Functional Requirements For The Integrated
Vehicle-Based Safety Systems (IVBSS) - Heavy
Truck Platform

Prepared by
The University of Michigan Transportation Resedrtstitute (UMTRI)
Eaton Corporation
Cognex Corporation

for
U.S. Department of Transportation
Cooperative Agreement DTNH22-05-H-01232

March 28, 2008

NOTICE

This document is disseminated in the interest of formation exchange only. It is not intended to prpose or prescribe requirements outside
of the IVBSS program. The U.S. DOT assumes no lidlty for its contents or use thereof.




NOTICE

This document is disseminated in the interest of farmation exchange only. It is not intended to prpose or prescribe requirements outside
of the IVBSS program. The U.S. DOT assumes no lidlly for its contents or use thereof.




NOTICE

This document is disseminated in the interest of farmation exchange only. It is not intended to prpose or prescribe requirements outside

of the IVBSS program. The U.S. DOT assumes no lidhy for its contents or use thereof.

Technical Report Documentation Page

1. Report No. 2. Government Accession No. 3. Recipient's Catalog No.
UMTRI-2008-17
4. Title and Subtitle 5. Report Date

Functional Requirements for Integrated Vehicle-BaSafety
System (IVBSS) — Heavy Truck Platform March 2008

6. Performing Organization Code

7. Author(s) 8. Performing Organization Report No.

LeBlanc, D., Sardar, H., Nowak, M., Tang, Z., amnerleau, [UMTRI-2008-17
D.

9. Performing Organization Name and Address 10. Work Unit No. (TRAIS)
The University of Michigan

Transportation Research Institute
2901 Baxter Road, Ann Arbor, Michigan 48109-2150

11. Contract or Grant No.

DTNH22-05-H-01232

12. Sponsoring Agency Name and Address 13. Type of Report and Period Covered
National Highway Traffic Safety Administration,

Office of Vehicle Safety Research, ygggmber 2005 to March
1200 New Jersey Avenue, SE,

Washington, DC 20590 14. Sponsoring Agency Code

15. Supplementary Notes

16. Abstract
The purpose of the Integrated Vehicle-Based S&gsyem (IVBSS) project is to evaluate the

potential safety benefits and driver acceptana@ndhtegrated set of crash-warning technologies

installed on both heavy truck and light vehicletfolans. IVBSS is an integrated set of
technologies that is intended to help the drivaidvoad-departure, rear-end, and lane-chang
crashes by providing occasional crash alerts ans@des to enhance the driver’'s awareness
the driving situation.

je
of

This document proposes functional requirementshieisystem to be developed and field-tested

on the heavy truck platform. These requiremerégganerated solely for the system created
within this project, and are not intended to besprigtive for integrated crash systems

developed outside the project. The heavy truckgia encompasses class 8 trucks operating

with one trailer or without a trailer. The IVBS8 the heavy truck platform addresses the
following crash types:

* Road departures due to unintended lateral drift,
* Rear-end crashes, and
* Lane-change and merge crashes due to unsafe laremants by the heavy truck.

17. Key Word 18. Distribution Statement

19. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No. of Pages | 22. Price

51

Form DOT F 1700.7 (8-72) Reproduction of completed page authorized



NOTICE

This document is disseminated in the interest of farmation exchange only. It is not intended to prpose or prescribe requirements outside
of the IVBSS program. The U.S. DOT assumes no lidhy for its contents or use thereof.

Authors

The primary authors are David LeBlanc and Hemamtd&a(UMTRI), Mike Nowak, Zijuan
Tang (Eaton Corporation), and Dean Pomerleau (Co@uporation). Jim Sayer serves as
project director of the IVBSS team.



NOTICE

This document is disseminated in the interest of farmation exchange only. It is not intended to prpose or prescribe requirements outside
of the IVBSS program. The U.S. DOT assumes no lidhy for its contents or use thereof.

Table of Contents

Table Of CONTENLS ...t e e e e e e e e eeeeeanan %
ol 0] 1177 0 1 Vil
(D] T T T0] o SRR U UUP P UPPPRUPUPPPRP vili
R | 011 (oo (3 Tox 1 o] o HO PO PPUPPPPPPRP 1

2 Crash Scenarios and DO-NOt-Warn SCENAIMOS e «ceeeeeeerrrrrrriiniinaaaeeeeeeaaaeen 3o
2.1  Rear-End Crash SCENAIIOS .........uuuuiiuuuimiieiiiiiiiieiiaee e e e 3
2.2 Road-Departure Crash SCeNArioS...... oo eeeiiiiiiiiiiiii e 5
2.3 Lane-Change Crash SCENAIIOS ...........commmmmmeeeeerreeeeeriiiiininanaaeeaeeaaaaaeeeesd

24 Multiple-Threat Crash SCENAIIOS .........coommieeieiiiiiiiiiiaae e e 6
2.5  DO-NOt-Warn SCENAIOS. ......ccuiiiiiiiiiimi ettt 7

3 System-Level Functional ReqUIrEMENTS ......cueeeemiiiiiiiiiiiiiiiiiiccieee e 9
3.1  Objective of the IVBSS ........ccooiiiie e e e e e e e e e e nnnnneeees 9
3.2 Primary Function and Scope of IVBSS ... Q...
3.3  System-Level Functional Requirements for IVBSS..........cccccccccveceiiiieeneenn. 11
3.4 Domain of Applicability of Requirements...........ccceoviiiiiiiiiiiieeeeinn 17
3.5  Operating States and Availability ...........cccovvvveiiiiiiiiii e 19
3.6  False alarms and NUISANCe AlEITS ..... oo 20

4  Functional Requirements to Address Rear-End @gash...........ccccoeeeeeiiiiinnnnnn., 21
4.1 SENSING REQUITEIMENTS . ....uuiiiiiies ettt e e e aaaaaeeeas 21
4.2  Situation Awareness and Threat Assessment REQENtS .................cceevvvnnn. 23
4.3 Driver-Vehicle Interface ReqUIreMentsS....cccccooovvvivevviiiiiiiiiiiiieee e 26.

5 Functional Requirements to Address Road Depa@uaishes............cccceeeeveeeeeennnn. 28
5.1 SENSING REQUITEIMENTS . ....uuuiiiiiie e ettt e e e aaaaaeeeas 28
5.2  Situation Awareness and Threat Assessment REQENTS .................cccceeeee. 29
5.3 Driver-Vehicle Interface ReqUIreMents....ccccccoooovvvveeiiiiiiiiiiiiieeeeee e 32.

6 Functional Requirements to Lane-Change/Mergenegas. ...........cccceeeeeieeeeeeeeenennn. 34
6.1 SENSING REQUITEIMENTS . ....uuuiiiiiie e oottt e e enaa e e 34
6.2  Situation Awareness and Threat Assessment REQENtS ..............cccceeeeeeennn. 36
6.3 Driver-Vehicle Interface ReqUIreMents....cccccco.oovvvveviiiiiiiiiiiiieneeeeeeeeeee 37.

7  Functional Requirements to Address Crashes inipeHThreat Scenarios............ 39
7.1 INPULS tO ArDIEFAtION. .....eveeii e 39



NOTICE

This document is disseminated in the interest of farmation exchange only. It is not intended to prpose or prescribe requirements outside

of the IVBSS program. The U.S. DOT assumes no lidhy for its contents or use thereof.

7.2 Determine Precedence of ThreatS ... 39
7.3  Determine the Information to Provide to thevBri.............cccccovviiiiiiiiiiinnnne, 39
8 Integrated Driver-Vehicle Interface....... oo oo 40
8.1  Fleet Operator and Driver CONtrols ... oooeeeeeeeeiiiieieeieee e 40
S I Yo AV (S To T =SSR 40
8.3  Crash Alert DiSPlayS .........uuiiiiiiiei e e e e e e e e e e eee e e 41
8.4 IVBSS Crash Alert and AdVvisory DiSplaysS ..ccccccoeeieeeiiiiiiiiiieeeeeiiiin 42
8.5  System Status INfOrMatioN ............... e eeeeeeeeeeeiiirir e e e e e eeeeeees 42
9  System Management FUNCLONS ........oooi oot 43
10 RETEIENCES ...t et e e e e e e e e 44

Vi



NOTICE

This document is disseminated in the interest of farmation exchange only. It is not intended to prpose or prescribe requirements outside

of the IVBSS program. The U.S. DOT assumes no lidhy for its contents or use thereof.

Acronyms

FCW
IVBSS
LCM
LDW
NHTSA
POV
RITA
SV
UMTRI
USDOT

Forward crash warning

Integrated Vehicle-Based Safety Systems
Lane-change and merge warning

Lateral drift warning

National Highway Traffic Safety Administratio
Principal other vehicle

Research and Innovative Technology Admimistm
Subject vehicle

University of Michigan Transportation Reselainstitute
U.S. Department of Transportation

Vii



NOTICE

This document is disseminated in the interest of farmation exchange only. It is not intended to prpose or prescribe requirements outside
of the IVBSS program. The U.S. DOT assumes no lidhy for its contents or use thereof.

Definitions

Advisories: Information that may be provided by the IVBSSassist the driver in improving or
affirming the driver’s existing awareness of sundung traffic, the subject vehicle’s
position relative to the lane or road edges, anti@icurvature of an upcoming curve.
Advisories provide additional information to anralend attentive driver, and, unlike
crash alerts, they do not require the driver takjyimake a specific decision about
initiating an evasive maneuver.

