé%gggﬂver for

nveni ent stage 330 of transferring is further
re¢e$pbngivsmm@mdannmmylﬂxansn1ﬁkﬁdremﬂhahﬂSCdﬁﬁEQEMﬂb by a

s set four in fi ures 8,9 and 12 th
cetbrtheet BBl Eretn et bthadat SN f e S gfs Ly so.
[00 T eus cRIinvRn ik@r 1KReCceiat g Comndean@rlahs(f@ﬁtrﬁelg includes

1néggg£§égtf§ntrégég¥tf)léb at least two independently
controlled wheels. Referring to the example set fourth in
figures 7 and 4, different wheels can rotate at different
speeds, at different directions and can also be placed in
positioned that are not parallel to each other.
[OOlGS]Conveniently, method 300 also includes receiving audio
commands or modulated signals representative of steering
commands and wherein the transferring is responsive to the
received audio commands. Referring to the example set fourth
in figure 10, the unmanned airplane transfer system can
receive audio commands from the landing gear, recognize the
commands and act accordingly.

[00166] Conveniently, method 300 also includes determining a

location of the airplane and wherein the transferring is

responsive to the sensed location.



central control system, although this is not
necessarily so. [00164] Conveniently, stage 330 of
wo b@BasLrd | Ng i ncl udes i ndependent |y control | i pgr/at2007/001172
| east two i ndependently controlled wheels. Referring
to the exanple set fourth i%¥igures 7 and 4 _
[0Qi §TeFenveniealtd vean riegtdhed at30di fiuertdyer dpedaslesadetecting
different dir L.an n q _be ' -
n BT SRda U RER “BPe Aot Aata T oD RER ot nepd in response
detfd¥HGR] Cbevealepliye rriohodtBHO0 valms@nienc| atleslane transfer
recei ving audi o commands or nodul ated signal s
SY$efffesentati ve of steering commands and wherein the
o6 et enki ngsi $,1R3popghve ded hg received audi@etected the
conmands. Referring to the exanple set fourth in
unfidned 1405 rop heneinrmamaresf e r s yaten r et eralshost erhhgan central

recej ve audi o conmmands fram the ndi n ear,
Cx”ﬂ@%%gnﬁ¥8%Fﬁb'%%nﬁﬁngs S et a%%%r |%ﬁﬁ%éi [O0t6BpL system
carco¥estenttloy, deidodt 880 aakpoahBClddas et egydtémg But this

| ocati on of the airplane and wherein the transferrin

. . g

isj snpespBASPYEaLS1Yhe SPensdd | ocat i baTfopie7poted  that  the

defRyRMEnthy, PEthed30Q;kurther dhacl udes det eelingréd. For
unmanned ai r pl ane trghsfer systemfailure and in

examgshonstadbtrehi higat heravept ahbef nomanhedumriapiede transfer

vSh B 7 e e odaree 8 TE URFARREN ZCrrane ysten may

rediansf gr asystameaan valdhowtt ke enit &t f eonicol o8yshemcontrol
to take control. The central control system can_ sel ect

sygleeTiiet $8h BRECAFLPPafe® anaidTer FReEHeBut of hitgej gnvention
th%2%éﬂ§96%§§¥'%¥%590 E%n%%oﬁuﬁﬁn§r¥ﬁﬁgﬁﬂ%&h?&{%??ne transfer

chnment can be responsive to the type o ur es.
sy $om extaop| exarhal ¢ urley ddvadinpy evetito tdmnmamnned

j ne transfer systemto b ontrolled by the .
[O@£é$i§PHXSHﬂF8F?§YSteﬂ?ﬁ%@gregﬁﬁ%e énﬁingﬁﬁeﬁEEteCtlng an
obM bt Jhhe Lpigsf anencer ok rbhereeting syste@po¥elive to a

accordi ng to anot her enbodi nent of the invention the
det¢terd cavstagle o control the unmanned airpl ane

[Oéfﬁ@ngkveniently, 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.

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

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

operational mode of an unmanned airplane transfer system.



system for exanple, by sending audi o commands.

