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1. Concept Introduction
<<In future 1nsert a table of contents here>>

1.§ Goals and Objectives
(oals and Objectives of the Cooperative Concept -

1) Achieve the Goals and Objectives set forth oy NAHSC for any AHS.

2) Define a system which does not require any additional infrastructure intelligence.

3) Concept should be aligned 1o exploit growts in computing power.

4) Fully use ITS to the extent it is locally avai. ible.

3) Define the concept on the interface specifications and vehicle behavior specification--There
7 should be no internal specifications on the vehicles in the National AHS specification.

a) Note that the interface specifications inclide the vehicle/roadway interface, and whatever
requirements are on the roadway to make more machine readable.

b) Note also that the vehicle behavior specification will include requirements on globally
nzefl behaviors, rather than st immediarely individnally nseful hehaviors, such as

allowing other vehicles to make lane Lhanues

Desirable additional goals and objectives include -
&y Applicable on “mast or all highwavs (without significant modificarion)
7) Provide brain-off driving when mixed with mamual traffic at the earliest reasonable date, in
order to promote the deployment.

1.2 Cuyupcept Philosuphy

Part of the conception underlying this concept is the recognition that the need for sensors.
commumications, and ¢ nmpmmb power is 7ero when there i3 7ero traffic, and increases with traffic
dc-nsn} By placing the intelligence on-board the vehicles, wastefnl lmrﬂmrmr investments where
it i not needed will be avoided, and where intclligent systems are needed, they will be available.
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Figure 1. Informatlon Is locatlon specltic, and further away It need not be as detalled or
timely.

Another part of the conception underlying this concept is the relevance of information to the
vefueles. Vehicles need very detailed knowledge about their immediate surroundings. Further
away fewer detals are needed and the information is less time critical. The communications
channel will largely be devoted to local information. In comparison it will take little additional
bandwidth to pass on traffic and roadway information from further away, and that will be included
in this architecture as well.
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Flgure 2. A notlonal map of how an actual traftic situation can be more simply modeled
with decreasing detall at greater range.

Notional Model of Traffic Situation

A third part of the conception underlying this concept is how to handle communications. It is
bolisved that the driving eace for communications wiil be whan teatfin 10 at ite dencect at velanity,
ard then something unexpected goes very wrong (e.g., a tire blows and a vehicle is sent on an
uncontrolled vector across mu]uple lanes, forcing evervone else to evade an incident in real time).
A communications channel properly sized for this incident will have a great deal of available
capacity during ordinary operations.

1.3 Communications Bandwidth Requirements
A preliminary analysis of the communications bandwidth requirements for this concept was
conducted. That analysis found that the required bandwidth should fall well within the reasonable

bandwidth ahtll’\blll[\' for such a system. The messages considered in that analysis are listed
below.

+  "Lookout!” +  Parameter values for upcoming merge
(c.g.. traffic in other lanc and 't req'd spacing
density in this lane (implicit))

*  Sudden Obstacle Detection +  Upcoming gross (e.g., logical) roadway
geometry (mcludm0 )
*  Ongoing Vehicular Mishap *  Logical starting and ending of lanes
* Changes to baseline vector *  Block upgr’tde level of a stretch of
roadway
* Intended major changes to baseline vector «  Other gross roadway geometry
information
+ Observed, unreported changes in other + Summary YVehicle Characteristics
vehicles vectors
*  Vector on moving obstacles *  Vehicle Characteristics
»  Proposal or ratification for Contingeney »  Addiuonal Vehicle Characteristics
plan (e.g.. 2 rounds proposal, I round (broadcast at a very low rate; when vehicles
vote, 1 round awk back) quickly pass, they may not all get this
message)
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»  Emergency command of other vehicles *  Top-level description of extant platoom
[when Lonmmndenlnp is prenegotiated] (size, location, speed, makeup)
+  Possibly suspicious vehicle +  Regional Link Impedances (or equivalent
info content)
+ "Tam an Emergency Vehicle!" *  Preplan contingency plans
+  Pull Over *  Generalized plans (o order estimate: 1
plan = 1 byte for each of up to 50
vehicles = up to ~400+ bus/plm)
+  Desire for regular maneuver +  Immediate response to "Lookout!" (more if
negotiated)
*  Vehicle baseline vector [and orientation +  Clock synchronization
difference]
+  Confirmation (agreement) for regular + Long range map database changes
maneuver
+ Confirmation on known, fixed obstacles +  Sensor Cross Calibration
+  Detailed upcoming roadway geometry »  Alert Ordinary Gross Maneuver (e.g., Lane
Change)
+  Traffic Status next few exits +  Hazard Warning to Proposed Ordinary

Gross Maneuver
Ordinary Gross Maneuver Ok

+  Preset Merge protocol for upcoming merge ¢ \
Acknowledge

point

2. Concept Reference State Description

Tl 2y i 2 )
<3 el )
TN Ly

The physical architecture description is deliberately sparse. Itis an objective of this concept to not
require a detailed specification on the physical architecture. In the discussion of the functions,

hqu ever, some examples of physical systems which could perform some of the described
functions are suggested.

Location Svstem Svstem Descripdon
Tvpe
Vehucle Sensor Name Sensor Suite
Fuanction Gather external (nformatuon and momtor
internal vehicle status
Candidate Vision system, Radar, Speedometer,
Technologies tachometer, accelerometers, gyroscope,
cotupass, ete. Muluiple sensors will be
used. Different vehicles may use
diftelent 3€Ns0rs.
Control | Name On-Board Computers
Svystem
Function Process information on-board. Includes
all automated decision makine.
Candidate Functionally dedicated CPUs, a
Technologies | monolithic fault-tolerant computer, neural
nets for part, ete.
Commum- | Name Vehicle 1o Vehiele Communications
cation
Systew
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unction Non-line of sight. short range, shared
mob e data channel, of TBD capacity (1/4
- 10 -vlbl)w) with thc ablht'\ to
comununicate across longer hops at lower
data rates
Candidate ditferent radio technologies
Technologies
Actuators | Name Actuators
uncuon Tranzlate signals from on-board
computers to physical actions
Candidate Electitc motors
Technologies
Human Name Uzar Intertace Tayer
Interface
runction Provide and manage the mtertace between
the AHS and vehicle passengers,
including the driver
Candidate Cormputer, user interface devices such as
Technologies | voice synthesis and recognition, heads up
displav. control buttons, etc.
Location Svstem Svstem Description
Tvpe
Roadside Commum- | Name Road markings
cation
System
Function Facilitate performance of vehicle sensors
1n sensing vehicle environment
(particularlv roadwav)
Canchdate ‘auat, retlecuve speed bumps, radar
Technalogies | reflective SITips, ete.
Commumni- |.Name Vehele to Veluele Commumnications
calion Roadside beacou
System
Function Support passing of information between
the traffic stream and the infrastructure
(optional)
andidate Fixed devices which include a Vehicle to
Technologies | Vehicle Radio, official vehicles in AHS
traffic stream, with a data channel (e.g.,
radio or cellular) to the infrastructure
Sensor | Name Roadside Sensor
Function Nionitor a section of roadwayv (e.g.,
around a curve or in a mnnel where the
vehicle will not be able to see an obstacle
i 1me)
Candidate v al10Us STaring and scanning sensors
Technologies
Commuri- | Name TS
cation
System
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secvices beyond ALLS

unction Provide T'TS
(primarily information gathering. and
passing)
andidate See Natonal I'TS Architecture
Technologies
Location System System L .cription
Tvype
Centrally TS Name TS Control
Located—Not
Roadside
Function Non roadside TS tunctions in support of
ITS services
Candidate See Natonal ITS Archutecture
Technologies
TDhD SYALLC TDD (dlay Lo suduple sy sistisy
Function TbD (will not be required for an etfective
AHS)
Candidate 1BD
Technologies

2.1, AHS Functional Descriptions

2.1.1 Speed Tracking

This function 15 pcrimmcd by the vehicle. The on board computers receive information on
position, speed and acceleration from multiple sources, and command the actuators in a

manner that embodies the desired speed.