Arbitration : The label for the function that provides infotina to assist the driver in avoiding
or reducing the severity of crashes when the dygigicenario involves multiple crash
threats.

Crash alerts. Visual, auditory, and/or haptic cues providedWBSS to help a driver quickly
become aware of a developing crash risk

Crash alert timing: The amount of time from when the system idegdith potential threat to
when it issues a crash alert.

Curve speed warning The function that provides information to as#is driver in avoiding or
reducing the severity of crashes in which the stihjehicle leaves the road on a curve
due to excessive speed.

Do-not-warn scenarios Situations in which the IVBSS system is not tuis crash alerts.

Driver-vehicle interface (DVI): The set of driver controls and displays thaeatdriver inputs
to the IVBSS and provide the driver with crash daoice and system status information.

False alarms Crash alerts that are triggered by an inapprogpeamulus. These occur because
Sensor errors or system perception errors suggbsta where none exists.

Field of regard: The geometric space in which the system can tlatettrack vehicles that pose
a potential crash risk.

Forward crash warning (FCW): The function that provides information to as#in& driver in
avoiding or reducing the severity of crashes inohilthe subject vehicle strikes the rear
end of another vehicle.

Subject vehicle IVBSS The set of elements necessary to deliver theSI$Bunction that are
not already part of the subject vehicle.

Lane-change/merge (LCM) warning The function that provides information to as#nst
driver in avoiding or reducing the severity of ¢ras in which the subject vehicle
changes lanes, initiates a turn, or merges intbd@nd collides with another same-
direction vehicle.

Lateral drift warning (LDW) : The function that provides advisories and crdshsato assist
the driver in avoiding or reducing the severitycodshes in which the driver
unintentionally allows the subject vehicle to ddfit of its lane.

Lead vehicle Synonymous witlprincipal other vehicle for scenarios addressing a rear-end
crash caused by the subject vehicle striking taeead of a principal other vehicle.
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Maximum required crash-alert range: The maximum distance at which the IVBSS is regplir
to issue a crash alert to help the driver avoithibigate a rear-end crash.

Multiple-threat scenarios: Driving situations in which the driving scenany develop into
one of two or more possible crash scenarios.

Nuisance alerts Crash alerts given in response to an appropstateslus, but perceived by the
driver as inappropriate due to frequency, timingdality, intensity, or the particular
driving circumstances.

Principal other vehicle: A vehicle sharing the roadway with the subjedtigke. The IVBSS
intends to help the driver of the subject vehialeid or mitigate a crash with the
principal other vehicle.

Project team The team that is conducting the IVBSS projectarralcooperative agreement
with NHTSA, as described in Section 1.

Road departure warning: the label for the function that provides informatto assist the driver
in avoiding or reducing the severity of crashewimch the subject vehicle leaves the
roadway. This consists of lateral drift warninglamrve-speed warning (see other
definitions).

Road edge The edge of the travel lane that is closest éarttad edge (not necessarily the edge
of the pavement, since there is often a drivabteikler beyond the edge of the outer
lane).

Subject vehicle (SV) The subject vehicle is a hypothetical vehiclaipped with the IVBSS

System status information Information that the IVBSS provides to the drit@ indicate the
operational state of the IVBSS system.

Volpe Center. The Volpe National Transportation Systems Ceot¢he U.S. DOT'’s Research
and Innovative Technology Administration.
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1 Introduction

The purpose of the Integrated Vehicle-Based S&gsyem (IVBSS) project is to
evaluate the potential safety benefits and driceeptance of an integrated set of crash-
warning technologies installed on both heavy trac#d light vehicle platforms. The
IVBSS project will develop and field test such ategrated system to provide data and
experience to address these purposes. The IVB3$&pm® being conducted under a
cooperative agreement between the National HighWwagsportation Safety
Administration (NHTSA) of the U.S. Department ofafisportation (U.S. DOT) and the
project team, which consists of the University atMgan Transportation Research
Institute (UMTRI), Visteon Corporation, Eaton Coraton, Cognex Corporation, Honda
R&D Americas Inc., and the Battelle Memorial Insté. In addition, the team is
supported by the Michigan Department of Transpiamat

IVBSS is an integrated set of technologies thattended to help the driver avoid
road-departure, rear-end, and lane-change cragt@ewiding occasional crash alerts
and advisories to enhance the driver’'s awarenesgeadriving situation. This document
proposes functional requirements for the systebetdeveloped and field-tested on the
heavy truck platform. These requirements are geeérsolely for the system created
within this project, and are not intended to besprigtive for integrated crash systems
developed outside the project. The heavy truckgiam encompasses class 8 trucks
operating with one trailer or without a trailer.cAmpanion report addresses functional
requirements for the light vehicle platform. Théegrated crash-warning system is
called IVBSS in this document, although there soal slightly different system,
developed by a different team, that shall be itedabn a light vehicle platform and that
is also called IVBSS in that platform’s documenise IVBSS on the heavy truck
platform shall address the following crash types:

* Road departures due to unintended lateral drift,

* Rear-end crashes, and

* Lane-change and merge crashes due to unsafe laremants by the heavy
truck.

IVBSS incorporates crash-alert technologies thaehmeen the subject of extensive
efforts within the automotive and heavy truck inuies as well as within the U.S. DOT.
Major programs supported by the U.S. DOT have adde forward crash warning
(Ervin et al., 2005; General Motors, 2005; Kiefeak, 2003; Kiefer et al., 1999), road-
departure crash warning (LeBlanc et al., 2006; Rtwae et al., 1999), and lane-
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change/merge systems (Talmadge et al., 2000).IVB®S program furthers this work
by addressing the integration of multiple crashnirag systems in several ways:

» Through developing and field testing an approagbréwide the driver a single,
coherent interface that integrates information fromitiple systems

* Integrating data from multiple sensors to imprdwe performance of the individual
crash-warning components

» Addressing additional crash types through the tgtiih treat multiple-threat
scenarios, in which more than one potential crasiilict is present or developing.

» Sharing approaches, technology, and insights betiveeheavy truck and light
vehicle teams.

The requirements for the heavy truck platform difemewhat from those developed
for the light vehicle platform. This reflects td#ference between the vehicle platforms,
the users of each of the platforms, the userstifige associated with these technologies,
the operating environments, and the differencesash experiences relevant to these
technologies. Overall, however, the requirementsdevelopment processes are closely
linked within the project structure, so that easdint considers similar issues and the
platforms pursue substantially different approackiesn platform-related considerations
warrant the differences.

These functional requirements do not encompassegitnof the IVBSS that are
necessary only to support the field operationdirtgghat will occur in this project. For
example, the IVBSS must supply data signals taeberded by an onboard data
collection system, as required by the analysis :ie¢éthe project. While this capability
is included in the IVBSS being built for this projethe requirements do not address this
concern.

Finally, the functional requirements in this docuntneave been generated by the
project team and do not necessarily representiévesvor policies of the U.S. DOT or
NHTSA.
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2 Crash Scenarios and Do-Not-Warn Scenarios

Using the results of studies carried out by thepédllational Transportation Systems
Center, key crash scenarios have been identifiecbéml-departure, rear-end, and lane-
change crash types (Najm & Smith, 2007). The fonel requirements presented in
Sections 3 through 9 of this document are develgpeitiat the IVBSS provides
appropriate behavior in these crash scenarioaddition, since the IVBSS must provide
behavior that is on the whole acceptable to theedria set of “do-not-warn scenarios” is
defined to describe non-crash scenarios in whieHWBSS should not provide the driver
with crash alerts. These are often situations thi¢ghpotential for a false alarm or a
nuisance alert, and the requirements associatédhese scenarios are intended to
improve driver acceptance. The use of do-not-vgaamarios is consistent with previous
functional requirements work (Kiefer et al., 199 term “do-not-warn scenarios” is
synonymous with the term “operational scenario’duisethat work. The remainder of
this section presents the crash scenarios andiloescharacteristics of the do-not-warn
scenarios. Those scenarios are presented in coompdocuments from the IVBSS
program that present objective test procedureB/BES.

2.1 Rear-End Crash Scenarios

This section describes the crash scenarios thabhase important for the heavy truck
rear-end crash problem. First, two definitions@n@vided:

» Subject vehicle (SV): The vehicle (heavy truckdipged with the IVBSS.

* Principal other vehicle (POV): A vehicle sharing ttoadway with the subject
vehicle that may pose a crash threat.

The IVBSS intends to help the driver of the subjestticle avoid or mitigate a crash
with the principal other vehicle. Table 1 indicatiesse rear-end crash scenarios that will
be considered the primary scenarios for the IVB&falirements. This table is derived
from an analysis of crashes in 2000-2003 GenetahBtes System (GES) databases that
was performed by the Volpe Center for NHTSA (NajnS&ith, 2007). There were
154,000 crashes in which the striking vehicle wasiek and another 100,000 crashes in
which the heavy truck was struck. If the latteastres are not considered, then the
scenarios can be broken down as shown in Table 1.

The first three scenarios address situations irchvtiie subject vehicle is not
attempting a maneuver (e.g., not passing), andbappes a principal other vehicle from
behind. These three scenarios are distinguisload dne another by the speed and
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deceleration of the principal other vehicle. Taerth item represents the scenarios
where the SV is following a POV and making a marewuch as: passing, leaving a
parked position, entering a parked position, tugnight, turning left, making a U-turn,
backing up, changing lanes, merging correctiveoactr other motions.