[00169] Conveniently, nethod 300 includes detecting an
wobssasgd2e and stage 330 of transferring i S resSpONHI2YE€ /001172

to a detected obstacle. [00170] Conveniently, nethod

300 includes receiving coome®ds froman operator and
(081 agk I3@eof 430 arisf efel hgwed rspshsbee 44 thé transmitting
received, co nds. [0017 jgureg 14 illu . ;
thier RBA 460 B C(I)nr?td[reol Iclo%nar% tig?e Bhﬁan%&g%gﬁ%& arf TPtane
trdhanstesysyshens, according to an enbodi nent of the

i nvention. [00172] Method 400 starts by stage 410 of _
[0P B¢l WtRGS dd&t it6n fiodfomast ivh $hoiR MAG iY SthdithetFeering

' ne.tran t i.s JfQl
co@?ég&§4g% %? gﬁﬁénﬁ¥§ %H%pléh@g%%aﬁ%%e&ffygfgﬁwequ¥a remote

age I splayi ng | ocations of nu
coatrpl heés cprdathenall tngpde warameddciad| dhiee t sgAsteion can

vehi cles. [00173], Stage 420 is foll owed by stage 430
oo oGt ng 1 ON A OpEr AL ST. arf SoG at PORAR Chbde Sags 450
in€PRYERd ddali et tdiEh AN copdbatisonahabdevetfrafle steering
unmanned ai rpl ane transfer system[00174] Stage 430 is

conpRnefedthbytst age 44 FFaFGHSHY t t FRAGSeRe Byer aficondinmanned
- ogggrll h manned airpl ane transfer system

al?gg%}g] ta%feégA%y?% ol l oned by stage 450 of sending

[081 26T iMeg hoom#miod s atno adrs cunimerinet: aitrggeardd @ rehsfesreiving, by
system_if a renote controll ed rati onal node.was

3 SRRty C?ﬁéngFeEYFBﬁmCana%e O?Fg%éacﬁf alegﬁf?gllon from an

unfORhEQ! a8Ypl BALORGLALIr Hpgem50stsgd udes saRdIRY followed
steering commands that override steering conmands that

byastagechadi odl 15elsaisietr by 2eknamhed®iced a?r phange in a path
ofgtrtggéc'ef s te%m aﬁQﬁ%ZﬁL “@{»QRQ&?&QO s%/aé"ce%.sos'tg L,‘Ud§60 can.

of receiving, by a central “control system
Alaarnbsiacle |iodi caddonidnabian ufiwhhoweed aibpl asteage 464 of

cobbENE] Lap LSt ol Shage 450 can be ol Loved, by S80° i o ane
transfer system.

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

[00178] Method 400 can also include stage 480 of optimizing a
distance between multiple airplanes béing towed by multiple
unmanned transfer systems. This optimization can 1include
positioning the airplanes close to each other but at a
distance that will not dramatically increase the probability

of collisions between airplanes.



of the unmanned airplane transfer system Stage 460

can. Alternatively or additionally, followed by stage
wdBebsoss2control | i ng a change of path of the unpennedo7/o01172

airplane transfer system [00177] Method 400 can al so

i ncl ude stage 470 of receividlg, by a central control
O%y”s@]eﬁ\lgarfEau Lorellhasteraton Mmedhogh SOthedinted minsfieadng an

al ng?f’er 7 %, Ver y acen4\7{xgodﬂi n%{?taf gf}ettgﬁnent r(?‘#ﬁgﬁe

[Oampmedhadr [loan s taraus flef §ry§<jeen31®orrft receiivphgne. landing
Stage 470 can al so pe foI | oned by stage 474 of

ge%rﬁy A i WP APREART R L He dF TR A By he unmanned
0@15§Pj ang gkl ansh erlssy§éfm>w£§’0:b7_y8] sMaEBoE AP0 ganr@ksPving a

I ncl ude st age 480 of optimzing a diStance between
trammfelpl e ianyl anesdyeisiget owéd by mV@m@m‘é memrﬁred airplane

transfer systems. Jhis o m zation
Corb%%ﬁl SRTRGTERS - alsrtpalganegﬂc):l 5sé tloncea% o?g §%bu%20 byt can
indisd@nceltbahawitrbl poiordrademitt icald vl an@@éEViIh]@ (over wire
probability of collisions between airplanes,[00179]
or Fijupe i 4935t FARRET hefhdd 3560 SForS 19t EF PRnglapirplane

cox?%%cpjg n@oh/eﬁtﬁr‘f%ﬁ@' ngtf&@fh%”@% ey derdthe daven i Rirplane

500 starts by stage 310 of receiving a
comhtanal n@rqmerbty amd urimaniigee ai r pl ane transfer system

St a 310 is followed b t ag
0y D07 S Ag e Bt cro Ly HeorbRePvaalr oF eeasEsering an
alﬂﬁl@rﬁle,al rBﬂ/an%nCoﬁIrfn@nr@mC&hEﬂfﬁlargé agerbK9rfean system, in
i nclude stage 320 but can include, alternatively or
regRRi$? ohal e tedsiskieng S(l&J@rl W PH0acanr éfﬂ@éélde stage

336‘%5‘t.er12hfst{§‘”r? t‘?rnéé {fpraan airplane control

conponent, tracking t nov nt of an airplane
0@1)813} Sltagenrﬂ)’:nbnnsarf«bltlbweldl Key {-56@@82]34&&@% EQ@acblng the

alsﬁd Sl ST PR ST T et G 1P ESPEEe (o)

[otDest rapsies signabnd Stigge i330se2atenchidenshafeesd airplane
transfer system, according to an embodiment of the invention.
Figure 19 illustrates a landing gear holder 78, according to
an embodiment of the invention.

