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* Technical Field The present invention pertains to vehicles an or
transporting individuals, and nore particularly to vehicles a%g%@%@é 5

enpl oying c | oops in which a notorized drive is_| . Background
Art A w de ‘r@hg‘gl’%f vehi cl es and net hods are known fo?&wslgﬁgggrti ng human
subj ects. Typically, such vehicles rely upon static stability, being 10
desi gned so as to be stabl e BMaANGENG PERSSRAN Vel ons of placenent of
t heir ground-contacting nenbers. Thus, for exanple, the gravity vector
acting on the center of gravity of akechuical¥igld | e passes between the points
of ground contact of tHaera&uhiQARRtibe; ; ion keeping all
wheel s on the ground at,%)a_l |t nelg{jﬁg%aa%gbghd%%;n%gi eR(lgdsﬁ%rﬁus stable. 15
Al ternatively, dyFamEiRgiagividuals, andymdre patiicniady treckhisles and inethod$ t he user,
as in the gcase i , " T\ SE. a control. loop, as in the
case of the5C hun%%np?ol)}zgﬂr%g%g&rr?é?%é%%&@Eé‘gﬁ?ﬁﬁ%&ié?wﬁ&%ﬁ&ﬁb. 5,701, 965 and
U S. . patent application, serial no. 08/384,705, filed February 3, 1995,
whi ch are herein incorporated by rﬁe&encg 20 The bal anci ng vehicles
described in these references, howe el Hstatic stabili ty. Referring,

for exanple, to Fig. Awitdvengd df vahiflesd 0id étho2QrSAn fof FARBAGHEEN 1S shown
and desi gnat ed gener al IQ/_ b%/ num.?%al 18, .a subject 10 stands_on a support
platform 12 and HBFHE & RS DYRIR : rFugh H%Hﬁ‘?sé'EIIG‘PQE‘f’t&'@‘h%ﬂ:"l‘fﬁ’&eﬂﬁe pl atform
12, so thato t he \ehbsddsoksidte stdbleurRBPANIBAL FRYHOR £ DlatRSebed in a
manner anal ogous tqQ a scooter. A control |oop may be rovided so that

| eani ng of the sUBfEEPREENILENG Rephersali fepronleote goviligets wheel 20
about axl e 22 t het@hyoClb Sdrid of Pradfr & aAlatidnBi astsé}.%ew#\ﬂe ointy€hi ¢l e 18,
however, is statically unstable, and, absent operation of the control |oop
to maintain dynarfif &g sentact of the aemebilefsoviiels] the suspemsiperketping@ll supported in

a standing- posi t ipeeRRM 1Y érbuﬁcf“étlallfﬂfz@g]agh el QMR 1AL NPT

15 Alternatively, dynamic stability may be maintained by action of the user, as

in the case of a bicycle, or, otherwise, by a control loop, as in the case of the
human transporter described in U.S. patent no. 5,701,965 and U.S. patent
application, serial no. 08/384,705, filed February 3, 1995, which are herein
incorporated by reference,

20 The balancing vehicles described in these references, however, lack
static stability. Referring, for example, to Fig. 1, wherein a prior art personal
transporter is shown and designated generally by numeral 18, a subject 10
stands on a support platform 12 and holds a grip 14 on a handle 16 attached
to the platform 12, so that the vehicle 18 of this embodiment may be

25 operated in a manner analogous to a scooter. A control loop may be
provided so that leaning of the subject results in the application of torque to
wheel 20 about axle 22 thereby causing an acceleration of the vehicle.
Vehicle 18, however, is statically unstable, and, absent operation of the
control loop to maintain dynamic stability, subject 10 will no longer be

30 supported in a standing position and will fall from platform 12, Another

prior art balancing vehicle is shown in Fig, 2 and designated generally by



prior art balancing vehicle is shown in Fig. 2 and designated generally by
~ 1 28 MAY 2004 WO 01/42077 PCT/ US00/ 42698 nuneral 24. Personal 2§3‘E glrﬁm%ﬁ
shares the characteristics of vehicle 12 of Fig. 1, nanely a );3)‘

[atform1 orting subject 10 and grip 14 on 6 attached to
b SwofliFEPO e S ehi o s en ERgo s

platform1 at the vehicle 18 of this enbodi menf 0 be operated
in a manner anal ogous to a scooter. Fig. 5 2 shows that while vehicle 24

may have cl ust er swRfarat as Pefianiivghide R4 tHaddsithe/chakteViRe bBvelBile 14621 Cl € 24
remai ns statically unstable and, absent operation of a control loop to

mai ntai n dynani ¢ F5 MAAEEX2 suppeft latfon 1£qr supreriingrybiectd8 and gipdtted in a
st andi ng pOSitiOBn%ﬁglelbLttéccﬁédto&{l%ﬁ{/grﬂlﬁtsfo%m enfdle 19V contrast, other

prior art vehicles nmay be static st'abl e, 0 such as autonobiles or the
stair-clinbing vehbellienagbmey plsete eperatedin qratremnt analugoudito A30HdFigDecel | es et

al.). These stati I lLe vehigles,. however, |a .a_bal anci ng

capabi | i ty.% They zgﬁé%hhgéﬁgil%\ée Cgep%ﬁlﬂ Raye \éﬁ?te%ﬁ Fac?ﬁlﬁﬁ‘fmgﬁBl”r&étﬁi cle to be
governed by | eanichghedls 2d)eeloferfleaiains staitdly wenasle id, sbahi GRHbnWASt abl e
bal anci ng vehicles, caonsiderations of 15 operator safety require adoption

of special strat 4§8R%0l IR madnteRclysamigsisbiling sebischibwlendonggr bppl i cat i ons,
serial nos. 09/ 184,4884 i9§/s§33jnﬁggsiﬁ:ﬁ{‘%d v%ﬁ/félip@?é?ﬂ?go{rgizt he event of

failure of certain system conponents. Summary 0 nvéntion 20 In
accordance with pref eby edy efirbodisieiiies pdbr arheehjrles sapte statieily stable, there is

provi ded a,yehi cl r.tr orting .a hunan subject .over surface that
may be irr,g‘aogul ar .58_ E(le%'a\l/l?a |%igs?1r§i§le %a%ﬁhplﬂ%}ﬁ"%!lg%E%Frﬁﬁeﬁd?uguﬁﬁﬁ?tti ng the
subj ect, W th fome-47%05a8(Ddcelles pid].). Thasamticalyistdth elickh @onevehat i on of the
support platform_ ,Additionall. he .,vehi cl e has, a ground-contacting 25
nodul e pi vot abl y acbggaﬁc’gﬁ c?pﬁbil%«}e'rg%ﬁ?ﬁﬁﬁdﬁkﬁfaﬁ% Ty fg OGS ERdi ng t he
support pl at f or mveliele tb begauried®§ leahli@ o teRPEdtap! at f orm and the ground-

contacti ng nodul e bei conponents of an assenbly, and a notorized drive
arrangenent, nount ed Q%h? nl)%{s} Y)}P’SFBIF%é}é{]%?&bem%o?ﬁ*Bﬁlii%htmﬁofhe

15 operator safety require adoption of special stratagems, such as those
described in copending applications, serial nos. (19/184,488, 08/892,566, and

09/168,551, for the event of failure of certain system components.