As the data indicates, almost ninety percent cda@lezashes involve the SV
approaching and striking a vehicle in the same (aoenarios 1 through 3). The most
common is when the POV is stopped (scenario )pagh it may be true that many of
these stopped vehicles had come to rest very ghmmtbre impact. Although the fourth
category of scenarios, where the SV is making aewmagr, account for only 6.5% of the
crashes, they are considered meaningful enougé tachuded in the crash scenario set
for development of the requirements. The scenaléssribed in Table 1 were used as
the basis for development of rear-end crash sa@néot on-track testing.

Table 1. Rear-end crash scenarios for developingtional requirements for the IVBSS
heavy truck platform

Index Crash Scenario Frequency Percent

1 POV is stopped 66,000 43%

2 POV is decelerating 37,000 24%

3 POV is moving at constant speed 34,000 22%

4 SV is following and making a maneuver 10,000 6.5%

- Other rear-end crash scenarios not considered 7,000 4.5%
primary scenarios for requirements development

-- Total 154,000 100%

The desired effect of IVBSS driver alerts in readacenarios is to bring the driver’s
attention to the developing conflict so that theiyiate an evasive maneuver such as
braking and/or steering in order to avoid the crabhe difference between the evasive
maneuver with and without a crash alert then ctuiss the effect of the IVBSS in these
scenarios.

There may be benefits of these driver alerts beybadcenarios in Table 1, since

there are crashes that begin as rear-end crasarsxzhut, due to an unsuccessful driver
maneuver, result in other crash types, such asdepdrture crashes.
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2.2 Road-Departure Crash Scenarios

The 2000-2003 GES statistics indicate that themewpproximately 110,000 crashes in
which a truck ran off the road. The scenarios sagypificantly, with about two-thirds of
the crashes due to a simple drift-off event, wthie others were related to loss of control,
maneuvers including evasive maneuvers associatadha driver avoiding other crash
types, and turns. Table 2 shows the three mamasics most relevant to IVBSS
functional requirements development (Najm & Sm00Q7). The scenarios described in
Table 2 were used as the basis for developmemiaoFdeparture crash scenarios for on-
track testing.

Table 2. Road-departure crash scenarios for devgdpnctional requirements for
IVBSS heavy truck platform

Index Crash Scenario Frequency Percent

1 SV drifts from road on straight road segment a@e6,0 25%

2 SV drifts from road on curve 22,000 13%

3 SV is initiating a maneuver 46,000 28%

- Other road-departure scenarios not considereg 55,000 33%
primary scenarios for requirements development

-- Total 165,000 100%

The benefit of IVBSS in scenarios 1 and 2 wouldwdefrom road-departure
warnings prompting drivers to return their attentio lane-keeping activities. There may
also be benefits in scenario 3, which refers tosa-bf-control situation when the SV is
initiating a maneuver. For example, approximate0p? road-departure crashes in 2003
were associated with a truck avoiding a rear-eadlcand departing the road edge. A
portion of these crashes could be addressed bg#neend crash warning component of
an IVBSS system.

2.3 Lane-Change Crash Scenarios

Najm & Smith (2007) also provides data that waslusealirectly derive Table 3, which
shows the primary scenarios for requirements devedémt associated with crashes due to
unsafe lane changes or merges initiated by the 8/B§uipped vehicle. The total annual
number of these crashes is approximately 311,08@&hwncludes 42,000 crashes



NOTICE

This document is disseminated in the interest of formation exchange only. It is not intended to prpose or prescribe
requirements outside of the IVBSS program. The U.DOT assumes no liability for its contents or usthereof.

associated with unsafe lane changes or mergesZz0@Qdlwith unsafe turns in which the
truck encroaches on another adjacent vehicle.

Table 3. Lane-change/merge crash scenarios fotaj@ag functional requirements for
the IVBSS heavy truck platform

Index Crash Scenario Frequency Percent

1 SV changes lanes and/or passes and 83,000 26.7%
encroaches on an adjacent vehicle
SV drifts & encroaches on an adjacent vehicle 033, 11%
SV change lanes or passing to unknown 5,000 1.6%
adjacent lane

4 SV merges and encroaches on an adjacent| 7,000 2.3%
vehicle

5 SV turns & encroaches on an adjacent vehicle (83,0 17%

-- Other scenarios not considered primary 129,000 41%
scenarios for requirements development

-- Total 311,000 100%

The benefit of IVBSS in scenarios 1, 2, and 3 walddve from crash alerts that
prompt the truck driver to adjacent hazards dulamg changes. Scenario 4 would be
addressed by the IVBSS providing assistance dumieiging maneuvers, and scenario 5
would call for assistance as the truck initiatesasiand has the potential to encroach on
adjacent-lane vehicles.

2.4 Multiple-Threat Crash Scenarios

This section addresses multiple-threat scenaribsrevsituations have the potential to
develop into one of two or more possible crash@&ges. This may occur because of the
development of simultaneous threats or becauserier uses a maneuver to avoid one
crash conflict that creates a second type of arasflict. Multiple-threat crash scenarios
are useful to consider; because the IVBSS hashiitydo sense crash threats of many
types, the system requirements must consider hdxggbprovide alerts to the driver in
these more complex circumstances.

Multiple-threat scenarios are not directly deriveafsbom GES crash data since the
coding of the crashes often does not address tire saquence of events, but only the
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developments before the crash that actually ocdurfdnus these scenarios were
developed based on judgments that the scenari@slvn realistic in nature and also
highlighted important elements for an integrategsbrwarning system to consider. The
scenarios that are selected for validation are showable 4, with illustrations of each
following in Figure 1.

Table 4. Multiple-threat crash scenarios for depiglg functional requirements for the
IVBSS heavy truck platform

Index Crash Scenario

1 SV approaches a slowing vehicle in its lane waitempting a lane
change into occupied lane

2 SV aborts lane change into occupied lane, theawsriers a slowing
vehicle in its original travel lane, and considersolving the conflict
by moving on to a clear shoulder to avoid both eiesi.

Scenario 1
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Figure 1. Two multiple-threat scenarios

2.5 Do-Not-Warn Scenarios

In order to achieve sufficient acceptance of IVBfShe trucking fleet operator and the
drivers, the IVBSS must avoid issuing an excessiwaber of alerts in situations that
fleet operators and/or drivers do not consideradhbeatening situations. A “do-not-
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warn scenario” is a driving situation in which IVBShould not issue a crash alert. Do-
not-warn scenarios are used to address two typesdesirable crash alerts: false alarms
and nuisance alerts.

False alarms are defined in Campbell, et al. (2@87glerts that are triggered in the
absence of an appropriate stimulus.” These areaiyp caused by sensor or system
perception errors that suggest a threat where oeg ot exist, and are characterized by
the system having a false view of its current situra Examples of false alarms include
forward crash warnings triggered by overhead bsdged out-of-path vehicle or road
departure warnings triggered by a misperceptiam@iocation of the lane edge.

Do-not-warn scenarios also address nuisance aldrish are caused by an
appropriate crash threat but “are perceived bylther to be inappropriate due to some
aspect of their implementation such as their fragugtiming, intensity, or modality”
(Campbell et. al, 2007). Nuisance alerts also oadwen the driver simply does not
perceive a threat; this is often influenced strgrmyl the driving circumstances (Ervin et.
al, 2005). Table 5 shows examples of false alamasnuisance alerts. The do-not-warn
scenarios are detailed in the IVBSS Heavy Trucke®ysVerification Test Plan
document (UMTRI, 2008).

Table 5. Examples of false alarms and potentisdange alerts

Alert Occurs While... Potential Type of Type of Alert
Crash Alert
Triggered
Subject vehicle passes stationary Rear-end False
roadside object or overhead object. (invalid object triggers alert)
Remote sensing provides a false returiRear-end or False
where no vehicle exists. Lane-change/merge (invalid object triggers alert)
Subject vehicle drives on pavement | Road departure (lateral False
with many longitudinal seams not drift) or lane change (mistaken lane boundaries)
aligned with lane edges.
Subject vehicle is approaching a Rear-end Nuisance
slower vehicle in a manner that the (too early)
driver commonly employs.
Subject vehicle is closing on alead | Rear-end Nuisance
vehicle that is leaving the lane. (paths do not intersect)
Subject vehicle is weaving slightly Road departure Nuisance
within the lane but near the road edge.(lateral drift) (driver feels no threat)
Intentional road departure with turn | Road departure Nuisance
signal applied. (lateral drift) (driver intends to cross edge)
Intentional lane change with turn Unsafe lane change Nuisance
signal applied. (driver intends to cross edge)
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3 System-Level Functional Requirements

This section presents system-level functional nesuents. Throughout this document,
“shall” is used when the requirement must be satisind “may” is used to indicate that
an IVBSS system is allowed to provide the assodib&havior.

3.1 Objective of the IVBSS
The IVBSS shall be designed to achieve two objestiv
* To maximize the potential safety benefits of tHerimation, and

» To earn acceptance of the system by fleet operatatgirivers so that the
safety benefits may be realized.

The IVBSS shall provide information to assist dréven avoiding or reducing the
severity of the five crash types listed below:

a) Rear-end crashes in which the subject vehidleestthe rear-end of another
vehicle,

b) Lateral-drift road-departure crashes in whiah dniver of the subject vehicle
unintentionally allows the vehicle to drift off tmead,

c) Lane-change crashes in which the subject vebi@@ges lanes and collides
with another vehicle moving in the same directiamd

d) Merging crashes in which the subject vehiclesge®into traffic and collides
with another vehicle.