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

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

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

landing gear 20 of an airplane. Landing gear holder 78 1is



330 but this is not necessarily so. [00183] Stage 530
is foll owed by stage 340 of detaching the airplane
wo nagotdreo unmanned air pl ane transfer system [ B8O0t/@kbo7/001172
Figures 16 and 17 illustrate an unmanned air pl ane
transfer system according t¥ an enbodi nent of the
pivotvahty on. Fogmaeeted il | usas atidd ustraitdichg B¥ar WP dercurved

78, dj ' f | |
QRS OF BuPh  S6CLETh (o ik ooy Alns bbUGRuFal element

79figoherd71es azsiige cdewdfed heo syisd etrah 904 86mo8ystemnd is
70 includes a transfer nodul e adapted to transfer an

adaptef arfe® TREBLEPANSERE otk el fay MOt lfde 1RheEFEPPRERN tO 2
st@érf\t';&ge#g?&éé&)mox?é&éaa 0 2N O I £ SN A e, as
engi n , (no

transm ssi on nechani sns shown) ,
[OCIHR T Skehepr72]6 spisi ngddBtedhdok sdsee béhe77stéandnag induced

ear holder 78,. as,well as an r nore structura
mo ?%ﬁﬂﬁﬁsogugﬁaa%agf%?%t?ﬁ%ﬁ(h§1§%ﬁn 79, and sensor 76.
[00189 F cookedithal yd strdetHgal gehemenblean bes ais pivotally
chassis, a plate and the Iike._400187] Landi ng gear

connrp@erd 780 stavapraalt ¢1eMeRty i dtanth njugBar s2¢Bmected

toa§n8{ﬂ$£aQ?rué@ﬁ?éfgeQgﬂéngobgegyzgehsﬁbyohﬁggﬁin the other
connected (as IlTustrate y two curved arrows) to a

stisictctal ablehenenthaguble a&s Hrtuctfir sheekepprfe¥9module, but
Controller 72 is connected to the transfer nodul e and

thig LY ed? ¢ oCTOM T Y he transfer nodule in response

[0 Po@ Sheekihngnitngucad FmRvRMHa0fhd et angli REcyeaes a first
hol der. [00188£d1ensor 76 1s adapted to sense the

pakt eerf ngrimsducd8dlimveneént’s® of) t kdatandrRg BeEF hepkerrds or
baé]g\,s)gr[gg% G%I’Ill\éenqu?il ya%s | @?gl cgfar78rz§|)dee§n 87'85(4) .that are
plvot a ed to s in

1y connec ructural el'enent 79 that
pitatral i@ eonnected ttm atbé hendstafuchumal 78l(@nerdnadf 78 (2) and

system 70, wherein the other stryctural el enent be .
ro%a‘b%rtsﬁhtﬁestFéPnsf’éFtHBEEVe,aB t $HPEei s'Hot substantially

clﬂ@él;§3§as§7%cjac_‘z’e S%%{Q@&ggétmeﬁ@@twm alwh nB gepr
[00f9lfzonve%QZn%l§§ aétéégéural element 79 is connected to
shock absorber 75 and spring 77 that absorb shocks and also
tend - to return the structural element to 1its per-shock
condition.

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

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

steering induced movement of the landing gear holder is

responsive to a steering induced movement of the landing



pair of arms 78(1) and 78(2) that can nove forwards or
backwards, and well as two rods 78(3) and 78(4) that
wab@sosad al |y connected to the end of arnms 78fdp/m2067/001172
78(2) and rotate such as to virtually and close (or
substantially close) a space33defi ned between arns
ged8( Bearub e {1y . 1400091 | g<Cony dugileistd vy, %:'Urrml:y ur agrips the

el enent 79 .is_connecte shock absaqr
Lafh e ol “RBerbeirb ke ahtoEPed PanatRst Brars of tre
aitpgmearsd r gebuiahngel spetémt aHdrs prRé- sImcdqr@n@letamonholder can
[00192] Figure 18 illustrates nethod 600 for
tr%f%larﬁsqt@rtrltq{gﬂaﬁn%\rﬂﬂratrfe e Gl R did arfhbodi nent  of
§¥§<9é' ZALo) Lgo%gg’io‘»@w 5P9y8t @nlps cpﬁ’ %Egﬁgf@%glng an
rece|V|ng a transfer signal respon3|ve of
alfpk&nemg byndueed mmmammﬂdcﬁaﬂnpkhng geaanhﬁeUersy$hem, in

