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hbskrost, A visrual Teedback conttol system hos boen developed whleh le able o gulde
road wehicles on woll stewctured ronds ae bigh spocds. The read boundary markings aca
tracked by a multipeocesnor laage peocessing aystem uslng contour cercvelation nnd cur-
varure models tegether with the lows of porspective projectlon. Fratute posltion daca
ate the loput Lnbe Kalmam fllters to estimnto both the vehlcle stake vaotor ralakive to
the delvlng lane and road curvaturs paromaters, Velocicy is measuced conventionally.
Longitudinal control by eheotele and beoking I8 gonred to loteral asceleratiom due to
road eurvature] lateral control has an antleipatory food Forwnrd and a compensatery
fecdhack component. The cantrol syster hns been tneted wicl & GGD TV-camera and leage
soquence processing bactdware [n & real cime simslation loop and with our expecimentol
vohicle, a 5 ton-van equippod with sendecs, onboard computers and actuntors fof autono-
mous deiving.

frywagpds., Aucemacienlly puided wehiclos: Computer vislon: Hultiloop feedback contrel;

Imlecliprecossors; Enowledge baned conkrol.

1. INTRODUCTION

With the substitution of anlmals towlng carrlages
by enginns on the wvolilela, onginescing cpened up a
new sern of transportatlen, On the one hand this
hrought sbout new tanpes of apred aml sebilicy but
on the ether hand Lt necessnlvoted the continuous
aceention of n delver to control the wehicla. A
horse ld nble to lonen the way Lt is bolng gulded
{e.g. In the middle of the clght hall of & poad)
nnd the pond syates areund Lta homo] so It la able
to at least parelally navigate correctly In n
kmown environmenc, In addiclon, trnlmed horses cam
take oral commands Llke which way o take at
rond Junctlen., The (of course Limlted) autoncmous
eapabllicles, whieh the erained animal provided
using les visunl and auditery sangon aod the braln
behind Lt have been traded Cor the perlocmance
ndu.ntﬁsnl of the auto-moblile.

The highly Integrated clectronle dovices of the
near future may allow regalnlng ond even Improv-
l-“\l the saccificed capabilities for modarnm high
parformanse wvalleloa, iilgh frequency imoge se-
uonceE ({1ike Tﬂ-ll,a'nn.ll::l and luﬂitﬂl’" lnwputs can
ba analysad by computers te allew autonomous ve-
hlecle guldnnce. At present cthis ls possible enly
In o simplo way but this will change with tha
highly pacallel VLS1 systems to coms,

Investigntions Into autonomous wehicle guldance
have boan perfocmed for some tlma. Systens uslog
spacial Lnstallatlions along the remd llke bescons
or biurled wires are net consldersd hera; Ehey do
not allow to detect ohstacles, nelther neae the
vohlele not In anticipatlen along the rond, This
copabsl ity te detect the astual state of the en-
vironment nnd to check the wiabllity of lecematlen
ig considered to be a maln ingredient for autoneo-
mous delving In the sense adepted horo.

The planetary rover of HASA [Qennory, 1977] proba-
bly wan the firat praoject to spur serlous reseactoh

“The resesrch reportod hers hos boon pactlally
supported by the Fed, Minlscey of Resonrch and
Techoolegy (BUFT)} of che FRE.

in Ehls Eield For sone tlae. Most of the other
systoms lnvestignted in the 70ies were laboratory
carts of small slze ond low speed that wece able
Lo movae only intermltbently, elther measurlng er
moving (for m survey meo [Girale, 19B4]). Pleaese-
Ing work Ln thia fleld has bepn done by Moraves
[Aoraves, 1980], A new drive tovatds real applica-
tions eriplnated frem the US-DARPA Frogram aon
Strategle Computlog, In which the Autonomois Land
Yehicle (AL¥) hon beon selocted as one of the de-
monetrater projoccs [1RD. 1985]. Road followlng at
low spoods wan deflnod sz on initlal goal amd has
boen achieved Im 1985 [AWS, 1986];: the goal of tho
prejsst 1s to spchinve the copability of sutonomous
trpms-countcry mobllity.