The scenarios to be addressed were identifiedétidde2. The IVBSS may provide
potential safety benefits in scenarios besidesethoSection 2.

3.2 Primary Function and Scope of IVBSS

3.2.1 Primary function of IVBSS

The IVBSS shall be designed to assist the drivawviding or reducing the severity of

the targeted crash types by providing the driveéhwne or two types of information
about the driving situation:

* Crash alerts (required), and

* Advisories (some required and some optional).
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3.2.1.1 Crash alerts

The IVBSS shall provide information that helps thiever be aware of a potential crash
conflict, so that the driver may decide both whet#m&d/or how to initiate an evasive
maneuver.

3.2.1.2 Advisories

The IVBSS may also provide the driver with adviserthat may assist the driver in
decision-making to reduce the likelihood that ashreonflict will develop. If advisories
are provided to the driver, this information stmdlintended to reduce the frequency or
severity of conflicts that would otherwise develofn example of an advisory is a visual
indicator provided to the driver when a same-dicgcvehicle is within the blind spot of
the subject vehicle. An advisory is different francrash alert in that it intends only to
provide additional information to an alert and ativee driver, and is not meant to
indicate the need for the driver to quickly makspacific decision about initiating an
evasive maneuver.

3.2.1.3 System status information

The third type of information that the IVBSS shalésent is system status information.
The IVBSS shall inform the driver of its operatibatatus; the details are presented in
section 8.5.

3.2.2 Scope of the IVBSS

3.2.2.1 Presentation of information

The crash alerts shall be designed to assist therdn quickly directing attention to the
driving task and especially the potential crask.ris

The timing of crash alerts shall be designed wighianary goals of (a) allowing
drivers who are unaware of the potential crasheisbugh time to react, assess the
situation, and decide whether and how to initiztie @mplete an evasive maneuver that
avoids or mitigates the crash, and (b) helpingaedsymaintain margins of safety by
keeping within the lane, staying at safe followdigtances, and by being aware of
adjacent-lane vehicles.

In scenarios in which the information availablghe IVBSS cannot distinguish
situations with potential crash risk from non-thezang situations, the timing is allowed
to be later in order to reduce the number of cedstis that may be perceived as

10
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nuisances by the driver. In these cases, the sygtathbe designed to maximize the
harm reduction that the system provides.

The crash alerts shall not advise the driver ontladreor how to initiate an evasive
maneuver. This requirement recognizes that aneadrarer remains the best decision-
maker about whether or how to initiate such a maaeu

3.2.2.2 Use of vehicle control in IVBSS
The IVBSS shall not provide automatic control a# trehicle.

This statement addresses the scope of the IVBS$hanequirements in this
document, and is not meant to prohibit or advisere other systems that employ active
control of the vehicle (e.g., the automatic appiaraof emergency braking) to mitigate
rear-end crash severity.

3.2.2.3 Autonomy

The IVBSS shall be fully functional in today’s dirig environment and independent of
additional equipment or features being added tadhdway infrastructure or extra
equipment or capabilities installed on vehiclesothan the subject vehicle.

3.3 System-Level Functional Requirements for IVBSS

3.3.1 Crash alert functions and definitions

The IVBSS shall have three component functionstiingegther satisfy the requirements of
Section 3.1. These functions are defined belowaieith the scenarios they address:

3.3.1.1 Forward crash warning

Forward crash warning (FCW) provides informatiorassist the driver in avoiding or
reducing the severity of crashes in which the stibjehicle strikes the rear end of
another vehicle.

3.3.1.2 Lateral drift warning

Lateral drift warning provides information to asslse driver in avoiding or reducing the
severity of crashes in which the subject vehicletemtionally drifts off the road edge.
(See Definitions on page viii for the definitionafad edge.) Lateral drift warning may
also provide the driver with a crash alert or avisaly when the vehicle crosses a lane
boundary; more discussion of this is provided int®a 5.

11
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3.3.1.3 Lane-change/merge warning

Lane-change/merge (LCM) warning provides informatio assist the driver in avoiding
or reducing the severity of crashes in which tHgextt vehicle changes lanes, initiates a
turn and encroaches on another vehicle in an adjdaee, or merges into traffic and
collides with another same-direction vehicle.

3.3.1.4 Arbitration

There shall be an arbitration function that is sgzarent to the driver, and which identifies
and addresses multiple-threat scenarios. Arloinaghall manage the provision of crash
alerts and advisories such that the driver is metloaded or confused by multiple and
possibly conflicting information from the IVBSS.

3.3.1.5 IVBSS
The IVBSS is defined as the sum of elements nepessadeliver the IVBSS function
that are not already part of a vehicle.

3.3.2 Achieving IVBSS functionality

This section introduces the relationship of the 88with the vehicle, the driver, and the
environment. This section also introduces the gkl functional elements within the
IVBSS.

3.3.2.1 Interaction with elements outside IVBSS

To deliver the functions described in Section 3.81& IVBSS interacts with the subject
vehicle, the driver, and the roadway and trafficiemment. Figure 2 illustrates these
interactions, which lead to the following requirerse

a) The IVBSS shall interface directly with the dniby providing crash alert displays
and (optionally) advisories. The IVBSS may acaipter inputs to the IVBSS, per
Section 8.1.

b) The IVBSS shall receive signals from the subyetticle that include information
about vehicle motion and the driver’s control irgptd the vehicle, as well as other
information (as described in a later section).

c) The IVBSS shall sense or obtain information altbe roadway geometry, roadway
characteristics, and position and motions of retew@arby vehicles, and may need to
gather limited information about other obstacl&kis is elaborated upon in Section
6.1.

12
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3.3.2.2 Major functional activities within the IVBSS

The IVBSS shall include four major activities, apresented by the numbered elements
in Figure 3:

1. Sensing and perceptiawtivities shall be included within the IVBSS. Thexldress
measurement or data retrieval to assess the swgjeicie state, driver control actions
(such as steering and braking), roadway informatamial data on nearby vehicles and
other obstacles (represented by element 1 in FRur®escriptions of required data
are provided in Sections 4, 5, and 6.

2. Situation characterization and threat assessawgintties shall be included within the
IVBSS. These determine whether it is appropriatertwvide crash alerts and/or an
advisory to the driver. This is represented by elen? in Figure 3 and will be
described in more detail in Sections 4, 5, and 6.

3. Presentation of informatido the driver shall be included within the IVBSS
(represented by element 3 in Figure 3). This walldescribed in more detail in
Sections 4, 5, 6, 7, and 8.

4. System managemehinctions shall be included within IVBSS to assasd maintain
IVBSS operation. This includes interfacing witle ttiriver regarding any driver
inputs that the IVBSS may have, as well as progdire driver with the necessary
information to understand the operational statihefsystem (element 4 in Figure 3).
This is noted in Section 9. Section 8.1 addressesrdr fleet operator inputs to the
IVBSS. Section 8.5 addresses system status infamatovided to the driver.

3.3.2.3 Sensing and perception

The IVBSS shall measure, store, and/or obtain diatde following elements: driver
inputs to the IVBSS, signals from the subject vigh{mcluding vehicle control inputs
from the driver), and data needed to characteaadway geometry and other roadway
characteristics, and data on nearby vehicles dmnet obstacles.

The elements listed above are described in Secfiens in the context of the specific
crash alert functions that are required.

3.3.2.4 Functional elements within situation characterization and threat
assessment
Situation characterization and threat assessméhirvihe IVBSS shall include the
following elements, which are also shown in Figdre
a) Estimation of the roadway geometry (element,2.1)

b) Use of data from Section 3.3.2.3 to characteaheestate of the driving
circumstances and compute necessary predictiothe dliture state (element 2.2),

c) Assessment of the threat level, resulting iaquest for a driver alert or
situational information cue (element 2.3), and

13
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d) Arbitration of alerts in situations where mohnarn one type of driver alert is being
considered (element 2.4).
The following elements may be included in the IVB86t are not required:
e) Estimation of some aspects of the driver’'s felsment 2.5), and

f) Generation and use of historical informationtthmay be useful in reducing the

number of false alarms (element 2.6).
The elements listed above are described in mogdl deiSections 4 — 7 in the context of

the specific crash alert functions that are regllire
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Figure 2. Interaction of the IVBSS with externadraents
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3.3.2.5 Driver-vehicle interface functions

The IVBSS shall provide crash alert information al¢isories to the driver.

3.3.2.5.1 Properties of the presentation of information

There are three high-level properties that are sszrg:

a) The IVBSS information shall be presented todieer so that the message is salient
and intuitive, and provides the safety benefitrdiancing situation awareness and
increasing the likelihood of avoiding or reducihg tseverity of the targeted crashes.

b) The driver shall be neither confused nor disé@drom the driving task by the
information.

c) The information from multiple crash-alert furmtalities shall be integrated into a
seamless and intuitive interface. (See Section 8.)

Further properties of the driver-vehicle interfdD&/1) that are required for particular
types of targeted crashes are discussed in Se@&ier’s More general properties of the
driver-vehicle interface to promote the seamletsriace are discussed in Section 8.
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3.3.2.5.2 Fleet operator and driver inputs

There are two high-level requirements addresseef thperator and driver control inputs
to IVBSS:

a) Controls may be employed to allow the drivefl@et operator to adjust the system
behavior, but the range of system behavior shalbre within the performance
requirements stated here.

b) The driver shall not be able to turn off the I8 but may be able to temporarily
suppress crash alerts for a short period, e.geraeminutes, per Section 8.1.