e oIder firm rips a | andi ng gear of the
re%‘??rbsfeagceog %hed 5 Vot Tt agb‘nnect ed to a structural
[ologneptagd téwo urﬁweQnallﬁ@éﬁnesteﬁ@@sfesosyahe@s\ing energy
- [00194] Stage 610 includes sensing the steeri ng
resiklcetl fovementf Tt tHeAneMdiAg 3gerl aigerof | $hps alrplane.
Th %g%glg ﬁga&setihel %7 gﬁr{:ﬂ,g A Q%ligﬁg @Nﬁm%%dotm;t,bf the unmanned

gear er I's responsive to a steering
alipsmhxwd:rm\/ﬁmtsyﬁtetdneausandtugsgear Because t he

e hal der_ fi ps, t andln e
[04@93 8%?‘2?%351900%%@& eHLrbf38¥%%h °h t Vetnﬁg Igl ?}b? a%%atus of
thestwmenhngd Szyﬁdpﬂﬁﬂntehelﬁahhﬁeﬂ awklteg gearbdaomtmrteantbr aok pilot
r.ot ati onal jmyenent s the | n ear . O 19
or oaaec%ribr s FOT8 desotfmstoﬁ %o%ﬁ)% Vtefléns Prr?]rkfﬁ
recmllvpl anetu$)arai1qammanmemma plhaneitrpbasé ers sbﬂ;memtrans ferred
sponse t f | gnal 1 g
vo D e by T vt g et R CF b onEEo )
sysz;;efnasianc hacgéve n saaves ocidicasfionhe waienpltige unfhpge¢apirplane
trg?l%fQ%ef%}st%enlghenoaé rQ#@Q@he% OR3: ?f‘[@ li%'ﬁﬁkn&h%oear of the
unmanned airpl ane transter system also stops
aipfdeoedi ng to an enbodi ment of the invention the st at us

[O(Hf98] Variations, modificaticns, and other implementations of

ilot can

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.



t he unmanned airplane transfer system can be reported
to the pilot or to a central control system or both.
w@amseBs2ent | y, the pilot can receive status i nBctatioon®i172
while the airplane is being transferred to the
unmanned airpl ane transfer s¥stemand the centra
control system can receive status indications when the
WEqﬁgRﬂged_airplane transfer systemis not attached to
t ndi ng gear of the airplane . [00198] Vari ati ons,
nodi fications, and other inplenmentations of what is
descri bed herein wi]l occur to those of ordinary. skil
L. i1 BRCUBRETRES HOUES ATt #° T H o Y HEFBp| 10 St A

scope. pinLhgy | M@@I%%@ét&& a&@g@raﬂﬁ@f BN Yrpldiee; and

invention is to be defined not by the preceding

i | lascomtrokleescedypieh butthestearsbyr tihedgls + iadapiged to

scope of the foll ow ng clains. VE CL
rogF T B aettTART b LYATbrk  COMT ST & 7 iy B
aiPpUyhe asaptell ¢empsmast eina@n o rpdapensancb@crol the
controller, coupled to the transfer nodule, adapted to

trapgbeyenadetansfer signal responsive of a novenment of
2.an #Lpk ?@eﬁ%%%%dﬁg&p@@eé‘iaﬂﬁ‘dl'dﬂhéﬁéﬂ?n@}?e CHMHL D ed

the transfer The system according to claim
aifphee et natffe unypsined @dmpr aes ta apeiser sydapied to sense

2 FPRRELRS etRhEnt AR Freneth e Wit T PRI G ana
inPrOY¥pHERsE pransderastenadrép $heng£onts otthercodtrollher.

system according to claim1 whereas the systemis ‘
3. adapkedsyste®nzecardoveneht CHAiR he WieptahetRontyotem 1S

adGOIRANED! sende 5 THE, SHSLEN, ACCRL défg;{wn&' @(Brmfﬂol.
ereas the systemis adapted to control a velocity of
compenant pl ane in response to a velocity signal. 5 . The

o $YSHRD S5EgLAL I Loyl ol L phet ope, e oA DLt L 5.
adapted to control a velocity of the airplane in response to
a velocity signal.

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

6. The system according to claim 1 whereas the transfer
module comprises multiple independently controlled wheels.
1. The system accbrding 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.