Summary of the Invention

20 In accordance with preferred embodiments of the present invention,
there is provided a vehicle for transporting a human subject over a surface
that may be irregular. The vehicle has a support platform for supporting the
subject, with fore-aft and lateral planes defined by the orientation of the
support platform. Additionally, the vehicle has a ground-contacting

25 module pivotably coupled to the support platform, for suspending the
support platform over the surface, the support platform and the ground-
contacting module being components of an assembly, and a motorized
drive arrangement, mounted to the assembly, for causing locomotion of the
assembly and the subject over the surface. Finally, the vehicle has a control

30 loop, in which the motorized drive arrangement is included, for

dynamically maintaining stability of the assembly by operation of the



assenbly and the subject over the surface. Finally, the vehicle has a

. control 30 loop, in which the notorized drive arrangenent is '%{nﬂt‘}gm} or
dynami cally maintaining stability of the assenbly by operati or? 28
MAY 2004 WD _01/42077 PCT/ US00/ 42698 notorized drive arrangenent in such a
manner as t &°PYE a specified acceleration of the a?ggﬂ‘%wﬁﬁ”l n accordance
with alternate enbodi nents of the invention, the vehicle may al so have a
pi vot for pivotal moetizkd 88veirrdidemeMRRAlch aRPhANEOET cast QSﬁeBi?ied _
ground-cont acti ng nglgul,e and a l'ocking nmechanismfor restricting notion of
the support pl atf &FRFREPMOLIE8 A&MblYo t he ground-contacting rmodul e. The

| ocki ng mechani sm f or 14 &&bidafitd ith BRI erlodt A S HRRO hentBln L o7 M ey be
activated upon interruption of power to the control Toop. €

gr ound- cont act i ngVeRidemay Ay havesl rive fertpitata souping oftteelipadrt pladoreh at 10

| east one wheel fgyy Eﬂmn f rtical, line through the.center. of gravity
of the assenbly unggel stgtc?%aééglﬁgfl\(fd?oenagi a?%%”‘&r%%ﬁﬁfygﬁmréﬁﬁl?’f’d‘gmdul e nmay
have a first wheemotion afthbbeppabqltfcamfvitiaespsts tangoamdenorgngheel

rotatabl e about o] i.s, the second axi s belng non-colinear with the
first axis, In ac%lgra ah?ge%é?ﬂg’f’ﬁ&aﬁ’épfﬁﬁrte%tflﬁté‘tgem%miﬂ??e"‘HPEo%f t he

i nvention, 15 thplatformt tnal bk @@ﬁaﬁaﬁpb@inwﬂfﬁtiwbﬁ%vﬁ& td @leorfti fyopnd aft
notion of the vehjicle is controlled by fore and aft |eaning of "the support

platformas af f ecteef OBy tHEASHE medile ngyiipdludsas lepstone yihed pft and ar awi ngs 20
The inventinn Wil lealt@naheel t@add, % &‘Méia?fi%o@%h”cﬂdc%@&grﬁﬁtytd?e
raw ngs, rn wh

foll ow ng description, taken with the acconpanying i ch:
Fig.1is a side vIEWSFPY Widepttatis ongisipasoibe growtd-cintactiag kiodgleanayt abl e
static position i Rahib wiel é}h@b@&&bow@lsmis'aﬂd% 8L.A0%IHY Bl O
thereon, Fig. 2 is a perspective view of a second prior art personal
vehicle also 25 RREKRARfoRd axis theseeind ki being nod-cnlinkar withi thia fitshexis ubj ect

remains in a standingy, 9&§1icfa}1&rlmimgtﬁgﬁ;ltemate embodiments of the invention,

15 the control loop may be configured so that fore and aft motion of the

vehicle is controlled by fore and aft leaning of the support platform as
e - affected by the subject.

Brief Description of the Drawings

20 The invention will be more readily understood by reference to the
following description, taken with the accompanying drawings, in which:
Fig. 1is a side view of a prior art personal vehicle lacking a stable
static position in which the subject remains in a standing position thereon;
Fig. 2 is a perspective view of a second prior art personal vehicle also
25 lacking a stable static position in which the subject remains in a standing
position thereon;
Fig. 3 is a side view of a personal vehicle having an independenﬂy
suspended support platform in accordance with a preferred embodiment of

the present invention;

30 Fig. 4 is a block diagram showing generally the nature of sensors,

power and control with the embodiment of Fig, 3;



Fig. 3 is a side view of a personal vehicle having an independently

. suspended support platformin accordance with a preferred enbgﬁwﬁq,t%}ﬂi
the present invention; 30 Fig. 4 is a block diagram showi ng g a 4he

nature of sepns power and control with the enbodinent of Fig. 3; 3 28
MAY 2004 V\D%l%éy?? PCT/ USO0/ 42698 Fig. 5 illustrat eSCUHEVESH r ol strat egy
for a sinplified version of Fig. 3 to achieve bal ance c sing wheel torque;
Fig. 6 illustrates di &igritbusid-escthé yoritdobstibey dér 20imphfiddaxetdncdf FgoBt r ol - of

t he wheel s of thete Odi% of. Pig. 3, 5 Fig. 7 is a block diagram

providi ng detail SPOASHIAAFe YRyl o"d%ssenbly; and Fig. 8 is a schematic

of the wheel notor coRigl Ollucted:bdBaRahaRaiy (R YberaiBh Bbydee iRl gn. 10
Det ai | ed Description o%g E{}gcific nbodi man?s Fi SfaS gﬁoz\s a sinmplified

enbodi ment of a pOR¥dREF OVERFBPediment of BigyPing a drive platform 102 that is
statically stable, at gt I [ 1. [ to laterally
o5l Bk BBl gfo?gﬁl%d&%ﬁ%f arcpgglfkgkewa an

di sposed ground-cont act’ naﬂel enent” 10 or near, ground-
contacting el enentss§m@blE#&@n) , one or nore 15 additional ground-contacting

el enents 106 are proviggegl. .additi. [ -contactin | epent 106 havi ng
an axl e 108 not coi nc?%fenlgsavm t !ﬁ éggf}fg&eﬁsﬁo oq%ri ﬂeal é&?mghgla%%?nd