Additional driver-vehicle interface requirements @resented in later sections in the
context of the individual crash alert functionsyal as in Section 8. System status
information is described in Section 8.5.

3.4 Domain of Applicability of Requirements

3.4.1 Subject vehicle characteristics

The IVBSS for the heavy truck platform shall operas indicated herein when installed
on a class 8 tractor with zero or one trailergescribed in Section 1.

3.4.2 Roadway characteristics

The requirements within this document shall appiylevthe subject vehicle is traveling
on a paved roadway managed by public agency(shie wn a privately-operated toll
road.

3.4.2.1 Exempted roadway types

The functional requirements do not need to befgadisvhen traveling on other roadways
or surfaces, such as private roads, drivewaysjmatlits, and unpaved roads. Operation
of IVBSS is permitted on all roadway types.

3.4.2.2 Exempted roadway geometries
The IVBSS or some of its alert functionalities alewed to become unavailable when
the roadway geometry satisfies one or more of te&septions:

a) The subject vehicle and/or a relevant prinofpaér vehicle is traveling on a
curve with a radius that is below a threshold value

b) The forward crash warning system and the lataréilwarning system need not
operate on roadway segments where the roadwayg evébta negative vertical
curvature that is so great that the driver canaetssvehicle traveling ahead even
when that vehicle is close enough to pose a palertar-end crash threat.
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Consult Sections 4, 5, and 6 for further excepti@fsted to the individual crash alert
types.

3.4.3 Characteristics of objects posing a potential crash threat

For this document, the requirements that addreBS8/performance in potential crashes
with other vehicle objects shall be met when thedls a motor vehicle that is
licensable for use on public roads. This set géatls includes motorcycles. The IVBSS
will not be evaluated on its performance in regdodsther potential crash threats,
including pedestrians, pedalcyclists, or animalshenroadway. However, a system that
meets the requirements for licensable motor vehiclay also provide benefit for
pedestrians, cyclists, and animals in some circancss.

3.4.4 Interactions with other emerging technologies

It is beyond the scope of this effort to develogpuieements that fully address interactions
of the IVBSS with all available or emerging techogies. Developments in new
technology that may affect vehicle control or asdris attention or situation awareness
include, but are not limited to, the following: gdi@e cruise control, automatic lane-
keeping assist (limited-authority), forward-crashigation through automatic braking,
automatic control systems to correct lane or raguhdures, and wireless
communications with other vehicles or the roadsielematic systems that may
complicate the driver-vehicle interface, and wogklananagement systems.

3.4.5 Operating speeds

The following requirements address requirementsutnject vehicle speeds at which the
IVBSS shall function:

a) IVBSS shall be available to issue alerts whersthbject vehicle speed exceeds a
minimum threshold. For the heavy truck platforhistminimum operating speed
may be lower for lane-change/merge functionalitsiturning crashes are an
important component of the lane-change/merge gredbiem, and they occur at
lower speeds.

b) The IVBSS may have an upper bound on the spestieh it operates, so that
either the system may become unavailable abovespiesd or the system may
operate at a reduced level. Higher speeds candemadeduced ability to sense
the roadway far enough ahead for suitable perfoomarhis may include a
reduced ability to predict the identity or motioihobjects at distances that are
relevant to the potential for a crash.
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3.4.6 Operation in the presence of precipitation

The IVBSS shall meet all requirements in dry caodg. The system shall inform the
driver of any reduced capability that precipitatinduces.

3.4.7 Operation in poor visibility conditions

The IVBSS shall meet all requirements in good Viigyh both in daytime and in
nighttime. The IVBSS shall inform the driver ofyaeduced capability that poor
visibility induces such that the system is not adert that performance would meet the
requirements in this document.

3.4.8 Operating temperatures

The IVBSS shall satisfy the performance requiremener a range of ambient
temperatures that is consistent with the requiaage that applies to other electronic
technologies onboard the vehicle platform.

3.5 Operating States and Availability

3.5.1 Operating states

The IVBSS shall be considered to have two operatistates:

» Operational — all hardware is operational and @himunications and software
processes are operating without critical faults.

* Not operational — all other conditions.

3.5.2 Availability

One or more crash alert functionalities within MBSS are said to be available if (1) the
system is in an operational mode, (2) the systesrcbafidence in its ability to perceive
crash risks and command driver alerts, and (3¥ystem is allowed by its own system
logic to provide crash alerts and advisories witemternal criteria are satisfied.

3.5.2.1 Partial availability of IVBSS

The IVBSS is comprised of several crash alert flonetities, per Section 3.3.1. The
following addresses the ability of some crash dlerttionalities to function while one or
more of the other crash alert functionalities aveavailable:

a) IVBSS may function such that some of the crdstt gypes are operational and
available and others are either not operationabbrvailable. For example, the
lateral-drift crash alerts may become unavailabémow is obscuring lane edges
for a vision-based system. When this is the dasegther functionalities may be
allowed to provide the driver with cues.
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b) If the arbitration function becomes unavailafalee to hardware or software
faults, for instance), the entire IVBSS shall beeamon-operational.

3.5.2.2 Situations in which IVBSS may be unavailable
The system shall be available at all times whikedisstem is operational, except when
one or more exceptions apply. Most exceptiondisted below, but others appear
elsewhere in this document. The IVBSS or one orenadiits crash alert functionalities
may become unavailable due to the following situagi

a) Occasional sensor obstructions or outages,d.gar ice on radar.

b) Low confidence in estimate of threat, e.g., daoe markings,

c) Operating conditions that do not satisfy therapeg conditions listed earlier,
e.g., vehicle speed is below the minimum operateged,

d) When the IVBSS intentionally suppresses systamstion, e.g., FCW alerts
may be suspended while the driver is applying tia&dy and

e) Failures in the systems used to sense the rgadulject vehicle motion,
and/or potential crash threats.

3.5.2.3 Informing driver of unavailable system

The system shall inform the driver when the systemmavailable to provide any type(s)
of crash alerts, or is operating at a reduced leViake system may continue providing
alerts at a reduced level of performance as lordyigers are made aware that limitations
in performance are in effect.

3.5.3 System states
The table below shows system states of the IVBSS.

Table 6. System state possibilities of the IVBSS

IVBSS System State Possibilities
Not operational
Operational - but no crash alert types are avalabl
Operational - with all crash alert types available

Operational - with some crash alert types avadlanld some not
available

3.6 False alarms and Nuisance Alerts

The IVBSS shall avoid generating an excessive numbflse alarms and/or nuisance
alerts in order to achieve driver acceptance.
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4 Functional Requirements to Address Rear-End Crashes

This section presents functional requirementstergortion of IVBSS that provides
crash alerts and advisories to drivers to asseshtim avoiding or reducing the harm
associated with rear-end crashes. This portiddBSES is referred to as FCW, per
Section 3.3.1.1.

4.1 Sensing Requirements

The IVBSS requires data in order to characterieedtiiving circumstances. This

involves measurements from IVBSS sensors, commtioinsawith the vehicle, use of
static and dynamic onboard data sources, and ppssiter sources. Some data is
directly useful in its raw form, but much of thédarmation needed to characterize the
driving situation requires the combination of ditan multiple sources. This section
focuses on the collection of data from the indialdsources: subject vehicle, roadway,
and other vehicles or nearby obstacles. Sectioaddfesses the combination of the data.

4.1.1 Sensing subject vehicle information and driver control inputs
The following requirements address signals gathdmedttly from the subject vehicle:

a) The IVBSS shall obtain data from the subjecticleland from sensors dedicated
to the IVBSS in order to support estimates of #iiving: subject vehicle state,
driver inputs to the vehicle controls, and predictebject vehicle path. Data may
also be obtained to support other computations aagierceptions of intended
driver maneuvers.

b) The data to be obtained shall include the falhgw subject vehicle speed, yaw
rate, and driver brake switch. Other data maypofse, be desirable, including
turn signal use, subject vehicle longitudinal aetaion, driver throttle control,
wiper state, steering wheel angle, ambient tempe¥aand more.

4.1.2 Sensing roadway geometry and characteristics

These requirements address the collection or atquisf information about the
roadway:
a) The IVBSS shall be capable of collecting infotimato characterize roadway

geometry and other attributes as necessary to sugifp@tion characterization
and threat assessment.

b) The data to be obtained shall include the falhgwheading of the road relative to
the vehicle axes and road curvature.

c) These data may also include road functionabcas number of lanes.
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Sources of this data may include remote sensob®ard digital maps, and historical
data retained within IVBSS. Additional informatiabout the roadway may be
computed with the assistance of subject vehicléoardrget data.

4.1.3 Sensing objects and characterizing object type and motion

The IVBSS shall be capable of collecting informatto characterize the location and
motion of vehicles that pose the potential forar+end crash, relative to the subject
vehicle. The data shall also support the prediatibthe paths of the other vehicles.

This information may be obtained in part from reensénsors in conjunction with
other data, such as vehicle motion and roadwaynmdton. Note that information about
other vehicles and nearby objects may also beatetleo assist in the situation
characterization for other crash alert functions.

4.1.3.1 Detection and tracking of potential threats
The IVBSS shall be capable of detecting and trackemme-direction vehicles and
stopped vehicles.

