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- 1 - SPECI FI CATI ON STEERI NG CONTROL METHOD AND DEVI CE
OF VEHI CLE 5 Technical Field The present invention
relates to a nethod of and an apparatus for
controlling steering of a-vehicle which runs on a
predeterm ned track under automatic steering contro
10 by neans of a steering nmechani smincorporating
actuators for steeri | s and rear wheels
in order to prevent the mheé} rom comng off from
the track. That is, the present invention can carry
out fine steering control i n conbi nati on of
f eed- f rd control for 15 steering a vehicle being
based %% CONIRAT METHQDR, AND: DEVIGE Qi EHIGE
vehi cl e shoul d run, and whi ch have been conputed or
stored in nenory, and feed- back contr ol for steering
the vehicle along, for exanple, a guide path, being
bases upon signals fromthe guide path side. 20
Teahpdlgplo Fielakt Conventionally, a new transportation
systemin which a vehicle runs on a predeterm ned
t r acRhBy presgnitnd nvegiieon tmelatgredios ameatjiodg ofth@nd an
vehlcle body, incorporates, in general, a steering

aPRFRA “fsorf%rciﬂ“r‘?grq]ﬂe“}%ﬁ’déﬁ‘eﬂ?% "ot et o ke Whigh geuns
on WIRGRMISS!S P00t Ppde SLL IS, sk, L LIStent
by means of a steering mechanism incorporating actuators
for steering front wheels and rear wheels in order to
prevent the wheels from coming off from the track. That
is, the présent invention can carry out fine steering
control in combination of feed-forward control for
steering a y?hicle being based upon, for example, a course
along which the vehicle should run, and which have been

computed or stored in memory, and feed-back control for

- steering the vehicle along, for example, a guide path,

being bases upon signals from the guide path side.
Background Art

Conventionally, a new transportation system in
which a vehicle runs on a predetermined track by rotating
rubber tire wheels carrying the vehicle body, incorporates,
in general, a steering unit for turning the rubber tire
wheels serving as running wheels along a predetermined
track, different from a rail way vehicle which runs on a

railway.
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Pat ent Docunent 1 (Japanese Utility Mdel Laid-Open

No. 05-8613) discloses a steering unit of the above-
nmenti oned kind in which values of magnetic fields
produced froma guide cable laid along a guide path
are detected by 5 a pair of2left and right magnetic
sensors incorporated in a running vehicle so as to
conmput e a val ue of deviation of the running vehicle
from quipul ¥gbthsnt hfr@je[ﬁﬂe's@ kAR tl@o&éf@faﬂdhépen
vehicle 1n a direction in which the val ue of

NEEVORL $©IB ) Wideabeased, stberaly iy WE the wbbvet e
along 10 the guide path. However, the steering

menhionéd i tilme whdehoVatuesd off ewmpnieddic £dnlds|protiiced
val ue of deviation of a_vehicle wth respect to the

fHende eaife 9adleonphtealoRd A THdn #Ah fRE WRERTSG bY

h, the val f d
<otk ool i o Tl S e o
LAy %1{19;1@ s8 Bk geo @&ﬁﬁhw d Qraqu@azsrnagw&@ﬂl e

Km@as 1 n the new transportati on system and
tR6 COlh Y Wehildher Ervmubditpet oallsrd aheirskromchpaitder
of carrying out such fine steering control that the
tposteennshefvehlicl20ineat @ixeeffiarhdnawhdshothe h‘éalmeb rof
and rear wheels can_ follow one and the sape | ocu

devidatien is deckeagefoctiered th U the Kehigle aldng

redet d range of left and right displacenents.
Bt riRee T
eént Docunent 2 (Japanese Patent Laid- 25

Open Iﬂ%we%ggl £HS @@eﬂxﬁ | 288808 GLERMtHY W IFOlsuch

unit for a Vehl cle carries out steeri ng
fEOM Btk fontaolr thatng vabhie|«ef wieviiamt onsbfiga aveteisilecd

control val ue
with respect to the guide cable is computed so as to steer
the wheels in a direction in which the value of deviation
is decreased, cannot follow up, by itself alone, high
speed running at a high speed up to a maximum speed of 80
Km as in the new transportation system, and accordingly,
there would be caused a risk incapable of carrying out
such fine steering control that the positions of the
centers of the axles of the front and rear wheels can
follow one and the same locus, that is, a running locus
can be set within a predetermined range of left and right
displacements.

Further, Patent Document 2 (Japanese Patent Laid-

Open No. 2001-243033) discloses a steering control unit

for a vehicle, which carries out steering control for a

running vehicle without using a desired control value
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3 based upon a predeterm ned course configuration.
This steering control unit detects magnetic markers
arranged on a course while detecting a running

di stance of the vehicle, and a position of the
vehicle froma GPS or a tragk=and 5 vehicle

I ntercomuni cation or the Iike, so as to estimate a
course along which the vehicle should travel in view

thEedt Hﬁo:ﬁ’oé | 32 trmd nd@l 86hELe MBSAE] g™ 10RON: This

ereb carry out the steering control being based
slﬂﬁéﬁlhﬁecérhuﬁol effilitmadetdcesUnsagne it hgivkerss, arP&nged on
course estimating neans should carry out conplicated
aconpusat viohle\i deterctiogg aconpoingi dbstamee ofhithe yehicle,
curse shoul d be estinmated_at severalé§OS|t|ons t here

aRBURIPRBLIERR &F LhenVaRAFLB| BROR FACES (A% BohSaCk pRRsr

control del ays Furthe ce only the fr nt 15
viheete B SonPuftiael o kne o) ke’ B ebbliade

apeéhﬂ:@ N$10Y wttﬁ%hc %ﬂ&e{réh%lé NéhduaQD ttx%%lr ¢ar vib\Reds

axl es can substanti al y | ow up one and the seam

thecpsstaivintoha deaetted ﬁ&li‘keJFLﬁdshﬁ:l’Lori henekebyi t@
control is based upon an equation of vehicle notion
canryi eut dfthea sfegrangl eonkoo¥hpssinabdsmdghipphethe thus
stability can be enhanced, no fine control for
eﬁF%%ﬁW?E)?Qﬂ?ﬁ@OSltlons of the centers of the front

and r eaepge! X! Songde SH Q:t%'%ﬁ g' L&égng' LQXYJPA“G a%?:?;

t he sarme | ocls mou € even
o&@sébmﬁiléa¥éh.WBﬁ?htétfsﬁ'&E&ﬁ'duﬁ%ﬂgﬁé&mQQ@EEQBnfé!me

the front 25 wheels and control for the rear wheels
whifé ueras-sepehoadd@hbeokéftimated at several positions,
there would be caused such a problem that a response speed
under control delays. Further, since only the front
wheels are steered, such fine control that the positions
of the centers of the front and rear wheel axles can
substantially follow up one and the seam locus cannot be
carried out. Further, the steering control is based upon
an equation of vehicle motion in view of a yaw angle.
Thus, although the stability can be enhanced, no fine
control for allowing the positions of the centers of the
front and rear wheel axles to substantially follow one and
the same locus would be able to be made even in the case
of four wheel steering since both control for the front
wheels and control for the rear wheels influence upon each
other.

Further, since the discrete detection of track-
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Further, since the discrete detection of track 4

w dt hwi se positions fromthe magnetic markers causes
acqui renent of terns for updating a contro

instruction value to be discrete, there would be
caused such a risk incapable_of carrying out fine
control for allowing the 5 positions of the front and
rear wheel axles to substantially foll ow up one and

R RERGRlE docton Aol chEond il 0N RlerkOkalbbe O

ons O e centers ront and rear

abhfehefdh €S8 GeritiRStrant Lahhyih®!d W¥ntR100AsRRdcENon
same | ocus be inpossible, the drive 10 confortability

valuedtbebel atiardretet, ettheaadwasld beidused tsuchsa risk
required to increase the width of the track. Thus,
infiapabipdfl RrTyilgequs Fin| @nigiol foreadilaying the

PEPOBbORT of (PERTORS Ffc bR AR EPstem or
sgsgkigll@fau&ﬁ LGl dp ¥RDI SLE LADS AR go%gqetﬁ{amraed
rack, 1|1 nc rporatlng a steerlng uni t or

tAdt BIRE | Sl dpbisteRer kl@oWheg f fiRdtpaid i cn@abrWRRE! Sewfers
the vehicle by neans of actuators, and a fail-safe

offethanisontf Gmdreaenwhaglt il eehic|sabistamtdeli pgt @Dlow
off fromthe track even though the automatic steering

upyenrenbddite Safgl LoAEEI bai Hipqsside .t $hpadEhye

Docunent,. . Japanese. P t Laid- . 2006-306334)..
CBREP B Y ORI A B AP B RES e @B o R, RooPPaLE. 1t
. ot . . i
L EEqb LB R WRELBReTHIL S GUF HRREE Wiable THLRR
there would be caused a problem of increasing construction

costs.

The applicant has been previously proposed a track
type transportation system for vehicles, in which a
vehicle runs on a predetermined track, incorporating a
steering unit for automatically steering the front and
rear wheels of the vehicle by means of actuators, and a
fail-safe mechanism for preventing the wvehicle from coming
off from the track even though the automatic steering
system becomes malfunctioning (refer to Patent Document,
Japanese Patent Laid-Open No. 2006-306334). Explanation
will be hereinbelow made of the track type transportation
system disclosed in the Patent Document 3 with reference
to Figs. 7, 8a and 8b.

As shown in Figs. 7, 8a and 8b, the vehicle 012

incorporating the track type transportation system 010
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As shown in Figs. 7, 8a and 8b, the vehicle 012

i ncorporating the track type transportati on system 010
5 runs along a track 01 which includes a U-Iike
sectional shape protecting track 014 laid at a
substantially center of the track 01 and having a
channel -1i ke shape with respect to a road surface
015. The U--like sectional shape 5 protecting track

LEohQT Ik 103y iRGch MhbilifelBnnalikes bt
r?%%n? 3£§e 58%5031 aﬁg gh%earemhegﬁ'gb& e%%%ﬁﬁﬁ%%
sh8pBOohr&feytlind AraChkl bYingat Acat edisipstdhdianey center
provi ded underneath the vehicle, respectively in the
offr the tfacid T eand pavtisgoé thenwehiXike GhapeTHéthr ont

wheel bogies 016 is nmounted thereto wth an_ axle 044
rpgpeftob® Ak sugfgcenfieh iThe Merldk6r eeprionab hare

left apd right. e. front eel 18 are unt ed

PE ﬂg?‘égﬁn% E‘%“’é‘o ro-leiqt )J/Bef?ﬂnsghbﬁ Z%fylﬂ’?e % G[:)langrEl l\%ﬁ egpannel

SQ gie is also nounted thereto with an 15 axle for rear
eels 022 which is not shown and which is pivotable,

| eft andronghivhedbensgis odeelma G2ZeatewhAbsD bomist ed
thereon with core type rubber tires 020, simlar to
(whichr bstnathaedblosn)18orNearryeng| Hreatvediodel O1Beanade
of the steering unit, 20 focusing on the front wheels
rpegidedainderneatiothg veABicienfFeRReftisieidn ipnthe ebront

ot G2l U8, her b o' Gun e RbRE A0 el
opgg%{é Sﬁ(glerrﬁé (RretbeRi tRYaR! S 028 £ 2 ¢dohe Anbépat
018, which is therefore pivotable left and right. The
front wheels 18 are mounted thereon with core type tires
020. The rear wheel bogie is also mounted thereto with an
axle for rear wheels 022 which is not shown and which is
pivotable, left and right. The rear wheels 022 are also
mounted thereon with core type rubber tires 020, similar
to the front wheels 018.