8. 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 claim21 whereas the
transfer nodul e conprises nultiple independently

wae onksd2red wheel s. 7. The system accordi ng t opCl/ai20071001172
wher eas the unmanned airpl ane transfer system

conprises an audio interfaceSadapted to receive
9. nodihetsxs iy rad sordbresent at iole iof lstd@riaiq chemmedgroller

. f h i rpl d d th ; '
o (ATEE R TR Tnars Tt S B B ot rot R S

detd@mnsiier dpshde firon esponsergiardde audi o commands. 8 .
The system according to claim1 further conprisin

104 ockhtd ot Sty S° ed-? FhHE ot F et Phtherdiroller
is L5000 1l | £1md 5, 2080880 40 FUTOladd8HdANS] &Mhe

nodul e 1 n response to a location of the system9 . The
corstyst Elrmcicoratiapt¢d tod atontiraherred it tdres tontagdu leg dirs

adapt ed to sense.a syste ilure and in response to
reJERRE e SRR AT T 2 oS L 'EERGRE e
11 accmidli Ngs e d @dardinvhereidi dihe carddierties omyEmed s
to a manual control nodul e and wherein the controller

adarteddpt &if tL kDM of L the b st doitae J4F s potisg-ional
mox%%nwsupéoé’%%rpé/ t he manual control nodule. 11.
€ system accordi'ng

to claim1 wherein the systemis
12 addfiiecttscde atcgndthgdttd ¢leein andiher geartdurs yagEem

rot ati onal moyenents, of the airplane.. 12. The system
CORRTOT U 1Yy ilﬁl%l%ﬁ?ﬁﬁl%eﬁ%ﬁr}ﬁaﬁeﬁg ’%%PE{JE% conpri ses a
13 skigl d@esd N ransd £f e &n a3 rpfi dvf hathd Qfethod

transferring an airplane, the nethod conprises:

CoRRtietSA NoreCeFahsd et Siyruler esigirsl e BIOTE IR erferit
i£p | Sont | nent a4 r ansg ' :
mo‘g‘%nrlp a%%aﬂ,r r;?/m%ln unrrrlgaér)lnceg ai rpl anéjtran%'fer s%ltrdeﬁrr%%mg
‘an reispoieses t Oy hen tuamnsiesd A ignaland 4 rafeferetdyorbem, in
accordi ng to cl ai 5%3 wherein the receiving conprises

m
reRAE NS A Fﬁ)‘?/et}%arﬂ rﬁfegr}ﬁlr'pl ane control components
14 andrgengt oD B EdF@Nsd &o S .13 wherein the receiving

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

15. The method according to claim 13 wherein the receiving
comprises sensing, by an unmanned airplane transfer system,
steering control induced movements of a landing gear of the
airplane.

16. The method according to claim 13 whereas the
transferring is further responsive to remotely transmitted
commands.

17. The method according to claim 13 whereas transferring
comprises independently controlling at least two
independently controlled wheels.

18. The method according to claim 13 further comprising
receiving audio commands and wherein the transferring is

responsive to the received audio commands.



15. The nmethod according to claim13 wherein the
recei ving conprises sensing, by an unmanned airpl ane
wo b@ssssro system steering control induced noveopmte0mio1172
a landing gear of the airplane . 16. The net hod
according to claim13 wheread®the transferring is
19f urThermeebpanaroerdsng ehdt el yCtadhshd thudhommeamgerising

7. The neih di pg ' r .
o F RSPl ot Conpr s hesr | hgpenaRn Yy St Frreiy Sbe
trheasértingi Ddepensdensiye coot tiok| ednwbeel scadBonThe

nmet hod according to claim 13 further conprisin o
20rec€h@iﬁ§tgﬂﬁi%Cﬁﬁﬁﬁh%ﬂst%nﬂlﬁh%r%?nf?ﬁgg?¥aﬁ§$%¥?Fh@g

det8ct 8800881 ¥6st 9cibeahgcsiyedaaugh oocormands; 19 cdPon .
met hod"according to claim 13 further conprising

21det Bhai méhiyod docardong ofot kadmnr pB afer tinelr whener hs i he

retragsferrilglg i@ res 8ns£ve Lo, hg ggns&ﬁeégfgtégg. 20.
TRe " hBPhod " agtor d ﬁg t 3" cPRfhi 12 fur?her conprising

trégteetrnggans 0bstpch i ande pr oNé deec adi 0bSt @sh®ands .
indication . 21. The nethod according to claim 13