Desceription

From Svstem

To Svstem

Control signals which
embody desired speed

‘On-Board Computers

Vehicle Actuators

nternal measurements of
current speed &
acceleration

Sensor Suite

On-Board Computers

Direct measurements of
position (and possibly
speed) relative to the
roadway

Sensor Suite

On-Board Computers

\.1)01-[ 3 O &ppdlx_ﬂt
position, speed (and
possibly acceleration)

Other vehicle s

- Vehiele to Vehaele
Communications

eports on apparent

position, speed (and
Possibly acceleration)

Vehicle to Vehicle
Communications

On-Board Computers

gports on vehicle speed

On-Board Computers

- Other Vehicles (via Yehucle
10 Vehicle Communicadons)

raft
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2.1.2 Inter-Vehicle Separation Tracking
This function is performed by the vehicles operaiing in concert, and implemented by the set of
individual vehicle maneuvers.

Description

From Svstem

To Svstem

-ontrol signals which
embody maneuvers which
maintain inter-vehicle
separation

On-Board Computers

Yehucle Actuators

Vieasured separation, (and
possibly rate of change)

Sensor Suite

On-RBoard Compiters

Rr*ponﬂ on appacent relatve
positions and velocities
speed (and possibly
accelerations)

ther velucles (via Yehicle
to Vehicle Communications)

On-Doard Computers

Raports on apparent third
party positions and
velocities speed (and
possibly accelerations)

Other vehucles (via Vehcle
to Vehicle Communications)

On-Board Computers

Negotiations of poliey
regarding proper inter-
vehicle separatont (may be
implicit in some cases, and
mncludes special cases,
ruch as making room fo
merges)

ther vehicles (via Vehicle
to Vehicle Communications)

On-Board Computers

2.1.3 Lane Keeoping

Draft
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This function 13 {)erfoxmed by the individual vehicle. Inputs from the lane-keeping sensors are

Y
cottpated witliroad cw vatwe aud auy tequested Lias in tie lane, I e veliidde 1s nou

positioned properly, a steering correction which takes speed into account is computed.

Description

From Svstem

M——
To Svstem

Control signals whieh
ambody maneuvers which
maintain vehicles in their
proper lane

On-Board Computer:

Vehaole Actuators

Measured position, velocity
(and possibly acceleration)
with respect to the
roadway and lane
markings

Sensor Suite

On-Board Computers

Jonnt detinmion of the lane
geometry and position
relative to the traffic

Orher vehicles (via Vehicle

to Vehicle Communication )

On-Board Compurers

Negolatons of policy
regarding proper lane
Leeping (may he implicit)
for speeial cazcs (such a3
iane changes and
contingency handling)

Otlier velacles (via Yelucle
ta Vehinls Commiinisation )

Qu-Bowd Computers
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2.1.4 Lanc Changing
The function is performed by individual vehicles.

Description From System To Svstem
Control signals which On-Board Computers Vehucle Actuators

embody the proper lane
change maneuver
Measured position, velocity Sensor Suite On-Board Computers
{and possibly acceleration)
with respect to the
roadway, traftic, and lane

markings
Ricerve reports on apparent | Other vehueles (via Veluele On-Board Computers
relative positions and to Vehiele Communications)

velocities speed (and
poiiibly accclerations)

Cpott on othicr velhacla s Vn-Lroard Qonlputcr.:« Other velaclo: (via volhuclc
apparent relative positions to Velucle Communications)

and velocities speed (and
possibly accelerations)
during ther lane change

2.1.5 Road Geometry Recognition
Thiz funcdon 13 porformaed both by the vehiele, «nd by the cooperadve set of vehileles The

Road Geometry Recognition function forms part of the foundation for all maneuvers. Road
geometry information for upcoming roadway 15 transmitted (with decreasing precision for
roadway further away) downstream using the vehicle to vehicle communications protocol.

As a nouonal hardware unit, the on-board computers could mnclude a shared memory module
with a map of the outside world, maintained and updated by the vehicle. Such a map need
not encode data formar that presuppozes ongoing full correctness, nor do the vehicle
algorithins need to be predicated on the assumption that the map is a completely accurate
representation of reality.

Description From Svstem To Svstem

Relarive physical position, Roadway markers (via direct sensing) Sensor
orientation, and possibly Suite
velocity of roadway

Measured physical position, | Sensor Suite On-Board Computers

orientation, and possibly
velocity of roadway and
roadway markers

Map ot Fh_\_ﬁcal roadway to | Lxternal database entry On-Board Computers
some level of detail (e.e., CD ROM)
Deseripuon of roadway at Further vehieles Clozer vehieles

different ranges, with less
detail at ereater range

eseription of roadway at Other vehicles (via Vehicle | On-Board Computers
Aifferent ranges, with less | to Vehicle Communications)
detail at ereater range
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Meaamnred awn painon,
velocity (and possibly
acceleration), directly
sense the roadway, traftic,
lane markings, and the
obstacle

Sanzor Snite

On-Hoard Campitars

Recerve reports on apparent
vehicle and obstacle
positions and velocities
fand possibly acceleration)

- Other vehicles (via Vehicle
to Vehicle Communications)

On-Board Computers

Report on other vehucles and
tie vbstadles appacul

relative and velocities
speed (and possibly
accelerations) in an
imelligem (nou-chanuel
redundant) manner

On-Board Computers

Other vehucles (via Vehicle
0 Yelocle Connuucauos)

ther Protocol S1gnals (in
accordance with invoked
contingency plan)

On-Board Computers and
Other vehicles (via Vehicle
to Vehicle Communications)

On-Board Compurers and
Other vehicles (via Vehiole
to Vehicle Communications)

cintly establish and tollow
steady-state conditions
nnee the incident has

On-Board Computers and
Other vehicles (via Vehicle
to Vehicle Communications)

settled down

On-Board Computers and
Other velucles (via Vehicle
to Vehicle Communications)

2.1.8 Speed Decision

This function is performed by the vehicle with input from other vehicles,

Description

From Svstem

To Svstem

Sensed external state

Sensor Suite

On-Board Computers

nformed external state

- Other vehicles (via Vehicle
to Vehicle Communicatons)

On-Board Computers

Speed Decision (may be
implicit)

On-Board Computers

On-Board Computers

Speed Intentions (may be
buried within larger
intentions message. May

On-Board Computers

be implicit)

Other vehucles (via Vehicle
to Vehicle Communications)

2.1.9 Inter-Vehicle Separation Decision
This function 15 performed by the vehicle with input trom other vehicles.

rf)escription

From Svstem

To Svstem

Sensed external state

Sensor Suite

On-Board Computers

Draft Cooperative Concept (McKendree)
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Descrpton of roadway at
different ranges, with less
detail at greater range

On-Board Computers

Other velucles (via Vehicle
to Vehicle Communications)

2.1.6 Obstacle Recognition

This function iz performed primarily by the vehicle. The onboard sensors detect possible
obstacles, and on-board processing makes a determination. Suspected obstacles may be
revizited. Multiple vehicles may examine the same suspected obstacle with their own

sensors (In many sitwations, if diere st wduple velacles widi line of sight o the

suspected obstacle, then the vehicle can change lanes on suspicion only).
The proposed physical architecture does not prohibit the addition of fixed roadside sensors,
looking for obstacles, and reporting them to vehicles using the vehicle to vehicle
communications protocol. To an AHS vehicle this would be indistinguishable from just
another AHS vehiele that happened to be out of the tratfic flow and happencd to sce the
obstacle around the bend.