4.1.3.2 Characterizing potential threats

The IVBSS shall be capable of determining whetherad objects are principal other
vehicles (same-direction vehicles or stopped vehithhat may pose a potential crash
risk).

4.1.3.3 Object motion

The system shall determine the following kinematidables associated with principal
other vehicles that may pose a forward crash hapasition relative to the subject
vehicle, and relative speed.

4.1.3.4 Field of regard

The field of regard is the space in which the systan detect and track potential rear-
end crash objects. The field of regard shall idelthe travel lane (or shoulder) on which
the subject vehicle is traveling. The field ofaed)shall also include portions of adjacent
lanes as required to address the key scenarioslBsm Section 2.

The system shall be able to detect and track vehiglthin a field of regard that has a
longitudinal extent that balances the limits ofataipty of state-of-the-art technology
with the need to detect slow or stopped vehiclesibstantial distances in order to
provide timely information to the driver. This lgitudinal extent shall be stated as the
maximum required crash-alert range.
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The value of the maximum required crash-alert rangg be different depending on
whether the potential crash threat is stopped afimgo due to the additional challenges
of discriminating stopped vehicles from non-threatg stationary objects.

Requirements about the field of regard shall bisfsad for straight roads as well as
roads with curves that satisfy the criteria giversSection 3.4.2.2.

4.1.4 Estimating road condition parameters

The system shall use data from the subject vehiutifor from sensors associated with
the IVBSS to determine whether the road conditimay require the driver to receive
earlier crash alerts or to be presented with &fit advisory. Indications of wetness or
iciness on the road may be especially useful. Etesnof implementations to satisfy this
requirement are simple uses of windshield wipeestad ambient temperature to decide
that there is a reasonable possibility of icinasshe road surface.

4.1.5 Sensing driver attributes

The system may use subject vehicle data, roadwtay aiad target data to determine the
value of parameters that characterize aspecteafrifier's state. These parameters may
be used to adjust the presentation of IVBSS crhestsaand/or advisory information to

the driver, so long as the performance requiremasatisfied. Examples of the use of
driver state may be the perception that a drivéatigued to increase the distance at
which a rear-end crash alert is presented.

4.2 Situation Awareness and Threat Assessment Requirements

4.2.1 Situation characterization

The system shall integrate vehicle data, target, daadway data, and road conditions
data to develop an awareness of the driving sdnauitable for making threat
assessment decisions.

4.2.1.1 Object classification
The following addresses classification of objebtst imay pose a risk of a rear-end crash:
a) The IVBSS shall be capable of distinguishing esatnection vehicles from other

objects, in order to avoid issuing alerts due tfeas such as small debris that do
not pose crash threats.

b) The IVBSS shall be capable of identifying aratking the vehicle or vehicles
that pose the most potential threat for a rearezash.
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c) The IVBSS shall be capable of rejecting the waajority of overhead objects
from consideration as potential rear-end threatantples of overhead objects
include overpasses and overhead signs.

d) The IVBSS shall be capable of rejecting the waajority of roadside objects
from consideration as potential rear-end threatantples of roadside objects
include road signs and mailboxes.

e) The IVBSS shall be capable of suppressing absts that would be triggered by
vehicles that are crossing the subject vehicletb pat will not remain in the
subject vehicle’s path long enough to become dfasats. (Examples include
opposite-direction vehicles making left turns asrthee host’s path and same-
direction vehicles on a multiple-lane roadway thr@ changing lanes from a lane
adjacent and to the left of the subject vehicledsdl lane to a lane that is to the
right of the subject vehicle’s travel lane.)

f) The IVBSS shall consider parked cars alongdmgerbadway as potential threats
for a rear-end crash if the subject vehicle istiigf onto the shoulder.

g) The IVBSS shall be capable of identifying batbpped and moving vehicles as
potential threats for a rear-end crash, even tliebeles that have been stopped
for a long period of time.

4.2.1.2 Path prediction and target selection
The following address path prediction and targkgction:

a) The IVBSS shall be capable of predicting thépaif the subject vehicle as well
as principal other vehicles in order to identifg trehicle(s) whose path(s) may
intersect with the subject vehicle’s path. Theskicle(s) shall be considered in
the threat assessment.

b) The system shall not consider crossing traffid ancoming traffic when
assessing rear-end crash threat.

4.2.2 Threat assessment

The rear-end scenario threat assessment shabdteoh computations that determines
whether it is appropriate to request that the drixghicle interface provide the driver
with crash alerts and/or advisories. This reqisesteighed by the arbitration function in
combination with information and requests from dtleer crash alert functions; the
arbitration function is the final decision-makerdisplaying information to the driver.
(See Section 7 for arbitration requirements.)

4.2.2.1 Crash alert timing

Crash alert timing addresses when the system issaesh alert for a potential threat.
Crash alert timing in rear-end crash scenariod alaiv inattentive drivers enough time
that they can react to the crash alert and respglaking to avoid the rear-end crash
(see also the following section).
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4.2.2.2 Suppression or delay of crash alerts
There are exceptions to the nominal requiremeseofion 4.2.2.1, including the
following cases:

a)

b)

d)

f)

9)

h)

The range to the potential crash threat atithe of a crash alert does not need to
exceed the maximum required crash-alert range.

The alert may be suppressed or delayed if iiserdormation indicating a likelihood
that the subject vehicle or potential-threat vehiglll be maneuvering such that the
paths will not intersect. (For example, the omdet turn signal by the subject vehicle
driver may indicate an intention to change lanesreby possibly justifying a delay in
a crash alert.)

The alert may be suppressed or delayed if iiserdormation indicating a likelihood
that the subject vehicle or potential-threat vehwlll be maneuvering such that the
longitudinal conflict will be reduced. (For examplee onset of a driver brake
application may suggest that the driver is awartefsituation and intends to slow in
response.)

The alert may be suppressed or delayed if iiserdormation that the subject vehicle
driver is likely aware of the situation.

The alert may be delayed in scenarios wherasitoteen established that a delay is
necessary to avoid a substantial increase in alseisance alerts. (E.g., earlier
research has shown a substantial nuisance aleet\r@sen the subject vehicle is
approaching a principal other vehicle that is tagni In order to earn driver
acceptance, it may be necessary to delay alerts thiescenario is perceived as
possibly existing.)

The alert may be delayed or suppressed if tisehéstorical information in the IVBSS
that strongly suggests that the current situasamot a true rear-end crash threat and
that the crash alert is likely to be a false ala(for example, crash alerts addressing
rear-end crashes are vulnerable to false alarmsoduwadside objects on curves.
Historical data may indicate that several alertgeHzeen issued for a stopped object
on a particular curve with no subsequent slowinthefsubject vehicle. There may
be overall benefit in earning driver acceptanagakh alerts for stopped objects are
suppressed at this location.)

The IVBSS shall not issue a crash alert for @mial rear-end crash event if the
braking required to eliminate the developing canfis modest and within normal
braking in those situations.

The IVBSS shall not issue a crash alert for@mpial rear-end crash event if the
subject vehicle is within a travel lane (not stiiaugla lane boundary) and the
principal other vehicle is not within that samevadlane.

The IVBSS shall not issue a crash alert for septal rear-end crash event if the
object triggering the crash alert is a stationdoject off the roadway and off the
improved shoulder. The IVBSS system shall issustcederts for potential rear-end
crash events when encountering stationary objects as parked cars on an
improved shoulder.
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]) The IVBSS shall not issue a crash alert for septal rear-end crash event if the other
vehicle is not traveling in the same direction ba $ame roadway as the subject
vehicle. An example of this is a vehicle on arisécting road passing in front of the
subject vehicle. Another is a vehicle that is péthe oncoming traffic.

k) The IVBSS shall not issue a crash alert if theditions are not consistent with the
domain of applicability or operating conditions deised in Section 3.4.

4.2.2.3 Advisories for the rear-end crash threat

The IVBSS may perform computations to support gotyomal advisories that are
provided to the driver to reduce the likelihoodtttiee driver will become involved in a
forward-crash conflict. Examples of possible cqusare given in Section 4.3.2.

4.2.2.4 Information about crash-alert circumstances

The threat assessment function shall compute anddar information to the arbitration
function to allow arbitration’s ability to integeatlert requests and situational
information in its function as the final decisioraker on issuing information to the
driver.

4.3 Driver-Vehicle Interface Requirements

This section addresses the content of informatidmetprovided to drivers in response to
rear-end crash threats. The manner in which tloenration is presented and integrated
with information about road-departure and lane-gledmerge threats is treated in Section
8.

4.3.1 Fleet operator and driver controls

The IVBSS may allow the fleet operator and/or theet to adjust crash alert timing, as
long as the minimum performance requirements iri@ed.2 are satisfied for any
setting. This flexibility is not required, althdugnost fleets will appreciate the ability to
customize the system for their own circumstances.

4.3.2 Informational displays

The IVBSS may provide advisories associated widtn-end crash threats. This may
include information about target detection, headwmaygins, or other relevant
information. This is subject to the requirememnidite integrated presentation of
information that are described in a later section.
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4.3.3 Crash alert displays

The IVBSS shall provide crash alerts for potenar-end crash threats consistent with
the requirements in this document. The crash shall be designed to prompt the driver
to quickly assess or reassess the situation aedat@kcorrective action that may be
necessary. The crash alert shall also be desigitkedhe knowledge that there will be
false alarms, and that driver acceptance of theSIS'I&s a prerequisite to accruing safety
benefits.

