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1. C,onccl)t Introdu~tion
«In futme 11lsen a table of contents here»

1.1 Goal~ ;md ObjectiYes
Goals and Objective.) of the Cooperative Concept,

1) Achieve the Goals and Objectives set 1'011h oy :\AHSC for any AHS.
2) Define a system which cloes not require any additional infrastructme intelligence.
3) Concept should be aligned to exploit grov-.11 in computing power.
4) Fullv me ITS to the extent it is locallv avai~ 'tble.
S, Define the concept on the inte.rface .31;ecification.3 and vehick behavior .3pecification--l1Kl·e

? shol}ld be no int~rnal :)pecific~ti01l.). on t~le vehicles in t~le :\ational .~HS specification.
a) :\ote that the Intertace speCificatIOns mcbde the veluc1e/roadway mtel1ace, and whatever

requirements are on the roadway to make more machine readable.
b) :"ote also that the vehicle behavior specification will include recjuirements on globallv

11."pf1l1 hph~lViof.", r::ltlWf th:.ln jmt irnmpdi~ltP1v individn:.l11v n..;;pt1l1 hph~lvion, .~lIch :.l.'"
allowing other vehicles to m<~ke lane changes. '

Desirable additional goals and objectives include -
61 App1ic~lh1p on ~;no.q Of :.l111;ie.hW:1Y." (witho11i ."ie.nific:1nf moc1ificMionl
TJ Provide brain-off ch'iving when m.ixed with illanual traffic at the earlie.)t reasonable date. in

.' order to promote the dei)'loyment. '

1.1 Cuun:t,Ot Pllilu",u1-,lt \.
bn of the conception underlving this concept is the recognition that the need for sensors.
cnrnmllnicMion.", :.lnd cmnplItine-POWPf I::; 7PfO whp:n thPfP. i.;;; 7/",m tf:.lffic, :.lnO inCfP:.l.;;;P.;;; with tr::lffic
r1~nsity. By plac:ine tht", jnt~l1iet",nc~ nn-ho.'lrd th~ vt".hic1~.~, W;'lst~f1l1 int~lljt,~nc~ inv~stm~nt.~wh~r~

it i8 not needed will be avoided. and where intdlis::.:.'nt 8V3ten13 are needed. thev will be available:.. ...... .' . .'
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Figure 1. Information Is location specific, and further away It need not be as detailed or
timely.

Another pan of the conception underlying this concept is the relevance of information to the
vEhicles. Vehicles need very detailed knowlech;e about their immediate surrounding.s. FlU1her
away fewer detaiLs are needed and the information i.s less time critical. TIle commUl'iication.s
char~ne1 willlm'ge1y be devoted to local information. In comparison it will t':tke little additional
bandwidth to pass on traffic and roadway information from tlU1her away, and that will be included
in thi.;; architectme as well.

1/1 i)/i)(~ 0 .. fI ft
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Impedance
Net

Figure 2. A notional map 01 how an actual tra11lc situation can be more simply modeled
with decreasing detail at greater range.

A third pan of the conception underlying this concept is how to handle communication.s. It is
bdi"""d thc.t th" di'i"ino; ,:,c.,'" f,;)j," 'X\lU1UI.UU,:,c.ti,:-n,' ,,·i~l b" "'h"n tl"c.ffi,:, i,· c.t it" d"n"",·t c.t ""l,::-,:,itv.
and then something unexpected goes very wrong (e.g., a tire blows and a vehicle is sent on an . '
uncontrolled vector across multiple lanes, forcing eVE:-yone else to evade an incident in real time).
A communication.s channel properly sized for this incident will have a great deal of available
c3pacity during ordinary operation.s.

1.3 Communications B;mdwidth Requirements
A preliminary anal),.sis of the commurucation.s bandwidth requirements for this concept We't-S
conducted. That analysi.5 found that the required bandwidth should fall well within the reasonable
b,tndwidth availability for such a system. 111e messa~e.s con.sidered in that analysis are listed
below. " , '-, ,

•

•

•
•

•

"Lookout!"

Sudden Obstacle Detection

Ongoing Vehicular ~ishap
Change-: to baseline vector

Intended major changes to baseline vector

Ob.5erved, ullfepol1ed (:lunges in other
vehicles vector.s
Vector on moving obstacles
Propo;:,al or ratification for Contingency
plan (e.g., 2 round.s proposal, r round
vote, 1 round awk back)

• Parameter values for upcoming merge
(e.g., traffic in other lane and req'd Jpacins;
density in this lane (implicit» '­
l'pcoming gross (e.g., logical) roadway
geometry (including:)
• LogIcal staning and ending of lanes
• Block upgrade'-ievel of a stretch of

roadway
Other gios.:; roadway geometry

\..- .' \... .'
infonnfltion

Summary Vehide Char.,\(:terl.5t.ics

• \7e.h..icle C]1~u·acteristics

Additional Veh.ick (1uIHtcte:ri,:;tic,:;
(broadcast at a very low rate: when vehicles
quickly l)ass, they 'may not all get thi.s
message)
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• Emergency command of other vehicles
[whe!l conunandership is prenegotiated]

• Possibly suspicious vehicle

• "I am an Emergency Vehicle!"
• Pull Over ...· -

• Desire for regular maneuver

• Vehicle baseline vector [and orientation
clifferencc]

• Confirm,,1.tion (agreement) for reguL-u'
maneuver

• Confirmation on known, fixed obstacles
• Detailed upcoming roadway geometry

Traffic Status next few exits

Preset ~1erge protocol for upcollling merge
point

•

•

•

•

•

•

•
•

•

Top-level description of extant platoons
(size, location, speed, makeup)
Regional Link Impedances (or equivalent
info content)
Preplan contingency plans
• Generalized plans (0 order estimate: 1

plan = 1 byte for each of up to 50
vehicles =up to -400+ bits/plan)

Inunecliate response to "Lookout!" (more if
negotiated)
Clock synclu'onization

Long range map database changes

Sensor Cross Calibration
Ale11 Ordinary Gross Ylaneuver (e.g.. LaneCllange) . . .....
Haza~(l \Varning to Proposed Ordinary
Gro~,s YIaneuver
Ordinary Gross YIaneuver Ok
Ackno\\';ledge

2, Concept Reference State Description

Phpdral Architecture
The physical architecture cie.scription is deliberately sparse. It is an objective of this concept to not
require a detailed specification on the physical arch:tecture. In the discussion of the functions,
however, some examples of phys.ic:al systems whic:h could perform some of the described
functions are sugge.sted. - .

Location System System Descrip.ion
Type

Velude Sensor ~ame Sensor Slllte
FUn(:tlon Oather externall1tlonnatlon and mOl11tor

internal vehicle st..1.tus
CandIdate VISIon system, Radar, Speedometer,
Technologies tachometer, accelerometers, gyroscope,

Cl1I13.Jass, ell:. MulLiJ:.'le SenSl1lS will be
use . Different vehicles may use
different sensor.s.

Control ~ame On-Board Computers
Sy.qem

Functlon Process 111tormatlon on-board. Include.s
all automated decision making.

CandIdate runctlonally dedicated CPLs, a
Technologies monolithic fault-tolerant computer, neural

nets for pall, etc.
e.OtrltrllJI11- :'\ :-HlJP. V P.hlelP. to V 1"111 ell" (.Otrltrlllnle::ltlon.;;

cation
Sy.~lCUl
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Functlon :\on-line of sIght, shon range, shared
mob~ie data channel, of TBD capacity (1/4
- 10 _l'fbpsJ, w1th the ab1lity to
communicate acros.s longer hops at lower
data rates

Cand1date different radio technologle.s
TechnolOQies

Actuator.s :\ame Actmtors
FunCHon Tran:,lale slgna1.s trom on-board

computer.;: to phwical action:;:
Candidate ElectLlc motors
TechnoloQie.s

HlJI1i::in "~Hnp. I..~p.r Intl"ti::iCI" 1::i)'l"r
Interface

.FunctiOn Provlde and manage the mtedace betu:een
the .illS and vehicle passengers,
illc1udill!C tlle chivel

Canclidate COIEputer, mer mte11ace devlce.s such a.s
Technologies voice .synthe.si.s and recognition, heads up

disp!a\;. control buttons. etc.

Location Sv.~tem System Description
Tvpe

Roads1de CommulU- ~ame RO~tj markings
cation

S. y,:tem
.FunctlOn .Facllltate pe110rmance ot veluele sensor.s

in sensing vehicle environment
(p3rticul~-1\' roac\\'\·[tVI

Candidate PaLlt, rd1e(:tlve speed bumps, radar
TI"chnnln~-,il"~ rp.tlp.cTivl"~Trip" I"Tc.

CommulU- .:\ame Velude to Velude CommUlUCatlon.s
l..:'tliou Ro,tl..bide be,H:\,.lu

System
.Functlon suppon passlllg of lllfonnatlon between

the traffic stream and the infrastructure
(optionafl

Candidate .Fixed devIces whIch melude a Vehiele to
Technologies Vehicle Radio. official vehicles in AHS

traffic stream, 'with a data channel (e.g.,
radio or cellulan to the infrastmcture

Sensor ~ame Koaclslcle Sen.sor
Functlon Y,vnltor a sectIon ot roaclway le.g.,

around a curve or in a tunnel where the
vehicle will not be able to see an ohstac1e
Ui Ime)

cancliClare \ ~,nom .SIzmng ancl .scannmg .sensors
Technologies

C 01lUlllUll- ~ame ITS
cation

System
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I 'unction I'rovlck: l'UJ .~el-VKe.~ beyond Al1~

(priqlarily information gathering. and
paSS111~1

Candidate See .:\atIonal ns Arclutectme
Technologies

Location Svstem System [ )tTiption
Tvpe

CcntL:llly n~J :-';dlllC .1 ~J Control

Located-:\ot
Roadside

FunctIon .:\on roadside as functIons 111 SUppOll of
ITS services

Candidate See .:\atIonal ns Ardutectme
Technolo~ies

'1Dl.> ... ' UIUC Till.> \':>1.. y l>c IllUhil-'lc ..<\ .•'lC-Ill·n

FunctIon 1BU (will not be reqlUrecl for an effectIve
AHS,

Candidate TBD
TechnoloQies

2.1. AHS Functional Descril-)tions

2.1.1 Speed Tracking
TIus function is performed by the vduck The on board computers receive information on

po.sitlon, .speed and acceleration from mUltiple .source.s, and command the actuators in a
manner that emboclies the desired speed.