Description

From Svstem

To Svstem

Meurwed s1gnuly 1o
outside environment

Seryor Sulle

Ou -Bowd Computer s
i

Position, velocrty, and
general chiaracterisdes of
nearby obstacles known
by other vehicles

Other velucle: (via Velucle
10 Vehicle Commudeadons)

On -Board Computers

osition and general
chiacterisues of newby
suspected obstacles,
identified by other vehicles

Other velicles (via Velucle
to Veldcle Comnmnunicaton: )

On -Board Computers

Draft
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2.1.7 Obstacle Avoidance
This function is performed by the vehicle, in cooperation with other vehicles. There are two
manners in which this function might be perfermed. (Note, this function was defined in the

outline presupposing a separule obstacle tecsguinon function.)

@

o

The first manner might be thought of as obstacle avoidances for easy situations. In this case,

the obstacle (or suspected obstacle) is sensed. This may be traffic that comes upon the
obstacle, or it may be a stationary obstacle, with established traffic lanes by-passing the
obstacle. If the latter, then vehicles merely travel ordinarily, and happen to bypass the

obstacle,

It the former, then the lead vehicle[s] identify the suspected obstacle as they approach it. The
geometry 15 such that they easily change lanes, and avoid the obstacle, informing upstream

traffic of the situation (if they cannot easily do this, then the obstacle is avoided using

contingensy operations as discussed below).

Description

From Svsatem

To Svstem

Control signals which
embody maneuvers
wherein vehicles avord
isuspected] obstacle

On-Board Computers

Vehicle Actuators

Draft Cooperative Concept (McKendree)
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Measured posiuon, velocity Sensor Suite On-Board Computers
(and possibly acceleration)
with reapeet to the
roadway and lane
markings
Toint definition of e ad hoo
lane geometry and position

relative to the traffic

Orher vehicles (via Velele
to Vehicle Communications)

On-Board Computers

Other vehieles (via v chiel On-Board Compurters
10 Vehicle (,nmn‘nmwmmn,\ )

Ou-Board Computers

Negouauons of policy
reoardine manenvers
Negouauois of policy
v ding maeuyels

Ouier velncles (vid velucle
to Yelucle Commumcaions)

2.1.7.2 Obstacle Avoidance During Contingency Operations

This is an example of the more general function, Contmgency Operations. These are exc eptlon
operations, dea: ll'm-(l 1o b HI("H |nhh—‘n1\ diffiont singnous. Olien, o HIII'III"HII( y oper: HIVOT:
will imchide Inxxmv INFOTTHANON UPSITEAT SO ||HI |H|l()\)\lllU narfic witl stow down, and il
[ECESSALY COME to A S0P, before the incident, r_num, the velivles inunediately on the scene

the time and space 1o deal with the problem.

The vehieles recognize the obstacle, and recognize the need to involke contingeney operations.
A plan in response to the obstacle is selected through rapid messages between vehicles in the
immediate area, and that plan is executed. At the end of the plan, \Itmd\’ state tratfic flow
around the obstacle is established. IUs mainenunce is desciibed in 2.1.7.1.

To Svstem
Other vehicles (via Vehicle

to Vehicle Communications)

From Svstem
On-Board Computers

Desceription
Propose Baseline
Contingency lan
(ordinar y tunction before
coutngency lmudhuu is
invoked)

Cithier veluoled (via Veiurle
to Vchiele Communications)

Pr oposed B aseline Un-Board _omputers
Contingeney Plans
(ordinary function before
contingency handling is

invoked)

Declare "Lookout!” and
Invoke Contingency Plan
Selection

On-Board Computers

Other vehicles (via Vehicle
to Vehicle Communications)

Recerve "Lookout!”

Other vehicles (via Vehicle
to Vehicle Communications)

On-Board Computers

Contingeney Plan Sclection
Process (eg.2 round~ or
preference t“(plewlon 1
round of selection, and 1
round acknowledzment)

On-Board Computers and
Cnher vehicles (Via Vehicle

to Vehicle Communications)

On-BEoard Computers and
Other vehicles (via Vehicle
to Vehicle Communications)

Control s1gnals which
embody maneuvers which
cnact contingeney plan
inaneuvers, avoiding
obstacle

- On-Board Computers

Velucle Actuators
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ntormed external state
{includes apparent
roadway conditions, and
braking capabilities of
nearby vehicles, and
requested maneuvers such
as lane changcs)

Other velucles (via Vehucle
to Vchicle Communications)

On-Board Computers

nter- Y ehucle Separation
Decision (mnay be imnplicit)

On-Board Computers

On-Board Computers

pier- Vehiole .“_«ep:u at1on
Intentions (may be buried
within larger intentions
message. Mavy be implicit)

On-Board Comiuters

Other velicles (via Vehicle
to Vehicle Communications)

2.1.10 Lane Change Decision

There are three different lane change decizion functicns, depending cn the pupose of the lane

change.

21101 Self Diu‘mtﬂd Lage Chapnes For Navieatnon Decisiong

T‘ln\ function iz the prraly onchoard decizion 10 make 5 lane chanpa. Tha elazsic evampla of a
sell-directed Tune cliauge is in prepuation fon waking au exit, o1 not being in a laue which
requires an undesired exit. It would also be a self- directed lane- change to move the next-to
leftmest lanc, in preparation for joining an appreaching platcon.

Description From Svstem To Svystem
Sensed external state Sensor Suite On-Board Computers

lu«\uuud be—uu.«l Lule
fineludes apparent
roadwav conditions. and
oraking capabilities of

near bv vehicles)

Mlier velnoles (viw Veloole
to Vizhisle Commurisations)

C)u B omd C“.‘Illl.‘ul‘:‘l s

ana L hange Dectsion (may
be implicit)

OincHaoard Campniters

On-Raoard Commrars

ane Change [ntentions
(may he huried within
larger intentions meziage.

Viay be imiplicit)

On-Board Computers

Other vehicles (via Vehicle
to Vehicle Communications)

2.1.10.2 Lane Chanege Decision For Load Balancine

This function is the decision 10 riake 1 Tane cliange 10 miote evenly balance Ilw Toad haelween
lanes for smoother traffic flow. Two approaCheo are suggested. The first is performed by
individual vehicles with input from other vehicles. The second is 1Jcrtu1mcd by vehicles as a
group, deseribed from the perspective of a vehiele initiating the action.