Next, explanation will be made of the steering unit,
focusing on the front wheels 018 side. It is noted the
configuration on the rear wheels 022 side is similar to
that on the front wheel 018 side.

As shown in Figs. 7, 8a and 8b, there are provided
a front steering arm 028a coupled to a front left wheel
018b and extending forward, and a rear steering arm 030a
extending rearward. Further, there is provided a rear

steering 030b extending rearward and connected to a front
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25 018b and extending forward, and a rear steering arm
030a extending rearward. Further, there is provided a
rear steering 030b extending rearward and connected
to afront - 6 right wheel 018a. Atie rod 032 is

| ai d between the rear end parts of the steering arns
030a, 030b for the rear wheels, that is, the steering
arms 030a, 030b and the tie rod 032 are rotatably

I ot h b .S j 110l N
GGHE! e SR TR0ELe Nod WS A% 1RPHELLES) UM ke
ehd phPtstebl the UHARdnat akhs 05¢a eNuBdiAifort @nkhgeds ont

end part of the front steering arm 028a by neans of a
whpbesi cthat aint {hvl stékeinhozemsrediidaan @B 0kc hudt bhe 0BGe
is 10 nmounted to the front wheel bogie 016. The
radt 032 ofre e takmpliye cOuRped ctio ofack itherahyl Beans nef or
and a ball screw_ nechanismas a specific structure.
SPHGEVERT 19 (% 'be used any neans for carrying out

translaLlenal EDIg'??IleéL&FJh A %rBﬁeHliI’é‘éi:Eué’Eor 036 is

hydr aul I'c sérvo nder or I near notor as the

r8€hHaboy - cdipied 3t edst Bad &M@ pdr 1@ tB32rabHtt &ka
rear steering arns 030a, 030b constitute the

paptcaf| etk Acdodr rweerisgnamndo28dyt melanseofiaai sm f or
appropriately controlling a turn angle of the |eft

slah?rﬁz@htal‘q/mws?‘lzo The iahpHarmentdongfdas iRy 03hds
t 018 t ljigh I 8 | i

mpEkeleS i R, Whgr phdile A BAELEI SR |
méff{)%gé@naﬁ;c}% otheghs. (Nextse eXPlaiall aRavh! babe SRS,

-safe
mechanism as a specific structure. However, there may be

used any means for carrying out translational motion, such
as a pneumatic or hydraulic servo cylinder or a linear
motor as the actuator.

It is noted that the tie rod 032 and the rear
steering arms 030a, 030b constitute the so-called
Ackermann-Jeantaud type link mechanism for appropriately
controlling a turn angle of the left and right wheels
during turning, and further, the left wheel 018 and the
light wheel 018a are linked together by the tie rod 032 so
as to surely steer the left and right wheels.

Next, explanation will be made of the fail-safe
mechanism. The fail safe mechanism 011 is composed of a
protection arm 042 mounted thereto with protection wheels
040, and a protection track 014. The protection wheels

042 are cylindrical and are rotatably supported to the
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mechani sm The fail safe nechanismd|l is conposed of
a 25 protection arm 042 nounted thereto with
protecti on wheels 040, and a protection track 014. The
protection wheels 042 are cylindrical and are
rotatably supported to the % -l ower surface side of
the protection armO042 in the front and rear end
parts thereof. Further, the protection wheels 040 are

1S edehBe! %f?é} <# k!fﬁeo %%E'tgﬁnt dAkkol4n +ARA£BbRL

arran ed sot eir i pheral surfaces are 5 faced

drfa txlé%zl eht '’ I&mréeﬁﬂ | sr@d#eeof tHee pRoeteeionn
track 014. e protection wheels 040 are desirably

whadds Okouaethanseridgbeim Whiec W-ildkhi ghbyection track 014,

vi bration-resi stant and wear-resistant, a materi al
ansl egeaasrapgedete ‘Wfﬁfcﬁhﬁér B§§th?¥ﬁ1 SUREACES AP a

fafpdhtor ShE BRI Ot ARA EARhER ok o PRo TR ES
AP ro‘itr%es\;q'hﬂf ﬂfo%‘é%t% 54 Jvﬁ%efémdi(ﬁrarteh %@s%?’aﬁﬂrod(m e

range the vehicle shoul d not be turned

dfefdre&ﬁ_dnél gibbdH HiRh TR Bighly vISEHEibmPeasisthat and
protecti on wheels 040 do not nake contact 15 with the

wWeght-resdstaght simketerdldls uding assteel delthethishedsi ng
mechani smis normal. The % bet ween t he protectlng
ustede| foroeuamPle %-’rrotae bert EAER- 97 the

arm oazrthes Hcgepnbrhes *?*%’ngﬂotf&?r’%%%%%' il
aQIfdt %'%%BVS%E' wal td}‘ztah &:£C %Bbebr%ééti&xh iRl Paings
rotatably supported to the |ower part of the axle 044
stfaitike thentamheEldwdbl® range in which the vehicle 012
should not be turned left and right further more, and
accordingly, the protection wheels 040 do not make contact
with the left and right side walls 0l4a as far as the
steering mechanism is normal. The gap between the
protecting wheel 040 and the protection track 014 is set
in general in a range from 80 to 100 mm.

The protection arm 042 is extended in the
longitudinal direction of the vehicle with the center parf
thereof being rotatably supported to the lower part of the
axle 044 of the front wheels 018.

It is noted that the protection wheels has such a
height that it may be located above the road surface 015
as shown in Fig. 8a but it may be located below the road

surface 015 as shown in Fig. 8b. Thus, there can be

selected a structure which can be adapted for the existing
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It is noted that the protection wheels has such a

hei ght that it nay be | ocated above the road surface
015 25 as shown in Fig. 8a but it may be | ocated
bel ow t he road surface 015 as shown in Fig. 8b. Thus,
there can be selected a stgucture which can be
adapted for the existing - 8 running track in view of
a replacenment specification, that is, nore flexible

rgoﬁ%+€téfghgxya R RHe: 2 S IU ARG QPe8i OIS, that

dinthe vicinity of one end part thereof to

ikhenbrOnt1 8nb1RAREaptat ién fdiNtbe magkeeri ng arm 028a
through the internediary of a link rod 046. The |ink

rod O4heapdotbetpomtant g dsmcoupledeln ddwf VdGiedtyo
as to direct the protecting wheels 040 in the sane
ofli pret¢sh Rartt kBexeesr k@ ER9 SHAndn egf PREL 19hnhe front

wheel s 018. Th t ' hani '

stREFLRY Lﬁa%rolz%as SRrohaE I AR BT o f A PR %
eer, '

oy ML TRCEDR, O i thesth g e

cBhPl 6+ PEAD @42aapEct hend iprotieat iG46wheel s BtQ ihe
front steering arm028a is provided in 15 its front

tRadsane tdinddtiandesbtbe sptesiash|dinsichions5of wie £XgRitch
one end part of the novable rod 038 of the actuator
wheel$ s0kbupl ed to the front end part of the front

st eeri 028a i h Lt
cver| dobeatEREC RO datc bt d o 2PbbLER o4 ¥nd MREaREEE

0§ Oho tftfaH1eY £0a008BN! LOD Okl Nre e BAGT i 20260 idHa
0, 1T s possible to effectively use a space.

the rear steering arms 030a, 030b, and the link mechanism
is composed of the protection arm 042 and the link rod 046.

Further, the front steering arm 028a is provided in
its front end part with a double spherical joint 050 with
which one end part of the movable rod 038 of the actuator
036 is coupled to the front end part of the front steering
arm 028a in such a condition that they are overlapped one
upon another with each other. With the use of the above-
mentioned double spherical joint 050, it is possible to
effectively use a space.

In the steering mechanism having the above-
mentioned configuration, on the basis of a ground position
signal (ground position data) and vehicle position data,
which are inputted to a control means 082 shown in Fig. 7,

the control means 082 delivers a steering instruction

signal. Thus, the actuator 036 is operated in response to
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I'n the steering mechani smhaving the above- nentioned
configuration, on the basis of a ground position
signal (ground position data) and vehicle position
data, 25 which are inputted to a control neans 082
shown in Fig. 7, the contrgl.means 082 delivers a
steering instruction signal. Thus, the actuator 036
is operated in response to - 9 the steering

tggesltsﬁ;%%hg Shanalet %ﬂds§ £91 dlg}garyacao%ma@yu 036

teerln orce o th ont left  wheel 018b

adtudtor0086 :Ltest he stbeeih§orédc acd b Ekont f 1afit
steering arm028a to the rear steering arm 030a, and 5

vHel Dasbheo faotio rirgihsmivhethe (48 dyyingaforftet fivom | the
rod 032. Further, the steering force fromthe
fromFaStee0BEd 4N D286 LPahBei FEMH FHesFinNeagB PP, and

h | 050
Gon e EPRLEFORE cagneanhet BLECTGR 5t The ci8/=df

@gotectlon wheel s 040 are al so noved |n associ ati on
%r1the nmoti on of the actuator 036 so as to be

di r ect pgriter N@nsaBRe 8186 LMt Frohathef atbeatfom 36
wheel s 018. Thus, the protection wheels 040 are noved

Jkogﬂkbetrahﬁmuﬂﬁuﬁ.Eummlmgevéhubl@ sphdrigalmiring 050 to
contact 15 with the side walls 014a of the %rotecténg
mmo@munw t°r4é2 We@ﬁl’n@f e ok idm 46

R e g ST o
adsBehalidn JIE %Iet flot 1bHCoE SLRE ddbor 086285 Uk Ofo
Isre eased so as to make the 20 automatic
b%t 8 eBHe HELH Al eS Baec @irafdias Cas ditetl Yf tthe front
wheels 018. Thus, the protection wheels 040 are moved
together with the running vehicle without making contact
with the side walls 0l4a of the protecting track 014.

When the steering mechanism is malfunctioning, the
protecting wheels 040 make contact with the side walls
0l4a of the protecting track 014. Thereafter, the
steering by the actuator 036 is released so as to make the
automatic steering mechanism free, and accordingly, the
front wheels 018 can be turned in response to the motion
of the protection arm 042 along the side walls of the
protecting track 014 in order to steer the vehicle 012.

With the configuration of the above-mentioned fail-
safe mechanism 011, the vehicle can be safely protected so

as to surely transport the passengers even though the

automatic steering mechanism fails and so forth, thereby
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front wheels 018 can be turned in response to the
nmotion of the protection arm042 along the side walls
of the protecting track 014 in order to steer the
vehicle 012. Wth the configuration of the
above-nentioned fail- 25 safge -nechani sm 011, the
vehicle can be safely protected so as to surely
transport the passengers even though the automatic
steerin hani sm_f ai.l t ; 0 it
iitg 1§o§8gﬁ$§f gtoer?sfllfru geaﬁsggg?‘?a%gi é“Jn e gﬁ??&??ﬁ% I'n
the stgerifg speekenydipstasaddoloska Patené pddemtment
3, the front and rear wheels of the vehicle are
pRdupeati 8al the stmertedny raeanshedls e dbeudebicle mre
order 5 to guide the vehicle so that the vehic¢cle can
autlomenioplly skesinedd byumapng PHche aghparFers %ﬁe?%ﬁgr

woul d be possi bl caused,  such a .prabl emt

tpegrdfe HRY| ‘é%*é’é’ylfer S &Pag e}é’? e%eﬂ‘ fels 8 pgg?%{)‘g g‘f‘f Y,
t he_li.ne_connect i b t n t S
asFiFRS FRLNE ;:l\/oe ron %%ﬁ'eg:ﬁ e%% ggg?‘égﬁ %fﬂ%r%)gw

SLEREE! Shen PE f¥bidS @RakY tHE SN AN Qievdatesi fitdm ad

posi tional deviation, an inferior running track
aeshiragelous hidgeiffiichd 1gr, avhe atimmaionnestdpgopetyren
vehicle, vibration during running, a crossw nd, tire
thet eenterpred sthe axdeso 8% the f sRePIrine iFEANE aﬁ%‘g B

15 rain_fall). Thus,, i rder to pr.ecisel ]
oRRAERCPEL The SRl -t Beibicbaltal US RErbrashEL T
Jocus.or _no ity i N LI egn t On :8%dS $unniRaStF&cid
1&&333%e8°€%.%&§%% vﬁﬁgguhéfg?hgntrack. niRg
surface, a shift of the gravitational center of the

vehicle, vibration during running, a crosswind, a tire
internal pressure, a road surface condition cause by a
rain fall).