D~scription From Svstem To Svstem
Control SIgnals WhICh On-Hoard Computers Vehicle Actuators'

embody desired speed
Internal measm'e.ments of ~emor ~ll1te On-iloard Computers

cum:nt speed &
~(,(,f':1f':r~ti(,lI1

Direct measurements of Sensor SUIte On-Board Computers
position (and possibly
speed) relative to the
roadway

llep0l"t.3 on appal"ent Vthel" vc!uck.3 V duck to V dude
position, speed (and CommunicatiolB
possibl\' acceleration)

Kepons on apparent Velude to Vdude On-Bozu'c1 Computers
position, speed (and Communicatiom
po,,·ibl'.' ~'CCelel·:tti()nl

Kepons on velucle speed Un-Hoarel computers UU1er Yducks (vIa Vdude
to Vdlick CommunlcatlO1l.S1
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2.1.2 Inter-Vehicle Separation TrackiI1'~
TIus function is performed by the veluc1es oper:t~ing in concen, and implememed by the set of

individual velucle maneuvers.

DescrIption From Svstem To Svstem
Control ,signal.) WllKll On-Board Computers Vellll.::le Actuators

embody maneuvers which
maintaIn inter-veb.icle
separation

V!f'::l:mrf'rl .~f'p::lr>lt1nn, (::lnd Sp.n.~nr SlIltf' On-P. o>lrrl Cnmplltf'L~
possibly rate of change)

KCPOl1:.5 on .lpp.lJ:cnt n::l.ltLvc UthcJ: vdw.:lc.5 (Vl" Veludc On-DC'Md C\"'lnputcJ:.5
Dositions and velocities to Velude Communication.s)
speed (and pos.s-ibly
':tccelerationsl

Kepon.s on apparent tlllrc[ Utller ve1ucles (VIa VelucIe Un-Board Computers
pany positions and to Velude Communications J

velocities speed (and
pos.s-ibly acceleration.:;')

~egot1at1on.:; ot polley Other veludes (VIa Velude On-Board Computers
regarding proper inter- to Velude Communications 1

-,,'elude separation (may be
implicit in some cases, and
include.s- .special case.s,
:ucl1 as wakiug 1001U [11l

merQe31

2.1.3 L~Ul~ K~~pil1g

111i~ function i.; pedonned by the individual vehicle. Input:> from the bne-keepinq ~'en"or" ~u'e

UJuI!J<ucd VI illi I \-',tll nu valLUC <lUI.! <tHy 1CLILlC.:lCI.! bid.:. iH L1lc !.tHC. If llic vc.1l.idc 1.: Hul
po.sitioned properly, a steering correction which takes speed into account is computed.

Dt>~criJ)tion From S\'~tt>m To '\'~tt>m
<":01111'01 ,ng11aL w1uch 011-.Qoard Computer" \' elude Actuatoi';?

embody maneuver.s- which
mainL.'1.1n veluc1es in their
I.JlOpt'l laut'

~easuredpOSitIon, velOCIty Sensor Suite Un-Hoard Computers
(and possibly acceleratioll)
with respect to the
roadway and lane
m::u-k'jn ~s

.I('\lnt ddlnltll,n nt thf' bnf'. Othf'r Vf'hlClf'.~ (V1>1 Vf'hH~lf' On- ~1(Ylf(1 (.omplJtf'r.~

ge01l1ctry and po"ition to V chick C01l11l1Unication.;·)
relative to the traffic

:-; egoLI,HI\..\Il.) 01 pOlK\' OLllel vduck.) (vIa Veluclt' Ou-Bomd CompUlel.)
""~~'.lt"r1;n~1"""1""1' hi... t" V "h;e1" ('nmn"'l1n;"'.lt;,'\n ~ 1
]:Pf'pine (m;-ly lw implicit)
ror .3pccial Ca.3C.3 (.mch fl.3
lane changes and
.'ontingen~\' handling)
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2.1.4 Lane Changing
The function is ped'ormed by individual vehicles.
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Description From S\'stem To S\'stem
Control sIgnals WhICh On-Boru-cl Computers Velude Actuators

embody the proper lane
chanQe maneuver

Yleasmed pOSltlOn, velOClty Sen.sor Slute On-Bom-d Computen
(and po;.:;.:ib1y acceleration)
with re.spect to the
roadway, traffic, and lane
markinQs

R,~·cel',:e repol:.: on apparent Othcr vet-ude.: (v1a \'dudc On-Board Computer.,
relative PO;.:lt1011> and to Veluc110' Communication;.:)
'ldocitlc.s .spec..:l (and
p033ib1\' acce1eratio1l.3)

H.cpon 01l OlllC·l· YClllCK -' Vll-.L>OELrCl \...on-.pulcC'< Vlncr YUUCK.j \YlEL ... CIUCIC

appru-ent relative position.s to Vehicle Communications)
and velocities speed (and
possibly accelerations)
durinQ their lane chanQe

2.1.5 Road Geometry Recognition
Thi.:< funclion i.:< pcrformed l10Ihl1y the vChicle, "n([ l1y thc coopcrative .:<Ct of vdtlcle.:<. The

Road Geometry Recognition function fomv: pCU1 of the foundation for all maneuver.~;. Road
geometry information for upcoming roadway i.s tramnutted (with decreasing preci.sion for
roadway flU1her away) downstream using the velucle to vehicle communications protocol.

As a notlonalllarclware unlt, the on-boarel computers coulcllllC'1uc!e a shm-eel memory modUle
with a map of the outside world, maintained and updated by the vehicle. Such a map need
nnr pncndp (hr~t fnrm~jrrh::tr prp:mppn:,p.~ nnt~ninB tll11 cnrrpClnp.~.~, nnr dn r11P vp.hiclp
algorithms need to be predicated on the assumption that the map is a completely accm-ate
representation of reality.

Description From S\,stem To Svstem
Rf'.1:Hlvt'". phy"lC'll pn."ltlnn, ~n;'ldw;'ly m;~rkt'".r" (VL~ dlrt'".ct "t'".n"lnl::~) ~)t'".n."nr

orientation, and po.ssibly Suite
velocity of roadway

Measured phySIcal POSltlOll, Sensor SUIte On-Board Computers
orientation, and possibly
velocity of roadway and
roadway marker, .

.\1:tp or rhy.s1Cal roadway to External database entry On-Doard Computer.s
.some eve] of detail (e.Q., CD RO~{I -

Ve,:;cnptlOll of 1'oCLc[-...-CL)' CLt Fu1'thel" ...elude.:: Clo,::e1' '.-duck,:;
different ranges. with less
detail at Qreater ~-anQe

D~'scnptlOn ot roadway at Other velude.s (VIa Velude On-Board Computers
'.lifferent ranges, with 1e.,., to Vehicle Communication.,)
detail at greater range
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P':\,l11"pr C"lU'11 pC"l'lTH'II1.

velocity (and p?ssib1y
acceleratlon). Clirectlv
sense the roadway, traffic,
lane markings, alld the
obstacle .... ,

eceive repolH on apparent
vehicle and obstacle
positions and velocities
{and )0.ssib1\' acceleration)
,~pOll on ot ler ve ue es am
lhe. ,--'U::> l.tI..:k.~ .tpp.u e.ul

relative and velocities
speed (and possibly
Ztcce1erations) in an
illlellh;elll \11l\ll-dlallllel

redunCiantJ .manner

2.1.8 Speed Decision
This function i.s pedormed by the vehicle with input from other vehicles.

D~scription From Svstem To Svstem
Sensed external .state Sensor SUlle On-Board ComDuters
In!ormecl external .state Other velucles (VIa Velucle On-Board Computers

to Vehicle C01iul1unicationsJ
Speed DeCISIOn (may be On-~oru"d Compute:-,) lJn-1roarGComputers

implicilJ
Speed IntentIons (mav be On-Boru"d Computers Other velucles (VIa Vehicle

buried within larger to Velude Comil1Ulucations)
" ~

IntentlOll.S message. ~ay
be implicit) ,-.

2.1.9 Inter-Vehicle Separation Decision
This function is pedormed by the vehicle with input from other vehicles.

state
From SYStem
Sen.sor Slllte

Dfaft Cooperative Concept (~cKen(h-ee) 11 of 17 1/19/96 Draft
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l)cS(:nptlOn ot roadway at On-tloard Computers Other vdudes (via Ydude
different ranges. with less to Vehicle Communications)
detail at greater i"ange

2.1.6 Obstacle Recognition
Thi.:: function i.:: petformed primarily by the vehicle. The onboard £; el1.:; or.:: detect po.::.::ible

obstacles, and on-board processing makes a deTerm.ination. Suspected ohstacle.s may be
revisited. ~u1tiple. veh~cle.s 1.1~av examine the s~me susl?ected ?bst~cle ~'i~h their own
:;;eU:;;lll:;; (1U mauy :;;uuaLI0u:;;, 11 L11ele llti'ifu 1l1ulLlple vdllcle:;; wuli hue 01 :;;lgl1L Lo Llie
suspected ob.stacle, then the vehicle can change lanes on .suspicion only).

TIle propo.':ed phy.sical architecture doe.s not prohibit the addition of fixed roadside .semors,
looking for obstacles, and reponing them to vehicles using the vehicle to vehicle
communications protocol. To an AHS vehicle this would be indistingui.shable from jmt
another AHS vehicle that happened to be out of the traffic no\-\' and happened to ,:;ee the
obstacle around the benel.