Description

From Svstem

To Svstem

Dhgest of roadway
conditions for next stretch
of road

Other vehucles (via Vehiele
to Vehicle Communications)

On-Board Computers
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ane Cliange Decision Ou-Boawrd Computers Ouier velucles (via velucle
{bused on iruplicit o Velicle Comnudcaons)
coordination rules)

Message to other vehucles, On-Board Computers Other vehicles (via Vehucle
describing intended lane to Vehicle Communications)
change maneuver
ane Change hazard Other vehucles (via Vehicle On-Board Computers
warninge to Vehicle Commmnicarions)
ane Change ok Other velucles (via Vehucle On-Board Computers
anfmowlodas to Viehisle Communisation )

Description From Svstem To Svstem

Drgest of roadway Other velucles (via Vehicle On-board Computers

sondition: far acxt streteh | oto Vehiole Communisations)
of road

cquest for a volunteer to On-Board Computers Other vehucles (via Yehicle
change lansas to balancs to Vahicle Communications)
flow
esponse to request for All other vehucles in On-Board Computers
'v'("J"I it et I"; N ("1‘ 1 f“ ng 1. t'ﬂn‘:r’-(]; Ate Aren l"\/'; a \7P"’I1'r‘1 -
declared range goal on the | to Vehicle Communications)
stretch)

Lane Change Decision On-Board Computers Other vehucles (via Vehicle
{Dased on coordination o Yelucle Commumicatons)

rules, implicit in responses
1o request for volunteers)

ane Change Decision Other vehieles (via Vehicle On-Board Computers
{based on coordination to Vehicle Communications)
rules)

‘Message to other vehicles, On-Board Computers Other velucles (via Velucle
describing intended lane to Vehicle Communications)
change maneuver

Lane Change hazard Other vehicles (via Vehicle On-Board Computers
AN to Vehiele Communicatuon:)

Lanc Change ok Other wehicles (wia Vehiele On-Doard Computers
acknowledee to Vehicle Communications)

2.1.10.5 Lane Change Decision As Part of Contineency Operations

This function is the decision to make a lane change in accordance with a contingency plan. It is
performed by the vehicle with input from other vehicles (particularly, the selection of the
contingency plan). In some contingency plans the lane change is explicitly called for in the
contingency plan, making the decision trivial. In other contingency plans. the vehicle is
responsible for determnnno that the contingency plan implie: that it is to make the lane
chiauge (for exanple, 1 plan where the velicles o a paicula lane logically count off ino
groups of tnee, witli one group swerving lefl and braking, one group swerving right aud
braking. and one group staving in the lane and braking)

It is expected that in contingency operations, vehicles will not request ather vehicles to make

spaca for tham in apport of a lane change—the neeesiary manenvers will already have haen

embedded into the contingency plan. On the other hand, as contingency operations are

Douft Cooperuwdve Concepr (MeMendias) 12 o027 1/1008  Dauft
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Tw e defined s contingoucy plaws way Lo idenuficd wlicoctn 1e will Lo dae ¢ \thuL duty
of vehicles (or at least some 'velmfes ) to engage in that sort of commumcations.

[Dutu flow wble not included]

2.1.11 Lane Change Coordination
This is also three different functions, depending on the purpose of the lane change.

= for Navieay

The vehicle \xhlnno a lane ‘.hmve sends both a general intention, and proposes a specific lane
change. (This »peum lane dl'uwe kould be a one-vehicle maneuver, 1.e., moving into a
gap. or a multi-vehicle maneuver, e, oreate gap. and then move in.) All vehicles directly
involved with the maneuver must acknow ledge ]Lu.k ok before the maneuver starts. A
vehicle that seuses o1 infers a possible I zand witls « proposed maneuver cau alent othiers of

the problem. ‘
The data flow below is from the point of view of a vehicle wishing 1o change lancs. (The

vehicle must be able to generate and send the symmetric messages when other vehicles
change lanes.)

Description From Svstem To System

Masszage to other velucles, On-Board Computers Other velucles (via Velicle
alerting of desire to change to Vehicle Communications)
lanes

Message to other vehicles, On-Board Computers Other velucles (via Vehicle
describing intended lane t0 Vehicle Communications)
change maneuver
ane Change hazard Other velucles (via Vehicle On-Board Computers
Warning to Vehicle Communications)

Lane Change ok Other velucles (via Vehicle On-Board Computers
acknowledpe 1o Vehicle Communications)

2 1112 Coordination of Tane Chances for Toad Balsncine

In lane changes for load balancing, the lane change decision will have been publicly made
among the vehicles in the immediate area, and the lane change will have been coordinated
within that decision process.

[Data flow table not included]

2.1.11.3 Coordination of Lane Changes for Contineency Operations
aelelcted fontmoenw plan will (implicitly) include the coordination of lane changes called for
in that plan

[Data flow table not included]

2.1.12 Platoon Formation and Dispersal

Platooning remains a crosscutting issue. This concept will support platooning if desired.

That vehicles desire to Pplatoon, and information on extant platoons, are propagated long
distances in the traffic flow. Interested vehicles maneuver together and form up platoons
where possible. Platoon dispersal is handled within the platoon,

Note, in this cooperative concept, high throughput formations analogous but not identical to
platoons may be possible.
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The data flow below is from the point of view of a vehicle wishing to platoon. (Non-
platooning vehicles must still support message passing up and down-stream.)

characteristics

Description From Svstem To System
estre to platoon and On-Board Compiiers Other velucles (via Velucle
desired platoon to Vehicle Communications)

sscription of extant platoon

Other vehicle, withun the
platoon (via Vehicle to
Vehicle Communications)

On-Board Computers

igest of extant platoons
and platooning desires
up/down stream

Other velucles (via Velucle
to Vehicle Communications)

Oun-Board Computers

New Platoon imtuation

On-Board Computers

Other veliucles (via Yehicle
1o Vehicle Communications)

latoon MEU fitenance
Parametors

~Other velucle in platoon
{derarminad hy Plataoning
protocol)

On-Board Computers (via
Vehinle tn Vphiﬂe
Communications)

Natoon Mantenance
Parameters

On-Board Computers

Other velucles in platoon
{via Vehicle to Vehicle
Comtmutacations)

Tatoon Town Ragnant

On Hoard Clomputars:

Orthar vahielas, in plataan
(via Vehicle to Vehicle
Communications)

Tatoon Join
Acknowledgment

Other velucle m platoon
(determmined by platooning
profocol)

On-Board Computers (via
Vehicle 10 Vehicle
Commmnications)

Message to other velucles,
alerting of desire to exit
nlatoon

On-Board Cormputers

Other velucles (particularly
in platoon) (via Vehicle to
Vehiele Communications)

Message 1o othier velucles,
describing intended
platoon exit maneuver

Ou-Bowd Computers

Otier velucles (ucluding
nearby vehicles notin the
platoon) (via Vehicle to
Vehicle Communications)

[Platoon exit hazard warning

Other velucles (ncluding
nearby vehicles not in the
platoon) (via Vehicle to
Vehicle Communications)

On-Board Computers

Lane Change ok
acknowledge

Other vehicles (possibly
including nearby vehicles
not in the platdon) (via
Vehicle to Vehicle
Commuiucations)

On-board Computers

2.1.13 Vehicle Operational Status Monitoring

Faxed From: Tom MeKendree

The AHS vehicle will perform a complete operational stams check before entering antomared
mode, and ongoing checks during automarted operation. These tests will oceur in every
alement of the physical architectire, inchiding the On-Roard Corapiters. The AHS vehicle
will not enter automated mode if the operational status check is not passed.

{Note: A vehicle which is traveling in automated mode when it detects a failure will follow pre-
programmed logic wlich will depend on the severity of tie failwe and thie veliicle's

Lh
-l

=
b
~J
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nndaratanding of tha raadway atara ar that tims Tha astion distatad by tha Ingin may for

example be 1o get off at the next exit, move to the shoulder and stop, hand over contr 01 1o

the hiver (ﬂé—‘pf-‘ll(hllg on the tesulis of this cross-cutiing shilyy, or stopin the Tane.