ground- cont act i ngn@irehienemotithi | e the term "wheel" is used in this
application to refer to the ground-contacting elenents of the vehicle, it

is to be understood that this is 20 without intent to linmt the nature of

the ground-wontacting el endbkailelTesaimyio of BEOYRBoMidehisn t he scope of the

invention. It will be ev'é ent to persons of ordinary skill in the

mechani cal arts that &gy f&?r“? GfmRHEe egbodizent efreperertlerbice fhicks, or

treads, to cite Vﬁdw"lﬁg@dﬂ%k&ﬁmﬁr%tQ@tatiéa‘ﬂg§%§e9§t?&s@cdﬁrle\tebgro§$§gl Zsundef
X

appropriate conditions. 25 Weels 104 help t Ine a serie
i ncl udi ng the ver Wickyadgitos to laterally disposed ground-contacting element 104 (only
the right, or near, ground- contacting element is shown), one or more
15 additional ground-contacting elements 106 are provided, additional
ground-contacting element 106 having an axle 108 not coinciding with axle
- 110 of either of the other ground-contacting element.
While the term "wheel" is used in this application to refer o the
ground-contacting elements of the vehicle, it is to be understood that this is
20 without intent to limit the nature of the ground-contacting element that
may be employed within the scope of the invention. It will be evident to
persons of ordinary skill in the mechanical arts that clusters of wheels,
arcuate members, tracks, or treads, to cite various examples, may be
substituted for the wheels under appropriate conditions.
25 Wheels 104 help to define a series of axes including the vertical axis
Z-Z, a lateral axis Y-Y parallel to the axis coincident with axle 110 of wheel
104, and a fore- aft axis X-X perpendicular to the wheel axis. The plane
defined by the vertical axis Z-Z and the lateral axis Y-Y will sometimes be
referred to as the "lateral plane”, and the plane defined by the fore-aft axis

30 X-X and the vertical axis Z-Z will sometimes be referred to as the "fore-aft



. Z-Z, a lateral axis Y-Y parallel to the axis coincident with axle 110 of

< wheel 104, and a fore- aft axis X-X perpendicular to the whe { he
pl ane defined by the vertical axis Z-Z and the | ateral axi S ghﬁpﬁé\nyl%r’oor
soneti mes bewotwk®tred to as the "lateral plane”, and defi ned by
the fore-aft axis 30 X-X and the vertical axis Z-Z w | sorre rres be
referred to as the1 e-aft 4 28 MAY 2004 WD 01/42077 PCT/ US00/ 42698

pl ane”. Direction®3Psr @FF‘@C’“’E Bl torshe axes X-X aph - Yard cadlee tiedbleesdt t he

fore-aft and | at eﬁcaiatéiiélrd%&ﬁd;,g%s&ﬁég??tr vely. The distance between axle
108 and axle 110 establishes the ee base of vehicle 100. The wheel base

may range from zero tJhG@@ﬁamebﬁmeemieelOSEnd epé BveRthilish%ahs vkgelof each

wheel , however thg erably in the range of one-half to
four times the size o?gémg%?ﬁlm L?F?@ ‘Weflﬁ@zewqté@h@@mﬂmgﬁd 106 may

be equal in3size mprehuniive site dfBychIehed]) RO er 1 wl’@l&l%@s 1%:&}@%&16%{ form 102
is pivotally conn cetred t? E%,Eport pl atform 112 eh supp s an
occupant of the veéhi ¢i&.> e Lf%“afﬁtm@fthft%fifevlhﬁeill@ be/sizdsef fresi ti oned in

any position on t%eaym(ahﬂlﬁér%\& 0 the _ occupant may stand
on the support platform A hand}fe lgaﬁlaf coﬁg?%& g or r”t“e%‘ﬁ)aifnf orm 112, .

may be provided, é‘F‘“&')ng wth a grip 116 so that the vehicle 100 of this

enbodi nent may be open i nner to a 15 scooter. A control
| oop may be provi ded sl,:g}v?% gttﬂf%e%?? é’wc?faqlﬂ’ﬁ%"‘%ﬁtﬁ tva supperd glagferm A1 he

appl i cati oniGof tofg tr@pportemeoanﬁpam&ﬂh@bemﬂé?@hﬁoéeQﬂarﬁ‘BP'th@quclé‘Q-%yt
respective axles {0 t her.eby causing an accel eration he -

vehi cle. Under nor ng?saﬁon%‘%gﬁ"ﬁé’ot%%f’? FfBﬁEPP%trﬁ@t&rmf for axahmienthelz may pi vot

20 freely about pbacopart ifhyfsiane@n el shpp&s PREbr A LAh& @ 102. 1n an
al ternate enbodi nent of the inventi on}s p?votrr ng o HPs‘é'ﬁﬂ]%o ec”e;tform 112

with respect to dT{RPEFLRIAtOrBARR. TBY bawyorided, dlmig ih ¢ gnpilrﬁsb@hiaﬁﬂ&?é‘t pl ane
containing the veydtiGedoodpehid dfbodtih&t i) be Qhe @i ey d motion. Wthin the

rated in'a manner analogous to a
15 scooter. A control loop may be provided so that leaning of the subject
results in the application of torque to one or more of wheels 104 and 106
about respective axles 108 and 110, thereby causing an acceleration of the - -~ -

vehicle.

Under normal operating conditions, support platform 112 may pivot
20 freely about pivot 118 fixed with respect to drive platform 102. In an
alternate embodiment of the invention, pivoting of support platform 112
with respect to drive platform 102 may be limited to the fore-aft plane
containing the vertical and the direction of forward motion. Within the
plane of motion, pivoting of the support platform may be imited by travel
25 stops coupled to drive platform 102 or by compliant members such a s
springs connecting drive platform 102 to support platform 112 at either or
both of the fore and aft ends of the respective platforms. In a further
alternate embodiment of the invention, support platform 112 may actively
be driven by a rotary actuator 124 such as a motor, Under control of a

30 control loop (discussed in detail below), the vertical balance of support



pl ane of notion, pivoting of the support platformmy be |imted by travel
25 stops coupled to drive platform 102 or by conpliant menberﬁaq\wﬁl?@(ﬁ
springs connecting drive platform 102 to support platform 1127at "ei t'her or
both of theweggwand aft ends of the respective platf QiReehikeg further

al ternate enbodi mrent of the invention, support platform 112 may actively

be driven by a rotary actuator 124 such as a nmotor. Under control of a 30
control |oop (di sEdEewyliZis meinsineddey driving suppon phatfomaliotiakimfosvali support 5
28 MAY 2004 WO Oléﬂ@aglz‘zmlaggll U900/ 42698 platform 112 is naintained by
driving support platforml 2 Inthe forward or backward direction. Drive

pl atform 102 nay al so Drivsplatidrindi2 iney slesmsmsal 16 fthelcBRinbaas of thdJsRF. comands
may be actuat ed, rceéaréghe bg the o frator shifting his 5 or her weight
forward or backward, ‘SPrRSiTRAY ‘?%f*e“a‘berd' o EXBEHe Py therrsrmierthbifdngkiat  wher ei n

t he support spl at f or her Meyghpfor@tird dt backhwah @R to SHelsRfelok b othedi1HER ! €aN by the
operator may be useg 0 deternmne the direction and rate o t ur ni ng.