D~~cription From S\'~tem To s,'~tem

.\Il-=a':lul:'d ':lgIlah 11'-'111 ':\1:'11':'_'1 ':\lllll:' Ou -BI-"ud C OI11l-'UlI:'I':

ounide environment
t'o.s1t1on, velocltv, and Other velucle' (VIa Velucle On -Bo<ml C'omputers

ueneral cl1aracierl.:;Iic.> of IO Vel11c1e Commll1ucajon.»
~,

ne arbv obstacles known
1)\' otIier vehicles

P(\.SltIOn and general Uther velucle.' (VIa Velude On -Board Computer.s
(,}lLULK:leli":li",-,: '-'1' ueLuby to Velude C'-'ll1Ull11Ui.:LtUOU.,:!
.~uspected obstacle.s,
identified bv other vehicle.:::

2.1. 7 Obstacle Avoidance
ThL funcIion i.s performed by Ihe veh.iC'le. in cooperaIion wiIh oIher veh.iC'le.s. There are IWO

manners in which this function m.i;:ht be petionned. (~ote. this function was defined in the
,-'ulliue ple.,:uppo.,:iug a .,:ep<uale ob~:lade le":')g11iliml 1'Ulll;li,-~u.,

." 1):1 RoutiOf' 01v:tactp Avoidancl"
The first manner might be thought of as obstacle avoidances for easy situations. In this case.

the ob.,tac1e (or .;:t~.,peeted ob~tac1e) i., .,en.;:ed TIli., may be traffil; that eome., upon the .
obstacle, or. it may be a stationary obstacle, with e.stabl.i.shed traffic lanes by-passing the
obstacle. If tlle latter, then velucles merely U"avel ordinanly, and happen to b)l)ass tlle
obstacle.

If the former,. then the lead vehic~e[s] identify the suspecte.d obstacle a.s th~y, appl:oach it. TI1e
geometry IE; such that they easIly change lanes, and aVOId the ohstade, l1lfornung upstream
traffic of the situation (if they cannot easily do this. then the obstacle i.:; avoided minI::
contingency operation., a., dl.,cLF.;:ed belou:) . ~.

Dt'.~('rjption From S\'~tf'm To S\·,tf'm
l\\1ltrol SIgnals WhICh On-Board Computer.s Velude Actuators
(~mbodv maneuvers
',dlereil1 vehicles avoid -
[suspected] obstacle
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Sen$or SUlte .omputen

.nmplIlp.fS

.ompmef;3

2.1. 7.2 Olv:tac1e .\voidance Durin~ C()ntin~encyOperation~:

11us is an example of the more geI1eral function; Contingency Operations. These are exception
0p....l :lIi(lIl,:, d .....,:it~" ....d '0 lIalllll .... ,:lldd .... ll1y difCiclI1, ,:i"':lIioll,:. Of, .... ,L COllillt~"""CY Op....l :lIilHI,:
will illCllIlll' l':'l.~.~illt~ illfollll;·lIinll IlpSlll':·1II1 so 11i:·11 fillinwilW 11 :·Iffi(" will .~Inw dnwlI, :·llId if
ne..:e.'.',H-y ..:·e.n"e te. ,\ .'te.p, hefe'~'e the In..:.ident, b.iv.inb the vel·.u...:le., .ilnlne..:u<,\tely on the .,..:·ene

the time and space to deal with the problem.
11K vehide3 recognize the ob.:.tac1e, and recognize the need to invoke contingency operation:..

A plan in re.sponse to the obstacle is selected through rapid mes.sages between veludes in the
immediate area, and that plan is executed. At the end of the plan, steady state traffic now
alOllud the ob::;lade i::; t'::;labli::;hed. It '::; I1laiult'uauce i::; de::;Clibed iu .2.1. 7.1.

D~~cription From S\·~tem To S\'~tem

Propo.se Ba.sel1ne On-Board Computers Other veludes (vIa Velude
Contingency Plan to Vchicle Communic.ation$)
(orclinarv function before
i.:ol1liu\!euc \' 11alH.lliu~ b
invoke~d) . ~.

yrOpO;eCl.l:ia;eUne Utner velUClb (Vla v elUde Un-.l:i oarel 1_ Olnputer;:
Contingenoy PICdl':: to Vehi,-'k Conunll111,-~Cltion,::)

(orCliIlru'\' function before
contingency handling i.s
invoked!

Declare "Lookout!" and On-Board Computer.s Other vehicles ('v1a Vehicle
Invoke Contingency Plan to Velude Communications)
Selection ~ ,

Kecelve 'Lookout!" Utiler vducles (VIa vduck On-Hoard computers
to Vehide Communications)

Contl11gency .Plan ~e1C-ct1on Un-Board Computef;3 and Un-Board Lomputer3 anel
Proce;: 5: (e. ~ .. 2 round;: of Cnl1er velude;: (via Velucle ()ll1er velude;: (via Vellide
preference expression, 1 to Velude CommunicatiolE) to Velude COIl1111Unicatiom')
round of selection, and 1
round :\ck!lo.....·1ed21nellt1

Control SIgnals WhICh On-Bom'd Computers \' elude Actuators
embodv maneuver.s wluch
'.uact contingency plan
maneuver.s, avoiding
()b.~t.'\..:le.
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.omputer3

Draft
FCl{f~d to: Stpvp Shhdovp.1", Midw.llp B::I)'01lth, JP1"1")' Sohpt.~ki

.ol1muter3
"

_Ol1\:lltE'n

Draft
F:.lxNI F1"om: Tom McKpnd1"pp

.omputtrs

2.1.10 Lane Change Decision
11."L-" .u-., tlu-.,., dlff.,L,.,nt L.n., Ch•.<!h;., d"c'l' le.n fundle'n" d"p.,ndlnc; e'n th., PUL}'CO'" e.f th., 1..n.,

change. ~ ~

1.11(\1 SplfDj1"pC!pd I i\UP Changp E"1" '\a\'j~;uj('n Dpci:jc'n
ll'li" fllncti"n i.,' thp pll1"1:"Y (\n_h(\~I-d dpci.,·i()n t(\ m~kp ,. bnp dY""'t,~P- llip ,'b""i,' pXMnplp ("'If ,•

.~;e1f-dilecled hue chauge is iu pI elxualiou 1'01 l1lakiu,~ au exit, 01 110l beiug iu a hue wliil:h
reCJu.ires an un~lesirecl exi~. It .wo.u~d ,aLo be a self-di~-b.~ted lane-change to move the next-to
kfuno.:t 1[(111::, In P1'-::p[\.rahon t01- JOllun5 an c,ppl-oac:h1115 pbtoon.

D ~s cri pti on From System To SYstem
Sen.sed external state Sensor SUIte On-Board Computers
lu1 U1 Jlli::!d i::!Xli::!lUal ,":L:.:t.ll:l Olh""1 '""lu i:l"", ("1~' \·""lu<-'1"" C)u B,-,~u~l C 1_'IUpLll""1"

iindud,;., ~'pp~\:r';'l1t to \7,;.hid,;. Con'"nluL.i{~~tion,)

ioC\c!\A'a,' ('ondition~_ and
braking' capabilities of
nearb\' vehicles)

T '.lnp ( 1""1<~p I Ipi'l,l("'In (In'.l'· (In-I-i(Y'l-r! ( ("'Implltpr, ( In-I-i i"'l'.lt-r1 ( ("'IlliPlltpl',
be impIic1t 1 '-

Lane Change IntelltlOn.s On-Bo,u-cl Computers Other ve1ude.s (\-"1a Velude
(m::l\, 11f' 11l1riprl within to Vp.hiclp Comni1lnicMion.~l

lQ.1'l:!;er intflntion.· m.fl'·':Q.(:!;fl.- -:VIa\, l1e impliciO

2,1.10.2 Lane ChanQe Decision For Load Balancin~

1lIi.~ rllllClillll is 1111-' c11-'_cisillll III III:.lkl-' :·1 1:-1111-' Cll:.lII~~1-' III Illllll-' 1-'\l1-'111\, h,ll:'lIICI-' 1111-'. lll:.lcl hl-'lwl-'l-'lI

lanes for smoother traffic t1ow. Two approaches are suggested. The first is peliormed by
.ind.ivldua1 veh..i..:1e.~ w.ith lnput hOln other vehlde-~. 111e .~e..:ond .i.~ ped..:,nned by veh.ic1e.~ a.~ a
group, de3cribed from the penpective of a vehicle initiating the action.

Description From System To SYStem
Ulgest ot roadway Other velude-; (\-1:1 Velude Un-Hoarelcomputer.s

conditions for next stretch to Velude Commun.icatiolE)
\)f road
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Draft
F~\xed to: Steve Shladover. :\1ichelle Bayouth, Jerry Sobet,ki. .' -

UlUpUlel.)

.omputers

Draft
Faxed From: Tom ~cKen(h-ee

.omputers

.omputers

DescriPtion From System To System
DIgest .o~ roa~lway Other veludes (\-"1a Velude On-Board Computers

::-,="nc11t1/~n;' f01~ nl::~t >tl",~td. tl~ '.rc·h.i/')ll:: C~,:)tr~t"l"l~l1-Ui)nti':'l-n;')

of road
Request tor a volunteer to On-Board Computers Otller vt!"ucks (VIa Velllde

dl8.11se bIle,: to b8.bllCe to Velude C'0111111t11UC8.t1011".J
!low

Response to request tor All other vdllcles 111 On-Bozu'd Computers
v,...ll1nt.... '·' i;n,-111 ..1;'i<~ .; tlitr,foorl'; -:o.tfoo ~1t~foo~1 (v;~ V ..h;,-l ..