Description

From Svstem

To Svstem

perational Status Cheek

On-Board Computers

Vehiele IOV chicle
Communications

Operational Status Check

On-Board Computers

Sensor Suite

Operational Status Check

On-Board Computers

Actuators

Ohu ational Status Cheels

On Board Computers

User Intertace Laver

-atlure or Ok message

Vehicle to Vehicle
Communications

On-Board Computers

atlure or Ok message

Sensor Suite

On-Board Computers

'&\EILHG A5 8 OL. essape

Acluators

Ou-Doad Computers

Fatlure or Ok message

User Interface Laver

On-Board Computers

U ser Notices and Alerts of

Faxed From: Tom McKendree

On-Board Computers User Intertace Layer

Automated Falures

Other Vehtcles (via Vehicle
to Vehiele Communirations)

Notwces and Alerts of
Automated Failures

On-Board Corputers

2.5 14 Driver SNtatus Vionitoring,

T‘l‘l Il A UQ A /"l'l 1. r'\1 Al ‘1'411 1\/" "\I'\1 Ialh #at 1-\1" 141\1"1'\ o A"; ASFAL M ot '_'1'\1'\"! _.'"\7/" L r‘]'l I r*] w 11 fad 2} "\1'\1'\' l'\l-\f‘ (1% 2
Thi: function would be podfonmncd by the deiver intaface layes, Details deferred pending,

completion of the appropriate cross-cutting study.

[Data flow table not included]

Z.1.15 vehicle Entry

I order to nunimize mﬂtumnomug AHS veliele: and harmornize entering vehicles with the
traffic and communications flow, AHS vehiclas will be checked in by ather AHS vehicles
ou ie toadway.

The proposed physical architecture does not prohibit the as a local option the addition of check-
in beacons conuolling pliysically batiers, preventing 1ogue manual velticles and
mallunctiomng AHS “veldoles flom euteling the 1oadw ay.

D 1151 Qnla Varmal Entry

On an uncontralled ATTS roadway, when there are no other vehicles aronnd, and ATTE vehicle
determines that fact, and m:—-n—T\ drives onto the roadway. The vehicle maintains an active
communication syatem that will alert other vehieles on approach.

Draft Cooperative Concept (MeKendees) 16 of 27 1/19/9¢  Draft



Draft

Favrd ta Stoave Shladaver Michsls Dﬁvnnrh Terey S

QSaheatzle

Description

From Svstem

To Svstem

ack of communicatinns

Vehinls o Vehiols
Communications

On-Board Computers

Sensing roadway, with no
traffic seen

Sensor Suite

On-Board Computers

"Hello, I'm here™ message

On-board Computers
(through the Vehicle to
Vehicle Communicatons)

Nearby Airspace (and thence
to any other vehicles
which enter range)

Control signals which
smbaody the proper entry
maneuver

On-Board Computers

Velucle Actuators

2.1.13.2 Normal Entry Tnto Traffic

Draft

Faverd Fram: Tam MaKnder s

The vehicle announces its approach to the roadway. and establizhes a communications link
hose vehicles inform the approaching velucle of roadway
conditions Ginctading devqiled nalfic informsion), swd pesfonne s remone chieck inese onlie

vehicle. Tf passed, the vehicle then enters the traffic flow as an ordin: ary Togical manenver
(similar to a lane change).
The table below is constructed from the perspective of & vehicle trving to enter the roadway,
but all vehicles must be capable of generating the symmetric messages.

with the other vehicles.

Description

From Svstem

To Svstem

"Hello, I'm here” message

On-Board Computers

Other Velucles (via Velucle
to Vehicle Communications)

oadway and traffie status
Iessaces

Other Vehicles (via Vehicle
to Vehicle Communications)

On-Board Computers

Cheelon Test Message

Other Velaeles (via Veluele
to Vehicle Comumunications

On-Board Computers

Checkan Teit Respeonse

On Doard Computers

Other VU eluclar (via Velucle

to Velrcle Communications)

Check 1n Pass
Acknowledement

Other Velucles (via Velucle
to Vehicle Communications)

On-Board Computers

Check 1n Fajlure
Notification

Other Vehieles (via Vehicle
to Vehiele Communications)

On-Board Computers

Vlc'sm%' to other vehicles,
alemno of desire to enter
traffic

On-Board Computers

Other velucles (via Vehucle
to Vehicle Communications)

Slenssage o other vohicles,
describing intended enty
maneuver

On-Doard Computcrs

Other vohicles (via Welicde

to Velucle Commnunicadons)

Latry hazard warning

Other vehicles (via Vehicle
to Vehicle Communications)

Un-Doard Computers

Entry OK acknowledge

Other velucle: (via Vehicle
to Vehinle Commumoations)

On-Board Computers

Control s1ignals which
embody the proper entry
maneuver

On-Board Computers

Velucle Actuators

Mzasured posiuon, velocity
rand possibly acceleration)
with respect to the
roadway, traffic, and lane
marking:

Senszor Suite

Ou-Board Computers

Draft C
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Recoive FCpOrty on appaseat
relative positions and
velocities (and possibly
LlL.L.t‘.lc'l..lLlUIh_)

Other velucles (via Weluele

to Vehicle Communications)

On-Doard Computers

eport on other vehicle's
apparent relative positions
and velocities (and
possibly accelerations)
durine their entrv

On-Board Computers

Other vehutcles (via Vehucle
to Vehicle Communications)

2.1.16 Vehicle Exit

A the velicle approachies the exit, the user interfuce luyer alets the duw:l o Lake contol, The
driver takes control, and the On-Board computers mionitor the driver's performance. If the

driver does not satisfactorily take and execute control, then the on-board computer continue
or take back contral of the vehicle. Tf the driver cannor take hack control to make an exit, the
vehicle should have the option of going to the naxt emergency exit location, where the
vehicle will pull off of the highway and stop, and the driver may take over manually while
parked. Assurning the driver does provide adequate control, then the driver manually drives
off the freewav at The exit and contimies. T)mmo the whole pmmll nntil after the vehicle has
left the highway, it stays within vehicle to vehic Je commutiications, announcing its location,
and monitoring the traffie. Note that "under manual control.” and “cxiting the AHS aystem”
are logical characteristics of the vehicle that will be broadeast ‘

This deseription 15 predicated on the a::umptions that automate d driving mixed with manual
traffic will prove feasible (at Teast in this Timited caze), and that process deseribed 15
appropriate given human factors concerns. Either may not prove correct, which would alter
the exit function from what is deseribed here.

p— - -
Descriplion

From Svstemn

To Svslem

Alert dover of approaching
eXiat

On Board Computers

User Intertace Laver

Driver prepared to take
control

User Interface Laver

On-Board Computers

river contrel commands to
vehiele (on resumption of
control)

User Intertace Layer (Lrom
Driver)

On-Doard Computers, or
non-AHS portion of

vehicle

Wieasired signals from
vehicle and outside

Sensonr Snite

On -Foard Compaiters

environment
Exterior reported Other vehicles (via Vehicle | On -Board Computers
information to Vehicle Communications)

control signals which
embody the driver's
commands (optional
approach)

Un-Board Computers

v elicle Actuarors

‘Recetve reports on apparent
relauve positions and

veloeities speed (and
nossiblv accelerations)

Other velucle: (via V. elude
to Vehicle Commumications

On-Board Computers

Draft Cooperative Concept (McKendree
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Report on other vehicle's
apparent relative positions
aud velociues >ljccd (aud
possibly accelerations)
during their lane change

On-Board Computers

Other vehueles (via Vehuele
to Vehicle Communications)

2.1.17 Automated Highway Merging
Merging of the traffic streams from two v AHS roadw ays will involve preparation of the tratfic
upstream, and be performed jointly by the vehicles. Well upstream, each traffic stream will

have loua al traffic data, including tr affic densities, of both traffic streams.
~11Lhtlv more than sufficient denqtv of gaps in the merging lanes for efficient merging

This will create a

As

= n
the traffic streams approach. specific vehicles and gaps will be aligned. and the taffic vull

merge.