Thus, in order to precisely determine whether the
vehicle follows up a desired running locus or not, it is

required to precisely measure a deviated value widthwise

of the track.

Disclosure of the Invention

The present invention has been devised in view of
the above-mentioned problems inherent to the conventional
technology, and accordingly, one object of the present
invention is to provide an automatic steering mechanism
for a track type transportation system as stated above, in

combination of the above-mentioned feed-back control and



10

15

20

25

- 20 Disclosure of the Invention The present invention

has been devised in view of the above-nentioned

probl ens i nherent to the conventional technology, and
accordingly, one object of the present 25 invention is
to provide an automatic stegring nechanism for a
track type transportati on system as stated above, in
conbi nati on of the above-nentioned feed-back contro

A fo%arfiesgﬁ{zpéfvarvﬁtgp Wa'iCh aWbRi ¥ Cblar A@Nii6! Both

can run i n bot orward and rearward novenents, and

£ € ARACBEAYWAEY mEHStents6 e ahA0wR 6k I @dn tdeatryt bat
positions of the centers of the axles of the running

fuaints taetingacomhesl sthedn thes pbsibhonsl ¢F fhe lcgptgps of
one and the same |ocus during forward or backward
ﬁhﬁv%@ﬁ ef the Tamine fnoRtopRdr redr HFele At

&HE.EL g?lef?vk elfﬁt, (‘Rﬂeg%% r%hggsgxgetfoc@g ed?ﬁ‘qtng

Steéerrng contro

‘ﬁé’é% 08" pACKFILE fovdilenthloeh thieyinodle 10 and rear

a ve e are autonmatically steered by

nmeans oA @r&éleefd REhAIRTBaBhe NabaeompEaTtdloned abtiaat prs
so as to allow the vehicle to run on a predeterni ned

daordingc bopthsi preddnd sinyestabnpr tpere nts Pyeidedna
steering angle table on which 15 pattern angles f or

stre@mlnsnﬁorl BPL Riad dioF 1B ¥eBdcle. RSP b ﬁﬁﬂﬁ&
B gl ! 8 Vb3, BT abEBRK 16O e vy

SR L § BPe8tidg r@e&fﬁiﬂsﬂ@&h@ﬂrﬁ@f@ﬁiné%ﬁ:é&rs so
as to allow the vehicle to run on a predetermined locus,
comprising the steps of

preparing a pattern steering angle table on which
pattern angles for front and rear wheels are listed at
respective change point on the track in view of a track
condition, a running condition and a vehicle condition,
from a departure point to a destination point, so as to
steer the vehicle, being based upon a pattern steering
angle which is read from the table, at every change point
while a running distance frbm the departure point is
detected, and

detecting a position of the vehicle, widthwise of
the track, and calculating a correcting steering angle by
which the position of the vehicle widthwise of the track
coincides with a desired position,

adding the correcting steering angle to the above-
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steer the vehicle, being based upon a pattern steering
20 angle which is read fromthe table, at every change
point while a running distance fromthe departure
point is detected, and detecting a position of the
vehicle, wdthw se of theityack, and calculating a
correcting steering angle by 25 which the position of
the vehicle widthwi se of the track coincides with a

mFB I regdpoa‘%g r%”gt%@?&ﬂg M?%l&oécg efd iddd cahealibeg angl e

foned pattern steering angle so

d@éﬂcgd Cét&é&l«ﬁ{ge ahgldegoiedtséLhid Nthaamyontf andsteari ng
the front and rear wheels in response to the desired

whbeRsi Iy vexpanseaned thecdbaired stremiag @nglst edpdng

angle, the 5 correcting steering angle and the desired
steer|QQ}Qﬂ%$téngf§heeB%Fﬁ%#nt%ﬁ?qﬁ%ﬁﬁta&ﬁaerég? wheel s,

d dent 1t bet
CBFESERL rEARTIaN, “THLPe o0t O o S SEtPHg o
eG2nbath SPPREILIAI A Obnd LERE hfectl 1eRraEns

Irclre runs a“predeterm ned track, and which
thBeehREN&d . 2 steerlng mechani sm f or autonatlcally
steering front and rear wheels of the vehicle by nmeans
of agtumhers, acoopdisgnge thetpueasepteparantben nedifre
conmposed of: a storage neans for storing ther

1§|Qraﬁ€@6¢r%nﬁ??@ﬂ}n@eSQPFEPé peparatys £ e?tVﬁEfF%ﬁ by
BechcTebia FORE Aland cBreiE e dreepy 8Ae °
W%QQBUEhQQrﬁﬁﬁééﬂ“é $ieehing ﬁggﬁgﬁiém for automatically
steering front and rear wheels of the vehicle by means of
actuators, comprising: a start preparation means composed
of: a storage means for storing therein a distance from a
departure point to a destination point, a track condition,
a running condition and a vehicle condition, and a
computation means for computing pattern steering angles of
front and rear wheels at respective change points on the
track, from data stored in the storing means, so as to
create a pattern steering angle table and a on-running
steering control means including: a means for detecting a
track widthwise position of the vehicle, a distance
detecting means for detecting a distance from the
departure point, a computating means receiving steering
angle data from the pattern steering angle table, distant

data from the distance detecting means, for calculating a

pattern steering angle at an arbitrary running ground
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front and rear wheels at respective change points on
the track, fromdata stored in the storing neans, so
as to 20 create a pattern steering angle table and a
on-running steering control neans including; a neans
for detecting a track wdtjawi_se position of the
vehicle, a distance detecting neans for detecting a
di st ance fron1the departure point, a conputating

r I
R BRECRHO SRR B0 il 08 B, e

v@h&tcaacsogﬁef&ﬁ |t dR3AS, né&hs Catdllcaticidagingakt ern
steering angle at an arbitrary running ground - 13

dodirelct iAgds Bdani e Grigliengi Ve hiltich poel ttireckdwidtivise
the wvehicle position detecting neans, for calculating
r@sitdpneef | the sqeémlng cahg%dw Wi hd @h’-Stlﬁédt Pagktion:
wi dt hwi se osi tion of jcle 00|n 8? with a

a@ds Ar Ean BBt theARs §°§n8°ﬁtﬁ% I RS ors in
a%on” LLL %M%&Cﬁ%&g&ﬁ g epﬁfgorafi@i%e aWiat nihe

gtOtrern steerin correcting steering

&%E@tiﬁbcﬂééﬁ%%bhnbhé @an@aaam viEahe, colpatingt he
on-runni ng contr means is provided to each of the

niea@Bt, aheréparthsheal-spnhinepesniardl @ anseiesbprowided to
According to the present invention, before starting,
eﬁﬁé Fﬁttb#rﬁ@ﬂaﬁﬂﬂnﬂgraﬁﬁl@%e?%ﬁ tidemendeningd rear

eels are calculated at respective change points (a
thrTRBEtES? ™Mt froma straight line to a transition

or vitssdfcia B, Sl RIRGERE AT (AR ddlidhel stiirting.
thBChHEt&8h B idcltihgCandiés Ofof tile front and rear wheels
are calculated at respective change points (a change point
from a straight line to a transition curve, further a
change point turned into a curve, or vice versa) from the
previous known conditions including a track condition (the
presence of straight lines and curves, the presence of
cants or slopes and the like) from a departure point (for
example, each stop station on each track) to a destination
point (for example, a nextvstop station) and a vehicle
condition (a wheel base (a distance between center axes of
the front and rear wheels), a vehicle weight, vehicle
dimensions, tire characteristics and the like), and the
pattern steering angle table which exhibits thereon the
pattern steering angles at the respective change points is

prepared. Further, the vehicle is steered at each change

point in accordance with the pattern steering angle at
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presence of straight |ines and curves, the presence of
cants or slopes and the like) froma departure point
(for exanple, each stop station on each track) to a
destination 20 point (for exanple, a next stop
station) and a vehicle conRdition (a wheel base (a
di stance between center axes of the front and rear
wheel s), a vehicle weight, vehicle dinmensions, tire
haracteristics and the like), and the pattern
tg%ge??%% angl e table which exhibits thereon the 25
pat t engax$t e@hbNEradN | wia@wildee posspeehi ¥ aanNghicle
points is prepared. Further, the vehicle is steered
ofit rémging Hian@e teptied!, thedcx craarecd inigt Bteheipatangle
steering angle at 14 - this point. Next, the track
wiklt Winicle thesitmiask widthelseRegitiogn ofyfhengehicle
detected, then a correcting steering.angl wi t h.whi ch
oPRBCIGeR (ki Ph ARSERBSPRT DAaR thaVeRTereds and 18
ol nci de | a Lred L4 IS eCahcyla a0d,
cfigh "R el BT REER e PSS Bula BT UE TS on i
aebiAéd Fredlatiyg @dgIbeerbnls Bt ing fthle veARELAYIH he
vehicle in accordance with the desired steering
adsgt@anddarighy the desipedssidering pmgdieselkhereby tife is
vehicle on a desired running 10 |ocus. Accgrdiqg to
poasiblestntpdesissilvorunt Hee ofrlifhf 0F asflegirpg running
control neans are independently provided for the Ileft
19fBSrear wheels, respectively, and accordingly, the

pat t i 3t 8Fhk 0o AL HrddUntC AnlRRLLA, SEREI I\ Hilhg

and 1 i red ering angle are cal cul ated for
s886Pi 4 dditrol means are independently provided for the
left and rear wheels, respectively, and accordingly, the
pattern steering angle, the correcting steering angle and
the desired steering angle are calculated for each of the
front and rear wheels, independent from each other. Thus,
the vehicle can run in both forward and rearward
directions, and fine steering control can be made so that
the positions of the centers of the front and rear wheel
axles can substantially follow up one and the same locus
during forward or rearward movement.