. 1...'

de..:Llied n\n~e ~o<tl OIl the to Vdtide Conl1nlUti..:.,,\tion.~)

.eu"etch,
Lanel:'han£:e DecElon On-Board Computers Other veludes (VIa Velucle

iLJa.)ed uii cllllHlillaliull III Vduck CUI1UIlUIUCaUUllsj
rules, implicit in respomes
to recmest for volunteen)

Lane (1uUlge DeclSlOn Other vdudes (VIa Velude un-t}oarcll.Omputers
\b<t.~ed 011''': c,ord.ill<tt.ic'l1 to Vd1.i..: k Conl1nlu1.i":<tt.ic,n.~)

rules)
-Y[essage to other veludes. On-Board Computers Other vducles (VIa Yelude

de.scribing intended lane' to Vehicle Communications)
change maneuver

Lane Change hazard Other velude.s (VIa Velude Un-Bozu"cl Computers
',1.'8.1"1Ull C! to Velucie COll1111ll1UCc,Uon,')

Lanc Change: ok Othc1" ydude:.j (YH\ \'dudc On-lJo[ll"d C0111PUk1".j
acknowledge to Vehicle COIl1IlmnicationS')

2.1.10.3 Lane Change Decision As PZU1 of ContinQ:ency Operations
TItis function i) the decision to make a lane change in accordance with a contingency plan. It is

performed by the veltic1e with input from other veltic1es (particularly, the selection of the
contingency plan). In some colltl11gency plan.s the lane change is explicitly called for in the
contingency plan, making the decision trivial. In other contingency plans, the veltic1e is
responsible for determilting that the contingency plan implie.:· that it is to make the lane
chauge (fOl exall1ple, a pIau wllel e the "ehIele.) iu a P<u lil:llLu laue logically l:UllUl of.f iUlO
gWllP.:' of Llllee, wilhuue glOUp ,)wel "iug IdL auJ lnakiug, oue gWllp .)wel "iug Iigla ami
braking, and one group ~taying in the lane and brakinl:;)

It i,~ expected that in contl11gency operation.;;, vehicles witt not request other vehicles to make
'::1"-11'1" fnt" thptn in '::llppnrl nf ~ hnp i'h~t1iSp-thp npi'p'::'::1ry m:~t1ipllVpt"':: v:ill ~lrp~,rly h1Vp hppn

embedded into the contingency plan. On the other hand, as contingency operation.s are
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Draft
Faxed to: Steve Shladover, ~chelle Bayouth, Jen")' Sobetski

Draft
Faxed From: Tom ~cKen(h-ee

I~ L1ILl. JcfiucJ ~'L'lUL ",:vuLiu~cu...) tJ!;;w..,Uill) lJ...: i~L.UL.iIiLJ ", 111;1Liu iL ", i~1 t'L; L11C L.'I.Fli ...:iL dLlL)
of vdllcles (or at lea.st some velllc es) to engage 111 that sort of commUlllcatlons.

[Dal<.\ l1<..;"v Laule lwl iuduue<.l]

2.1.11 Lome Change Coordination
TIlis is also three different function.s, depending on the pU1l'0se of the lane change.

2.1.11,1 C('I('Irclinati("'In ('If Latlf' Chan~p:. f("'Ir "avjg;ni ("'111

TIle vehicle wishing a lane change sends both a general intention, and proposes a specific lane
change. (TIus specific lane change could be a one-velucle maneuver, i.e., moving into a
sap, or a multi-vehicle maneuver, ie , create gap, and then move in) All vehiclb directly
111volved with the maneuver must acknowledge back ok before the maneuver stans. A
vehicle that .;;ense.;; 01 iuJels a possible llaLaH.l'vdth a pwpo.;;ed maneUve1 can alell otlleL;; of
the problem.

TIle clara t10\:\' below i3 from the poim of vicw of a vehicle wLhing to change lanu. (TIle
vehide mmt be able to generate and send the symmetric nk.:·.:<\ges when other ve1li•.::1es
change lanes.)~· . ~.

.omputers

.omputers

) 1 11) Cporelimrjon of I ::Jne ClFllwe:. fp,- I mel Brjhni'ith"
In lane change.s for load balancing, the lane change decision will have been publicly made

amon(! the vehide.~ in the immediate area. and the lane chan(!e "'ill have been coordinated
withil1 that decision process. . ~.

[Data ±lo·.·.. table not included]

2.1.11.3 Coordination of Lane ChangeS' for Contingency Operations
A selected contingency plan will (implicitly) include the coordination of lane changes called for

in that plan. .

[Data now table not included]

2.1.12 Platoon Formation and Dispersal
Platooning remaim a crosscutting issue. TIlis concept will SUppOl1 platooning if desired.
Tha~ velucle.~ desire t~'platoon, and inform,;"tti~n on extant platoom, are propagated long

chstances 111 the trattlc 11ow. Interested velllcle., maneuver together and torm up platoom
where possible. Platoon dispersal i.s handled within the platoon,

).:01e, in thi.s cooperative concept, l1igh t111'oughput formatiom analogolE but not identical to
platoon, may be possible.
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The data Dow below is from the point of view of a vehicle wishing to platoon. ():on­
platooning vehides must stiU SUppOll message passing up and down-stream.)

Description From System To System
lJeS11:e to platoon and On-Boarcl Compl.;ters Other veludes (vla Velude

desired platoon to Velude COIlullU1ucations)
.:.har.h:tcr.i.~t.i(.~

lJe.scnptlon ot extant platoon Other vdude, witlun the On-Doard Computer.s
platoon (via Velude to

Veh.ic1e Commmucations I

1)1gest ot extant platoons Uther veludes (VIa V elude On-Board Computers
and platooning desires to Velude CommU1ucati01l.S)
up/down stream

." tW Platoon l111tlatlon On-DoaJCI Lomputer.s Other vehides (VB Vdllcle
to Vehicle Communication.sl

Platoon ~a111tenance Other velllcle 111 platoon On-Bo,u"d Computers (vla
P::ll"::ltnM"t"~ (rl,:.r"t",r,in"rl h" Phu'I'"lnino. V"hi"l" t,"I V"l-,i,'l"

. protocoll ~. Communications!
1'1.\toon .\lzuntenance On-Dozu"d Computers Other vdudes 111 platoon

Parameter.:; (via Velude to Velude
Communications!

1Jl:.tc,c,n .IOtn ~"'[pJ"';:t (3n ~: or.,-d (.i'HY'p1Jt"',";: (3th",,- '.-",h",1 "';, 'n plr.toc,n

(via Velude to \- ehicle
CornmunicationS)

Platoon J0111 Other velllCIe 111 platoon On-Board Computer~ (VIa
Acknov,'lectQmem (ctetennined by platooning Velude to Velude

~:

protocol, COtrltrll1 nic::nion.<J
.\1essage to other velucles, On-Bo<u"d Computers Other velllcles (pa111culzu'ly

alel1ing of desire to exit in platoon) (via Velucle to
nlatoon Vehicle Com.tr1unicationSI

:Y1e.).)age lu llllJel vduck.), Oll-Bumd CuwpUlel.) OLllel veluck.) (ll1dudillg
describing intended nezu"bv vehicles not in the
platoon exit maneuver platoon) (via Velucle to

Vehicle Communications!
Platoon eXIt hazzu"d warn111g Other velllcle.~ (l1lclucling On-Board Computer.~

nearbv vehicles not in tlle
platoon) (via VehicIe to

Velude Conullmucationsl
Lane Change ok Other velucles (posslbly On-Bozu'd Computers

acknowledge jncludin~ nearby vehicles
not in the platoon) (via

Velucle to Velucle
CornrnUIl1CatlOlE I

2.1.13 Vehicle Operational Status :\Iol1ilOring
Thp AHS vphidp will pf'rf'.,nn ;1 cnmplf'tP ,'pf'l";1Tinnal "unl" Chp,·k hpJ••rp pntf'rine ;1I1tnm:1tpd

mode, and ongOing checks dming amomared operarion. The.~e re.m will occm in every
plptnpnt oftl1/" phy.~ic::ll ::lrchitp.ctJJrp.. incllJclinr: tlIP On-P.O::lfl! C(")rnI111tp.E_ 1l1f'<\HS vphidp
wi11not enter autoIlkltecl mode if the operational status check is not passed.

-( ;\ote: A vehicle wluch is traveling in automated mode when it detects a failure will follow pre­
Pll1g1CtUUlled lugk: whil:h will depelld ol1lhe .)evelily uf the failLUe a11l1llie velude'.)
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Draft
Faxed to: Steve Shladover, :Y1ichelle Bayouth, JelTY Sobetski

Draft
Faxed From: Tom ~cKendree

l1nrl..,"::t"nA;nt "f th .. ,..""Au·,,)' "t'lt.. "t th"t t;n,,:. Th .. ,,"t;r,n rl;t't'lt ..A hy th.. l"t;" n,,,y +'t'l'"
example be to get off at the next exit, move to the shoulder and stop, hand over control to
111~ Ihiv~T (d~p~lIdill~ ()JI Ilw T~slllls or Ihis CT()SS-Clillill~.~llldy), ()l .~I()P ill Ih/-'. blw.}

Description From Svstenl To Svstenl
OperatiOnal Statm Check Un-Board Computer" Vdude to Vduck

Communication~

Operational Status Che..::k On-Board Computers Sensor Suite
OperatIOnal Status Check On-Board Computers Acn.lators
Op'::1'Cltl011Cll Stfltl.D Ch'::I..'1;; 011 Bon1'd COlnput'::F, l' X'I' 1I1t(·1'1:nl..'(· Ln·,'.::1'

I-.1ilme or Ok me.s.sage Velude to V elude On-Doard Computer.s
Communications

Failme or Ok me.s.saQe Sensor Stute On-Board Computers
l'«iILue '.'101-" u.e.>.>ct,l!e .~...:lLlctl'-'I.> 011-ll '-'<\1 d C'-'l11FLllel.>

Failme or Ok me.s.saQe l.ser Intel1ace Layer On-Board Computers
C' ,121' ~ot1ce.~ and Alel1.~ ot On-Board Computer.~ C.~er Intetiace Layer

Automated Fa.ilmC3
:\otlces and Alem of On-Board Computers Other Veludes (VIa Velude

A.lltomated Fa.ilme ~ to Vellide CommlinicatiolF)

2.1.1,J I>rivt"T ~t~tlJ'" ~Ionitoring

""h,·, £1. U~ '\:,-.h~f ....l/·. -e:.:t·~11 1-v. i;'\1,,1,. tl' l",\/-· ..-t","-n, (\ A....~'\.·,·.1· 'f"1"' :l"\/·\n:-~'\,·,·.nl·':-:' r...h'"'f"\1.r u·h,-.t") ('\l'I"\"'"i"\l,.,..';nt,-.
TI'll.~ fun..:.t1c'n "",-,='uld b..: p":.L-fc,nn..:d by th..:. ..:U-1Y..:L·1nt..:L-f....:..: l.:-c\',,:.·, D..:t.ub ..:kf,,:u·..:.d p..:nd1no,

completion of the appropriate cro:::.s-cutting study. ~

[Data flow table not induded]

~.l.l~ VeillCle t;ntn'
In order to mitlimize malfunctiollinQ AHS vehide,: and harmonize entering vehicle.s with the

traffic ~tnd communication;; t10u:~ AHS vehicle, \'\'ill be checked in b\, ,~ther AHS vellide,
U11 dIe' 1 UdLl '" ,t \. ' .