Alternatively, th&" '?‘alﬁtdvhﬁﬁiﬂélaseamtﬁléﬁm@sy bivoninariateraf digectioser i nput
interface device, si&élfegnﬁft]{é d{)@ﬁéﬁ'ﬂ"hﬁ bR s t@ldﬁ@}mggﬁgﬂéﬁ]é Un 25930 lo?’ 10 to

grip 116. Appropriate force transducers nay be provi 0 sens | ef tward
and rightward | eafirR§gaNtrnativalyeidie opsratoning aptusteicamchands Inanemsbeit  and

right turning as gsdr Gtk intdfact B&iGSE u§§gsf4j§as jﬂggﬁdi&hag&a%}%%mog%&ap){e’al so be

detected by neasuring the pivot angle o pp

Addi tional Iy, thetdgipcdsoiproptntadeeliranbduche nmas praddddss Bgsgr ound force

15 sensors. Siml gg t he.vehicle of this enbodi nent may be equi pped with

a foot- (or forcgeft)%dc l%f%gw (S 'l‘fa&ff‘gta&gé%?‘iegg?%mﬂ%"\’ﬁé @Icé‘,lseﬂ‘?ftsuch a

manner that the smhdﬂghtihﬂ-nﬁ{g()sedesﬁnoﬁﬁxe%&m&@l@@ﬂméhﬁeYe%fﬁhgh%y%}%%gati cally
n an energency

when the, -- subj eﬁtt ‘&Sﬁtﬂ]ds on .t he su%;gor t platform112.
condi tion, the cofftFOF* PoBR*HEYS FaiPtvot eredp@fsuprort Blakerm 38 as woul d occur i f
pover were to fai Addibaglysieforde &OMEH Whed n{ag b ?ﬁe‘iﬁfrﬁ:ﬁjusinegoéﬂﬂ&ﬁd thi& My be
| ocked, thereby form n%_ a_rigid connection between driv
15 sensors. Similarly, the vehicle of this embodiment may be equipped with a
foot- (or force-) actuated switch to activate the vehicle, in such a manner
that the switch is closed so as to power the vehicle automatically when the--- --. - -
subject stands on the support platform 112.
In an emergency condition, the control loop may fail to operate, such
20 as would occur if power were to fail. When such a condition is detected,
pivot 118 may be locked, thereby forming a rigid connection between drive
platform 102 and support platform 112. Locking of pivot 118 prevents
support platform 112 and the user supported by the platform from pivoting
in the fore-aft direction. As long as vector 120 (which is the resultant of
25 gravity and of the fore-aft acceleration vector) acting on center of gravity
122 of the occupied vehicle 100 is over the wheel base of drive platform 102,
the occupied vehicle is stable and will not tip over. If pivot 118 were not to
lock under these circumstances, support platform 112 would be free to

pivot forward or backward and, absent the compensating movement of




pl atform 102 and support platform 112. Locking of pivot 118 prevents

: support platform 112 and the user supported by the pl atformfgglrjgﬂh,?ﬁ'

in the fore-aft direction. As long as vector 120 (which is th I

25 gravity anshigipst he fore-aft accel eration vector) a%‘rﬁﬁuoﬂﬂsasce”t er of
gravity 122 of the occupied vehicle 100 is over the wheel base of drive
platform 102, the occupied vehicle is stable and will not tip over. If

pi vot 118 were nofriveplatfoseid0q nodar therosolaif thr nestrelions suppopptatforpl at f orm 112

movement of 6 28 WRY 2004 M AN L PR LR AP B ot or m 102

under the control of meeqﬁummislkﬂmnfsﬂ@ﬂ?rm g &fivd 1o 183 2n@nd t he
supported subject woul d Iﬂ{;se vertical st abruptly. Wiile a pivot 118

i s shown for couplPRE"BIRECE™ A% thedtsaphagy fewle l@hfﬂ@anplapq%ftpﬂmtmmz the use
of any flexsble |wakagee d-BpPdfakeprOdenPin¥@it ;he scope of the
present invention as desccralljbed herglnn and oé;agg%%??mﬁe?\#%ﬂr?yé appended

cl ai ms. For exanpildimed in ayeppaededslainns. Fomexhmplehioraccoeddoelivith atfumfiert he
present invention, ggag.s I drive platform 102
to support pl atform 11 éﬂg%{ﬁ%ﬁ@ g%s&g s%%élﬁgbser%%lb&pﬁ?gﬂ%wElaﬁf%‘[)é?'ns so as to
provide a fl exi bIdrl\@qﬂitfqrmglﬂﬂtDamppmplaﬁmmnmbykﬁea&psﬁs@hhg@rnode and to urge

the platfornms 10 C nto cke fﬁl Letonshl p in case power or
control is interr pte P’ﬁ %H’c"é{‘ @ coupling jp fpighal BB nent of t he
i nvention, 1a sol ecﬁp@ta:ﬁng%ncmétahwd@@ediérpm&rmei@laﬂaﬁizi%%aéeaon that unl ocks
afrlctlon br ake. L?fé‘ rrent to the solenoid is interrupted, a nmechanical
spring displaces R:’t“lcéﬁ? ROMeF aicenirpl i ingssrupters Inasmdancawithret ock pi vot

118. In the bl OCkaﬁiﬁ@t@féﬁfbd@lﬁmﬁt%&ém@nﬁcﬁﬂ&E&J&n{:ﬁ%ﬁéﬁma@i aufmghom for

controlling notor drives and-actuators in I ment ig. 3to
achi eve | oconot i SR PRerativadshat yRledks 4 frietiandwalreplf ourreit tostbe s@@bidisd 532 for

eft and right whagkmpienpaeliRhikerADHishhieind ACIAGIHALEL, B2, which may

20 be present in certal n enbodi ment' s e inventron Ae* €t r ol system
has data ildputs Jaeiends edodkgdvotiitk er f ace 561, pitch sensor 562 for sensing
fore- In the block diagram of Fig. 4, a control system 51 is shown for
- controlling motor drives and-actuators in the embodiment of Fig-3 to
achieve locomotion and balance. These include motor drives 531 and 532
for left and right wheels respectively, and pivot lock actuator 52, which may
20 be present in certain embodiments of the invention. The control system has
data inputs including user interface 561, pitch sensor 562 for sensing fore-
aft pitch, and wheel rotation sensors 563. Pitch sensor 562 may be a sensor
for measuring the inertial pitch (i.e., an angle with respect to gravity) of the
support platform, or, alternately, a sensor for measuring pivot, i.e,, the
25 angle between the support platform and the drive platform.
A simplified control algorithm for achieving balance in the
embodiment of the invention according to Fig. 3 when the wheels are active
for locomotion is shown in the block diagram of Fig. 5, Plant 61 is