In conteast, the rosearch teperted on hore alms ok
providing the capabllity of autoncecusly gulding a
high speed vehiole along a well structuced, ner-
med, limited access highway vith one way tralfle,
no crossings amd a Limlcod class of parclelpantcs
{o.p. Autobahn}. This pute relatlvely low requite-
mants on lmage processing snd yet ls possibly of
proctleal Inportance {autopilet). With the advent
of more powerful ninlaturized computer systems
this may aven hocome econamically viable for pen-
ecal tealfie applientiona, Futute provth potencial
orists in the direstien of sutonomous mobllley in
more complex enviromments llke state, country and
wventunlly elty rood nets. The system ls Intended
to Fle Inta the present traffic situation with its
rules and rogulations, requiring no addicional
thatallations along the road netwerk aml allowing
a smooth, pradual deployment (llke autopllets in
aviation). Like these it Ls concelved as an add on
eptlon to driver contcol systems.

2. SYSTEN CONCEFT

A aystem for autcnomous mobllity on ronds has te

Ilrmr{dq at least the ful]ullfl.h.; % functlons {far

more dotalls see [Didkmenns, 15986a]}:

1. batecclion of the ponsd amd Lts parameters like
eurvnture, lane width, surface state, presonee
ot absenee of ohatacles {static objects).



1. Reesgnltion of relative positlon in the lame
anel of position and specd relatlve te other
soving ohjects.

J. Gorrect Incerpretatlion of traffic Information
like road markings {e.g. linas, Interupted or
not), trafflie elgns (e.p. speed limits) and
local warniogs.

4. Safe and ellficlent control of the wvehicle de-
pending on the actual seate resulcing from 1 to
3 ‘ahoen,

5. Easy lwman interface for both xultehing from
buman to sutoenamous control and back and for
human declslon tn‘l:in; on roquest of the auto-
matle system {warning [enctlons).

The sensory unit of the oxperimencal system unsiier
development eonsists of two black and white CCD
TV-cawmeras, wmounted on a fast pﬂlntln, device,
Imertial sensers like nnpgulac rate and linear ac-
celeration detectors and conventional sensors for
=peed and control actuator poslitions. One of the
eamgras has 8 wide angle [leld of view, the ether
a tele lens for good resolutlon facther away Ln
arder te achlove posd look albead perlormance. The
:I.En..l.l: of both cameras are di.r_i.t.l_:n-d into
156+256%8 blt daeta streasms whish are given onta
tvo digital wideo buses of the image processing
oystes BV (Elg. 1).
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Flg. 1. Block diapgram of Ienge processing system
BYW and viswal econtcol 'lnn;p

Salected roctangular subareas of these Llmoges.
called windows, are amalysed by this multleicro-
processor systes developad by V., Grapfo and co-
workers [Graefe, L984]. Tha imapge processlng ls
described in the next section,

Interprecation and control of the imape processing
is pezrformed by the maln computer, o which knowl.
edpe about the process to bo controlled i3 coded.
This processor fuses the Inferestien derived from
Images with that coming Trom other sensors and
computes the controls [or the wehlcle explolcing n
dynanical vorld model. It also determines the mode
of opeeation of the BWW and the pointing systea.
The basic digitsl control cycle Is 5 (60 Hz-}
wideo cj'l:!'.l::l {83 wa)

3. INTEGRATED APTROACH FOR 1MAGE
SEQUENRCE PROGESSIENG, STATE
ESTIHATION ARD COMNTROL

2.1 The imape precessing systeo BVV

The Imnge processlng systea (fig. 1) has baon de-
weloped as o flexible tool for performing research
inte basie slgorithas apd architectures For real
tine Image sequence analysiz with easlly avallable
technology. It allows up te 14 parallel proces=ors
(Pr) to pet sccess to dipitized Images, from which
cach one takea that part It happens to be Inter-