The proposed physical architecture cloes not prohibIt the a,s a local optIon the adcl1tion of check­
iu l>e<1COUS l:oullolliug phy.)icall y l>culiels, pIe ve11liug ll1glle maulIal vehicle.) aml
malflluCliouiug AHS veludes 110m e11leliug LIle HXtdway,

.") 1 1" 1 "'1"11,., \.""I,·m~l l=:'l1tn'
On fln IJI)"f'l1)t1·,...lk.N ATT.e----: """'fl<1"'·FlV. ",·h('.n th,'."'". fl'·,'. n ........rh".,.. vt'.h;,,1.'..) Fl1·,...llnN. FlnN ATT~: vt'.h;,,1.·,.

.-1H~rmjn~s that f1ct, and m~r~i); drivf'.s onto th~ rOMlw;1y. Tl1~ v~hil:l~ m;~jntajns an al:tjv~
c ....n,mlln;CFlt;'... n "y.)t('.tTI thi'lt w;ll Fl1.~.rt ....th..-':f" .........h;ck..) ....n FlPl.."..,...Flch.
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Draft
~'\Yr'rl tt"~tr·vr· ,~hl",r""'Ivr.t'. \,f;"hr·llr' p.r.')""'Il1th. 11'1"1')' .~'"'Ihr·t,l..;

Draft
~"'Yr·rl ~t"I"'Ini' T {\ni \,,f,,K r·tirlt-r·r·

Description From Svstem To Svstem
L~,~k ot eOlnn1Ull1e~t10n> Velude to V elude On-.8 o~l'd C olnputen

Communication.s
Sens11lg roadway, wlth no Sensor Sulte On-Board Computers

traffic seen '
"Hello, I'm here" message On-Board Computers ;\earby Air.space (and thence

(through the Vehicle to to any other vehicle.s
Vehicle Communications) which enter ranQel

Control sIgnals WlllCll Un-Board Computers Yelude Actuators
embody the proper entry
maneuver

1.1.15. ') :\ormal Entry Into Traffic
The vehicle announce:s its al2Proach to the roadway. and establishe.s a communication.s link

with the other vehicle.s. 1110se vehicles inform'the approaching vehicle of roadway
l:(lIHlili(lIl.~ (illdllllillt~ drcL'lilrcd 11.-lrnL illl\IIIII.'\IiulI), ;'11111 pl"'.1 1'\11111.-1 I 1"'.1 IH III"'. dlrcLk ill 1t'C.~1 (}II 1111"'.

vphiclp. Tf P;'j.~:,;prl, rliP vphiclp rlw n pnrpr.~ rliP rr~t1fic tlo\.\' ;'j.~ ~j n orrli n~I1\' lo~~ic;'j1 m;'j 11P.lIvpr
(similar to a lane chanQel. . ~.

Th~ table be1o\\' is const1~icted from the perspective of a vehicle trying to enter the roadway,
but all vehicles must be capable of generating the symmetric meS-3age-3.

. l<:asurec pOSItIOn, ve OClty
~and possibly acceleration)
with respect to the
roadway, traffic, and lane
lnarkin.~,:;

From Svstem
.omputers

omputen

Sensor Sulte

.omputers

omputers

ehIc e Actuators

.omputers
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('_":.('.lV~ L-C.p'OL"t.' on l-'1='F'lU-":".l1.t

relative positions and
velocities (and possibly
aCl..:elel aUOllSI
epol1 on ot ler ve HC e's
apparent relative po.sitions
and velocities (and
possibly accelerations)
durinr their entr\,

.,:nnputcL·.'

2.1.16 Vehicle Exit
As tlie vehicle apploaclie.) Llie exit, Llie ll.)el illtellace layel alelt: Llie dlivel Lo take COllL1l11. TIle

driver takes control, and the On-Board computers monitor the driver's petiormance. If the
driver docs not satisfactorily take and execute cc)ntro1. then the on-board computer continue
or t;~kf" h.~ck control of tht'" vt'"hiclt'". Tf tht'" drivt'"r c.~nnot t;~kt'" h.~ck control to m;~kf" an f"xit. tht'"
vehicle should have the option of going to the next emergency exit location, where the .
vehide will pull off of the highway and stop, al~d the ch'iver may take over manually while
parked. As.surning the ch'iver does provide adequate control, then the ch'iver manually drives
off rhf' frf'f'\,nY::ir rlw f'xir ::ind COtHlf)1]f'-:. n11rin:~~ rlw v:holf' lwriod 11tHil ::-tfrf'r rlw vf'hiclf' h::-t.'
left the hidlu·al'. it ,tal" u'ithin vehide to vehide communication>. announcin...-; it> locati.:m.
and nE1lutoring the traffic. ~ote that "under lllz,nual control." and ,: exiting the :~HS 3\'3tem:'
are louical cha~:acteri.,tic., of the vehicle that will be broadca,l. ~. .

TIU3 (k:;~ription i.:; predicated on the a:'.:umptiol1-3 that automat..::d driving mixed ·.vith manual
rr::iffic will provf' ff'::-t,ihlf' (::it If'::i'J in rhi.' limirf'd C::-t.'f'1. ::ind rktr prOCh., df':,crihf'd i.,
appropriate given human factors concern.s. Either may not prove correct, which would alter
the e:v..it function from what i., de,cribed here.

D~HTilJ(jUIJ FruJIl Snlt'JIl Tu S \slt'1Il
ALel~ dnver ot approadung On Board Computers t'.)er Intedace Layer

eXlt
Driver prepzu'ed to take Cser Interface Layer On-Board Computers

control
Vnver contre,l commands to lser Intetiace Layer (1 rom On-De/ard Computers, or

vdlide: (on re:mmption of D!.·ive:l') non-AI--IS portion of
control) vehicle

:V'f".;~Sllrf"..-J sl~~11;11s from ~)t'"n.~or ~)lIltt'" On -rl o.~r;,:r('.omp\]tt'"r.~
vehicle and outside
environment

Extenor reponed Other velude.s (VIa Vehide On -Board Computers
infonnation to Velucle Communicationsl

,-.omrOl signab wnlcn un-board ,-.ompmers 'Vellide AcmalOr.s
embodv~the driver's
conm1z~nds (optional
approach)

ReceIve repons on appzu'ent Other velude: (VIa Velude On-Bozu'd Computers
relative po.:;ition.s and to Velude Communication.:;)
'.-elocities .speed (and
Dossibl \' accelerations)
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Rep01t on other Y(.'1ucIe'3 On-Board Computen Uther Yduck3 (Yla Velucle
apparent relative positions to Vehicle Communications)
,mu vt:.lu...:iLic:.~ ;:,pc:c:...l (dUU
possibly acceleration.s)
durin£ their lane chan£e

2.1.17 Automated Highway ::\lerging
ylen";ing of the traffic .streams from two AHS roadways will involve preparation of the traffic

lll)st1:eam, and be ped'ormed jointly by the vehicles". Well upstream, each traffic .stream will
have logical traffic- data. including traffic den"itie,. of both traffic .>tream.' , TIu" "'ill create a
.;:1ight1\,~'more than .;:uffi~ient den,,1tv of gap, in themeruinu lane, for efficient meruing, A;
th~'trafficstrt-ams approach. spt-ciflc Yt-li.idt-s and gaps~'win bt- alignt-d. and the tratf.ic':"·w.i11
merge.

11il" ,hr:-l tl('\w t:lhlp hplnw :l.';,';1Jtlip,; thp :lppr(,~:lch fnr prp-tliprep tr:lffic,;p:lcine v,'i11 hI" nlw
....:,uH.lid<tlc: ,tpp1 U<Kl1 1'\.)1 k)<tLl-b<tLuKiu~ bue: dhtU~C:.). Tlli.~ l!htY be: 1e: vi.~ile:Ll, <mLl <tI.h.liliuu<tl
apploal'he.) ale expecLed.