22¢ yr Thermebhpei aFRYTFERSi VP ngleoimhAdeneFohe a®per at or

Feln S ' [ S j to the
ot 2 T e RS abear it 29 o olai m
2313 WhermehhtHeatcandfrgriagctanpriseshappliyi tige ski d

c ste§ring. 23. The nmethod according to,claim]l %gerein h

TP ErA §9e??ﬁ"%l%%ﬁp‘P?§%€ah‘é%Wa%ﬁi%ng IP\“‘%*PF;% Hgen the

unRghMeaNat PE1 4NEBNNRLHs BE F Php8eehl @RS Efic SYSh@M@Ngedhect the
| andi ng gear of the alrﬁlane during rotationa

aippyeRentd8rongt hetaf ipranenovament gepf r e cahtpbine -
i Sl . t it t t
24§ysﬁe%ﬁ9£‘9£'ébﬁemf n%%ﬁg‘é&‘t‘g&ﬁ%ﬁ?gﬁ?‘g] 1eriadaptgdeto

ransmt steering co unmanned
transpiabert edasted vehicéesniatsteasingneommezmiyvero multiple

adapted to receive location informatjon fromthe .
unBHIEE 1 81 BRNEHTEL 37 bF nket GHST br = veh? et bsoiar FPERETer
ad8@peedi 88l a¥céOhe location information from the multiple
unmanned airplane transfer vehicles; at least one display for
displaying locations of multiple airplanes and the multiple
unmanned airplane transfer vehicles; and at least one
interface adapted to receive from an operator operational
mode commands adapted to determine a control mode of at least
one unmanned air plane transfer system.

25. The central control system according to claim 24 wherein
the central control system is adapted to receive an obstacle
indication from an unmanned airplane transfer system and to
control a change of path of the unmanned airplane transfer
system.

26. The central coﬁtrol system according to claim 24 wherein
the central control system is adapted to receive a failure

indication from an unmanned airplane transfer system and to



di spl aying | ocations of multiple airplanes and the

mul ti pl e unmanned ai rpl ane transfer vehicles; and at
wbeastozgne i nterface adapted to receive from apCT/IL2007/001172

oper at or operational node commands adapted to

determine a control node of 3t |east one unmanned air
septanevelnnsterowyedeem a 25, Thalatanhmantcoht ridie sypanmed

.accordin aj 4 i he. | control
alE@%?%%nga%%%%%e%y%%e?2€€§£ep%% %b§§g% %’indication
27f r omhancemupabedoat £ pl apes t sranst esrdisg eto anthim 24 wherein

control a change_of path of the unmanned airpl ane_ .
therapR e sy ERYL 2BYSTHR %%n??%@t%%n??o¥e%?%€%n? failure

1in@EELF HbN0r £ Om ChAT FhB4nNEET 81 o1 e CEPLR S e £08yEOEm and to

systemis adapted to receive a failure indication from
comhrohnanpeanafepl ahean rahsp b2ngyky ephandnnares@ct  viel gne

trackﬁomdedge a detachnment of the unmanned airpl ane
fPansterY &%TEn1fron1the airplane. 27. The centra

2gcontr®l coystem astordl ngy et &tdd2dinfpet @i @léhe 24 further
central control systemis adapted to recejve a failure
adapERRd at P PP | EBhFANA uRRERNREE e Prere TRahsPE? YR EFES

be A EQW&@”&%Q*ufti%ﬁgsﬁﬁﬁaﬁﬁe@ntP&ﬁ@f@ﬁesyytéﬂ§.
un pl ane 8

nned ail ransfer system 28. The centra
29conthel caystein accbrdi ngysioer| ateodifigrtheclatmpledvherein

. to ﬁ tigize a gista ce get en nultiple air ianest d

i) RO PR BY HOPET pReSTrnan et F ahst @ LAYt BrateBgeends

stdBLi 6@NESAha £QHT £ Bht SYHE M @6 COf €k AN G OcShrdd L4t hat are
wherein in a first operational node the centra

megbapt e lLyseensednty ShecrPTRRImakERL that LHVRsteHesysSten.
30§teﬁr$£%h88 Pdéoﬁbﬁél?fﬁgqﬁ9 f@lﬁﬂméﬁﬁé dapypiiﬁé

unmann arrplane transter”syste 30. A nethod for
treonsfeol $yagems) t tpé emennadnecdn@ri ptanerécansfrg location
nprises: r ocat
I

inF4FBE MEAT oC PR M M DF D) B LF ATt B F BT Src £7 SHEF epyotems:
di8YsheiBy UbsRt ayhBJok 0fal t OpBe Ofi APl 4hot caddir Ph@n@Sltiple
and the nultiple unmanned airpl ane transfer vehicles;
unm@@@?@i@@rpl@n@aﬁransfer vehicles; receiving from an
operator an operational mode command that determines an
operational mode of an unmanned airplane transfer system; and
transmitting the operational mode command to the unmanned
airplane transfer system.
31. The method according to claim 30 wherein the method
comprises receiving, by a central control system, an obstacle
indication from an unmanned airplane transfer system and
selectively acknowledging a change in a path of the unmanned
airplane transfer system.
32. The method according to claim 30 wherein the method
comprises receiving, by a central control system, an obstacle
indication from an unmanned airplane transfer system and

controlling a change of path of the unmanned airplane

transfer system.