equivalent to the equations of motion of a system with a ground contacting

30 module driven by a single motor, before the control loop is applied. The



aft, pitch, and wheel rotation sensors 563. Pitch sensor 562 nay be a sensor
+ for measuring the inertial pitch (i.e., an angle with respect sgquaiy2dd4/)
of the support platform or, alternately, a sensor for neasuring pivot,

i.e., the 2 bet ween the support platformand th I latform A
RV frilligh

simplified con al gorithm for achieving balance in odi nent of
the invention according to Fig. 3 when the wheels are active for
| oconption i s showperatiprtdieonita ddopsl ksadppiomadih Fig. §is viell Kdoavlin fik akiof equi val ent

to the equations of motipn.of a.systemwith a ground confacting 30 nodul e
driven by ‘a singl gle%%n&ercgarﬁﬁﬁ Blllgén%éﬂ‘gg'@ﬁmsrodllﬂ“}e dp’ PETR F%éﬁﬁe’ g‘he 7 28 MAY
2004 WO 01142077 Mk ISRO0-A20R%icaERE Akt iAY) IREE BeRt(1Dk), baapdadsirdepi cted in
Fig. 5is well kn in the art of el ectronechanjcal engineering, and is
outlined, for exahpfRIer iin Tringipies oRConimupns Camtrobt whichisinerpasated Engi neer i ng,

| EEE Press (s1994) hepafthylrefdbebd, Yn fi@.hs, PhaRtifEs thd whedl Ec&rg&é‘ %ﬁuﬁ%? acontinuous

Control," which is incorporated 5 herein by referenc 5 T

identifies the whedkelidsive treoremp mosdofitlye wheelth®ed chdrdctee Zidenofies the nore of t he

wheel s. The char agt.el h.dentifies.the, faore-aft inclination (the pitch
angl e of the vehi gc]trgﬁ% ckg&ggéélgtp lstfl'ban&}ea?fi%i‘ey‘fe%m;e."é&,‘ reSREt t\‘?@ﬁ‘ét@fal ), X
identifies the foierthéverticalhXadentied thafopegf: Hisplasanidn@siong thebadiacee to the

reference point, aeﬁ .the_dot  over a c(_%%rtgcter dengtes a 10 vari abl e
differentiated wifFEPEIPEETeiersnes paint aadiths fofovetdl Sharaptendgrotedant i fy t he

angl e of piyot or vamlm$£@ﬁ@a@@wimré9§¢cgmtiﬁ&&@@fﬁaﬁ@el}eyz&Flpmeaag, rear

wheel s. The remaining portion of the figure is the control” used’to achi eve

bal ance. The boxe&'eG2eiPapat orihe diffewneti misighheunportehiby fromasfirave dynani c
control to insur euﬁké?"ﬂhh&éfn&ﬂjn%?@rﬁ%){%fﬁ@ﬁ @1;%95 &Qc%&ﬁn%?&%ﬁ% S§HEM N the 15
e shr e wheel

nei ghbor hood of a reference poi on t ace, torque T in
this enbodi ment Palarget Thedoxes 62ahg 63 indichldiffaremiptieny Tatitdeve dfnamié ~(2+2) +

e ) S SRR Sl PR S S SPGB En T
of fsets Z~ #nd X~naghbdrboodX¥ agplenid ihtloy thdwrfagetatvited tolade Toh tHihe system
such as to limt Eeg%ogi%%gg is (s?e]:ct to satisfy the following equation:
R T=K(Z+Z) + K+ K (X+X) + K,
The gains K, K,, X, and K, are dependent upon the physical parameters of
the system and other effects such as gravity, while offsets Z, and X, may be
20 specified by the operating mode of the system, such as to limit the speed of
the vehicle, or, alternatively, may be set by the user by means of a user
input device. The sirhplified contro] algorithm of Fig. 5 maintains balance of
the entire vehicle and also proximity of the vehicle to the reference point on
the surface in the presence of disturbances such as changes to the system's
25 center of mass with respect to the reference point on the surface due to
body motion of the subject or contact with other persons or objects. For
sustained locomotion of the vehicle, for example, K, may be set to zero, or X
{or X,) constantly reset. K, is set to zero to enable lean control of the fore-aft

motion, If an external input device such asa joystick is used, the input

30 device may be used to reset the desired position X,.



the vehicle, or, alternatively, may be set by the user by neans of a user
input device. The sinplified control algorithmof Fig. 5 mainbgigaylajgynce
of the entire vehicle and also proximty of the vehicle to the reyerence
point on t®gesMHace in the presence of disturbances,Shghya@es changes to
the system s 25 center of mass with respect to the reference point on the
surface due to body notion of the subject or contact with other persons or
obj ects. For sust ai Aeerdepiocsernimedats twortbiven whetleinsfead obthanmd-ehesk, may be
set to zero, or . agt Mg ] ro.to enable

| ean control of t Sé&?%lﬁéggﬁa%n%? i ti&%fol%@%%aeﬁuééxffdérﬁ rtlkgtel%";‘ffc }r{%bo? gl&%w&ce such as a
joystick is usedorgerdesinghifron thetight cotarasn brecaleakated separetelytin tiee  desi red

position X~. 8 28 4 1442077 PCT/ US00/. 94, | rder. to
acconmodat e two 6?4\%%5‘% &gge%é\gu%ﬁgéé%‘aub‘fm?ﬁc 1°8Wéé€9§%§f1' Kldsc(})técln@ illustrated
in Fig. 5, sthe t tuackieg kel thedeft iheeimiotien dref the Aphiorh@n@otidieperings que desi red
fromthe right moL.or, ca,g be cal cul ated separ telyaiﬁr} t he ' general manner
UABITHELQ PORAQS TP Rre¥eRt urpnted pRringRt 4he Yehick anddR ki ng bot h

descri bed bel ow i

the left wheel matdomit fangbriohRarict $hriatidNERIw BB thOvd@RVE thétorsad] ust ments to be
made to prevent unwanted turning of the vehicle and to account for

performance vari ati pn“smﬁﬁ‘ﬁf\}\é'éﬁfatcﬁﬁémf‘\%aH’b’ﬁtiﬁléisrﬁﬁ?‘é)tcs%d}'wf??ﬁr‘i@rapesi%t erface
such as a joysti gichirfotthS ehe d’ ?Srﬁi@%%‘*sdt"%éih‘?“&t%&%%cﬂiﬁgfﬁ“’g?ﬁﬁﬁ? gaLRr - The

joystick has axes indicate . n opera s 0 enbodi nent,
forward rmotli ons &mbegBenpipsREskngteng skidie joystekiseefl tr waseforwasdi on of t he

vehicle, and reve{sign Hﬂthhl%}uﬁg aBQ_?eJeﬁXﬁn%%i:&E g@g@;ﬁ%ﬁ:ﬂ%\gb&gkw%pi on of the

vehicle. Aleft turn simlar 'S acco noti on of the
joystick. For a mioghn of the mehitlhe feliygnisikilarly inmuedplished bielefrivgiet . The