Di>scription From S\'stem To S\'stem
LogIcal trattlc Inlorrnatlon Other YeJl1ck.s (VIa Yelude On-Bom'd Computers

(lilCluding traffic densities to Velude Communications)
z,nd merge lxotocolJ

Pa ss on logiCal trattlc Un-BNIJC[ Computer.s Other Veludes (VIa Velude
information to Vehicle CommunicationS)

~'l"'ssage to other vdudes, On-Doard Computers Other vel-udes (VIa Vdude
de.scribing intended lane to Vehicle Communications)
change nl[Uleuwr (out of
future merge lane, to

~,'

create mace)
Lane C,hange hazm'd Other veJl1de.', (VIa Velude On-Board Computers

war1l1ng to Velude Communications)
Utne Change ok Other veludes (VIa Yelude On-Bozu-cl Computers

~,

,icknowledge to Velude CommunicatiolF)
C)ntrol slgna1.5 whICh On-Doard Computers Vduck Actuators

embody the proper lane
chanQe maneuver

Yleasmed pos1t1on, velOCIty ~ensor ~U1te Un-Board computers
(and possibly acceleration)
with respect to the
roadway, tratfic, and lane
markiIHi·;;

ReceIve repom on appm-ent UUler vducles (Yla Vduck On-Bom-cl Computers
relative po'itions and to Velude CommunicatiolF)
velocities (and possibly
acceleratioll.S)

Kepoft on oIl1er vel1lele'>; On-B o;u'd C ompmer> OIher vel-uele, (VIa \I'-elUde
appm-ent relative positions to Velude Communications)
,md yelocities (and
pN·;.ibly Ctcc",l",rcttion;.-)
,1lJritw rlwir 1~11)f' Cli~lIH"'p

L,glcal a.S-S1gnment (velude On-Bo<ml Computer.~ Other veludes (Yla Velude
TO Qap) before merge to Velude Communication.S)
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.omputer.s

.omputers

.omputers

e liC e Actuators

ther vel-lidt.) (VIa elide
tn V phiclp Cnlnm1Jnic:Hiiln, I

Sensor SUIt:'

2.1.18 Lane-to-L-me Routing \Vithin a Single Highway
Lane selection on an AHS highway is done by the vehide.s, ba~·ed on the on board map of the

roadu'ay qretch, the vehicle', navigation objectivE» (e g , doe;' it need to make a panicubr
exit coming up), and lane-specific information on traffic along the stretch of roadway. 111e
vehide' .:, choice u'ill indude lane .'election for the puq)o.,e.,; of flou' optimization and traffic
control ::u'ound an obstruction.

[Data flow table not induded]

2.1.19 Highway-to-Highway Routing
The choice of highways to get the vehide from its AHS entry pOint to its AHS exit is made by

tl1P. vf>hiclf> mine tl1P. vf>hidf>f'; n,n:ie:Hinn nhjPJ~tiVf' (p,e,. "T ~m tryine tn l'f>~ch lnc:Hinn X"l.
and infonna.tion from its on-board region n-~:,p, which will include received information on
Ll1e uealleal-Lime sLaLUs of Ll!e llladwa\,. FOI segmeuLs a loug disLauce awa\,. Ll!e llladwa\'
,'lUlU.,' um) l>~ ~'.,' ....ilupt~ U,' Hut'. ilUP~U~"U<,;~,," :-.-r~;';h '-'.( lhi,' iU!\'l uUlli,-,u lU~') \;c. IJl '-' 'dUc.u l;)

ITS, where available. The navigat.ion obje(tive ",ill h"'l.ve (:Olne fron1 the usel', via the tHer
inted,Ke, and may include such item.) as {aste,)t route, s..:eni..: route, or .specific requested
waypoints.

[Data t10w table not included]

2.1.20 AHS Flow Control
Flo,,'\" /o.-:\-!I1tn-,1 i;i r'(-.l-fc,.-rncd 1""))" the n(.t"yc,d( of V(J-';4.-:L·.:•. 11.-,int~ th( .-,hr,r(_,-l knnvYlc,-l,::'/- ill-,ol1t the

rl':'lffic,irll:'ltinn, :'lnd cnnl'dinMinn mlp, fill' tl(l\\' cnnrml.
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[Data 110w table not included]

Draft
[,\Xed [10m: Tom ~kKe1H.hee

am an emergency
vehicle,:;, cle~l.r the \-vay!"

cscnpuon ot prolu )ltec
roadway (due to
ioadwoi-k, such a.s
de<'u'inQ an accident!

2.1.21 AHS Admission Control
Admission control is pedonned by the vehicles based on the llistributed traffic picture of the

region. When traffic patterns are dense, vehicles may be delayed on their entry during the
c11eck in procecture, but only in accorclance Wit!1 rules c!efining 110W traffic patterns jmtify
\\'h~,t "",hId", ",ntrv cl",bv,". n",f':lIJ1t 1111",." fcw rhi." u·i11 h", i'H'111.1",cl in th",il-f.";; "p",(~if;(~::lti()n

(intelface and bellavior·specificationsJ.
AHS Admission control policy could be set on panicuLu' roadways by local transponation

authorities, which mmt provide ,some data link (Yehicle to Yehicle Communications beacon
or ITS) to inform vehicles of the local policy. infra,t11.lcture based on CU1i'ent average speed
and throughput for the highway segments under control of the TOe, knowledge of usual
daily, weekly and annual traffi..: patterns, and on reports from adja..:ent TOe s. 111e
commancLs to implement the desired 110w patterns <,u"e communicated to the vehicles tlu'ough
a roadside beacon at the entry ramp.

11112 prop0.;ed phy;ical architectLU'e doe.; not prohibit road,;ide device.; lEing the Vehicle to
Vehicle Conununications protocol and plwsically control1in~ an entry. Such infrastl1.lcture
could be used for finn AHS Admission Control; if desired. ~ .

[Data 110w table not included]

2.1.22 Emergency Detec:tion/\Ionitoring
Emergency detection is pelformed in SiTU by the vehicles. As p<,U1 of the ba,sic traffic

iuJI_'llualiuu. llll::' L":l uJ llll::' 1::'I111::'1gI::'W:y i, plupagall::'d up aua d,_,,,,u ,lll::'alU Al ".'IUI::' l,.._,iul il

may be detected by ITS services. most likely be li:.tenilH; in on the AHS conununications
tr::l1fic ,:.trp.::ilii. TTS tn::iY tl1f'n .~p.I~d thl" infnrin::ttinn tn p.n~~rf'p.1H'\' w:.pnlF;1" vl"hiclp.,~, ::ind
more broadly in the region. .

[Dal;.t 110"> lallie uol iw.Jllded]

2.1.23 Emergency Response and Incident Clearing
Immediate emergency responses <,u'e handled by vehicles on the scene tlu"ough contingency

operations. Knowledge of the incident is quickly propagated through the traffic streanis,
and emergency vehicles can quickly respond to the incident.

Draft Cooperative Concept (~cKendree) 0) 1 t' ')7~ 0 ~ 1/19/96 Draft



Draft
Faxed to: Steve Shladover, ~chelle Bayouth, Jerry Sobetski

Draft
Faxed From: Tom :\1cKench"ee

2.1.24 Driver Interrupt Handling
Dctails ddcn"cd pcnding completion of thc appropriatc cross-cutting 3tudy.

[Data 110w table not included]

2.1.25 Select Preferred Contingency Plan
\\Then continf;encv operationD m"e invoked, it becc,me.;: nece~:~:ary for each veh.icle to rapidly

expre.s.s its~preference on the contingency plah.O be jointly enacted. This creates the need
for a very fast acting function "select prefel1"ed contingency plan."

One c~~~lidate phY-5ical implementatio~l.l~llght be '..,-5ing a netu"alnet. \Vith a pO-5-5ibl~ panet of
-1l)\)l) plans, IIlls would call for -1 \)\)I) nemor•., ly;lIl1 fUlly cross-il11lil1iIed links) for
selecting the plans, and a lot more for processing and reducing information. A SWAG i.s
that thi.s requires -16k neurons able to converge in less than half a millisecond, and a larger
new-on .set would .implement a better algor.ithm.

D~~cription From S\'~tem To S\'~tem

Semed external "tate Sen"or Stute On-Board Computer>:
Iulol1ued eXlelual .,lale Olhel "elw,.'le.' ("la V ducle Ou-Bo<ud COlupulel.>

(includes apparent to Vehicle Communication.s)
1-(,\Arl~'\.·.I;jY (\t,nrlit1t\n .-:;. j:\l)rl

braking capabilities of
ij.,-, cu~t-. ..." ",- ~J-:l.~..:-l 0:.'.;' ",

Sdect preterred contIngency On-Board Computers On-Board Computers
plan

Announce pretet1"ed On-Bo~u"d Computers Other veluc1es (VIa Veluc1e
/~/)IltiIlU:""Ilev pl~'Il v) V""hid"" Ci)nlnltUll/~~,tii)Il;"',

3. Deplo)'Illent Stage Variation
111e Cooperative Concept i.;: an open .;:tandard ~1arket driven concept. 111e deployment path

follows two main lines, the "Official AHS" line, and the "Beyond AHS Activities" line.
Onl\' thp ('1ffi{'i~l Al-l":::: linp i" u:ithin thp intlllplH'p ('If -....: AHS(' l:i,;p "t~~"'F" ~1"P ,llmm~l"i7pr1
although, the. fiflh sIage. is really multiple. stages. ~ .

Sta2e 1 1. :J 4 ;)

Same Pre-AHS Proto f.vp e OJ.teratiollal Full AH3 Follow-Oil
and Early Te's·t and AHS

Aatomatioll Ellhallced
Overations

_"liJ~~tOll~ :--:-AHSC Ulltlakd ProtCltypt E,'oh'td F , Optratlf:>llal Rdta;t of Full Offl;:'lal rtlta;.,. .:1
To Degill AHS Standard Te:;t Opelh Deployment AHS ~hJor B!od;:

PhflOC (blt:'>'-;"k (\ "S) ~p~::-iiL·~t10n (Ii t-pg1'~d", t,=, .A.l-I s
Releasee! mL~d witii Spe,:J11,:atlOn

manual tilen
reaslble); or rlEt
full D(l:'!o\'m<:!1t
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Draft
'J=::lIXA4-] ']:r,-,n~: T'-'I1"l '\.ff,,-:Tl'An ..-l'-AA

C C>l:ltin~to: d 1"'; ,,; ru:c:h Com-: l.;t,; 1"ollo~tt
to refine ;\HS of oj:-trational
':::[l",,~ifi.':Mi()n. tl'~g, "'V::ll11MI'
Development of operational tests,
baseline for colitmue research
Operahonal Tests, on lull AHS
Selection, design (pal1icularly
&. (,(lllstl1l.:.ti(ll1 (If feD.sibilitv (Ii
operatlOnal tests, mixed witll
Rele~:~e ;\HS m~nu,\l, if

Official
AIlS
A ctiviti oilG

\Vo1"k,hop." '97
Demo, De';elop &
,·",fin",. ,':(mN~pt.