ested Lo, Whithin it window the processor looks
[or special Feoatures, usually a collection of Line
alomonts deotecied by correlatlon methods with ter-
nary mashs [Eubmerc, 1785], and reports their po-
sitlon and slope to a hierarchically higher tanked
procosser whilch {8 not necessaclly the main com-
putar. This one tries te aggregate the resules of
several PP An order ©o recognise the perspective
projection of a known objecet In the 3D world. 1f
it iF suecessfull it orders the TP to Independent-
1y track lts [eature aver the Llwage mequences;
windows of several PP may move freely over the
entire Imoge acca ond overlap withour mesory ae-
conn Interference, Funcrional parallelism may be
obtalned by having PP's bnvestlgate the same lmage
area with different algorithms. 1f one Interpesc-
Ing precesser recelves Information contradicting
ies actusl world modal, Lt can vedivect a PP te a
pow Image grea, where a Ecature is supposed To be
vizible in supparc of the cbjoct hypothosis boing
persund. Thus, a hypothesle miy slther have to be
abandoned or moy become a stable Interprecaclon of
the image sequence ylelding the state of the we-
hizle relatlve to the road.

Fer the rosd scepe shown in the upper right part
of [ig. 1 the interpretation preceeds as [ollows:
At First, assusing the vehicle ls on a road, the
right lame sarking in the close wp vieinicy of the
vohicle iz Iooked for. IL the viewing directlon is
approximately tangentfal to the road and the lane
markings satisly contimuity eenditions [oqual
width, smocthly changing direction and small cur-
vatures), this lane satking appears In the lover
cipht part of the imape as an aleost stealghe Liee
Inclined vo the lefe at an angle depending en tho
elevation h of the camera above the ground and on
tho distance d of the camera to the left of the
line. Fer a glwen vehicle/camera conflguratlon the
propor position of this linc in the fleld of view
far correct lome following is known from perspec-
tive prejection. Doviations [rom this due to posi-
tion and bheoding errors of cthe wehicle ace used as
gonpensatory contcibuklons to the atesring control
applying a lLinsar feedback law [Dicksanns, 12857,

The extrapolation of this line cowards che horlaon
gives the reference for the detectlen of road cur-
vature. 1L a planst enwiromsent ls assumed the fo-
latlve positlons of tho measueed lane sarkings in
greater look aliead distances brmedlately pive the
gipgn of the curvature, 1E both wertical ond hoti-
pantal curvakures are allewed, tws lame markings
have to be tracked and extrapelated in order to
ersolve che Worizontal and verticnl conponents of
the curvature seperately. In order to check the
state of the read surface, much more invelved
imppe processing le needed.

1.2 Rond mode] and transforpation for recursive
estimatlog

llere, only thooe parcs necessary for gulding the
vehicle along a lane are glven, omltting other ob-
Jects and traffle information. Wigh speed roads
are modelled as a sequenco R of H arcs with linvar
curvature modols defining the skelston of a bond
with conscanc widch b,

H

B RNV
€ Ia tho constant curvarurs part of the model and
c? - dC/dl L= the Linearly varllng part over are
llj'n;tln. The parameters of this structural model
(€ ;i Ty and A % have to be decersined Erom the
viBdal ;rlp'ut for a cercaln range L in Lronc ef the
velilele, The curvature © 15 usod both For lengleu-
dinal contrel {of spoed} and for the feed forward
pcontribution to the lateral control (steecing}.

0 g1 X (n



Hovinpg at ppoed ¥ along the read, the curvature
ehangoea G{1) appent In the leage plane of the eam-
ora a8 Cime vacying curves, Therofors, !leﬁlt!!m
arp. (1} amd the relatlenship ¥ = difde, a alaple
dynaimleal medel for the road [mage shange whille
driving along tho rand ean ba glven. For an oye-
polot at the elovatlon h above the vond and b2y
[row the clpht bocder lima, whera L2 La Gho Lane
widoh and ¥ the lataral ponltlon off the lana

concar, & llna alemont of the hocder 1lne ac cha
look=ahead dlscance L [& mappad onto e !.runElu
plana ¥, ., K, mococding to the laws of perspective
Eun ?snu fig: %)

prn|ect

Flg. #. Symbols for planar eurva-

ture analysls

iy

['" would ba tha lmngn rolnt for a mtraipght planar
coad with § = 0 and the eampra looking parallael
to the road, A road eurvaturn ascording te an sla-
mapt of eq (1) would yleld the laceral oflsee w
from the stralght lino by integracing oq (1} t-'l-l'iﬂi'
with respect to acc length (opproxlmating the sine
by its argumont, for dotalls sea |Dickmpnne,
1986k} at ehe leok-ahond distence L:

S

2
BC L/2+0 (2}

e 1

Flg. 3 shows the more genéral sltuatlen In a top-
dawn wlew vhere both o lakeral offscE ¥ and a
q-untnn;}-rrltill. wlewing direction § ylniaillg an
offpet L&, have beon added, all u!' which cgntrib.
uea to n Ehlﬂ: of the lnnp'a- polrta P and P . Par-
upeetive projection ento a focal plane at distanee
f ylelds for tha 1mage coordinates

I Eihs2 - o I.ﬁk}lﬂ.;

With ’L - [.yh,u"l' - b - :,rv & 1"
l one conder lans bangeid

[
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Le
Top viow of ponernl imaging sitvation
with lateral offoot y ., noncangentinl
viewlng directlion § Al pond curwocure
f:,rr_::l; twvo previow ranges I'N and LEI

Fig: 2.

ag an Loncocmedinte warbable, a dypamical podel for
road curvature determlpatlion la sbtalned by taking
tha Elon derivatlve ol intrndurinn aubsC Lot Loans:

£33

- . i .
Y= ¥y g - LR
Tho lateral npeed :; relative to the road may ba

ouprassed by tha relativa path angle Ay botuoen

wohlela weloclty vector ¥ amd road tangont. Assum-
Log that che viewlng diveetion is flxod to tho car
bady anis, the aide alip angle [ betusan ¥ and l:'l_.

has to be cokon inte sceount yieldlng

Y= by w Vil - D) (6)
For the tocm 1,: onn ohtalnas fovm eq (2}, shiltlng
e rafnrance 1|'h:alul: [rom L = D to | = L, slies the
moapurrmanks are caken there, and naming the cot-
|'|||||;mq||lhra eprvabure acata at the wehlcle

laeatlon CoL
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¥ i
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I:l"fI definltlon of tho road mocdel L] {13 I.I|1|-r|[', 3 [T
chain rule there [ollous
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nt a ermmilelen peint A : for practical purposan
l,'.l in consldered to be Cauvsmlan random polse w{E),

Thia eerm ¥, In o (5) [n ehe dnortinl wohlcle yow
rata & lllFIl.Il the headlng change of tha road over
clms, Shlch In curvatore clmes spood
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Eqs {5) ta (9 yleld the state space sodol for
rvoad survature estimntion
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1.3 Yehigle mndal

The exporimental wehlcle avallable (pamod Vablells),
Is an espeglally equipped 5-ton van OO 5080 with
an nubomatic & gear change and n rear axln drive
{ane Eig. #). Total mass Lo m = 4000 kg wlch thi
conter of gravity {e.p.} ac 2.0 & behilnd the front

pxle af the whaal bape of 3,5 a am! abouc 0.7 o
above the pround, The of fective wheel radius |s

¢ RO, m, The engloe pover {8 61 EW which, con
aldering the vesctlonal resletances ylolds a maxi-
mum speed of about 100 Jm/h, This seana, that the
gantrallern have to ba desigoed for the spood
ponga 0 < v § 10 mfa.

3.3, 1 Longlewdinal dympnicno

hocording to [Hitschke, L982] the Eolloving equa-
tlon in usad for deseribing the Longbrudinal ae-



calaratlon:
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Ymoet Tene 1119

whore § I8 the ratlo of tho gearlog snd the rear
anle, avd n Li A factor taklng the Loertla of the
totary pacts of Ele onplne and the gearing inte
scgount, The englne tornque i in o functlon of
tho engloe apeed sed EheEhientels poiltlon
TR R, conprintd the different tesctional re-
s ilEancEE Like atr deag, tolling frievion, braking

Erlction and cesintance in curves.