operator an operational node conmand that determ nes

an operational node of an unmanned airpl ane transfer
woeyesess27and transmtting the operational nodepcommenhori72

to the unmanned airplane transfer system 31. The

met hod according to clai m303&herein the nmethod
33conPhé sesthededetordimy o centdlairecift ridle syssthenr camprises

obstacl e Jjndjcat | rom.an un ned ajr r :
regoSt B anty bl ot Tt SO hor Y o cRafDg-¢ 3! Edeon
fr oAt &n ofinhdnen e nENNEDR 8 1Pt ANET & ¢ ades €fm Synsd ese 1 S2t 1 Tdky

nmet hod according to claim30 wherein the nethod

ackopppt PISNY et AV H MY 0 EhR? NIRRT A5JRIFMT BRANSTET

sy9Pshagl&ni pdl caf foma 4L 0om an unmanned ai rpl ane transfer
system and controlling a change of path of the

34 unmBnaedeBhop| apeotdansfer syzimrnd@3whdheimetiwdnethod

di to.claim.30 th hod ' i Vi
coSELELTBL 0L ELAL A0, e DO, SOMDEL B S6ELY1 POy oo

in@icapNBANetomi 4P| @fieat s 8dSd f p 5y15¢ e angf sel egdt el ynd
acknowl edgi ng a detachnent of the unmanned airpl ane
corfppsl BRI sy sEEm SO e heri #prahene 3ay e wtadRed

ai fgﬁgiggalt]%f&aé%@&nv\her ein the nethod conprises
y

recei vi ng, a central control system a failure
35i ndisat hebthéd oncarrdimannedc ba ipl a0 ef tramsf ecomyst eimg

and, controlling a t f f . aj rpl by t .
oofiainaa aiTbT ot Lamerern opefbreL 8B MR Aled (Bging toued
by 3REDEdbNE LOmshRéd SPahsFréhesysosms| sing optinizing a

di stance between nultiple airplanes being towed by .
36pul Thel Betnpdnmeec danafep ayaiendl Berthipe aefmbHsing

seRGERL LD L0 ¢! A3l UADEr o GOPPL LS| 00 8PN Ndommands
steering co nds that override steering co nds t%at
that eapechanhgal tyl sensedsdy bHhet anamnmacnead r pl apeane

transfer system 37. An unnmanned airpl ane transfer
tragstem Sedhptising: a

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

38. The system according to claim 37 further comprising a

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

39. The system according to claim 37 whereas the system is
adapted to control a velocity of the airplane in response to
velocity commands from the pilot.

40. The system according to claim 37 whereas the controller

is further adapted to be remotely controlled.



transfer nodul e adapted to transfer an airplane by
applying skid steering; and a controller, adapted to

wo _gmg,ioygmst eering control signals and vel ocit ypepnt20€0001172
signals and in response control the transfer nodul e;

wherein the unnanned_airplaﬁﬁatrqnsfer systemis
41l addpredsyst e a¢CYR@EN®i th t he lladmdidng Wesieadurtihey unmanned

ai%é’i%%é o@?éng@é/fngﬁ%g%rgfcé rf‘éé?la@%u&% Jﬁ‘@e?ﬁé&&r‘gdapted
cordi ng to crlai further conprising a sensor
to agkepd £ trio$eNsecdt €bghals Cosh red en tredticesl o vetredat snof

the | anding gear; and to provide the caontroller

COmPRREF ngt EIRLTOF GRS JY The St MR B U D
siGh&l & 3o Whek ﬁéén%?@lfé@tﬁmﬁ Si S0P d Oc S UBAOI R the

velocity of the airplane in response to velocity
trezoshendsody ben iherpsponse 400 e aydtensaweords ng t o

cl aj,m 37 ereas the.controlier is f d. it
12 P T e 05 ATl anf el 31 A 0GR 1%
lo€d el dh 3dend&F €asothEedint@Nttes @bittptElee £/ artsd Bi1Syisiem
conprises an audio interface adapted to receive

compiiet Be B 31 YRAP ST b eSMEER T VD TR Fh N eSS
regﬁgﬂﬁéh@oaérP+?Q@i@Hdofptﬁ§n§y§@§§? nodul ated signal s
to the contro

er that is adapted to control the
43t r dhis¢ esy ool ectordespors eclain hd/ adwd ve Tonpehdsonigoller
. Thg sgs%en1according to clg%nl 7rfurt eﬂlggg?régéggto
15| 332 Ton SRnSoPES cdupY T of The contt oI TR rE S WhEIET n
dethencomdrofsesni sradaphedhigprontrol the transfer
nmodul e in response to a |ocation of the system