De,"elop Draft
Specifi,:ation,
Spe,:lllcatlOn wl111
Prototype

Spe,,:..lfi~atiCtll
blo,:k 0.9

appear'11£;
prOmlSl11g),
De';elop AHS
""1 1r.\.1 ti\ .,11 i, II I 1\ II

iUl:~ployment,

Re;, ;e AHS
Spe..fi,:ation
l:-lo,:k 1.0

Roll-out 1"-t11 Contim.t'; to
;\HS, cen1I'y ,:eniI\' ";\HS
\"",hi.':l"'~::l~ "AUS l.()mp1i::lnt"
Compllant, " whldes (now by
Ylonitor rollout, Blo,:k leyel),
collect mOl1ltor and
informatlOn on enluate on~Ol11~

difii(,ulties, ,.(lllec.t AHS use, (,~Jlle,~t
new message additlOnal
typeG, l1leGG~geG type,~ ,d

a11.... ). Relea~ e
iU11her follow on's
to AHS

capaOUIlH'::'

of Official
AHS

Lkwu, 1111PW\ lllg
jefimtion and
simulation of
,:on,:ept, prototype
test

Tt.::;l-ll ,ti..:}.

workable AHS,
Extensi,"e test to
refll1e (:on,:ept m
preparatlOn for
operahonal test

Lkpllly,t1Jk AH::;

wlth ,:onstraints
hlll AH:S

,:apa1:)l11ty
(l11duding I11,?11
tlu"ougllPut on
deckated lane.s)
(Hopefully mL"Xtc)
Wlm manual
possl1Jle)

01 t,tlel pw,,:e::;.::;llJg

power, more
a,:(:mate senso!".s,
more a(:(:urate and
faster re.spolKhng
a(:tllators

r..·.-''t.-..·..·,l. (~,·.·,......·'tl., ,.""1'.·.,....,,,1'.· ..-1 .·1,·;"\·;, ... ~,.

Beyond
AHS Activ­
ities

Irs Dt\ tlUl-'WtlJl,
~on-,:onso111um
researdl on AHS,

AlltlllpLtiJ CTww Lll ,ulLI
de,'elopment of "rooting" of ITS,
automated wludes Dew;opment of
for ordinary IIIgll- Automated

OLlltl .::;L,thdlUllltl::;

add "extensions"
to AHS
CommU!1l,:atlOns

CllIlllilLltll

de\'tlopmeEt anc!
deployment non­
IIIghway

automatec) wllJ.(:)es ordm'J"IlJ.d1\\'ays and "rootmi' of EH:l1tuallv.
for ordinary lugll- d fea:-ible, - " ITS (pa111(:lllarly if CleYelopmeilt of
ways if feaslble, Deployment of mi.xec) wi manual AHS "apai}ihties
Deployment oi AHS for ordm~ry PC"~':'lble), onnon dechc:~ted

tC'feign pfe,.ur~(ff llIgllway~ It Clevelc1:,ment (It roaclways, i'tlKl
AIID ,~y,~t~.n-!,~. i(.~~~bk. (11\:1p":.£1.111y ",utQl1~clt(,d ,~tu·i~i.(.(. (-ycntuCllly full tl-iF
Deplo):ment of ':hoo.3mg to embed meet ,capabilities automation
ITS, pO.3S1ble the AHS comm (& perhaps
deployment of spe(:.) eventual
truck convoys, deployment)
wider deployment
of obstacle alert,
dnve by wIre
incrcIl3ingly
Ilelded
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BeVOlld Adaptiw Cnlise Some obstacle pOSSii)lv mixed :Y!l.."ed witli ProMNy, a

AHS Control, LrolC uyoidrolCC with mro1Ual, mro1Uul more numbcr of
Capabilitie~ DepartUre wammg, capaDlllty prODa l)1)'. capaOl11tleS WliKli

Lane Keepmg (not will then be yerv
With ACC), slg11lflcant, but
Obstacle Detection, whidl are not
Vel!ide Dele~:lilll!, jJle~1id&'k

Onl)oard Road
Condition Semor.s,
Roadslcle-to-
Vehlde
Commul1lcatiom,
Driw l)y wU'e
i"9S1l:'!f'

It is expected that in the operational te.m, variou.s forms of "cheating" will be allowed to make
the test more feasible. :\onetheless. that "cheating" should be in a form that is as nearly
compatible to the final AHS as pos.sible. For exanlple, even if the full roll out system is
capable of fully automated ch-iving mixed with manual traffic, the operational tests may be on
dc.dicCltcd 1UllC'..:', v..ith 0111y AHS ,.~h.idc...:, Clllo·....c,d. OIl(.: po..:, ..:,ib1e opc'I'utiollCl1 tc·..::t ,.vould be
to deploy a full system, but w1th a large sub.s1dy (-SlOk) pcr vch1cle to make the system
affordable for the oper;.itlo11a1 test. Another possible operational test ,"clu1d be to deploy
l1!llle 1iruiled "el1ides, a~)le lo use alllh~ IUe.~sages iu the ~'.~\l1u~!uuil'~lli.lm.>·pr~lll)l'~\l, l'Ul U,'--\l
able t.:. ,;;ene~-ate a.any .;:.f the !ne ~~a,;;e ~ (e.,;; .. L.:.ad and tLaffi.: d..i,;;eH H;,f,:.nnat~.:.n, Hi ~-eal t~!ne

T)/-,plny;:'-d :11l\1lt~ willl·llIl-'.~1-' \ol-'llicll-'s~-wnlllJl;1-' :-lll1-';I\oy illrl:'1.~111I~:IIIl/-' .~IIPP(\l1 Sy.~·ll-'lli :'lll\1lt~
lbe AHS lllauway, genelalin~ anu ;,;elH..ling lbe lemaining I1le;';.;;age.;;. A lbiH.l IJo,;;,;;ibilily
would be to add more exten.slve machine readable feature.s to the operational te.st roadway
than are intended for t11e full deployment.

A concern i::: that dming stages 2 or 3 a competing standard would emerge from the "Beyond
AHS" track. 111e two canclidates for competing standards are Foreign government standards
:.inel ell" f:.ictn pvnl1Jtinn.1ry .-:;t.1nchrrl.':; frnm inelmtr\'. Tpchnic.11 ch,111plH~P'-:; m.1\, minimi7P thi.:;
threat. It i., a1.,o hoped that the early promulgation of draft AHS .,tanclarcLs ((1.8 and 0.9) \\'il1
.1vnic1 tllP wne.:;t prnhlPln.-:; hy inc11Jcine .1ny cnmpptine AHS,t:.inc!.1rd tn incl1Jdf'. ·'hnnk.-:;" ..:;n
that it could interoperate with XAHS standard vehicles.

~ J Stakeholder Benefits

Expt'dt'd Slakt'lwlllt'r Rolt'lBt'Il,:,fHs Vs Dt'lJloVIIlt'ul PhF"t'

Phase

Vehicle
F.l.,('troni('~

Pre-AHS

Hell-' .~l!<\l-'t" <I l!MJUI

"andidate
.;'.le,;,;Ul.,llll,;,;::

l,.u"iw,."", cl".liIl" <t

.;l!"e of band\\'ldtll:'

Prototype
and Early

Automation

Sl!,tke (luwu
tedmology and
H.upl u\ e
.:..:uui'iueH':":t'. ill

ma.Jor future
market

Operational
Test and

Enhanced
Operations

Sell .',ll.",L'U!ll'll
'.-ehide elec'U·oll.lc:.
wilh F"...kl<tl
"ul,I"illy, l,'uIlll
market .;llare for
major future
market,

Full AHS

HLlge Hl,uhel lUI

'.-e.11..1de ele~'tronlC'"
(pul£::iil.lly iU;:l ta::~~l

.u.i;:'U}~t'.l 1(,•.11 HJ::.t\..kide

e!e,:trolll':.S) for
ong. eqUip. ancl for
retrofit

Follow-On
AHS

CUHliulle~lllll;!"t

martet for '.'el':ude
t'.lt:':'-~ll L~!U';;::~ ::"PUI lc...l

Lll-'.=!l,uk "<tk,,, k.,;.,;

",:ommodlClIzatlOn"
of market
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Hi gil way COlK:urrent
D~.slgll allll Cil~lllc;';lill~IHJ:!Lll

ConSlruCUon lO a\ Oli.! Hl<tJOI
Iutw',. hC.:.d.·Kh,.~

TJ ul:b.iug

Tr£Ulsit

Con,:urrem
engineering inpm
to a\'oid ma.Jor
tlltllff' 11~;q(];q;'.11~~:

better dKuK,e AHS
\\'111 serw real
Ul.h:kl11g nee.:l~

Con,:urrent
f'11£1l1f'.f'fin::: inpllt

to a\,01c1 major
nluu-e heJ.ek'\,.he~.

lxttcr dlffiKC AIlS
will .e1'.'e real
U-3115lt needs

ImproYed
"vu.I.'iuc;u".c; ill
c:;limalCs ll£

future. hi!,hw.:.y
conslruclion
needs (inducting
11lgl1 tlu'oug11put
~ntfy/f'.,'t)

POSSIbly spm-off
trud~ C011"OyS,
.s'r~at~r upward
;:ompMlhllity
Wltll fumre ,\HS

PossiNe sp111-off
tr;qn~it ff';qmrf'.~.