3.3.2 Lacpral dynomica

f planae 'bleycle' subat!tutlon sedal aecording e
|SErackor)an, 1975) hae beon appllsd, 1ts tus de-
prove of Freedom age the sidesllip angle 8 and the
Inorelal you rote §  doeseribed by the followving
efuntlonn of motlen!

y 1 X
R L L S L LTS 'I.T‘ - i FI T
QRIS E (Ley

oo 12 28 . .
Ld+y ‘tr‘r " "rlr:*\r u[:ul:l.r {r:l:”' -

{IJEl[ + mfI[}ﬁ (11

whera I_ Is tho moment of fneriln arownd tla ver-
tleal afile, o ace nakmal nlde foron conlfl-
clents -ppllnhf- to front and rear axles. 1

arm the distences of the e.q. to the Eront nﬁur
rear onle eeapectively, Ur nre Ehe ¢ leeumlevon-
tlal forcoes on the viesls ahd i le the Frleclon
confflelont botwean whoels and road,

& 1a the stear angle of the frent wheelr, A com-
puter controlled stapplng poter oerves ms netistor
for ateerlng. It hos boon nodelled as an Integen-
Eor

b = kg, (14

where & Im limited to 15 degrens/mec,
A4 Jakeprabed nkake spacn sodal Loe widinl gon-
Lrol

Gonbinlog eqs (S)C6H{PICL2000) and (LA} mom ob-
enlnos A statonpace model [or lateral dynamlca
relotlve to & poad with visunl seasuremonts token
at the look ahend dlstance Lb Elie naar rongs.
1t in of f1Eth erdor with tho statn warlablos

] -hh-l!. ik.ﬁr.ﬂ'}. Ay In the near look alosd
rango le dellned suel that Eax the raleraoncs
statn tho voloclty wactor 1o tangentinl to the
rvand (son Elg. ¥},

I"' M + b+ g uul.- . whiro {15}
n“ s o 0 Mg & o
Oa) %3y O 9 ag . "
A = 1 1] o o O leh=10: g=1|=¥
ha Mg VW g 9 ¥
(1] /] o o 1] 1 0

Thi compomints '111 anid h'_v. eentalin & eontrlbutlon
due to road curvatwee G o The elements u.u o pand
upan tha parametecs V, W, i and L,

The deninont effears cauvsed Ly pacasetor chiangrs
aro dua te speed varlatlona, whish alee are the
mont Froquant onen, Adaptatlons bo changes Lo monm
moars = LT ae all - enly necessary at cha begln.
ning of a misalen, Changes Ln Erletlon confElelont
p may be dus te vosd surface pararcbers locluding
wheather eanditlons, Slnee spood in the only easi-

Iy mansuralle wariahle amd bos the largest intlu-
ence o vebilele behavioue, Lts effect on the model
In alwnys takon Inte account, L.e. the noplinoar
physical model Lo approximated by o timovarying
mathemationl medel vich speed V governing tha
cool[lclones [Zapp, 1905]. In Vallelks spoed La

doe lved from the dLﬁl.En] malsme Lo uynbem,

The two systems of eqge (L0} and (15} may be com-
Tadmed ylolding mn =8 marels whileh nilealy nheown
tho Inkevactions

r O 'L‘, 9
Lo |[o
b jeevallt
[ N &
: 1 | e B.x, - {Li)
[ ——— . e L) | (f
g ¥ *vuni i
B =i | R
L b ' JL%. |

Ihe maln dlajgenal blocks ave bteated by sopetabe
Falman filtere. The sffoct of column 7 En the up-
per right eorner Lla handled aeperately os anclei-
patoty pack Fer the lateeal contenl (ateer angle
Lo achilewe n curved trajoctory according to © L:I.
Tho offeat of tho wohiclo sbite on curvatuto azﬂi-
uromont (firat line In lower lefe biock) Ie taken
ilnto apgount hy ercanlesillng the corcosponding as-
timakod warlpblon of the vohicle ntatn vooter
which are baned on visual daca Erom Eho neay Flold
af ¥loew Lnte the Ealman [llter for read curvature
patimatlon o, Clg. & below),

The Latter ene lo a cosplate [Llter Eormulatlen
whila For walilele stake astimation a guasl sta-
tlonacy £llter with veloolty-depondont confll-
glents la balng ueed. In addicion depondonslos on
other pafnmeters llke m oand umay be coken Loto
aocount, Tha measursd output varlnblas are Ehe
bordorling ponltions vy An tho imoge, corrospond-
ing to the noar and fal window (index # rosp. F).
The ook aliead distandes awd L. For a Flac rvoad
madel nre directly geared Yo the Gun‘.l:nl posltlon
:! In tha lmage.