Foyst Pok i s moved ro PERERRRAH: EBe i ririeeit bR RBE Sl Tor vara and
reverse notion affhatinfignatibn esetidetetperiinyibe vetkiclt S ainiplpjack adah g forward or
beckeard § 1ce OGS SR LTESUEAR e e ISR B " e
condi ti oned) reverse motion an alternative to the joystick is simply leaning forward or
.backward, since the pitch sensor (measuring 7) identifies a pitch change,
provides an input, as amplified (and, more generally, as signal conditioned)
by amplifier X1 (shown in Fig. 5), to the summer defining torque T to be
20 applied to one or more wheels, thereby leading to forward or reverse
motion, depending on the direction of lean. Alternatively, contro! strategies
based on fuzzy logic can be implemented,
It can be seen that the approach of adjusting motor torques permits
fore-aft stability to be achieved. In other words, stability is achieved
25 dynamically, by motion of the components of the vehicle (in this case
constituting the entire vehicle) relative to the ground.
Fig.7 is a block diagram providing detail of an implementation of a
driver interface assembly designated generally by numeral 273. A
peripheral microcomputer board 291 receives an input from joystick 292 as

30 well as from inclinometer 293. The inclinometer provides information

signals as to pitch and piteh rate. (The term “inclinometer” as used in this



by .anplifier KL (shown in Fig. 5), to the sumer defining torque T to be 20
* applied to one or nore wheels, thereby leading to forward or '29‘1'@?{\992004
notion, depending on the direction of lean. Alternatively, contro
strategies on fuzzy logic can be inplenmented. It _can be seen that

t he appr oacﬁ‘pognﬁﬁzim usting notor torques permts for o PETUSWELRE | ty to be
achieved. In other words, stability is achieved 25 dynam cally, by notion
of the conponent soutxittheugledut elieddsttiptiddiand case accoppehjibdlbihing rhdgs entire
vehicle) relati ve L ﬁet.he. ar gund. ll:i %F‘ 7 is_a block diagram providing detail
of an i npl ement aff BTG B UGB ASTe S P E RIS aRIZOt 28818 SISO S B PI5PRASed general |y

by numeral 273. AroyreirioRbsinabrs/ir ahp EHRRNLIR (ROa bréddinkaeMRs an i nput
fromjoystick 292 cgs 30 well as_frominclinoneter 293. "The i"'ncli nonet er
provi des i nf or matTerRIVE Pipitchor giich gt regandliesnef the arcamgerent usethio t er m

"I ncl | noreter * ascusting Bl ofly 22000, 10,011 42017, RCTY USOD 42698

context throughout this deScripti‘on a e ‘acconpanyil ng cl ai ns neans
any device, incl F#Pidedss@a ostrotmibestber yarivile caniglobtagred dyssitaby r oscopes,

ground force sen . ; i.nat.kon t her eof rovi.di n n, out put

i ndi cative of pi %&%r}tﬁg?zﬁé&%m%gf%?n%tgg?s egg%gﬁ*')?‘ggerﬂtrcgﬁggﬁeéint used to 5
achi eve the out pbanking intntuynsiryethebetitie(tpdrtigito atebap stablitity ak@evari abl es is
provi ded as an oyt put ,.th t her varij.abl e can ke obtained by suitable

di fferentiation g?lpnlijnng‘? 8§t O%S?f‘ﬁi}\? Eoﬁtﬁl%%%%e&?n‘{]lﬁaﬂ"%?ef toRfoi@Emi t control | ed
banki ng i nt®_t ur isfohyatiohes welallahe rdll fAGrRilteirtivele HRATRUBEOH )i Whi | e

turning) it is also feasible tq utilize a second inclinometer to provide 10
i nformation as td'$EIPdFRMtyEal forge Othgr inpyts 294 mawialse by desiablyr esul t ant  of

system weight agigoﬁ@é?iafsiaﬁ!i&%ttcf ﬂﬁﬁéﬁ%k%gﬂiuhg%oﬁegb%%rm. ggo be

desirably provided as an input to"t rp mcro controller board
291. Such ot her SthfpinPutsrady indufesignals gated by syatcha (bybsmid phiess fknobs and

and Tor 15 det or o R e L R Pl Ber ol i cro
controll er 15 determining specialized modes of operation. Peripheral micro controller

board 291 also has inputs for receiving signals from a battery stack 271 as to

battery voltage, battery current, and battery temperature. The peripheral

micro controller board 291 is in communication over bus 279 with the

central micro controller board 272.

20 Fig. 8 shows a control arrangement for the motors of the right and
left drive wheels (corresponding to items 110 of Fig. 3). The arrangement
has inputs of Z,, r,,; {linear velocity of the left wheel relative to the world
coordinate system) and r,,, (linear velocity of the right wheel), in addition to
directional inputs 3300 determined by joystick position along X and Y axes

25 of a reference coordinate system. Inputs Z, , and error signals x and
(described below), subject to gains K1, K2, X3, and K4 respectively, become
inputs to summer 3319, which produces the basic balancing torque
command for the wheels, in the general manner described above in
connection with Fig. 5 above. The output of summer 3319 is combined with

30 the output of yaw PID loop 3316 (described below) in summer 3320, then
divided in divider 3322 and limited in saturation limiter 3324, to produce

10



board 291 al so has inputs for receiving signals froma battery stack 271 as

. to battery voltage, battery current, and battery terrperature.zs'[,ﬂﬁyzzo%‘

peripheral mcro controller board 291 is in comunicati on over

with the ce 0%14 D,p;i cro control l'er board 272. 20 Fig. 8 shows a control
arrangenent for 8% notors of the ri ght and left driv&ClHEEHRAE8
(corresponding to itenms 110 of Fig. 3). The arrangenent has inputs of Z, ,

r,, (linear vel ociteyfefoivhideorh@f domiheal s; i ! [ coordi nate
system) and rw (li gear vel ggi ty of thSelﬁ{rﬁiLa 'tﬂﬁ%&etgﬁlso?wg{iﬁﬁfson to

directional input €% With Bepua obbIDj loyms3316 kn uoeidridert, teadyidedand Y axes