The pattern steering angle on a curved track can be
computed from a sum of or a difference between a geometric
steering angle obtained from a radius of curvature of a
curved track and the wheel base of the vehicle, and a slip

angle caused by tires affected by a curve passing speed of

the vehicle and a cant.
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front and rear wheels, independent from each other.
Thus, the vehicle can run in both forward and
rearward directions, and fine steering control can be
made so that the positions of the centers of the
front and rear wheel 20 axhgs-can substantially follow
up one and the sanme | ocus during forward or rearward
novenent. The pattern steering angle on a curved track

can bgé} %%@p%g%ﬁo&r%o}n%@ of PhepAlddiir qmnb_%n@fn

a geo ric stéering obtained froma radius o

tﬁﬁf YL HL S Oferdml BneUANSart i hand theenbieedt base of
the vehicle, and a slip angle caused by tires

rakpest £k yhamgelpoenpasen nches perdkofis ohbavedd dve and
a cant. - 15 In the nethod according to the present
detieehin@rm -nuntherdioft HaERlYFiART 19 eewafe%r%rw&me to

each of the respective change Rointsg on.t ck is
aBERFRER RN tIGe0Ehenoas Hit Tt 2P, 81 GLF e

wheel f h i Nt h int
cgﬁgag.:éc:ld%rgiimv}hl%hS e@ﬁ??i&yrﬁx@%ﬁzﬁ Betie N@ MW Nt

ance  coefTi cl ent exhibits the ratio

dgswﬁsa £rdid WM epdire 128 CHo IR 10 M ad@patina tieoi phidto im
estination point in the |last running block, and a

tHbS1ast eruhiiaigh®@dobkomand auhidrance pbtained ofcomia g
wheel , detected in this running 10 block, is derived
nimber def revadmticns afdestherle GECtP8ninebhtft

oEbehoLf 40 n U R 6 iR B0 8k gl it
eﬁgéﬁg?gg%%iJ§$S§5P;@ngy§ly stored in the storage

The known conditions can be classified between
fixed conditions including a track condition which have
been previously stored in the storage means, and variable
conditions including a vehicle weight and a distance
coefficient detected a last running block and calculated
and confirmed by the computing means. The vehicle weight
is the sum of a dry weight of a vehicle and the total
weight of the passengers, and is confirmed before the
starting at the departure point, and is thereafter (for
example, after doors of the vehicle are closed) detected
from an air suspension (AS) pressure value which is
monitored for notch control or the like.

The distance coefficient is the one with which
detected pulses from a distance pulse sensor is converted
into an actual distance. That is, it exhibit a ratio

between a known distance between a departure point to a
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15 conditions including a vehicle weight and a

di stance coefficient detected a | ast ‘runni ng bl ock
and cal cul ated and confirmed by the conputing neans.
The vehicle weight is the sumof a dry weight of a
vehicle and the total weight -of the passengers, and
is confirmed before the 20 starting at the departure
point, and is thereafter (for exanple, after doors of

aeBEall G SOt ShOREE) 198E ELhthnd WABRNAAN! tne

ssure val ue ch1s nonitored for

d?.%rt GHcE O rtﬁii@ rubR8nk! KeocH NewKlic arcebeaghédachbent is
e one wth which 25 detected pul ses froma distance

cRUk et 8LHSOpUlSseC pNNBEredelivécedrEmet khle distamee.
That is, it exhibit a ratio between a _known distance
podtwesensorepat taouated hn thia runpping®derkat i TiSyo PRt

in the last running block and the dist ' '
el APRY 8 RS ST OFEPRERE (RY (HongerETAgE L Tiee
pul se nunber. delivered.f I St i
o8 R SRREGr bR b end Bl Bubee:snaser
aTMbbBE YL G £ R oRuiBbel s ABbepd by thiseetysiante
pul'se sensor in each running block by the distance
poeelibilei entpredisialyecbinpntdi st anceaal rddis thgceopf eet e,

thereby it is possible to precisely conpute an actua
mdingtiagcele¢k each running bl ock. 10 According to the

present invention, a pattern steeri.n I
transiQQQQ¥qé@ﬂv§°bEF%E%EG%FQEH%RﬁfntFPgCEgg%%tgégpg :

e Al oA B L A e
track and a straight track may be calculated by linearly
interpolating the angle of the curved track. Thus, the
track widthwise position of the vehicle can be controlled
not discretely but continuously. Thereby it is possible
to carry out continuous fine control so as to allow the
positions of the centers of the front and rear wheel axels
to substantially follow up one and the same locus.

The correcting steering angle is obtained in such a
way that the product of a deviation between a track
widthwise position of the vehicle and a desired position
and a proportional gain is added to the product of a
derivative gain and a time differential of the deviation,
and in addition to the above-mentioned configuration, the
proportional gain is preferably set so as to be changed

depending upon a vehicle speed, the higher the wvehicle

speed, the smaller the proportional gain. Thus, it is
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track wi dthw se position of the vehicle can be
controlled 15 not discretely but continuously. Thereby
it is possible to carry out continuous fine contro

so as to allow the positions of the centers of the
front and rear wheel axelsqista substantially follow up
one and the sane |ocus. The correcting steering angle
is obtained in such a 20 way that the product of a

devi.ati on between.a track ' ' Lti
oA B A B ok S e P onl seontlng e

a%%'tlﬁ Lf?:*aﬁ fihd R&cBEQIVE twitdn ahel@khyalévepged nisand
afime differenti;al of the deviation, and in addition
Hi@nt.he above-nentioned configuration, the 25
proportional gain is preferably set so as to be
changethe depeeditiggupbeening@n@le seblic ¥9rF NhsRds 1S

t he vehi cl d, th [ ] ' '
oMgdnef o St e FRPeoP R HNY BrReRihb AR I
val ue of the steerin | i '
haotSoRt ReEH B sl dq=RRH1E, SOHRRACAT ATuRXERSRAY De

Siheepl RO ANl PftHd ehedlie WSS S i highekt gharda by
mul t1 plying the correcting steering angle of the

deffaRbnsbespsedy tutvdsi abketeorfs i kiviren ghehvehieds be
set to a < 1 when the vehicle speed is higher than a
spefkdr éaciowgectharh thej seferepee Speed \ﬂ?eﬂ’%{eﬁetl\'}%hi cle

speed is lower than th f
IR e s e SRR

R R R S
JAhcheesheed ARSI Srack as the vehicle speed becomes
farther away from the reference speed). Thus, the
correcting steering angle is set to be small when the
vehicle speed is higher, so that the running stability can
be ensured while o = 1 is set when the vehicle speed is
low or the vehicle runs on the curved track, so that the
steering responsiveness can be increased.

In the present invention, there may be preferably
provided a vehicle weight detecting means from which
detected data is delivered to the computing means in the
start preparation means.

Further, in the present iﬁvention, the track
widthwise position detecting means for the vehicle is
mounted on the vehicle, and detects a relative track

widthwise position with respect to a ground structure

which is arranged along the track in a positional
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farther away fromthe reference speed). Thus, the
correcting steering angle is set to be snall when the
15 vehicle speed is higher, so that the running
stability can be ensured while a a 1 is set when the
vehicle speed is |ow or 1hg vehicle runs on the
curved track, so that the steering responsiveness can
be increased. In the present invention, there nay be
ravi.ded 1.cl I;Qht rdetpet i

G L R e R i e P
n6@MBHbh§gaeans in the start preparation neans.
Further, in the present invention, the track

wi dt hviicee egasipl eonided entacky typensranspehbatidn @vsten
25 nmounted on the vehicle, and detects a relative
ineqEROVR NS £aidsisaf e nneFrkap Iy RamPos§93°8r Bund
structure . which i.s arr ed al on he tr.acgk
PEOEPC LRl ERReg aidh by RS R QR At OF BotrFrSn o
pEBLBLLYS, hddiS rRGlabs uldrflAiOe vehab18X35Phe td N

type transportati on system incorporating a

tiaib1sai sngaahaprorecenpasesaci, ate prackeiviathwsek
laid on the road surface of a track, and protection

pokteien pletdaitichgumgensefivh the creluiad es maysbeomogptgd|in
along the protection track, the track w dthw se,
thesleven RRstte@f fhen¥ghicierat b RAKITECE HEyChels

mount ed j .t& | owner rtcﬁtﬁgveid
1883?? o‘ﬁl%ﬁ% ?ﬂes pfﬁtfeggé?lédtﬁ\ﬁ iT the t_%r %%g‘%‘?*f R ack
wibiRfili S &f&ﬂﬁ%d@%t?%ﬁa&i@&ktovﬁﬂg'ﬂﬂf%eaﬂhskiﬂﬁﬁswalls
relative to the left and right walls
of the protection track in order to detect a track
widthwise position of the vehicle.

Thus, with the use of the side walls of the
protection track constituting the fail-safe mechanism, as
reference positions, by detecting distances from the side
walls, the detection of the track widthwise position of

the vehicle can be facilitated. For example, by using a

noncontact type displacement meter as the detecting means,

‘the accuracy of the detection can be enhanced, and the

problem of abrésion can be eliminated.

According to the present invention, since a pattern
steering angle table for respective change points of the
track, from known conditions before starting of the
vehicle has been prepared, the control of the vehicle as
to a pattern steering angle on running can be readily made

in such a simple way that linear interpolation is carried
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of the protection track in order to detect a track

w dt hwi se position of the vehicle. Thus, with the use
of the side walls of the 15 protection track
constituting the fail-safe nechanism as reference
positions, by detecting di steances fromthe side

wal ls, the detection of the track w dthw se position
of the vehicle can be facilitated. For exanple, by

gﬁ' A9:R rJONGHUAG, taéee pAL 8OLACAERN ndPLAG18StihEe in

etectlng nmeans, 20 the accuracy of the detection can

abBofahReE &ﬂmtlﬁr&ﬂl ti@utpPbebh ede Béc Al Slignat akh beh
elimnated. According to the present invention, since

eghphtitera disttesdenframghedepdtvurfepoiadpeciunihezhafye
points of the track, from known conditions before
cgraet:rhrgg osfteteﬁrem% aPGARCRE AaROHHPT CaPaPEITERELY

t |
oSHASh, B 148 e L SR B g
ahB3tal | e Ao tHoANRA 2bi0fnb Sr&HSddtade £18ntOHhaW-ddy

reference to the pattern steering angle table in

wAEED! garee, WirdepandeARUEroh @adietaaticran Acgmalingliychit
exhibits a distance froma departure point. Further,

isheot coeceptanyy tot eonshgennyl eckiicle podiichopuedmHe
readily 5 obtained in view of_ a deviation_at the

Yawsangle pcnid ithws. 1RhE CQRTERL AR NS SIBPLG, t%é‘s' the

[ f t d I
SPRoh Ehch P AL g P RgTS LY 1ot Bl poREEREIET!

t{iﬁﬁé’bg e%t % g/ %s‘éll%l@mi:boeaﬁﬁf hodts cﬁmt\{ﬁ\i‘!oﬁﬂgl E:Lné‘rkd'xd

, e control can be sinple. Thus, the 10 speed of
hi Bl ¢ oRgLialie0 B tieRriffy cbhEhoBnd conti nuous,

Thus, with the fine control as stated above, the
positions of centers of the front and rear wheel axles can
follow up one and the same locus (it is settled in a
constant displacement range of about x50 mm), and
accordingly, it is not required to increase the width of
the track, resulting in enhancement of the drive
comfortability.