The data flaw table below assnimes the 113%31 oach for pre-merge traffic spacing will be one

candidate approach for load-balaucing

approaches aie expected.

pr— = n
Description

From Svstem

To Svstem

Lo 010:11 trattic intormation
(nulmhxw traffic densites
and meree protocol)

Other Velucles (via Velucle
to Vehicle Communications)

On-Board Computers

Pass on logical traftic
information

On-Board Computers

Other Vehioles (via Vehicle
to Vehicle Commmunications)

Miessage to other vehicles,
de \ullblllk’ intended lane
change maneuver (out of
future mer ge lane, 10
{reate space )

On-Board Computers

Other vehicles (via Yehiele
to Vetucle Communications)

Lane Change hazard

Other velucles {via Vehicle
to Vehicle Communications)

On-Bowrd Computers

Warning
Lane Change ok Other vehucles (via Velucle On-Board Computers
acknowledee 1o Vehicle Communicatons

Control signals which
embody the proper lane
change maneuver

On-Board Computers

Vehicle Actuators

Mieasured posiion, veloaty
(and possibly acceleration)
with respect to the
roadway. trattic, and lane
marking:

SENSOr Suite

On-Board Computers

Receive reports on apparent
relative pozitions and
velocities (and possibly
acceleraions)

Other vehicles (via Vehucle
to Vehicle Comnunications)

On-Board Computers

Report on other vehicle's
apparent relative positions
and velocities (and
poszibly accelerations)
durine thedr 1ane chaneoe

On-Board Comiputers

Orther velucles (Via Vehieole
to Vehicle Communications)

-gieal assignment (vehicle
10 gap) before merge

On-Board Computers

Other vehicles (via Vehicle
to Veluele Communications)
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Passlogical assignment
(vehicle to gap) before
merge upstream

Vehiele to Veluele
Communications

Other Vehieles

Merge hazard wearning

Other vehaeles (via Vehaeol
to Vehicle C.oxmnumcau011.>_)

OUn Eoard Computers

Merge ok acknowledge

Other vehicles (via Vehucle
to Vehicle Communications)

On-Board Computers

‘antrol signals which
emhody the proper merge
maneuver

On-Board Computers

Vehicle Actuators

Vieasured position. velocity
tand possibly acceleration)
with respect to the
roadway, traffic, and lane
markines

Sensor Suit=

On-Board Computers

Recerve reports on apparent
ralative poszitions and
velocities (and possibly
accelerations)

Other velucles (via Velhucle
to Vehicle Commmnications)

On-Board Computers

cport on other vehiele's
apparent relative positions
and velocities (and
possibly accelerations)
during their lane chanee

On-Board Computers

Other vehaeles (via Vehuele

to Velucle Communications)

2.1.18 Lane-to-Lane Routing Within a Single Highway

Draft Cooperative Concept (McKendree )

Lane selection on an AHS highway is done by the \elude\ “based on the on board map of the
roadway streteh, the vehicle's navigation abjectives (e g, does it need 1o make a particular
exit coming up). and lane-specific information on traffic a]ouo the stretch of roadway. The
vehicle's choice will include lane selection for the purposes of flow aptimization and taffic
control around an obstruction.

[Data flow table not included]

2.1.19 Highwav-to-Highway Routing
The choice of highways to get thé vehicle from its AHS entry point to its AHS exut 15 made b\'

the vehicle nsing the vehicles nqwgqrmn ohjective (e.g., “Tam tryving to reach tocation X'
and information from its on-board re gion m:ap, which will include received information on’

thie near 1eal-une status of the 10.1(1\«4\ For segments a long distance away, the 1oadway

SLALUT TRy LC s .Juuph. as finds uup\. ARG T2 "vqul ol i uuuxumuou may Lo l.n. ovided U\
ITS. where available. The navigation Ub|cu tive will have come from the user, via thc user

mtcrmu: and may wclude \ugh items as fastes stroute, SCeic route, ©
way pomh

[Data flow table not included]

2.1.20 AHS Flow Control

Flow control s 1 Feremedd ]‘)\ Th( networlk of vehiele s
traffic simation. and coordination miles for flow control.

5, aing the shaced lenowledge abont the
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[Data flow table not included]

2.1.21 AHS Admission Control )

Admission control is performed by the vehicles based on the distributed traffic picture of the
region. When traffic patterns are dense, vehicles may be delayed on their entry during the
check 1n procedure, out only in accordance with rules defining how traffic patterns justry
what vehiele entry dalays. Dafanlt miles for thiz will ha inchided in tha AHS spacification
{(interface and behavior specifications). .

AHS Admission control policy could be set on particular roadways by local transportation
authorities, which must provide some data link (Vehicle to Vehicle Communications beacon
or ITS ) to inform vehicles of the local policy. infrastructure based on current average speed
and throughput for the highway segments under control of the TOC, knowledge of usual
daily, weekly and annual traffic patterns, and on reports from adjacent TOC's. The
commands to implement the deswred flow patterns are comununicated to the vehicles through

a roadside beacon at the entry ramp.
The proposed physical architecture does not prohibit roadside devices using the Vehicle to

Vehicle Communications protocol and physically controlling an entry. Such infrastructure

could be used for firm AHS Admission Control, if desired.

[Data flow table not included]

2.1.22

* o

Emergency Detection/Monitoring

Emergency detection is performed in siru by the velucles. As ]I)an of the basic traffic
informauon, the faet of the emeigency iy propagated up and down suean At some [poiut it
may be detected by ITS services, most likely be listening in on the AHS communications
traffic stream. TTS may then send the information 1o emergency response vehicles, and
more broadly in the region.

[Datu fTow table not included]

2.1.23 Emergency Response and Incident Clearing

Immediate emergency responses are handled by vehicles on the zcene through contingency
operations. Knowledge of the incident 15 quickly propagated through the traffic streams.
and emergency vehicles can quickly respond to the incident.

Description

From Svystem

To Svstemn

Roadway and tratfic status
messages (Including
incident information,

kneowledge of approaching

emergency velucles, and
digest of protbited
roadwav)

Other Vehicles (via Vehicle
to Vehicle Communications)

On-Board Computers

“l'am an emergency
vehicles, elear the way!”

Other [Emergency] Velucle

On Board Computers (via
Vehiele to Vehiele
Communications)

Description of prohibited
roadway (due to
roadwork, such as
<learing an accident)

Other [Emergency] Vehcle

On-Board C.'mn})uters {via
Vehicle 1o Vehicle
Communications)
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2.1.24 Driver Interrupt Handling
Dctails deferred pending completion of the appropriate erozs-cutting study.

[Data flow table not included]

2.1.25 Select Preferred Contingency Plan

When contingency operations are inv oLed it becomes necessary for each vehicle to rapidly
express its p1ete1eme on the contingency plaw. .0 be jointly enacted. Thiz creates the need
for a very fast acting function ' ‘select preferred contingency plan.”

One candidate physic al implementation might be using a neural net. With a possible pallet of
~1000 plans, this would call for ~1000 feuron. (wWith fully cross-inhibited links) for

selecting the plans, and a lot more for processing and reducing information, A SWAG is
that this requires ~16k neurons able to converge in less than half a millisecond, and a larger
newon set would implement a better algorithum,

Description From Svstem To Svstem

Senzad external state

Senzor Suite

On-Board Computers

Lufored exteinal state
(includes apparent

Other velncles (via Velacle
to Vehicle Communications)

Ou-Bowd Computers

rasdway canditians, and

braking capabilities of

f ¥Yey m']:"y' s \'-‘11.; 01 o ',
Select preferred contingency On-Board Computars On-Board Computers
plan

Other vehicles (via Vehicle

On-Board Computers A
to Vehiole Communisations)

Announce preferred
contingensy plan

3 oy Stagce Variati
The Cooperative Concept is an open standard Market driven concept. The deployment path
follows two main lines, the "Official AHS" line, and the "Beyond AHS Activities" line.
Oinly the official AHS line ic within the inflnence of NAHSC Five rages are snmmarized,
although, the fifth stage is really multiple stages.