25 of a referenceiffeHE 32 nput s..and or signals x and
(descri bed bel ovv)f subj ectéﬁéﬁ#ﬁ%%ﬁﬁ%ﬁ?lwg %ﬁét?( 4 gtiBYel y, becone

i nputs to summer %bed torghé wimmaraluces t he basi ¢ bal anci ng torque command

for the whegls, in the general nner descri bed above in connection with
Fig. 5 abové. The out &ﬁgfﬁagﬁﬁﬁépgg@ﬁ; 028 snbrne@ovgsthe Bferanse out put  of

yaw PI D | o0p 3316c(odinate stk ohpd X ils RUHTE o #3 30s1a D8 Rina iyl dgd 1 1
divider 3322 -and Lim.ted in saturation limter 3324, to proc? ce 10 28 MAY
2004 WO 01/ 42077 EE‘HWEB@F 8 U Yrded syrfpca)ipse Velpgtyquepa tommhindthe Si i | ar |y,

the output of su lack &kt bfShe- i e G f.PILD logop 3316 in
sumer 3321, them\a}i ded | negﬁﬁﬁg%%&%é&é%@%f%ﬁ’l}‘g@%?aﬁmggﬁaﬁf%ﬁpon
limiter 3325, to J5IORME&oTHBasytitm abdve &b Ziwis quen angoiarnelocity | n pig. 8, a

di recti onaligi nput pRbe@niiRst he refer e _coordj nate system
along its X axis I;r)ek)ati ve t (%t%ia?\%r ggitgé}ogfth%tgwg@%@ﬂm%mtgﬁt represents
the travel ed surf&eg9n ofghe jaystick rethe posptivepoditectioreds her ifagretel Gth@genent  of

the joystick. A dif [ L t @l ong . the Y axis rotates the reference
coordi nate syst emoa‘gﬁrgtn%lﬂ?%’ IEQ%(}} (g%éetp%ﬁmlélﬁ‘dm B8ty )gé’ir??orlﬁ‘eb‘ﬁoporti onal

to the di spl acemetvered mpten. Pyibatly otidniof el jbysBiek iR gsitat diifeR@n motion of
the joystick in tﬁ@ar@?&%iv;air%fﬁué directi qn is here interpreted to nmean
forward notion; nption o EMNgyOPERCIPT YT es Misysd fspm dbows: medicnon neans
-reverse nofion, @it jbpsticlyin thehégaevel dirb@ioh a¥shd GhhrlvRrdithguRosi tive Y

di rection ; ;
clockwise as viewed from above. Hence the directional inputs Y and X are

e - given deadband via deadband blocks 3301 and 3302 respectively, to widen™ -
the neutral position of the joystick, then subject to gains K11 and K10, then
rate-limited by limiters 3303 and 3304 respectively, which limit the angular

20 and linear accelerations respectively of the reference coordinate system. The
sum of these outputs achieved through summer 3305 becomes the reference
velocity | whereas the difference of these outputs achieved through
summer 3306 becomes the reference velocity | . These reference velocities
are subtracted in summers 3308 and 3307 from compensated linear velocity

25 inputsignals r,, and r_ for left and right wheels (see description below in
connection with Fig. 35 for these quantities) to obtain velocity error signals |
and | for left and right wheels within the reference coordinate system. In
turn the average of these signals, determined via summer 3317 and divider

3318, produces a linear velocity error signal . Displacement error signal x is

30 derived by integrating r,, and r_ in integrators 3310 and 3309, limiting the




. means leftward turning, counter-clockw se as viewed from above; notion 15
~ of the joystick in the negative Y direction neans rightward tggrmgg 004
cl ockwi se as viewed from above. Hence the directional inputs Y an >?are

. given deadbapglyyh@, deadband bl ocks 3301 and 3302 respepctivelg\‘f to w den-

- the neutral position of the joystick, then subject to d’warflﬁ%m 8 and K10,
then rate-limted by limters 3303 and 3304 respectively, which limt the
angul'ar 20 and | imedts ixasau&hm:dimim%ﬂeaﬂ@sslhyﬂd}{hé}fav%ﬁh?ir{g%é?f ence

coordi nate system Tlge .sum of these outputs achieved ough sunmer 3305
beconmes the ref erdHRHS Vig&ygees 3313 and diyider 315 Hhe diffarence beiwsenfhesiese out put s

achi eved { hr ough disHeremen AR AREQTRS R S81ich8AGE YS! BEI LY. These
m

reference velocities are subtracted in summef a e

conpensated |ined& velocity 25 input signals r,,, and r,,, for left and

right wheels (see desgyd \ntl 1n onnection wth Fig. 35 for these
~quantities) to obtain ve@ycé}{bf/- i b@\grlérs M ﬁaé‘ﬁada}f PEYPOFARI-BINE 1 i ght

wheel s wi t hin t hdniegfabplusederivatived PTD) kentey $opIB616, fhe dutul of WRicRser age of

t hese signals, dectoe%m ed.vja sumer 317 and divider 3318, produces a
linear velocity erfSregigrine oHpes fbalanging tosqugsammand of 30 deri ved by
integrating rw, anthoier 3319, iobrbdtce SHeah QU RluA3HR 'Sm}fn'g g the >> 28
MAY 2004 WO 01/ 42077 PCT/ US00/ 42698 . regultseﬁép%uggg@gia#%h 1B ters 3312
and 3311, and t héA%5BS Whtelgo meéntain feyerrfistabiliy sndsalsumense3Be@hinitodi vi der
3315. The dj f f er emeg hstWaeHet [ |q$% nts,.determ ned via sumer
3314, produces thegyg_iw errores?aggglan&ig%s gg?%}é\ﬁf’g?er% 8fgnal 2 is run
through a standar@oishimsirotystemriadirpdtedsby direcgabinpupsags- deri vative (PID)
control |oop 3316, t (o) f ich i conbined with the output of the
basi ¢ bal anci ng tor qthec&c#r‘?r%%%913?%?8%&8&%%@?“‘{%%%%%toctﬁ‘e i ndi vi dual
wheel torque comynerdly exenplaty and auserotib earidiiens snd BodiBiawbad wilfwar - af t
stability and al t he vehi.cl.e to,10 align itself with the axes of,
and fol | ow t he o?dﬁg%%ﬂtztg ! hqtsﬁﬁkﬂfegf”éh&r‘?éte‘b*ﬁéti%}‘fﬁ“ﬁﬁ?@ a3 srogificalsonsi r ect ed by
di rect i onalt$ i nputar8Befded toebedeitin ihe eebpe BRd ipfRB S RE:LNS deRN&EN O are