0 -f 0 f R T Eh/ (2
Yim|_ ly 010 Ly o Ty
yoe) [0 0 0 0 el o of " o
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4, GONTROL SYRTEM DESION

Sl Longltudiial control

fomldos the usual delwor [oputs by pedils o aktep-
plog moter for actlvabing the theoktle and an
olectrohydraulle unie fow the broke, both computer
conteolled, are provided in the wehlcle. As o
pafory feature the autematle conktral ba swltchod
ofF an ooon ns the defver activates one of the
pedale.

Th eurves a4 tocomponded walue ¥ For the vehlele
spood enn be glven by nrlnifrlnﬂ. tho permissible
latieral aceeloration ":.-'

12
Ve = g 17° (18)

For comventlonnl road welhiielen, deponding on the
surfaee conditlona, o Ie llmiced to tho evder of
magnltude 1g, but for’mees agrosable riding com.
fore walunn aveund 0.1 should be chosen, To nd:
Just wvehiele apeed the [ollowing control law (or
the lengicudinal aceeloratlons has boen adoptoed:

¥ H - = g W
neceeloratlon; ""4. Hnu”uwu vy for V « (A (i
dacoleratlon: ¥ =%, VMV _-¥) for ¥ » ¥,



Fram oq (1} tha nocssnary englne torque or braking
frietlon depanding en the actual read eurvatura

E}ﬂ‘ can ha glven.

4.2 loteral gsntral

Tha dnalgn of the digltal conttollor Lo parfagmad
ualing wall kneun pale Anslgnmant mothada, Threoea
olgenvalues of che open loop ayseam eq, (13) al-
ways ard at the erigin, The ether tve malnly de-
pond on the parnsebor V amd ave always wall dasp-
od; only a slight dopendence on mass ond Exlotion
epafflelent | la ahearved,

Exporlance has nhewn that geod cleaed loap control
behavlour at modask contrel activity con bes ob-
talnod by ahifelng enly the lntegrater polos and
fiping tha othor onos ot chelr roopaocive apan
loop location |Drexlev, 1084; Zapp, 1985,

Tha chrems Lntegrater polos are shifted Lute the
lafe half plano an rays frem the oripgln as linear
funetlons of the paramstor Y (sposd), Far good
stop rogponse ene conjugate palt whch damping
vaela § = 1/¢d hon been aelectsd, Thoe proporcion-
alley facter for the ranl pole was ehosan to he
11, wivila for the aopjupate pale o faceor of
0. yleldod good rosults ovar the entire upeed
TANEE,

Tha state Foadback golne k for this polo placo-
mont con bo wall nppl:ulmhd by

kdvd =gy oV or pizﬂi ' [2a)

The aonfflelonts p, , dopord wpon the sctual values
of m, §and L for Hin minsion, Flg, 3 whous stap
vopponosd of ehe elosod loop ayscem for diflevant
woloalthao,

I 1= 8
b=
Bl B
3 ol
gl F

- e A A R s

Fres!pmsaant =l
e o A b R

Simol scemerd Iml

P T Tt e i)
Thmal o] weibimdnl

AT R TR R

Timul a1l vadnimdal

Filg., %, Step responooce of slesed loop syatem [ar
difforent volooltlon

Th dnteractlon betwoon longltudinal and lateral
sontral bansd on aeats satimntlon by visesl meae-
uroments may be seon Crom Flg. 6,

3. DISCUSELON OF RESULTE

Thie ayntem dencribed In thie previeus ssctlonns has
bann cescod In a slewlacion lesp |[DLekmamns, 1904 ]
with real Image procopsing hocdware ineluded, amd
with our Epstvehlcls VaHolls,

sl Slmulatlon redultn

Tha Imaging annsor was a 60 le CED TV.camara
Nteaahl EPLY0 mawnead Ln Frone of & c,llﬂlltl.ulll
projection sovesn (radlus = 2.8 m), onta which clis
vomd neong goneroted by o binck snd white oalli-

lire o jaip amink

SU— .'.H"I‘.---q.l—lu.u.u . s
o Hj;"' — — :'z":'.:z"r_J | g
l -
.._._.|I-“

Flg, &, Dlock disgram for high apeed road wolilole
puldanae by eomputer wislon.