Further, since the distance coefficient is obtained
at any time before starting, it is possible to eliminate a
distant detection error caused by a variation in the
dynamic load diameter due to worn tires. On the other
hand, the degree of wearing of the tire can be measured,
and accordingly, a cornering power depending upon the
wearing degree can be appropriately set, thereby it is

possible to calculate a pattern steering angle with a high



10

15

20

25

thereby it is possible to carry out continuous, fine
and highly reliable steering control. Thus, with the
fine control as stated above, the positions of
centers of the front and rear wheel axles can 15
foll ow up one and the sane dpcus (it is settled in a
constant di spl acenent range of about 50 nm), and
accordingly, it is not required to increase the width

t h £t K '
Ny L S

ﬁq:%fsf Gl ﬁBElfﬁe@birﬁ|Mrd€.hcénwlﬁh nendefiytanskar t i ng,
I's possible to elimnate a distant detection error

dﬁﬁﬂﬁmélbm;alﬂamr&dn(nm|anhaheedyhan¢ffiqmﬁnQM afethe due
to worn tires. On the other hand, the degree of
medantiengnoe theredfe can be neasured, 25 and

accor di ng| din
wear i nﬁuﬁ%‘é‘?rea S%ggghgngggg‘{%te 51 é’lggaf'ﬁere Vit is
‘% Sshi §8t oﬁ‘gg:r%%&rgff%xa c%ﬁkhi%&ﬁ& e d r&bﬁ'&!t&n\é" th a

accurac Further, a tine

é'tee%lﬂ?xﬁnﬁﬂélé’fcaﬂ IBeL BeltS tﬁob.l Em&ﬂllﬁhlﬂ‘é) (irrd&rm@:h ‘all rhange
the di Stance coefficient in order to enhance the

tafafti @nebogrsifiodthecausednibyt €hencentihel elffes Rhotyafifect
since the pattern steerin cal cul at ed

%g::nggs;:fa¥%Lifﬁf9ﬁ}QH%§ Urrg%%qﬁﬂ?r'sﬁéQFPnﬁ 3nﬁ$%3r°l
i3 AnSREBACRELE PP (595 (DRt FAPPHREL oL AT oot “RAOR®
te%%iq.gri XSpffgé L APiddd & vEHLERE rco&ﬂ)i@@ £d&ne0Rhsehnt
vehicle.

In addition, in the case of applying the present
invention in a transportation system incorporating a fail-

safe mechanism composed of a protection track and

protection wheels, only by detecting a deviation of the

track widthwise position of a vehicle body at two

positions of the centers of the front and rear wheel axles,
the control is made so that the four protection wheels
mounted to opposite ends of protection arms attached to

the front and rear wheel sides can be eventually prevented
from making contact with the protection track. Thus, the

control can be readily and smoothly carried out.

Brief Description of the Drawings

Fig. 1 is a plan view for explaining an embodiment

of the present invention;
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10 i s independently nmade for the respective axles, it
can be readily applied also for a vehicle coupled to
the instant vehicle. In addition, in the case of
applying the present invention in a transportation
systemincorporating a failzi1 15 safe nechani sm
conposed of a protection track and protection wheels,
only by detecting a deviation of the track w dthw se

posntlp_p of, & g %h'b&L)@:kbggé(gP&ntMMatﬂlﬁﬁsaOEoﬁf'fol

centers T the ront and rear wheel axles t he

dppalraehs! $nEKle Swbddiadentthe four protection wheels 20
nounted to opposite ends of protection arns attached

to theidr ohtisamd viear foheekpbatuing an deometshcadl | y
prevented from making contact with the protection
steggingTARgle the thighiooddmAnbé readily and snoothly

. t 25 Bri. ef f ot Fi
TS i art ol POEveET PR fhononeRy 087 [
c%ﬁ%ﬁggklhgvﬁ%'}%]hterrﬁjste'ébgng ahélé‘ P oals diegoaiment ;

ustrating a contr apparatus i n the enbodi nent;

Fig. 3Fic§. 23] \/."Lse}d fv@.b_weiﬁkakmm@ &) paittietrnC 8keering
steering angle in this enbodinent; 5 Fig. 4 is a view

dngleexpbaenimgtize mmixsEnentt ; calculatlng the pattern
steering aggle in this enmbodi nent,

5
for sHolnd dspat €PN~ etleet.ﬁ@ra:rfgqngat BOLDFRCERS Steps
e FEILE E o) AT Y SHBEhukgie] N cating

Fig. 7 is a plan view for explaining an automatic
steering control mechanism in a conventional track type
transportation system;

Fig. 8a is a sectional view along line C-C in Fig.
7; and

Fig. 8b is a view for explaining a variant form of

the example shown in Fig. 8a.

Best Mode for Carrying out the Invention

Explanation will be hereinbelow made of an
embodiment shown in the figures. It is noted that
components explained in this embodiment should not be
intended to limit the present invention thereto, in view
of their dimensions, materials, shapes and relative
positions unless otherwise specified.

An embodiment of the present invention will be

hereinbelow made with reference to Figs. 1 to 6. In this
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10 of the steering control in the enbodinment; Fig. 7
is a plan view for explaining an automatic steering
control mechanismin a conventional track type
transportation system Fig. 8a is a sectional view
along line CGCin Fig. 1534 -and Fig. 8b is a view
for explaining a variant formof the exanple shown in
Fig. 8a. Best Mdde for Carrying out the Invention 20

egE‘lﬁgl(li\%plg}l{: 0 ntﬁ'% !ﬂre@%ntﬂe Hﬁb@k@i@ﬂv fEde, A «an toegbedhsent

r-the gur es. I'sS noted that conponents

tt%@ 2EagshéPrdtich eFhedhTeAtospRtdtinyta Faill-steaded
o limt the present invention thereto, in view of
mebRbh i s ARSI M corpoeatab sa mivlrest iand trelclt Lgéd 2en
positions unless otherw se specified. An enbodi nent of
theerpaésewrfags ot Bokrark) #ed PRAGFTHOTOWPRELE with

refe to Figs. 1 to.6, | his - '
e oA ot RS ol e g, BUACHERG

the gﬁ%QE’éé@%é” ! fﬂa)e%é.emg?q P & ifAgnaviail r6af e

anrsm I ncorporates a protection track laid

e3P 1ahbeisRadsE a9Rwal aavéhacke Birublpaat edkived wheel s
5 provi ded underneath a vehicle and adapted to nove

thk@agbotde mdtwicidhoorraskonds gto Figs & FldnsErabingr
expl anation, which shows a vehicle track as viewed .
thieecenvenbionall WAk tyger £5pRAACTIRL iGN System, and Fig.

2t biosebTe R S doant S GBI Rg 1d ASk o systen.

Referring to Fig. 1, like reference numerals are
used to denote components'like to those shown in Fig. 7
without zero (0) attached to the heads of reference
numerals used in Fig. 7, and accordingly. explanation to
those components identical to those shown in Fig. 7 will
be basically omitted. Referring to Fig. 1, the steering
mechanism of the vehicle will be explained as to the front
wheel side as an example. A motion of a movable rod 38a
of an actuator 36a is transmitted to a front left tire
wheel 18b through the intermediary of a spherical joint 34
and a steering arm 39 in order to steer the front left
wheel 18Db.

The motion of the front left wheel 18b is
transmitted to a front right tire wheel 18a which is
therefore steered, through the intermediary of a tie rod
32. It is noted that the tie rod 32 and rear steering

arms 30a, 30b constitute the so-called Ackermann-Jeantaud
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10 2 is a block diagramillustrating a control system
Referring to Fig. 1, like reference nunerals are used
to denote conponents like to those shown in Fig. 7

wi thout zero (0) attached to the heads of reference
nunmeral s used in Fig. 7, -apd accordi ngly, explanation
to 15 those conponents identical to those shown in

Fi g. Ié;\M|l be basically omtted. Referring to Fig.
LS LR ' 9yveBheks1MAd B
té&%lalnegﬁﬁéltgsgﬂgg on égﬁifé glde as an éianple A

sEBLi My MinA dTRakhe nedt388a Ligh wirielat durlfg twrning.
transmtted to a front left tire 20 wheel 18b through
t he i atethedsamy time dyheemotabn| of nt:h@4frq;ﬂ:d lgft tire

steering arm39 in order to steer the front ft
whpek| 181814.s tlarénﬁmit*éﬁd ofo t# @mﬁ?&tl%f pritngel t e’%’d’%

t tt f
che [REbmegard, 8, palivh Shde 2 YIRS, A8 ibtetach
ah%tezif o fecthql inngﬁgdsésﬁ@tstté&lh'gedﬁfgcggo@% @k

steering arns Oa constitute the so-cal

ofCKes Nryirt) qdkkardis. 23 type |ink mechani smfor
appropriately controlling the steering angle of the

| ef t @odrr pgbteotize sihelisng Ot arai pgunted thdhegne

time, the notion of the front left t wh
Proteshian aFmso 43 EPOP%E¥|%FP%5|%%§2rﬁh%gﬁﬁﬁgf53*%%§ at

t di k d [
oppories andy, BerBats n mhe EhaseCriaf|widd Ll BEL! O
1 gﬂed Hord B E}Eﬂﬁt wibREh Stli!e<3 pr':di:lérctﬁbﬁt esheRrNM Mheals

are nounted toO the

are not made into contact with the left and right side
walls l4a of the protection track 14 whenever the
automatic steering mechanisms is normally operated; but
the protection wheels 40 are made into contact with the
left and right side walls 1l4a of the protection track 14,
that is, the protection wheels 40 are engaged with the
protection track 14 if the automatic steering mechanism is
malfunctioning. Thus, it is possible to prevent the
vehicle from coming off from the track. As stated above,
the protection track 14 and the protection arms 42 each of
which is mounted at the opposite ends thereof with two of
the protection wheels 40, constitute the fail-safe
mechanism 11.

A controller 70 receives a track condition, a
running condition, a vehicle condition, an instant vehicle

position computed from a number or revolutions which are
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protection arns 42 on both front and rear wheel sides
at 10 opposite ends thereof. The protection wheels 40
are located for running within the protection track
14, and are not nmade into contact with the left and
right side walls 14a of thq protection track 14
whenever the automatic steering nechanisns is
normal |y operated, but 15 the protection wheels 40 are

de | ) : . .
d%%g%g%ﬁiﬁ%ggﬁggg%PﬂétBuigg sé&gdi'%%gé%hg@ﬁtﬁgﬁflﬁgl|S

ctiontrack 14, t IS,

ARt eehi DAL Erond@har BepagngRs poithit,t ARd PHOtEid 0N
track 14 if the automatic steering nechanismis

afdl Bencversi ngtebring instsugogsi bagetouperveine atimye0
vehicle fromcomng off fromthe track. As stated
mebtienedt gatar droe dbeoActuakRr 136 -afd PPRECPEBEECITRM

) 42 h of ich i d [
R RBTactIGRt et JP P netpRaieh PgR RRaEP o aD.
Cg@é&wﬁ i Al 1Raf S MBS WY $Helhx1851 &0 O rRE
97 recerves a track condition, a running condition, a

n%aBbatEcEORHid iARp1aBehast andtaeltioclie cpmpbiédof, for
conmputed from a nunber or revolutions which are - 24

estaimplé e da hyaserditypandisplacenaan swted2 ofwan cirl tragorje
detailed later) fromthe departure point, and the

tybredisplREeRant Ge3sar st SBTIRG FHERIRG o deliahen
oo T P A i Hle LAl 2 & spe
e R G e
sBfsbg e@MPoacdepiatddvalue of the vehicle 12 widthwise
of the track can be calculated from these detected values.

Next, explanation will be made of the configuration
of the steering control mechanism in this embodiment with
reference to Fig. 2. In Fig. 2, a storage means 81 which
constitutes a start preparing means 80 is stored therein
with known conditions including a track condition (the
presence of straight lines and curves, and the presence of
cants and slopes or the like) from a departure point (stop
station) to a destination point (a next stop station), a
running condition (a speed pattern and the like), and a
vehicle condition (wheel base (a distance between the
centers of the front and rear wheel axles), a vehicle
weight, dimensions of the vehicle, tire characteristics
and the like).