I ntended to _be the appended claims.
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. are intended to be within the scope of the prese

in the appended claims. 12 06/20/02 15:14 FAX | M O

PCT/ USQ0/ 42698 | PEA/ US 20 JUN 2002 What is claimed‘is: 1. A véehicle, for
transporting a hunman subject over a surface that  rregul ar, the
vehi cl e conprising: a. a support platformfor su;]?tfmth @uhﬁbl@ﬂﬂz he
support pl at{zgydp defibiheg iéore-aft and lateral planes; b. a .

ground-contacting nodul e pivotably attached to the support platform for
modal o st abl & (b ERRRt BT F SR o i nah SUREt of e e e gt 10
Cont act i ng. BT BedTFEENE S8 paT O A RBRNAF oy Causing | ocomotion of the
Phe Mot or | zed dr i #e HPWRRGEEIGE 1T EREAUEIE B YRS IT §URBRR o ning
stability of the support platform gélg@perat ion of the notorized drive

~arrangenent in suplatformdedining fore- d datepakplans§: accel eration of the
ground contacting nodule. 2. A vehicle in accordance with claim1, further

~ conprising a pi vob. f@gromhdataitactingirodubs pivetablypisached dethem to t he
ground-contacting nodule. 3. A vehicle in accordance with claim1, further
conprising a | ockigdgport platform for suspending the support platform over the

“nerel yoex | ary and nunerous variations and nodifications wll be
ﬁﬁ%loﬁéﬁlﬂlggpﬁ E_?g_e skill ed in_t he_art. At -such variations andgm' %ﬁ?j ons
il x4 . ti

Aﬁ 698

surface, the ground-contacting module stable to tipping both
- fore and aft while stationary; |
c. a motorized drive arrangement, mounted to at least one of
the ground cohtacting module and the support platform, for
causing locomotion of the ground contacting module over the
surface; and |
~ d. a control loop, in which the motorized drive arfangement is
‘included, for dynamically maintaining stability of the support
platform by opefation of the motarized drive arrangement in
such a ménner as to c.aus.er a specified aﬁceleration of the
| gfound contacting module.

B 2; A vehicle in accordance with claim 1, further comprising a pivot for
pivotal coupling of the support platfdnn to the ground-contacting
‘module. | | |
3. Avehicle in accordance with claim 1, further comprising a locking-
mechanism for restricting motion of the support platform with respect
to the ground-contacﬁng module.

4. Avehicle in accordance with claim 3, wherein the locking
mecharﬁsm for restricting motion of the support platform is activated
upon interruption of power to the controt loop. |

13
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sm.f, stricting notion of the support platformwth respect to
”ﬁ%‘g)r}gun”ﬂ Jg{)rlt“?gctr ng- nodul e. 4.. ‘A-vehi-clve in accordance wt EBCNIEY

s wherein the | ocking nechanismfor restricting m)tron of the supporé 98

platformis activated wupon interruption of power ,to mﬂrﬁf
AMVENDED SHEET 06/ 20/ 02 15: 14 FAX 28 MAY 2004 PCT/'US00/ 42698 us2

JUN 2002 5. A vehicle in accordance with claim1, PE S comf) ikiN Uﬂz
actuator for adjusting a pivot angle of the suppor latformw th respect

to the groung- g %gﬁ Glel fP0a @A dbe ce Sith dlghhd, efurmﬁmnmptdam ainth claim?2,

wherein the ground- contacting nodul e includes at %ﬁ@i?t- one cel aft of a

vertical i rm:tuahmmfugmdjhﬁﬂmg\@ﬂmlel af ihe sypp B of the
vertical '|ine whi icle in accordance with claim
1, wherein tfEP GF#oﬁ:h gg?\:‘g‘égﬁo%agrr%ﬂél e cig%prr ses: a. a first wheel :
rotatabl e at@UEA'ﬁeﬁicléin antordsane withaclabndhdwhhesin thetgrowside about a
second axis, the second axis being non-colinear with the first axis. 8 A

vehi cl e accgg cfﬂh%&ﬂ?% lodiTe faclwldeseitehbonenities] afoopaiverticaliingur ed so
that fore an tion of the vehrcle is controlled by fore and aft

| eani ng of g SupPRd pRlof tAneBhebPIfasd Y ilelverabal Bind, furt her

conprising a unte tot e support platform 10. A vehicle

accordi ng to ar m i urth including at |least two ground reaction force
sensors for o g“é‘ﬂ‘gﬂa associated with- | eaning of the subject

such that thg @M 098 SRS Sk Ml Vit B fodhsnaerert i
contacting module comprises:
a. a first wheel rotatable about a first axis; and
b. a second wheel rotatable about a second axis, the second
. axis being non-colinear with the first axis.
8. Avehicle according to claim 1, wherein the control loop is

o

L

ccnﬁgu:ed Sc that fore and aft motion of the vehicle is controlled by
fore and aft leaning of the support platform.

9 A vehicle according to claim 1, further compnsing a handle
mounted to the support platform.

10. A vehicle according to claim 1, further including at least two
gt'ound reaction force sensors for generating a signal associated with
leaning of the subject such that the control Ibop_ operates the
motorized drive arrangement in response'to the signal.

11. A method for controlling a vehicle having a support platform
ahd a ground—contacting module pivotably coupled to the support
.platform, the ground-contacting module stable to tipping both fore
and aft while stationary, the vehicle further having ‘a motorized drive

" assembly for causing locomotion of the vehicle, the support platform

14



" 20t dzméigqqg liAgr controlling a vehicle having a. support platform

.groun ontactng nodul e pivotably- coupled to the support pl agf éj
Jground contacting nodul e stable to tipping both fore and aftéh nﬁ{xmz &F

Stationary, the vehicle further having a notorized dr :
‘causi‘ng | oconoti on of ﬁhe’ vehi cl e, the support pl gtfo 6%(}(&2216 98
PAX 6008 28 MAY 2004 PCT/ US 00/ 42698 | PEA/US 20 JUN q‘t)dmN
operating position that is unstable with respect to tippi ng I n a aEQDZ
pl-ane, the ergiaﬁoaﬁgﬂa pogitionetimiris nnstaple withanesnecs o HRPISEIBor
platformw th reSpect™ to e ground-contacting nodul e: and b. governing

the notorizg d,igélﬁg m@rm@rﬁ@m@mcbh@ﬁgﬁ at ‘least of the pivot angle

of the support plat orm in such a manner as to cause a specified

accel eration of the V%@hﬂneg aﬁvﬂ%@@ tBefRipport platform with respect
to the ground-contacting module; and
b. .goirernixig the motorized drive arrangement on the basis at
least of the pivot angle of the support platform inisnich a

manner as to cause a specified acceleration of the vehicle.

| 15
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