praphie syston wan projected. The course to be
driven wap an alghe-uhapod wllighely hillly souras
of L& km langeh and eurve eadll down to 60 m,
which pf coursa Lo much below Autabishin-ntandagd,
Spoodn warlod botwean about 30 and 60 kmfh and the
manlmum posicion offoot from the conter of the
lane wos leps Ehan 3% af the lane Wwidcoh of 3,23 n,
Lo, 9 am, Due eo eho curvature feodlforward the
ntendy stnte eccors ahown In [Blelmanns, 1983
have been aliminated, Flgura Ta shows the moasured
curwaturas C{1) topethor with the computer model
for simalacion, It Le meenm that the curvature

pvar the nrd langth Ls very well approzimated. The
remadnlng eerers ace conpansated by tha Esodbaak
part of the contral u_, Sposd adjustmonc and che
latoral deviecions eah bea soon Crom £ig. b,
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Flg. M Vehlela spoed and lateral diaplacennnt

Flg., ¥, Repoetmontal veaulta with vl tise lsage
pafquonan proaossing In o simdacion Teap
Incluting real sensars



.2 Besules wich gestvehicle Valloly

In the last guarter of 1988 VaMolls becoms avalla-
ble for sutencscus drlving cests. The cask te be
perfeormed 1s showm In fig. 8. Imlcislly the wehi-
¢lw L8 parked at the start pasition (upper lelt)
in the wiclnlty of & lane boundary marking sccord-
ing to the Cersan mors. After ssarching and de-
tecting this line the tw real cise trocking wine
dows Im Flg. | are podltionsd In the near and [ar
look abesd ronge. Then the vehiele starts mew-

NAMMGITS, s aporsil Skt e s iy i Eppchs g
e |

Filg. 8. Teatrwn for ValloR=, the experisental wve-
hicle for avtonomous mobllity amd coa-
puter vislen

1!‘ while the windows track the line -ll'h"l" 1ag-
erally and the systes steers the wvehlcle in such a
way thit the wvehlcle soves at a preset distance
besides the line with {cy welocicy wecter cangen-
tlal to Llt. As leng a2 the line 1= straight and
the miximm speed sef In ad Is nek yet
nchleved the wehicle accelerates, WUben the curve
{a tightening cplral) s resched, curvature s es-
Elmaked, the antlcipatory lateral contrel u_ Is
computed and speed iz adjusted to curvature.

At point E the llne sarking emds at a bodderline
betwesn the bright concrete pavesent [guter rink}
and the dark bazalt pavessnt of the Inner rink.
The wehlele continues [ts path following this
boarder-1ine at a speed of = 23 km/h which =
respends to a lateval acceleration of 1 mfs

(8.1 g).

&, CONCLUS10H

The copability of real tise image pequence preoc-
esning for guiding high spesd road wehlcles along
well structured roads is becoming a reality. The
method derlved Integrates the evaluation of per-
spective prajectlon and the control methods using
dynamical sodels to arrive at a systes vhich has
been shovn te allov automemous wehicle guidance at
high speed with a relatively ssall set of coday®s
nleroconputers,

Hare f_l.ll:‘l.l'l‘ power will be moeded to improve the
checklng for obstacles and other shjecta Iln a lnss
rastricted envirenment. In principle, the wisien
system considered haz the growth patentlal te al-
lew the devlspeent of amutonomous wvehicles that [t
meatly dnte the traffle syates davelopsd up bo mow
for the huean driver, A gradual deploymenz and
alizéd human and autosatic trafflc seems to be pon-
eible.

Hany probless with respect to safety and reliabil-
fey will have to be solecd befote pEactical intro-
duction of swch ayatese is passible, but it seens
that technical systems now ate on the vergs of

acquicing the capabllity of sutonemsus locomotion
by visual [esdback, which up te now was essencial-
ly limlted to blolegical systems. Im erder to ful-
Iy ucilize the new potentlal, {artificlal) Imcel-
ligence-methods will have te be developed which
allow thess systess to acquire a certaln under-
standing of precesses In their enviromasent and to
teact properly. This la a challenglng new step in
engineering.
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