The known conditions are classified into the fixed
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exanple, a |aser type displacement neter or an
ultrasonic type displacenent sensor. During running
of the vehicle 10 12, distances to the left and right
side walls 14 of the track 14 are neasured by the
noncont act type displacenents -sensor 60. A devi ated
val ue of the vehicle 12 widthw se of the track can be
calcul ated fromthese detected val ues. Next,

CPHHL@ nat L on, W s %Fnﬁgg RF &8 G | Qﬁﬁéh'ﬁas Béedf

eerlng cShtro anlsn1|n this embodi nent with

beehELERSE 1A in2 thkNsEbBage menrfd,0laage theanarBible
which constitutes a start preparing means 80 is

cohai etflotidenei aswithle kebiwleoneidlitorand achidtapce

track condition (the gresence of straight lines and
cogEfdgienid wWishyhavenbeenf doteelad sinaﬁdléﬁsp’égmb’rn?c he

oS A ST BOLTL (1 A oy e
c%%ﬁﬁlc]ﬁ_ﬁé’ r}néaj\ss pe@ﬂ? aﬁ%%ﬁ%agjeéq he ki kg, sﬁﬁ‘ Q)ia the dry

cle“condition a di stance between the

veRILEE SydigHthauld ehk pALsERgér WierihiaX whiph Asvedtedted
25 wei ght, di nensions of the vehicle, tire

febmracpfessnnaxyaLandofhenlake)suémﬁaSmm@wwA§®n@?¥1%ﬁﬁ9d
are classified into the fixed - condi_tions_ such

folenetal keutindlt iadd t%ﬁl%hkﬁa§fTﬁﬁﬂ+t B JPLRERERS ored

inth
oot HA R R S B4
th8EhbLEL 28 il E&geabseaw&;@pt ed in a last

runnrng fore the departure and have been
det er nmae@lbxahba c6efPLEidiE NMEandapibe fehi cdreverdiigigt

is the sumof the dry
detection pulses from the distance pulse sensor into an
actual distance, that is, it is indicated by a ratio
between a known distance from the departure point to the
destination point in the last running block, and the
distance of this running block into which a number of
pulses counted by the distance pulse sensor during the
last running is converted. Thus, the actual distance from
the departure point can be precisely obtained by
multiplying the number of pulses detected from the
departure point by the distance coefficient.

Referring to Fig. 2, the pressure value of the air
suspension (AS) is measured by an AS pressure sensor 61 at
a stop station, and a signal therefrom is transmitted to

the computing means 82 which therefore computes pattern

steering angles for the front and rear wheels at every a
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vehi cl e wei ght and the passenger weight, which is
detected froma pressure value of an air suspension
(AS) nonitored for notch control and the |ike after
it is determined 10 before a start at the departure
point (for exanple, after- 2ghe doors of the vehicle
are closed). The distance coefficient is adapted for
converting detection pulses fromthe distance pul se

Mo C di C t la3ghkct 1ife into a
clfi%g?ga?ggﬁgy@a trh}t ftg% I:‘L:]S{ bg{iﬁgeﬁs a {%f;:\fnaigl stance from
cufeedepas t &SP Gintlo GO sthaighlesiimat ioan apoemeéry nchdrege
| ast running bl ock, and the distance of this running
pblint krevé ose\Hiterenfnufber positinn ufs theushangpyPeint is
di stance pul se sensor during the |ast runnin gge

h

obsaiaed ctrom i distagcecfHaP Hre (SR StaddB0L

t . poi nt b i_sel t ai .
haberprof i ediiser Bt Saees 33 Bof cfrtiening, ane
sgggiﬁguégpégﬁéyh Ryt eRengi Sh41NE e 961 f i€ parteriReé esdt ity

e pressure value of the air suspension
anhD: tabIBasnnatidly paittABnpEessring samples GreaflisBdaup,
stop station, and a signal therefromis transmtted to

ishprepaped i argl redaredg2 Tthiish natedettbpt thapeatdern
pattern steering angles for the front and(;ear whee
shpeEiRg yangled Are PLsHETRLi APT ofe NEF M ARY FREE P’g?egs'
.Sstraight Jine into,a [ve or a curve into a straight
lPhﬁg?gg?nétP%%"érefcghgﬁéér'poi nt reverse thereof, The

posi tipn Qi ethe seBapgfg Piidile ich aOkLavB&dtfacHN B
di stance fromthe stop station in the 5

colipu CeOEHY | altFithg RN gebme tnicalresinseiSihd angpeephbtaimed
figg the radius of curvature of the track and the wheel
base of the vehicle, to slip angles due to affections of a
speed of the vehicle passing through the curved track and
a cant. Referring to Fig. 3, as to the vehicle 12 running
on the track 1 in the direction of the arrow a, steering
angles fa, fb of the front left and right wheels 18a, 18b
and steering angles ra, rb of the rear left and right
wheels 22a, 22b are computed in consideration with the
radius R of curvature, the wheel base (the distance
between the centers of the front and rear wheel axles) Lt
and slip angles caused at the tires by affections of the
speed of the vehicle passing through the curved track and
the cant. Thus, the steering angles S of the protection
arms 42 are also determined.

Referring to Fig. 4 which shows a process of
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storing a pattern steering angle table, a pattern
steering angle table on which pattern steering angles
are listed up, is prepared and stored. It is noted
that the pattern steering angles are prepared for the
front and rear wheels, 10 idmdependent from each
other. A pattern steering angle on a curved track is
conmput ed by adding a geonetrical steering angle

' f di u e gelEA&K
%%#?agﬁggﬁﬂeg§gnéégifﬁgfE?%ggégﬁi%%égé%?n%ﬂan%haﬁgles due
ru@ndhbesioons Ofta 105 repped otop herarsiuncire tpaashexgt
through the curved track and a cant. Referring to
sftiop. sBataent®, theleneltes| @ $Praignt gpnrgma bdockaghite ¥

in the direction of the arrow a, steerin angl es fa,
depodpst AcTERBIRT (BIckaRE R FRENSHERTY ffé’ﬁ‘, alggra%\%t
steering angles ra, rb. of the rear_|I [ 0
Gk thsact oy SedputRati K conchtatish SV  ne
AAdiHS Frofk GHMY Whe chbeatBes! i dagkaddna ydichbagse,
begMEgn tﬁg ceﬁ%ers ofctheafrontland rear aﬁeelﬁgxles)
arld zaBdnstéd angireedc auatidngt blbek thawindy abhetanvns
of the speed of the vehicle passing through the
cuwatdrer aedr and 2 entthzechhock This, thigecasecesf riginning
angles S of the protection arnms 42 are al so

°€$€BP2V9%H?T?&ﬁQﬂﬁqiﬁgtFSCFPg?hﬁ BT RaT S IRRRSTAREr BRELR
of - 27 cal culati.ng.the ' .
“EnBfgesther & s%ﬁ%ﬁg r.&ngééeﬁf?%ﬁ ok P%Sma(g%sﬁ‘p .
thebhPPed Foh@id Hiockt P station B, x denotes a

straight running block while y denotes a running
bl ock mig.a o lshBSt tRE- hdbitern Hitekimghig angle table on

which pattern steering angles in the running blocks 1 to
19 between the stop station A and the next stop station B
shown in Fig. 4 are listed up. It is noted that different
steering angles as indicated by al to o5 or Bl to B5 are
obtained by linear interpolation (proportional
interpolation) between zero and aor f.

Thus, the pattern steering angle tables
independently prepared respectively for the front and rear
wheels, are transmitted respectively to a front wheel
computing means 9la and a rear wheel computing means 91b
in an on-running steering control means 90. Further, the
front wheel computing means 9la receives a deviated
position which is a track widthwise position of the
vehicle 12 detected by a noncontact type displacement

meter 60a provided on the front wheel side, and the rear
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5 track into a curved track, that is, a transition
curve running block where the curvature is gradually
changed, and z denotes a curved runni ng bl ock having
a constant curvature over this entire block. In the
case of running of the vehgcl-e on this track, the
pattern steering angle 10 is zero in the straight
runni ng block but is a or f3 in the curved running

WB. 8% V\ﬁém%\ﬁzﬂl% %e%tﬁ%"\@ﬂ)hﬁeeéﬂé‘sr N HeRBhitBE oS €idmbl e

pattern steering angles in the running

whheﬁkﬁs la toradid vasitneeBet pos 5t iyn siftthenvAhaate t te
next stop station B 15 shown in Fig. 4 are listed up.

dbtetteadteda txtcatcoahitraber type &ismhdaepeatgmesers60b
i ndi cat ed §¥ to as or 13| to 135 are obtained by
prpHéaed; or eI RaaToeBlopbiti onal i nterpol ati on)

bet ' Th
aﬁgl“‘é%”aé‘?r@%r%% Robhef AsiiEred 8,085 SLeralar e
s]:aﬁ :[0&& B o st%f&ll Sa & &He pReBbht eﬂunnlng

espectlv front wheel conputing neans 91a and

pési@ﬂan\i@QielC‘W&iI itg BBENSE Gt wheedn computiimg mueans
steering control neans 90. Further, the front whee

9¢anpnd|r@msﬂr®19mmpec@ngelse@$jeﬂﬂﬂat ed 25 position
which is a track wi dthwi se position of the. vehicle 12

det ect®he HFortnwhesht SRUPYEING Jeaffadtae®®d e &°%0a
whRSb COBREU S qeneang BT RomRlte i p BbEge enaf, |
ﬁghegedsv idaC gl hvhs8i §9Sid | AhPlaeiioeyethé! tnds?

tected a noncontact type dlsplacenent net er 60b

computed steerlng angles to a front wheel control means
92a and a rear wheel control means 92b, respectively. The
front wheel control means 92a and the rear wheel control
means 92b deliver steering instructions Xa, Xb computed
from the computed steering angles, to the front wheel
actuator 36a and the rear wheel actuator 36b, respectively
so as to operate these actuators.

The motions of movable rods 36a, 36b of the front
wheel actuator 36a and the rear wheel actuator 36b are
detected by position sensors 63a, 63b provided to these
actuators so as to carry out feed-back control.

Next, explanation will be made of process steps of
the steering control in this embodiment with reference to
Fig. 6. In this case, the vehicle 12 runs in the direction

of the arrow a, as an example. Referring to Fig. 6, at

first, the present running distance from the departure
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provided on the rear wheel side. 5 A nunber of pul ses
detected by the distance pul se sensor 62 fromthe
stop station Ato the present running positionis
delivered to both front wheel conputing neans 9l1la and
rear wheel conputing neans Blh. The front whee
conputing neans 91a and the rear 10 wheel conputing
means 91b conpute steering angles from inputted

varlo e I . ~a t
e R L SE

pﬁl&%@s se&é’@r Y @tRAn )V.\h afex€ONHehefe@he Ddbning
respectively. The front wheel control neans 92a and

dikectean obhecele omititcdle 15 appnepBldtala wart dseeri ng
instructions Xa, Xb conputed fromthe conputed
detesmingd afgftans 2)-0 NEBLf (iR GARMtingcPgaRsr836a and

COREAR LR 1ot (G s 5L R PREE Tah e e ieh ra e oo
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Fear eel uat or are detected by position

changer fofse, i Indpbvdetieh®ibhed tme titddIlsep SP.as to
carry out feed-back control. Next, explanation wll be

made ofhegrabdsdesiiepssofteetmd Stedang hgsednupen ke this
enbodi ment with reference to 25 Fig . In this case
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n exanpl.e. Referri.n
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sensor tep 1). Next, whether the running
so as to calculate pattern steering angles. Thus, the

wheels are steered with the thus calculated values.