ImprO\-ec1 safety
I\.lKl ~'ttlJ.t'onJ.l

a\V[d·cn("~·3

Probably,l1ea,'y
llie:ll>\ a.1
i.:OHSU Ui.:UOW'

l1'lod!i!~.o.t!c'l1in I-J
areas, possibly
induding
SlgllIficam roadway
pff'P;qf:-1tic)l1 ;qnl1

ac,:0111111olia11o11 to
roa.:b'.:le
J11frasuw'tme
Grealer speed, Irip
time reliaOiEty and.
throughput on
OT~. T.1k~ly~pin­
off tmd;: "oll';oyC',
upgrac1eable to
iumre AHS

Greater speec~ Ulp
timf' ff'J,;qhl],ty ;qllC]

tlu"ougllPut m
OT~, FeelerJ.l
monc\, ior
()peratlOlk'1.1 Te,!,

tr311.Slt UlWSIments
are up~'1"acleal)le to
tj,\hue AHS

widespreacll1ig11- Support ',anom
>\ <\,1 1l1\.Juiil".<IlII.lll sJ:!c;"ialiLc;u AH:3
lO CHU yft',\il pl1im:; p!1y:;i\;<tl Ht't'lb,

fc,r ll"~-CM,.d Dct.:..l~ hru'd to
nu'ougl1pm foresee

Gremer speed, mp Commued 111gl1
tlme rehaOIEt,' and. speed., tnp time
throughput a;:'wss r~hability and
111t~I1\\';qy~y~t~m thfClll£hpllt ;q;:m~~

(redu"ed ,:o,)t,::), hl:?hw~y C'yC'tem,

~'1'eatly redll(:ed Improwd safety
elm'er error h1\Zc'\rel I\.lKl ~\'~tem
from other traffk: Ipel1'orm31K:e
Cost sa\'1ngs, Collt1l1uec1ll1g11
mnl'~ r~h~h]f' ~f'rvi ..:~ rpl;qlity,

ser\'1ce to ,·ompete adclitlOnal c1etalls
1\:'r more l11J.rket hl\.l'd tc, fore~ee
,h(\1'(:

Environ­
nl~ntLu

Interests

:\AHSC
Core

C0l1;:11lTf'nt
t:li.:!i.rlet:'lilJ.~ iU1_ILLl

tn mmlm17~ t1ltllff

em'iron111emal
problem.s WIth
AHS

Colltinuec1researdl
funding, sense of
cenu"ality, CMK:e
to shape the
destiny of 11ig11way
U·J.ve!

R~~~;qfdl m;q\'
illC\U I;,:lly Ildl:'

~[ll1f thf'.

de'"dOpmem of
low 311d zero
el111~~l(on~

whldes

Tn OT ;qf~;q~

le ....1LL'-·li,~lu ill
~ml~~1(,n.~ [If'f

\,enide mile due 1O

smootller dlWUlg
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Phase

Trans­
portation
Csers

Go,,-enuuent
Agencies

In'Huancc
Industry

Pre-AHS

Ex(:itement alJout
futme dri,'ing
pos.slbilities,

Re.;of!l1ltlon f')r
being forwarcl
looking, fUn(:tlOn
wludl (:an da1111
to requu'e
go,'emment,
")l1~l.Jl1J.~ t'oHl,l.11

hl1.-l2''''T

CO!KU!TUlt

engmeenng input
to mll11111ize future
msuranc:e nsk (a.nd
:1tirln':.~~ Clthf1'
insurance concerns)

Prototype
and Early

Autom.ation

ITS and pO%l1Jle
spm-off AHS
features impron
safetyanci
Gitu~tlOl1~l

U\vru.·Cl1C.j"j,.

Set prehmulary
AHS standardS,
ongomg
notl(:eable budget

Pro"ide ad",(:( in
denlopment
plans to assure
novel lialJllitles
:'11'''' WI"11 r1f'fm",;l
illld tig11tly
controlled

, Iperational
Test and

Enhanced
Operations

In OT regions,
~'!eater speed and
tllroug11put, Driyer
full\' disen~a~ecl;
Shorter, mor~
rellable. tnp hmo,
le.% dlan(:e of
~1::':':l111J,U Y ,hxiJl::lll

Spll1-off ,'elllC:!e

:.-!LI(T.· !\nd ck'-:"1-('a~('

i;trei;~; for non-OT
\'",h1;,'l",~

0ppC'11UI11tY t,)
(:ondU(:t large on
(Wltil Sl~l1lf1(:ant

bUdgct)~Set AHS
m,nciat'cls; gam
publlc: c:onfldenc:e
111 c.U ..l\..l 'l.I,.,I,..C}!ldlh... C:

Clf :111TClll1:1Tf'..-1

Wll1(':e.s

Reduc(:d 111 <:hwav
10sse.s l!1 !lie ot
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:'111tCl111M"'11
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verude sensor
Warlll!"gS. Very
dete.;- j .:.ollision
inior....lahon (from
black boxes) 11elp
detailed .safet\'
ImprC'ement
pl:111~ ;111.-1 .-1f'T:111",r]

actuat'ial analy.sls,
d1illK:e to
sl1akecio\\11
:1'-:T11:11'1:11 111n,ld~ m

preparatIOn for
natlOnal AHS
rollout

Full AHS

Greater speeci anci
tilroug11put, Driyer
fUlly disengaged;
Slloner, more
reh~ble tnp tlmeG,
lc~~ dlffiKe oi
sec:ondat"i' aC:ddent
l!Ul'dLl11y,
1mnKdiate AIlS
appllc:abillty

A"Old expdEl,'e
:mCI Jk1rct to flUKI
malntenan(:e (:Oi;!s,
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clata on 111C:lclenB
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I_'U,~C"', nell-'
ll1:1,l1T:111'1 :1)1(1

enforce AHS
standat'cb, ctire(:t
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transportatIOn),
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I;::u1Jli(: for su(:(:e.ss
Reduced lc,;,.;,o

lk1tlOnwlde, Hea,~'

.suppre.sslOn of
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hti~M'Cll1

uncertainty from
detailed mcident
data (bla,:k boxes),
able to fold
detailed data UllCl

national actuat'i.al
atlalysis,

FollQ»'-On
AHS

Contmued 111g11
speed, tnp time
rellabillty and
tiu'or ;l1put a(:fOSS
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1mpro\'ed .;'[tiety
and s\,.;te:m
j,Jl::llllllll,Ukl::,

po~.;,ibly £;:.11 tnp
automation,
,:.l...l ....l.ilJ,l.I.I..i..:ll ....lr:L.:li.l"

hN-d te· iCo1·':·~':: (.
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upgracle illKI
1l11proYe. proto(:ol,
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budget
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se(:urit\'
capa1Jilitie.s,
:'1rltiit;c))1:11 d".::1,]~

lwd te fOl'c;ee
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4. Local Tailorabilitv
Formal local tailorability in this concept i.) primarily limited to ordinary freedoms in roadway

de.5ign. 111i.5 concept doe.5 not impo.5e special con.5traint.5 on the phy.3ical .5t11.lct\.U'e of the
highway (although it may induce indirect changes, such as requiring the ability to handle a
much higher vduc1e rate on entry and exit). 111e principle AIIS-.5pecific option for local
tai10rabillty is the ability to designate specific stretc:hes of h.ighway as certain "b10c:k
upgr.:tde" level£:, p!'ohibiting lower level \'ehicles from traveling on thoo8e stretcheo8. 111e
otller principle .lliS-specifIc option for local tailorability is to allow localities to specify
E:tretche.~: of roach-vay a.s re.stricted to AHS only traffic. (Depending on how well platooning
pedorms, vehicles may platoon on AHS-onIY roads.)

TIle proposed a.rchitectun~ does not prohibit a.~. a'local option that localities could accomplish all
the fUllctiolB of infrastl1.lcture SUPPOl1 and infrastmctme management through the me of
roadside beaCOlB which communicate to the vehicles via the Velucle to Velucle
communications protocol.

5. De~raded IVlodes/Robustness of Reference State Concept
In thi.~ concept, there is no central infra.~t11.lcture to fail, and thu,; no degraded petiormance

from thi,; quarter. Veludes may fail, and the other vehicle:;: operate around the failed
v",hi..:·l",.-; (in th", wont ..:·",s",. this will ..::r",ate :,n in..::.id"'nt tlut "'ill n",ed to be deare.d,. All
veluc1e.~; are capable of l1.uining manually of AHS, a degraded mode that could be invoked in
un emcr5ency. If d1C Ychicle," cun opcmte ClutomCltcd mixed ""'lth munu"l, then they ,....ill be
able to operate autonomou~ly if the vehicle to velude conunUlucatioll> channel i~ lo~t

6. Societal and Institutional Issues
Among the:;ocietal and institutional is.~ue.s:

'\ '\ l-l" ",nf"",'",n,,,,nt ",,,,10;,,1,,,,,: ('" S . I'l-lP, n,1F:t h", "h1", tn ,rl",nt;fy "'l'''''',f'" n"'''''hy ",,,,10;,,1,,,,,· 'F:

the SOlU'ce ofpankular messages. Failure to follow the vehide behavior spedfication is a
pllblidy evideul iufracliou, awJ :)holild be glOllUd.) fm the e<'llliva1eulof al1ea:)l a "fix it"
ticket.

B. Pan of the enforcement m.echalu.,m i~ the placing of vinual tag.~ on vehicle.,. If a velucle
",~t> in"F'l:>l":>p1'i"t",ly, th"t "'1"1":>1' c"n lu;, id"'ntifi",d by '::>Hl:in:u:y "",hid",>, "nd h",n,~",f,xth

veluc1es can inform each other "that veluc1e broke lUle X." along with a fast moving
me;>3age up and dO'vvn the traffic 3tream "RuIc [X] brokcl~ at loc'ation ABC, yiolato~'being
u:atched." .From a legal~tandpoint, thi~ i~ likely analogom to "heanay," ilBufficient for
conviction, but probable cause for pulling a vehicle over for warning and investigation.

C. Vp.hic1p.s Tl1'ly hp. rp.qllirpil to c.;lrrY;l ''h1;lc.k OOX" thM rPo'~()1'(1.~ thp. rM~Pont h;.~tc'l1'Y ofthp. vp.h;,~lp

and .Lt...nV.Li:';:'1un..nt. TIu.: could b .. V"1)' u ...£ul.Ln l'..con.u:uccinS .Ln,,:,.Ld..nt., both £01' .af..ty
improvements and legal reasons.

7.1 Technology :'\eeds and Interests
A very prelinunary list of technical need~ and intere.sts inspired by thi.s concept include.s:

• Estimate capabilitie.3 of low CO.3t, shon range (.3ide looking) .3en.3or.3
• Is a radar-ret1ective paint feasible that could al.so be u.sed a.s a .standard paint in highway

marking.s r
:

• How fe~it.sible would be highway ret1ecton (or Bots dots) that are aLso radar ret1ective?
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