4.3.4 System status message

The IVBSS shall indicate to the driver when tha+@ad crash alert functionality is not
available for providing alerts, or is operatingaaeduced level of performance such that
the performance requirements may not be satisiadh situations may occur, for
instance, if there is a buildup of ice or slushadierward-looking sensor, which may lead
to a loss of reliable information about the locatamd paths of potential crash threats.
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5 Functional Requirements to Address Road Departure Crashes

This section presents functional requirementstergortion of IVBSS that provides
crash alerts and advisories to drivers to asseshtim avoiding or reducing the harm
associated with drifting off the road.

5.1 Sensing Requirements

This section addresses the collection of data abeusubject vehicle, roadway, and other
vehicles or nearby obstacles. Section 5.2.1 addeethe combination of the data.

5.1.1 Sensing subject vehicle information and driver control inputs
The following requirements apply:

a) The IVBSS shall obtain data from the subjectaletand from sensors on the
vehicle that are dedicated to the IVBSS in ordesupport estimates of the
following: subject vehicle state, driver inputsth@ vehicle controls, and the
predicted subject vehicle path. Data may alsoldteimed to support other
computations such as predictions of driver maneuver

b) The data to be obtained shall include subjelicke speed and driver turn signal
use.

c) These data may also include the following, amathgr possibly useful data
elements: Brake pedal use, subject vehicle longiglccceleration, driver
throttle control, wiper state, steering wheel anghabient temperature, and
headlight state, vehicle yaw rate.

5.1.2 Sensing roadway geometry and characteristics

The IVBSS shall be capable of collecting informatto characterize roadway geometry
and other attributes as necessary to supportisituelharacterization and threat
assessment.

The data to be obtained shall include the following
» Heading of the vehicle axes relative to the lane,
» Position of the vehicle in the lane,
» Determination of whether the lane edges are rogdsdnd
» Time rate of change of the lateral position ofkhicle relative to the road
edge.
These data may also include the following datayelsas other data not listed here:

* Functional class of the road being traveled upsmnyaell as the functional
classes associated with upcoming branches, and

* Number of lanes of the road being traveled upon.
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Sources of this data may include remote sensobgard digital maps in conjunction
with GPS data, and historical data retained witiilBSS. Additional information about
the roadway may be computed with the assistansalgéct vehicle and/or target data. It
is noted that the current state of technology chm¢support faultless estimation of the
guantities listed above.

5.1.3 Sensing objects and characterizing object type and motion

The IVBSS may use information about nearby vehiotesbstacles to assist in the
determination of whether to provide the driver witformation about a road departure
threat. An example is the possible use of theexensotion of vehicles ahead of the
subject vehicle to give additional clues aboutltmation of a curvature change.

5.1.4 Estimating road condition parameters

The system shall use data from the subject vehiutitor from dedicated IVBSS sensors
to compute parameters addressing whether roadtamlmay affect the ability of the
driver to perform evasive maneuvers. An examptbesuse of temperature and wipers to
detect whether there is a possibility of a slippead surface.

5.1.5 Sensing driver attributes

The system may use subject vehicle data, roadwtay aiad target data to determine the
value of parameters that characterize aspectsafrifier's state. These parameters may
be used to adjust the presentation of IVBSS infoionao the driver, as long as the
minimum performance requirements are satisfiedanijXes of the use of driver state
may be the use of the perception that a driveatigded or distracted to increase the
sensitivity of crash alert timing.

5.2 Situation Awareness and Threat Assessment Requirements

5.2.1 Situation characterization

The system shall integrate vehicle data, target, dabdway data, and road condition data
to develop an awareness of the driving situatiotable for making threat assessment
decisions.

5.2.1.1 Estimation of roadway geometry and characteristics

The IVBSS may distinguish between the road edgetlameédge of a lane that has
another same-direction travel lane beyond that.
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The IVBSS may obtain information about the roadctional class, number of lanes,
posted speed, local land use, and other attrilmitéee roadway in order to improve
system performance.

5.2.1.2 Estimation of vehicle position, pose, and path on the roadway

The lateral position of the subject vehicle onribe&dway and its pose (orientation)
relative to the roadway shall be determined wittaeguracy that supports threat
assessment.

The path of the subject vehicle relative to thedredge shall be predicted to provide
information suitable for assessment of laterak @rifish threat.

5.2.2 Threat assessment

The road-departure threat assessment shall beods@hputations that determines
whether it is appropriate to send a request foaalhcalert or an advisory to the
arbitration module. This request is weighed byatstration function in combination
with information and requests from the other cralght functions; the arbitration
function is the final decision-maker in displayimformation to the driver. (See Section
7 for arbitration requirements.)

5.2.2.1 Computations to support advisories

Advisories may be computed to support approprietelays to the driver. The
advisability of providing such information shall determined in part by requirements on
DVI integration discussed later.

5.2.2.2 Lateral drift over road edges

The IVBSS shall issue a crash alert when the stbgdtcle crosses the road edge
(with certain allowances for delaying or suppregsferts per Section 5.2.2.6). Road
edge is defined here as the edge of the traveltkateas closest to the road edge. This is
not necessarily the edge of the pavement as th@iftein a drivable shoulder beyond the
edge of the outer lane.

There are many situations in which it is commonrtuss the road edge temporarily
and safely, e.g., when drivers “cut corners” iruave or pass over the lane edge when
moving early into a turn lane. The IVBSS must hatathe nuisance potential of alerting
the driving in these situations against the needirfieely alerts when there is an
unintended drift over the road edge and only a reodelth of shoulder.
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The nominal requirement for crash alert timingatetal drift road-departure
scenarios is that the crash alert shall occur tes than when a tire has crossed
completely over the edge of the last travel lan¢henroad.

5.2.2.3 Lateral drift over lane edges that are not road edges

The IVBSS is allowed to issue a crash alert wherstibject vehicle crosses a lane
edge that is not a road edge. However, the IVB%8 sbt issue the alert if the turn
signal has been applied by the driver and the adjdane is unoccupied.

5.2.2.4 Lateral drift over lane edges

Crash alerts are allowed when a lane edge is d@des¢hree reasons: (1) to support
performance that is consistent with a more intaitiwvental model for the driver (lane-
edge alerts), (2) to compensate for the small iguifscant fraction of cases in which the
system cannot discern lane edges from road edgeg3ato more effectively address
cases in which a vehicle drifts over several iotelane edges before reaching a road
edge, by which time the heading angle may be teatdor either the system or the driver
to respond effectively.

5.2.2.5 Preemptive lateral drift crash alerts

The IVBSS may provide lateral drift crash alerggmngicantly before the tire crosses the
lane or road edge if there is data to suggestdbsibility of running into a fixed object
on the roadside. Examples of this include jersayiérs located close to the travel lane
in construction zones, drift toward the shouldemdnch a parked vehicle is located, or
drift toward an adjacent-lane vehicle.

The IVBSS may also provide lateral drift crash @laignificantly before the tire
crosses the road edge if a driver has used ais@gsibntrol to adjust the system in that
manner.

5.2.2.6 Suppression or delay of lateral drift crash alerts
There are exceptions to the nominal requirememts$oiance of crash alerts at road or
lane edges, including the following cases:

a) The IVBSS may suppress or delay a lateral digtt if there are strong
indications that the driver is engaging in an iadgghmaneuver. An example of
such an indication is if the rate of the lateraftdncreases abruptly from low to
high, suggestive of either a deliberate lane-movemeneuver or an error in
locating the road edge.
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b) The IVBSS may delay a lateral drift alert abad edge if the system actively
senses there is not a fixed object near the rogd add there is likely to be a
sizable shoulder.

c) The IVBSS may suppress or delay a lateral dhtt if the subject vehicle is
drifting across an interior lane edge and thermisame-direction, adjacent-lane
vehicle present.

d) The IVBSS may suppress or delay a lateral ditt if there is less than full
confidence in the location of the road edge.

e) The IVBSS shall suppress a crash alert for antiatl lateral drift road departure
event if the vehicle is still well within its lar{@nless the driver has adjusted a
sensitivity setting such that those crash aledggyaren quite early). The IVBSS
shall suppress a crash alert for a potential latkith road departure event if an
LDW alert has just been issued and the vehiclenbase-centered in the lane.

f) The IVBSS may suppress a crash alert for a piaidateral drift road departure
event if the vehicle is traversing a minor roadsisas a neighborhood road, on
which lane edges are not likely to be well definedon which drivers may
commonly wander into the other “lane.” An examgiéogic to achieve this is to
suppress lateral drift alerts on roadways using NEQ® digital maps with
functional class 5.

g) The IVBSS may suppress lateral drift warninghralerts if the conditions are
not consistent with the domain of applicabilityamerating conditions described
in Section 3.4.

5.2.2.7 Information about crash-alert circumstances

The threat assessment function shall compute anddar information to the arbitration
function to allow arbitration’s ability to integeatlert requests and situational
information in its function as the final decisioraker on issuing information to the
driver.

5.3 Driver-Vehicle Interface Requirements

This section addresses the content of informatidmetprovided to drivers in response to
road-departure crash threats. The manner in whiglnformation is presented and
integrated with information about rear-end and {ehange/merge threats is treated in
Section 8.