Next, deviated values Ya, Yb of track widthwise
positions of the vehicle 12 are detected on the front
wheel axle sides and the rear wheel side by the noncontact
type displacement sensors 60a, 60b, respectively (step 4).

Next, whether the vehicle 12 runs in the direction
a or in the direction b is determined (step 5).

Next, a front wheel side correcting steering value
AXa and the rear wheel side correcting steering value AXb
are calculated with the use of a formula which depends
upon the advancing direction (direction a or b) of the
vehicle 12. The deviated values correspond to the
relative widthwise differences between the positions of
the centers of the axles of the vehicle 12 and desired

positions on the track side (the side walls l4a of the
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direction of the vehicle is appropriate or not is
determ ned (step 2). Next, the conputing neans 82 5
cal cul ates a front wheel side pattern steering angles
Xao and a rear wheel side pattern steering angle Xbo
at every change point in Bpe-above-nentioned net hod
(step 3). The vehicle 12 is steered bei ng based upon
the pattern steering angles calculated at every

p§§g§g€l§}ggﬁg‘ack 1Q)FurhfetccPuddiayt M 3RS bEOBUSH O a

Inear “interpolations carried out in the

pPBPOLEiSIVYain KpJand t56 @sviaredalanhaseypatlteris
steering angles. Thus, the wheels are steered with

atiied t bwistiealprokdaceédoyad udsrinetdve devhaKédand| thes tige
Yb of track widthwise 15 positions of the vehicle 1%
dafEerenickale YaA Athed¥PORE ORwHdE SGYABTERGERLURR] Yove ¥
rear wheel side by the noncontact . ty Lspla nt
seens oS rainospe pREfelfite Y Atray TikEs: SHHE her
vehl & a3 | Ny IO a Qhal tnd &
f%l?%écﬁ%ecnl %oﬁeggtg g?mgir:]ée%fl('g% eég{gtSl)e. B}Z(S Nex(ti, a froarft

whbEt! coirdia1aolr eebbingt &0Fla\Xtalane cAXauhatied he rear
wheel side correcting steering value AXb are
ina¢penddrsd fiomheabk otkenf a formul a which depends

upon t he advancing direction (direction a_or b) of the
vehi clié& is. nqhed d%?ﬁ"at’é’d the Fermubae k¥onde d:c{rﬁgc§%ng

| at i 1.dt hwi I ff t 4 d
skt flad Sniien s o5 PRI ol Ay S neRGoR LA oh 2 hd

d%?fﬁ{%fi vaq%%i §k0B8¢ OE‘o_trl?fnﬁsf 3(CJ() Shdg Gibeceise ﬂ_iﬁ'vhﬁ.eh
d4a of the 30 protection track 14), and accordingly,
théepRstxbiGlonohrm 42 approaches the side wall l4a of the
protection track but is set to plus (+) in the direction
in which it goes away from the side wall 14a. Plus (+) is
set in the direction in which the movable arms 38a, 38b of
the actuator 36a, 36b are extended but minus (-) is set in
the direction in which the movable arms 38a, 38b are
retracted.

In order to enhance the running stability, the
proportional gain Kp is set to be variable, the higher the
running speed, the smaller the proportional gain Kp.
Further, in order to enhance the running safety, the
correcting steering angle for the rear wheels is obtained
by multiplying the correcting steering angle for the front
wheels by a coefficient a. When the running speed is

higher, o < 1 is set, but when the funning speed is low

or when the vehicle runs on a curved track, o = 1 is set.
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proportional gain Kp and the deviated values Ya, Yb is
added to the product of a derivative gain Kd and the
time differential dva/dt, dYb/dt of the deviated
values Ya, Yb 5 so as to obtain the correcting
steering values. The front3iwheel correcting steering
angle AXa, and the rear wheel correcting steering
angle MXb are cal cul ated, independent from each

other.THdé iifnehgdc$$5ﬁtiﬂb1&3%ﬁ%°©ﬁﬁ|aﬁlépftﬁéﬁbattern

correcting 10 steering angles, as shown in Fig. 6,

stbBershgnamfidaredauia echypdtie Wikt ahet eorraositg) in
a direction in which the protection arm 42 approaches

sthersngleangilds k4a asf tbhealpnbatet desinedhagnings aggles,
to plus (+) in the direction in which it goeg away

1zr gapeniende ainRl Whigh the gontnol mepnssdd; 3¢he

lrection in which the novable 3 .Lhe
ABLETER of PR n S AR C AT A ke B 9 ade pospBEtidd®,
aEQSagbaF&giéaf,” F6b PB-CEnL Ner sy alile 7S wBBR1s38b are

retracte n order to enhance the running stability,
ihBSﬁgﬁhéﬁﬁH¥¥aﬂ @agh g8her Kpinh Soisidr ti lsteear thbl eehidie
hi gher the running speed, the smaller the

1Pt ofithie ideisdiredashe¢iping Rnaliesy arien copverted Htance

the running safety, the correcting steerin ngle Ifr
depire@ aposidons rE Ehe Ak RS H ;?Fﬁg“‘gﬁga teally
cofreciing steeri.n le for Qb ., 2

R T R S

sfedris .Sﬁfgle@“ina%S@ 1861 L6081 P0c1S RRAA tidnkIWcoe tb@m
tﬁe vehicl®e runs on a curved track, a a 1 is set. 31
values). Thus, the movable rods 38a, 38b of the
actuators are positionally controlled in response to
desired position instructions delivered from the
controller 70 and feed-back signals from the'position
sensors 63a, 63b for the actuators. This steering control
is continued until the running of the vehicle 12 is
completed (step 6).

According to this embodiment, since the pattern
steering angle table from the known conditions has been
prepared before the start of the vehicle 12, the pattern
steering angle can be obtained through the linear
interpolation in accordance with a distance detection
signal exhibiting a distance from the departure point with
reference to the pattern steering angle taﬁle, and

accordingly, the control can be simplified. Further, the

correcting steering angle can be obtained simply by
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Thus, in the conputing neans 91a, 91b, the pattern
steering angles are added thereto with the correcting
steering angles so as to cal cul ate desired steering
angl es, in dependence upon which the control neans
92a, 9-2b 5 deliver steerd g i-nstructions Xa, Xb to
the respective actuators 36a, 36b for the front and
rear wheels, independent fromeach other, in order to

d%&?i@.rtn{; hg é/oq}ie%ltg.élglgtengng esldRd it eaki NgbANGloas £26f

converted 1nto ired positions of the actuators
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(alternatively, the desired steering angles may be
whepllagelesidrte positrodhed . condepandenty firg@s pachRigher.he
novabl e rods 38a, 38b of the actuators_ ar
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continued until e running of the vehicle 12 is
aOEPhesk efedEP thlerebgCot diHpddsitilies tenbotaneatthe
since the pattern 20 steering angle table fromthe
skeewhng orwh tricdnsrifthsabbigh ¢eayse af FelldpbilhkYstart
of the vehicle 12, the pattern_ steering_angle can be
obt ai T@WsthwatghtheefingAntLok é‘FpsFﬁﬁg%ng‘?%"e' e

SRS LA S i cBufeRh PRE O GE O e LOBE! mect qrae
chfif SﬁﬁE’E&TE:&f Re #3aLbe" fp SERE AR 0 semeabbeus a(the
accordingly, the control can be sinplified. Further,
w%ﬁ@hwﬂ@é [ @0dp I efieR® ragganys eseairldic tobabpned=50 mplly.
Thireby it is possible to eliminate the necessity of
increasing the track width, and as well to enhance the
drive comfortability.

Further, since the distance coefficient is derived
at any time before a start of the vehicle, there can be
eliminated errors upon distance detection, which is caused
by variation in the dynamic load diameter due to worn
tires. In other word, the degrees of abrasion of tires
can be detected, and accordingly, a cornering power
appropriate for the degree of abrasion can be precisely
set. Thereby it is possible to calculate the pattern
steering angle with a high degree of accuracy. Further,
the period of replacement of tires can be set in

accordance with the distance coefficient, thereby it is

possible to carry out efficient maintenance for the
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- 32 deriving a correcting steering angle at one
position from a deviated value at this position, and
the front and rear wheel axles are controll ed,

i ndependent from each other, thereby it is possible
to sinplify the control w gBout 5 consideration of
vehicl e notions such as a yaw angle or the |like. The
conmput ati on can be finely made continuously at a high
sgeeg thereby it is possible to enhance the steering
VEBREFBr with a high degree of reliability. Thus, with
the fing1G@R " ghnds SlalRM takavetebhiend lagisd tiisons of
the centers of the front and rear wheel axles can
canbalavéd alihe foalinowonpcabenlaidinchéhsarerrecting t he

wi dt hwi se di spl acenent range is settled to about 50
smxmgh@m@w dan bs peESERI2 smzﬁlér V@itigt wifhin such a

: L0 K wid X
rpoS8nERRLEAR RTSTSTaPE BRRRl Y A0 Loy opdr tred 1%
af : d

EFS?I 3%061 2:: h he” flfvlteﬁ g&@% ?tgjﬂlﬁq‘ﬂreer gu?tatlr%@i‘y Eiﬁ@e the

Bhifbial €thfdd For $RNréisdatiGr: dallest,i andepbhddnt from
caused by variation in the dynam c | oad di aneter due

chehWothe2) tld ednticnlotarrbevamhlitede tdeyebdgles coupled
abrasion of tires can be detected, and accordingly, a
tooeachi atheower appropriate for the degree of

abrasi on can be

b bl
fo o mhes  RARLS TS AranicemlE Rl et Lad HPODS bl €
clpgrgpggd éf %%flgs%cfy thHr&!@ lac’)einérpce rrﬂe@:%&:ogroén

cenent of tireS can e set 1n accordance with
WikReadbiidngp & Wichiacembnt teteby the lagcuracy of
detection and the responsiveness can be enhanced with no
problem of abrasion.