Stage 1 2 5 4 d
Name Pre-AHS Prototype | Operational | Full AHs | Follow-On
and Early Test and AHS
Audtomuation Enhanced
Onerations
Milestone [NAHST mutiated  [Prototype EvolvedlF. Operational [Release of Full Offical releass 1
To DBe gin AHS Standard Teust Opens Deplovment AHS {Major Block
Phaoasce {blozk O 8) Spemfization (If Lparads to AHS
Released nxed with Speafication
manual then
feasible); or first
Tall Deplovment
Drult Cooperative Concept (McKendree) 220027 1/19/96¢  Druflt



Draft

Faxad to: Stava Shladovar, Michalla p.n:,u-»nfh: .Tarry Qebeatala

Draft

E:‘l',‘(.:u'] :"\')I'I'Ii Tk')IT\ \'{L‘tT{&I\L’]I'&A

Official
ATIS
Activities

Workshops, '07

Demo, Develop &
refine condept.
Develop Draft

Specificaton,
Specirication with
Prototype

Conunucd rescarch)
w refine AHS
specification,
Development of
baseline for
Operational lests,
Selection, design
& construction of
operational tests,
Release AHS
Specificaticn

block 0.9

Com:lete rollout
of o) :rauonal
tesra. evaliare
operational tests,
contmue rezearch
on tull AH>
{parncularly
teasibulity of
nuxed with
manual, if
appearmo
promising),
Develop AHS
\l.rr_‘,xlih,nl W fun
l  zplovment,
Rei: se AHS
Spe. fication
block 1.0

Roll-out full
AHS, cerulv
vehicles as "AHS
Comphant,”
Momtor rollout,
collect
mformation on
dufficulties, collect
new message
Wpes,

Conunurc to
ceruty "AHS
Comphant”
vehicles (ow by
Block level),
monutor arnd
evaluate ongong
AHS use, collect
addiional
messages Wpes (I

anv). Releace
further follow on's

to AHS

.'_'iln-.‘.i ficativn

Capanilities
of Official
AHS

Dewo, uupros iy
Jefrinon and
simulation of
concept, Prototvpe
1est

lest-uck
warkable AHS,
Extensive test to
refine concept m
preparaton for

Deployable AHS
with constramnts

Full AHS
capability
fmcluding lagh
throughput on
dedicated lanes)

Orealel processuly
power, more
acourate seNsors,
more accurate and
faster respondmg

Bevond
AHS Activ-
ities

operational test (Hopefully mixed (actuators
with manual
possible)
IS Developiuent, PAteinpled (nowltand Ol stakeholders fContned

Non-consortium
research on AHS,

development of
automated veloles
for ordmary high-
wazs, Deplearmacaar
antomated velucles
for ordinary hugh-
wavs 1f feasible,
Deployment of
TOrELEI1 precursor
AlLS svatcms,
Deployment of
ITS, possible
deplovment of
truck convovs,
wider deplovment
of obstacle alert,
dnve by wie
mercasmely
Tielded

"rooting” of ITS,
Development of
Automated

AceTaan e for
ordmary lughways
If feasible,
Deplevment of
AHS for ordinary
lughwayvs it
feantkle (hopefully
choosmg 10 embed
the AHS comm
spec.)

add "extensions”
10 AHS
Communicatons
roeetenaed, Ciremnetls
and "rootmg” of
ITS (particularly if
mrxed w/ manual
poszble),
ClC\'Cle];!lnCllt ()%
automatedd »}Lu'fﬂ\‘.'k'.-
street capabilines
{& perhaps
evenual
deplovment)

developmernt and
deplovinent nom-
hughway
Antemaated deincine,
Eventually,
developrment of
AHS capanihties
onneon dedieated
roachways, anict
cventually full i
automaton
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Bevond Adaptive Crmse  |Some obstacle  [Possioly muixed  fMixed with Probably, a
AHS Control, Lanc avoidance with manual, manual morc number of
Capabilities [Deparure wammng,|capability propanly. capapihities whieh

Lane Keeping (not
with ACC)H,

Obstacle Detection,

Vehicle Dewecuorn,
Onboard Road
Condition Sensors,
Roadside-to-
Vehicle
Communications,
Drive by wire
T=asihle

will then be very
sigmficant, but
wluch are not
prediclable

It is expected that in the operational tests, v

various forms of “cheating” will be allowed to make

the test more feasible. Nonetheless, that “"cheating” should be in a form that is as nearly
c,ompanble to the final AHS as possible. For example, even if the full roll out system is
capable of fully automated driving mixed with manual traffic, the operational tests may be on

dg dicated lancs,

weith only AHS vthicles allowed., One po sble operational test w ould be

to deploy a full system, but with a large subsidy (~510k) per vehicle to make the system
affordable for the operational test. Another possible ui)cl ational test would be to deploy

more limited veliicles, able 10 use all the messages iut
able to generate many of the messages (2%,

1€ ¢ L‘Ill[lﬂ.uukd ll‘«.‘ll\ 1)1 olLog L‘l sl 1ot
L L ad and traffic igest infor mation) in real tine

Dreploy e Along witlt ihese velicles world lw i]lf"ri\/\ UM ASTHCITE SUPPOTE SySIeTi Alony

the AHS 1oadw Ay, vcuemuuu and sending e rernalling messages.

A third possibility

would be 10 add more extensive machine readable features to the operational test roadway
than are intended for the tull deplovment

A concern i: that during stages 2 or 3

a competing standard would emerge from the "Beyond

AHS" track. The two candidates for competing standards are Foreign government standards
and de facto evolutionary standards from indnstry. Technical (‘h’]"HIIOH\ may minimize this

threat. It is also hoH)ed that the early p1omulmt10n of draft AHS standards (0.5 and 0 U) w 111
avoid the worst problems by indncing any competing AHS standard to incnde "hooks”

that it could interoperate with NAHS standard vehicles.

1.1 _Stak N
Expected Stukeholder Role/Beneflils Vs Deplovinent Phese
Phase Pre-AHS Prototype | Operational | Full AHS Follow-On
and Early Test and AHS
Automation | Enhanced
Operations
Vehicle Help shiape a wegon [Stike dow Sell sabslaad Huge mwaket fa Continued huge
Flectronics |oandidate technology and  |velucle electromes v elucle electronics, |market for vehicle
slecuordos npros e wils Federal {Posably werensed [electomies, spur Lo
Luslnesy, deline o |eondidence subeidy, build tit kel f01 1ondade Jupatude sales, lexs
shce of bandwidth? {major future market share for  [electromcs) for "commodidizauon”
market mayor future orig. equp. and for fof market
market, retroln
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Highway
Deslgn and
Construction

Concurrent
CLELICTIULE Lipul
0 @y OIU Wjol
futwe headaclcs

Improved
cutddene ul
estiates of
fururc lughway
CONSTUCTION
needs (meluding
high throughput
ENty/exat)

Probably, heavy
Liixliv ay
collsgucuoLy
mudification i 1-2
areas, possibly
mecluding
significant roadway
préparanon and
accommodanon to
roadsiie
mirastuctre

widespread igh-
way uiedifivativng
W0 ey /el poins
for grreascd
Troughput

Support various
spouialized AHS
Py sical Leedds.
Detauls hard o
foresee

Trucking

concurrent
engmeermg input
0 avoad major
famire headaches:
better chance AHS
will serve real
uuckme needs