43,
44 TheTBy st eat R cRPEP RGP &P F HATY dhetkFFeihethe controller
isce%%féae{o'§ ﬁgﬁﬁéfdcé&&?ﬁ%&fé/%ﬁ&n&ﬁéfé'{@ and in

response to detach the systemtromthe airplane. 44.
comteo yst eirs agdaptedgt ¢ occah @i 3haverai st ¢henodule in

o RBPES - HGOUBTEY Bl T 67 Aot G (G RBRE (BT te! Totule.
451 T aNSHEEhHRAELE  Paki SEOPRSRy t&h COTFRIISe Prityé deslh 1yd

t he manual control nodul e.
comprises: receiving steering control signals and velocity
control signals; and in response transferring the airplane by
an unmanned airplane transfer system by applying skid
steering and maintaining an alignment between the unmanned
airplane transfer system and the airplane during rotational
movements of the airplane.
46. The method according to claim 45 whereas the receiving
comprises receiving velocity commands from the pilot
47. The method according to claim 45 whereas the
transferring is further responsive to remotely transmitted
commands.
48. The method according to claim 45 further comprising

receiving audio commands.



45. A nethod for transferring an airplane, the nethod
conprises:. receiving steering control signals and

wo 20080392y0 control signals; and in response trapsf/anRndMY1172
the airplane by an unmanned airplane transfer system
by applying skid steering anﬂ)nalntalnlng an al i gnnment

49 bet Tee rme hizod meemedi ag rim ane alraims fAdr ydthan @rHe ing

oo BRHRLE0S, T 00 COLELLENG) NS ol el 1) ane

er eas

t r&9ELd ¥ Ny Cpﬂpfége@ngmwd) n@he/eémséd/ Terameinsts. from
the pilot 47. The nethod according to clai m45 whereas

50 ¢ heThe aARERPY i %@C%d%rw tHerctespohi er theF eFrtRFysing
de{% ﬁﬁ%téﬁurt el NASanqg 49 091@%r%%*%%%@%éf%‘&ﬂﬁhéé&lon.

nmpri sing receiving audi o
51 conmaa dse di9od Tdneconed Hrogl 1a@0©la:ilrmg45 of wtt @i ew 4Goriper 1 hrisrg

conpri sing det ni ng ocatjon of .t rpl.ane and
reGROTHRS CHENTHShol BIP Fy TESSEATD e T Tinsod
trd96ed + fling 50s J@:&p@i@éb@@i 86 Cerdli Pgcd Drésd addmdbndair t her

conprising detecti an obstacl e and provide an

52 ohArchrnapek @ ot i onlama | todes FR¥ hods BRtor@RTRE DRI ai m
45 i“ﬁ!ﬂﬁéf%ﬁjﬁééﬂ&ié‘% g&@éa'&g commads fromam . .,

oper ator an erern transtferring 1s responsive to
t hea r bared eg @@mnamdsdeﬁz adﬂptﬁdﬁﬂﬂmﬁﬁmmlyﬂgm&p a landing

transfer syste conprisin fer nmodul e a ted
9215 G5 st oA L SRS pl L E L | it G Tt heroLaet |

piPéERt B¢ EQupl&d ¥o O | @tﬁuéﬁﬁ‘ﬂéﬁgegéﬁ’én@foi hien @i drith@ieed

wherein the | anding gear holder is pivotally coupl ed

trétr@)sﬁels‘,tfm%t%mala@qierrent of the unmanned transfer

S e, an%y fonégg i &o éegréﬁ f&@]ﬁé eradapted to
SRt e

ul &, adap Bd t tFans
corﬁi&ﬁ@bl’f@l@etbransfeﬁrﬂlcb@ul@dmeﬂemmntto od sﬁmeztmm hgduced

gear holder. 53. The system ac ordlng to claimb52
mOYEFEher O oHit | iR A0 dear holder

53. The system according to claim 52 further comprising a
sensor, adapted to sense the steering induced movements of
the landing gear holder.

54. The system according to claim 52 further comprising a
shock absorber, connected to the structural element.

55. The system according to claim 52 wherein the structural
element is coupled to the transfer module via movable.
elements.

56. The system according to claim 52 wherein the structural
element is coupled to the transfer module via shock absofbers
connected to movable elements.

57. A method for transferring an airplane, the method
comprises: 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 coupled to a structural element of



sensor, adapted to sense the steering induced
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response to the transfer signal. 58. The net hod
thgceefi®adeto claim 57 further conprising sensing the

steering induced novenment of the |anding gear hol der.

59. The system according to claimb57 further

conprising dunping energy resulting froma fast change

in a velocity of the airplane.