In addition, since the steering control in this
embodiment is applied to the track type transportation
system 10 incorporating the fail-safe mechanism composed
of the protection track 14 and the protection wheels 40,
the widthwise displacement of the vehicle body is detected,
at two front and rears positions of the vehicle, that is,
the positions of the centers of the front and rear wheels,
and as a result, the control is made in such a way that
the four protection wheels do not make contact with the

protection track 14. As a result, the control can be

smoothly made.



possible to carry out efficient maintenance for the -
33 - vehicle. Further, since the pattern steering
angle is calculated, the gain for calculating the
correcting steering angle can be set to a small val ue
wi thin such a 5 range that 3an-overshoot caused by the
control does not affect upon the drive
confortability. Further, since the control is nade

£ tdavq 13¢Les, independent from each
I%?Eg%? ?%e ontfbl cak be applied to vehicles coupl ed

to eagivdaang 16 théihdserti ia@ehton| Sph ax anmnt

nmeter 60 is conposed of a | aser type displacenent
trahspootatipn Hytstasonithet yeicllies waic amantinrpetl foyward
accuracy of detection and the responsiveniss can .be

agdhbackvend (HOes 386l AN S SUEh 45if6n CoPETPL LR ¢ Tith,
since the steering.control_ in i ' '
ORFRELRRF (o (E CPALReTy R Eradupny AR SEaE thect pyies
LAcC L4 &ohabl SAL ad®CliisaeC @BRAS Cquriig t he
°E?o?é§§¥§§#%%%£ﬁz f4 and théaprotection wheel s 40, the
Fo-dhbai € vHaRaademertmeht | heaw add dazriedyois.
detected, 20 at two front and rears positions of the
vehicle, that is, the positions of the centers of the
front and rear wheels, and as a result, the contro

is made in such a way that the four protection wheels

do not namke contact with the protection track 14. As
a result, the control can be 25 snoothly nade.
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34 - Industrial Applicability According to the present
invention, in a new transportation system the
vehicle can run in both forward and backward

di rections, and such fine control that the 5 positions
of the centers of the froenBsard rear wheel axles can
substantially foll ow one and the sane | ocus during
forward or backward novenent, can be carried out. 35 -
CLAIM5S 1. A steering cogtifihs met hod for automatically
steering a vehicle so as to cause the vehicle to run
on a 5 predeterm ned track, the vehicle incorporating
steering nechanisns including actuators by nmeans of
1whAcétéeming aodtrpdamethed| o @utomathgaliyckteering a
characterized by the steps  of preparingﬂa pattern

vehigle nip Afylte capse bhe wishifrler 3o aPPefR 3t eeri ng
angles for front.and rea eel. ' ;
R e Y o
mbBnafh & Ofs e 1liadnk 60PGALs1M by nlcdhBi BE wRIGh tH:ht amd
a vehicle condition froma departure point to a
réestwiedi rupoiont the ordek, tchataetertibhedvehi the stepks
accordance with pattern steering angles which are read

ofromthe table at every change point while a travel
di stance fromthe departure gpint i s. det

det ect¥9az 1P aR kPHF fWSTESFILPt ?B?\l%ft?%ﬁeee\%é’h pigh

pahyptR Bk A%e AnbPef AEH! Aldh e Ula®TbbiouibERS | A1k
listed for respective change points of the track before
stating, in view of a track condition, a running condition
and a vehicle condition from a departure point to a
destination point in order to steer the vehicle in
accordance with pattern stee:ing angles which are read
from the table at every change point while a travel
distance from the departure point is detected

detecting a track widthwise position of the vehicle
on running so as to calculate correcting steering angles
with which the track widthwise position of the vehicle
coincides with a desired position, and

adding the correcting steering angels to the
pattern steering angles so as to calculate desired
steering angles in order to steer the front and rear
wheels in accordance with the desired steering angles,

wherein the pattern steering angles, the correcting

steering angles and the desired steering angles are
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20 with which the track w dthw se position of the
vehicle coincides with a desired position, and addi ng
the correcting steering angels to the pattern
steering angles so as to calculate desired steering
angles in order to steer 1hg front and rear 25 wheels
i n accordance with the desired steering angl es,
wherein the pattern steering angles, the correcting

c%é%%&lg@gd apgl gtﬁ}egrll%tsk)ggtgsé i ff&létf\%r HRgrapgbess are -

calcul ate € respective tront and rear

MRglesdent NAERRIMRRchher ebet wveen. 2. A steering
confrol method for a vehicle as set forth 5 in claim

1, characterized in that the pattern steering angles

in a curved track are conputed in view of a
2geohet téanings coatrady mehed digmian¥ghicden as r3ah sk

curvature of. the track _and S e be en t front
i@ LaBad - (RT3 LEBEo o TP P T BT LARERG
t h urve %g r n MoRr-Tpls] B uged,at a
apﬁrggaﬁ% af e@%ggQ%?C§agggn§#h%? A gség??ﬂgsgd%tro

JBhBed168] fahing @ngleSebtadDidd) frioh @ awdids &firt her
characteri zed by the steps of 15 obtaining a distance

curoattibe o paid wrackoantl &ospace thadfveehe thhafigenpaing s
of the track froma detected nunber of revol utions of
rehs wheels. fa dineelde ofe 5het vekickyinnnrigg AR ERegerved

poi nt, and deriving.a distance coeffi.cient .whj
Bty e88  ‘Siin ahoad, BrRadnes 04, e aratiHf lotea by
anggEgure point to a

3. A steering control method for a vehicle as set forth
in claim 1, further characterized by the steps of

obtaining a distance from the departure point to
each of the change points of the track from a detected
number of revolutions of the wheels from the departure
point to the change point, and

deriving a distance coefficient which exhibits a
ratio between a know distance from a departure point to a
destination point of the last running block and a number
of revolutions of the wheels which has been detected in
this running block, in order to correct a distance

detection error due to worn wheels.

4. A steering control method as set forth in claim 1,

characterized in that the pattern steering angles along a
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destination point of the |ast running block and a
nunber of revolutions of the wheels which has been
detected in this running block, in order to correct a
di stance detection error due to worn wheels. 25 4. A
steering control nethod aszgset forth in claiml,
characterized in that the pattern steering angles
along a - tranS|t|on curve between a curved track
nd a trar t rack are I I
tF ‘ﬁ?%JrB%‘?’%\t |“%ﬁ' t%é 8T i crrlrgclﬁg}n 991-1 et?a %g tgﬁg % Bﬁ%lgthrtac k.
?aék é}é“éﬁyadﬂatﬁﬁnﬁﬁOiiﬂgﬁfﬂlﬁﬂéﬁbodafebhCbﬁ Sieeating
orthi1n clam1l aracterized in that the corrected
af§ees i iy thPuevedr eraakcul ated by addi ng the product
of a deviation between the track w dthw se position
of the vehicle and a desired position, and a

roportional gain to th d t 1 .
gaaﬁsm%lq q%ataprf mebiRd done veieienrron terth,in

i%g‘f? ' 2% %‘rgcrt 1@5&*]@9 éfh & @o&lr@ci‘édsgfeéﬁﬂ& in

arac er|ze in that the proportlona galn

a{tlglééé éfé éa‘lé%@.a‘ééﬁl g' gadinglenengaoaactpon a dpeiedtion

vehi cl e, the higher the vehicle speed, the
petReéertid araekopadthense prsition of theevehickvymndhla
met hod for a vehicle as set forth in 20 claiml,
debared podiAddn.nanfag PREPFYRAL 9918 Lo FhY PLOfpct

for the rear wheels i g obtaine mul. tipl he
°§o?r%%‘f’r‘®t3§’tee@rarlﬁgaﬁ ?eér%er %ﬁ%\/ Soiis a\%hégln&%)é

deviation.

6. A steering control method for a vehicle as set forth in
claim 5, characterized in that the proportional gain is
set to be variable in dependence upon a speed of the
vehicle, the higher the vehicle speed, the smaller the

proportional gain.

7. A steering control method for a vehicle as set forth in
claim 1, characterized in that the correcting steering
angle for the rear wheels is obtained by multiplying the
correcting steering angle for the front wheel by a

variable coefficient o which is set to a < 1 when the

vehicle speed is high, but is set to a = 1 when the

vehicle speed is low or when the vehicle runs on a curved

track.
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vari abl e coefficient a which is set to a < 1 when the
vehicle speed is high, but is set to a a 1 when the 25
vehicle speed is | ow or when the vehicle runs on a
curved track. - 38 8. A steering control apparatus
for a vehicle, including _aggsteering nmechanism for
automatically steering front and rear wheels of the
vehi cl e by actuators so to cause the vehicle to run

on_a predetermned.t Kk h [ . B
O BpSFEET O (B ot CPRAFRELS, b rageiicies SOrRLAld o
SEQEgEhG ﬁbéﬂ%?f@%F%oraauE5ﬁ£¥iééEI§téﬂ@ériﬂgrHBBhﬂgand

condition and a vehicle condition froma departure
rBarMhé&1 & ¢fedneNaehablpobyt actwaitbrd) s@ ftior shuse the
conmputing neans for conmputing pattern steering angles
vebicléetd romt cand psadewhrpiredttradispebardeternk by:
points of the track fromdata stored,i t he storage

maa;_%chs?ﬁtt Brppeparton %r{sel‘lﬁcgf’gélf‘gng angl e table
on IC e tt ' . )
and rear wicarerage et LR AN0 BRRED &gt

e respec change polnts are

thhdkelon @t Q. W ARG 185CE5hAD Lot dTRBASCle
including: a neans for detecting a track w dthw se

cbnaitien ®for ke acphirehee BOiat dictanesdensdonngobmns
for detecting a distance froma departure point, a
asdcond conputi ng nmeans receiving steering

a first computing means for computing pattern
steering angles for the front and rear wheels at
respective change points of the track from data stored in
the storage means so as to prepare a pattern steering
angle table on which the pattern steering angles for the
front and rear wheels at the respective change points are
listed,

an on-running steering control means including:

a means for detecting a track widthwise
position of the vehicle,

a distance detecting means for detecting a
distance from a departure point,

a second computing means receiving steering
angle data on the pattern steering angle table, and
distance data from the distance detecting means, for
calculating a pattern steering angle at an arbitrary
running point, and receiving vehicle position data from

the vehicle position detecting means so as to calculate a
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angl e data on the pattern steering angle table, and
di stance data fromthe distance detecting neans, for
25 calculating a pattern steering angle at an
arbitrary running point, and receiving vehicle
position data from the veBpcle position detecting
nmeans so as to calculate a - 39 correcting steering
angle with which the track wi dthwi se position of the

vehicl e coincides with the .desj.red osl.t i . ;
ORI ATeTA0D BBALT ot The e aPuerare wifttyide

pggf@:{&? s et '{}ehﬁelg atd B AL QFItA] tABOAEs Rl t h e
correcting steering angle calculated by the computing

p&EPHon WMagigei n the on-running steering control means
is provided to each of the front and rear wheels,
i ndependena caftték messtavdor, controkling i the Astuasers
apparatus as set forth in claiim8,, chargcteréz§ﬁgin

in hpgcanfiance ¥ithobhaeRabteehi eI API aeTRet Thy
f rom.whi ch_det ect | | | Ld5
SO REE RS AR =g P EEL, f Rt pyC khEPbBpAing

m%QnsAsteering control apparatus as set forth in claim
., characterized in that the track w dthw se position
det eciynegelRabhe | 6n MU AG Gteeréngebontrol geghnss is
adapted 20 to detect a track widthw se rel ative
pposidédrianiedchr ofptbe £ront apd HeRLWhGELEr c1RfFRIPIRNT
| aid along the track with such a positiona
therekeiRdi-p that the relative position to the track
i s not changed.

9. A steering control apparatus as set forth in claim 8,
characterized in that there is provided a vehicle weight
detecting means from which detection data is delivered to

the computing means in the start preparation means.

10. A steering control apparatus as set forth in claim 8,
characterized in that the track widthwise position
detecting means is mounfed on the vehicle, and is adapted
to detect a track widthwise relative position with respect
to a ground structure which is laid along the track with
such a positional relationship that the relative position

to the track is not changed.

11. A steering control apparatus as set forth in claim 10,
characterized in that there is provided a fail-safe

mechanism comprising a protection track laid on the track,



25 11. A steering control apparatus as set forth in
claim 10, characterized in that there is provided a
fail-safe nechanismconprising a protection track
laid on the track, - 40 and protection wheels

provi ded underneath the veliocl-e and adapted to travel
along the protection track, the track w dthw se
position detecting nmeans is nmounted to the | ower
aBﬁr#kgge&%igﬂ“%ﬁ%%ﬂbcb@o@id@dﬂﬁﬁﬂéfdahﬂhpQﬁbe@ehﬂciéea&ﬁ
protectron track so as to detect track w dthw se
adhptaaces trsvrdiehll oagdthe ghtovedtsomftrakk, ptheettadh

track in order to detect a track w dthw se position
whfithWwise ghiltdon detecting means is mounted to the lower
portion of the vehicle at a position located in the
protection track so as to detect track widthwise distances

to left and right walls of the protection track in order

to detect a track widthwise position of the vehicle.