Possibly spin-olf
TUCK CoNvovs,
areater upward
sompantihity
with future AHS

Greater speed, U
ume relianihty and
throughput on
OTx, Takelv span-
Off tUCKk convovs,
upgradeable 1o
future AHS

Greater speed, Uip
tme reliamaty and
throughput across
highwat svstem
reduced o s
greatlv reduced
drver error hazard
from ather traffic

Conunued high
speed, mp ume
rehability and
thronghpmt across
highway syetem,
improved safety
and system
performance

Transit Concurrent Possible spin-off |Greater speed, tnp JCost savings, Continued high
en@meenng et ransait feamires, fime rehatlity and [more rehiahle serviee qualiry,
o avord major mproved safetv Jthroughput n service 1o compete |addional details
futwre headaches,  jand situational QOTs, Federal for more market hard to foresee
better chanee AITS Jawarcness money for share
will setve real Cperanonal Test,
wansit needs transit myesunents
are upgradeable to
e AHS
Environ- Conenrrent Researsh mav Tn OT areas reduenon m Contimmed
mental rOugiueeniny put [nda ey elp preduc o 1 LIS S1OIS IR Lenelits, fisw
Interests O maminize mmre jspne the EMISHONS DT velhele mile: henefits reazonabiv
Enviromnental development of  fvehicle mile due 1o Jpossibly narrower  Jlikely with DIoCK
problems with low and zero smoother dnvmyg  |lanes m urban & {upgrade, but details
AHS5 CILSSLONLS and much less STV I3, hard to foresee
vehicles "highway stall,”
potential for very
detarled lnghway
hehavior/pollution
1esei ol
NAHSC Continued research Contnued research
Core funding, sense of to upgrade and
centrality, chance expand the
to shape the protocol
destiny of lnghway
travel
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Phase “Pre-AHS Prototype | . 'perational | Full AHS Foilow-On
and Early Test and AHS
Automation | Enhanced
Operations
Trans- Excitement ahout  [ITS and possible |In OT regions, Greater speedand | Contmued hugh
portation future driving spin-orf AHS greater speedand  |throughput, Driver [speed, thp ime
Users possibilities, features improve |throughput, Driver |fully disengaged:  |rehatihty and
safety and fully disengaged: | Shorter, more thirot zhput across
aituanonal Shorter, more reliable tnip times, |lughway svatem,
AWArcnCs, rcliable tnp umes, |less chance of mproved safety
less chance of secondary acaident. fand svstem
secotidary aceidert Jhopefully, perioniace,
immediate AIIS poaably full ip
Spm-off vehuele  |appheahility automancn,
BELLSLA Y ML LT AT Seoliany il additiieial detadds
and deoreass Jhughway system hard o forcace
stress for non-OT
veheles
Government |Recopution for Set prehmmary | Opportumty o Avoid expensive | Contnued need o
Agen cies penlg forward AHS standards,  Jeonduct large OTs fand hard to fund upgrade and
lockmg, funchon |ongomg fwith sigmificant | mantenance costs, improve protocol,
wiuch can claim | notceable budget |budget), Set AHS  jvast merease m ongomy research
1o requure standards. gam data on maidents | budget
govemmnent, public confidence  [from "black
Cilgulily salall L1 i avegplaunc LUACY, T Moy
hidger of anromared mamtam and
veheles entorce AHS
standards, darect
assocation with a
major public
prionty {personal
wansportaton),
good will rrom
public for success
Insurancce Concurrent DProvide advice in | Reduced lnghway  JReduced losacs Contmiuced lugh
Industry engmeenng mput | development losses in the OT  |nanionwide, Heavy |safety, evolved
: to mumumize future |plans to assure  fareas. Reduced suppression of securty
msurance nsk (and [novel hahines  |losses of fraud and reduced | capabhilities,
aditress ather are well defmed  Jantomated hitigation addmional dermls
msurance concems) [ and tughtly hughways from uncertainty from  {hard to foresee
controlled vehicle sensor detailed medent
wamigs. Verv data (black boxes),
deta: deollision  [able to fold
mfor.aauon (from | detailed data mto
black boxes) help |national actuarial
detailed safety analvsis,
IMPre Jement
plans and derasled
actuanal analysis,
chance to
shakedown
acmanal models m
preparation for
national AHS
rollout
Draft Cooperative Concept (McKendree) 26 of 27 1/19/9¢  Draft




Draft Draft

Faxed to: Steve Shladover, Michelle Bayoutl, Jerry Sobetski Faxcd From: Tom MeKendrec

Local Tailorability

Formal local tailorability 1n this concept is primarily limited to ordinary freedoms in roadway
design. This concept does not impose special constraints on the physical structure of the
hwh\x ay (although it may induce indirect changes, such as requiring the ability to handle a
much higher vehicle rate’ on entry and exit). The principle AIi -specific opnon for local
tmlumbihtg is the ability to dc‘slgnatc specific stretches of highway as certain "block
upgrade” levels, 10h1b1t1n¢ lower level vehicles from trav elln"' on thosge stretches. The
other principle AHS- specific option for local tailorability is to allow localities to specify

stretches of roadway as restricted to AHS only traffie. (Depending on how well platooning
performs, vehicles may platoon on AHS-only roads.)

The pr opowd architecture does not prohibit a: alocal option that localities could accomplish all
the functions of infrastructure support and infrastructure management through the use of
roadside beacons which communicate to the vehicles via the Vehicle to Vehicle
communications protocol.

5. Degraded Modes/Robustness of Referenee State Conccept
In this coneept, there is no central infrastructure to fail, and thus no degraded performance
from this quarter. Vehicles may fail, and the other vehicles operate around the failed
vehicles (in the worst case, thus will create an incident that will need to be cleared). All
vehicles are capable of running manually of AHS, a degraded mode that could be invoked in
an cmergeney. If the vehieles can operate automated mixed with manual, then they will be
able to operate autonomously if the vehicle to vehicle communications channel is Tost,

6. Societal and Institutional Issues
Among the societal and institutional 1ssues:

A AHS anfarcamant vehinlas (o o CHP) net ha abls 1o idantify epacific nasrby vahiclacs
the sowrce of pam‘.ulm messages. Failure to follow the vehicle behavior \pcum ation 1\ a
publicly evident inlracuon, and should be grounds [o1 tie equivalent of at least 2 “lix it”
ticket.

B. Part of the enforcement mechanism is the placing of virtual tags on vehicles. If a vehicle
Acts inappr -'\1'\11'\t~1‘ that error ean be identified by ordinary v —-hxr‘lﬁ-, and henceforth
vehicles can inform each other "that vehicle broke rule X," along with a fast moving
message up and down the tratfic stream "Rule [X] broken at location ABC, violator being
watched " From a legal standpoint, this is likely analogous to “hearsay,” insufticient tor-
conviction, but probable cause for pulling a vehicle over for warning and investigation.

(. Vehicles may be required to carry a "hlack box" that records the recant history of the vehicla
and its envicronment., Thie could be very useful in reconstiucting incidents, both for safety

improvements and legal reasons.

T, (Ithvyr Issvics anvd Concluaclineg Kemarks

7.1 Technology Needs and Interests
A very preliminary list of technical needs and interests inspired by this concept includes:

+ Lstimate capabilities of low cost, short range (side looking) sensors

+ Is aradar-reflective paint feasible that could also be used as a standard paint in highway
markings? '

* How feasible would bé highway reflectors (or Bots dots) that are also radar reflective?
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