5.3.1 Fleet operator and driver controls

The IVBSS may allow the fleet operator and/or theet to adjust crash alert timing, as
long as the minimum performance requirements ini@ed.2 are satisfied for any
setting. This flexibility is not required, althdugnost fleets will appreciate the ability to
customize the system for their own circumstances.
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5.3.2 Informational displays

The IVBSS may provide advisories associated widdrdeparture crash threats. An
example may be the display of information abouétadge tracking confidence. The
display of such information is subject to the regoients on the integrated presentation
of information that are described in a later sectio

5.3.3 Crash alert displays

The IVBSS shall provide crash alerts for poteriiggral drift and crash-overspeed crash
threats consistent with requirements in this doautm&he crash alert shall be designed
to prompt the driver to quickly assess the situm#ind take any corrective action that
may be necessary. The crash alert shall alsosigrak®l with the knowledge that there
will be false alarms, and that driver acceptanceflVBSS is a prerequisite to accruing
safety benefits.

5.3.4 System status message

The IVBSS shall indicate to the driver when thedrol@parture crash alert functionality
is not available for providing alerts, or is opergtat a reduced level of performance
such that the performance requirements may noatisfied. For instance, a lack of clear
lane edges may cause a vision- or laser-basecedgidetection system to become
unavailable.
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6 Functional Requirements to Lane-Change/Merge Crashes

This section presents functional requirementstergortion of IVBSS that provides
crash alerts and advisories to drivers to asseshtim avoiding or reducing the harm
associated with crashes that occur due to lanegelsaor merging maneuvers by the
subject vehicle.

6.1 Sensing Requirements

This section addresses the collection of data abeusubject vehicle, roadway, and other
vehicles or nearby obstacles. Section 6.2 addréisseombination of the data.

6.1.1 Sensing subject vehicle information and driver control inputs

The IVBSS shall obtain data from the subject veharid from sensors on the vehicle
that are dedicated to the IVBSS to support estisnat¢he following: subject vehicle
state, driver inputs to the subject vehicle costrptedicted path of the subject vehicle,
and position and predicted path of relevant adjalze vehicles. Data may also be
obtained to support other computations such asgtieas of driver maneuvers.

The data to be obtained shall include subject \elsigeed, yaw rate, and driver turn
signal use.

These data may also include the following: brak#apase, subject vehicle
longitudinal and/or lateral acceleration, driverottle control, and steering wheel angle
or angular rate.

6.1.2 Sensing roadway geometry and characteristics

The IVBSS shall be capable of collecting informatto characterize the roadway
geometry and other attributes to support situatimaracterization and threat assessment
for the lane-change merge-crash alert functionality

The data to be obtained shall include the following

 Longitudinal and lateral position of the subjechite with respect to the
lane edge, and

» Time rates of change of the longitudinal and ldtposition of the subject
vehicle relative to the lane edge.

The function will be effective if these data ardycapproximate, since the important
problem for heavy truck drivers is the detectiormtbfer vehicles, not the accurate
estimation of relative motion of an identified velei Additional data may also include
the following data, as well as other data not tidtere:
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» Functional class of the road being traveled upad, a
* Number of travel lanes in the subject vehicle’sdiion of travel.

Sources of this data may include remote sensofsasicadar or vision, onboard
digital maps used in conjunction with GPS datagtber approaches. Additional
information about the roadway may be computed tiéhassistance of subject vehicle
and/or target data.

6.1.3 Sensing objects and characterizing object type and motion

The IVBSS shall be capable of collecting informatto characterize the relative location
and motion of vehicles that pose the potentiabftane-change or merging crash. The
data shall also support the prediction of whethergaths of the subject vehicle and the
other vehicle(s) may intersect.

This information may be obtained in part from reensénsors such as radar or vision
in conjunction with other data, such as vehicleioroand roadway information.

6.1.3.1 ldentification of potential threats and field of regard

The IVBSS shall be capable of detecting and trackame-direction vehicles in the field
of regard for the lane-change/merge system. TEté @f regard shall include the travel
lanes adjacent to those in which the subject vehsctraveling. The front edge of the
field of regard shall be slightly forward of thebgect vehicle and the rear edge shall be a
distance behind the subject vehicle and trailer ahaws for addressing crashes in which
adjacent-lane traffic is overtaking the subjectigigh

Requirements about the field of regard shall bisfsad for straight roads as well as
roads with curves that satisfy those given in $ec8.

6.1.3.2 Object motion

Regarding those vehicles that may pose a lane-ehamngnerge-crash risk, the IVBSS
shall determine their position relative to the gabjehicle, laterally and longitudinally,
as well as the relative speed in both the laterdllangitudinal directions.

6.1.4 Estimating road condition parameters

The system may use data from the subject vehicfafrom dedicated IVBSS sensors
to compute parameters addressing whether roadtammlmay affect the ability of the
driver to perform evasive maneuvers.
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6.1.5 Sensing driver attributes

The system may use subject vehicle data, roadwtay aad target data to determine the
value of parameters that characterize aspectsafrifier's state. These parameters may
be used to adjust the presentation of IVBSS infdionao the driver, as long as the
minimum performance requirements are satisfied.

6.2 Situation Awareness and Threat Assessment Requirements

6.2.1 Situation characterization

The system shall integrate vehicle data, target, dabdway data, and road condition data
to develop an awareness of the driving situatia hsufficient for making threat
assessment decisions.

6.2.1.1 Path prediction and identification of a threat

The IVBSS shall be capable of projecting the pafttbe subject vehicle and adjacent-
lane vehicles within the field of regard to detameniwvhether and when they may
intersect. The IVBSS shall consider a nearby Veldagotential threat if those paths
intersect in the near future.

6.2.2 Threat assessment

The lane-change and merge threat assessment slaafidi of computations that
determines whether it is appropriate to send agidfor a crash alert or advisories to the
arbitration module. This request is weighed byatstration function in combination

with information and requests from the other cralgt functions; the arbitration

function is the final decision-maker in displayiimformation to the driver. (See Section
7 for arbitration requirements.)

6.2.2.1 Computations to support advisories

Advisories shall be computed and displayed to theedwhen an adjacent-lane, same-
direction vehicle is within or near a driver’s ldigspot. Additional information is
allowed, although the advisability of providing buoformation shall be determined in
part by requirements on DVI integration discussedrl

6.2.2.2 Crash alert timing
The lane-change/merge-crash alert timing shalkisscrash alert in time for the subject
vehicle driver to react and respond with moderatbaity to avoid a crash.
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6.2.2.2.1 Suppression or delay of lane-change or merge crash alerts

There are exceptions to crash alert timing requarg@nabove, including the following
cases:

a) The IVBSS may delay a crash alert for a potélare-change crash event if there is
evidence that the driver is aware of the adjacamé-lehicle.

b) The IVBSS shall not issue a crash alert for @mpial lane-change crash event if the
other vehicle is not predicted to be occupyingearty occupying the same space as
the subject vehicle in the near future. Two calsasmay be considered here:

1. The other vehicle is traveling in an adjacentlat a speed similar to the
subject vehicle’s speed and is not occupying spdf@ent or nearly adjacent
to the subject vehicle. (An example is when tloaffiof the other vehicle is
behind the rear of the subject vehicle.)

2. The other vehicle is in an adjacent lane andtakmg the subject vehicle, and
is at a sufficiently long distance behind the sabjbat the other vehicle’s
driver may be expected to observe the conflichoad reasonably promptly
with modest braking, and avoid any impact.

c) The IVBSS may suppress a crash alert for a piatdane-change crash event if the
conditions are not consistent with the domain gfii@pbility or operating conditions
described in Section 3.4.

d) The IVBSS shall suppress a warning for opposiaffic detected from the side the
warning was issued.

e) The IVBSS shall suppress a warning for statipnaadside objects (including
stationary vehicles) detected from the side thenimgrwas a issued.

6.2.2.3 Information about crash alert circumstances

The threat assessment function shall compute andder information to the arbitration
function to allow arbitration’s ability to integetlert requests and situational
information in its function as the final decisioraker on issuing information to the
driver.

6.3 Driver-Vehicle Interface Requirements

This section addresses the content of informatidsetprovided to drivers in response to
lane-change/merge crash threats. The manner chvite information is presented and
integrated with information about rear-end and rdagarture threats is treated in Section
8.
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6.3.1 Fleet operator and driver controls

The IVBSS may allow the fleet operator and/or theet to adjust crash alert timing, as
long as the minimum performance requirements iri@ed.2 are satisfied for any
setting. This flexibility is not required, althdugnost fleets will appreciate the ability to
customize the system for their own circumstances.

6.3.2 Informational displays

The IVBSS shall provide advisories associated Veitte-change and merge crash threats.
The IVBSS shall provide an indication if an adjaekame vehicle is within or near a
possible blind spot. The display of such informati® subject to the requirements on the
integrated presentation of information that arecdbed in a later section.

6.3.3 Crash alert displays

The IVBSS shall provide crash alerts when the sailyehicle is initiating a signaled or
un-signaled lane change maneuver while there &lg@tent-lane, same-direction vehicle
that is a potential crash threat.

The crash alert shall be designed to prompt theedto quickly assess the situation
and take any corrective action that may be necgssar

6.3.4 System status message

The IVBSS shall indicate to the driver when thesbralert functionality is not available
for providing alerts, or is operating at a redutmatl of performance such that the
performance requirements may not be satisfied.
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7 Functional Requirements to Address Crashes in Multiple-
Threat Scenarios

The arbitration function shall identify when thésemore than one type of potential crash
threat, and allow only one crash alert to be preskto the driver. The arbitration
function shall select the crash alert as the onst tileely to evoke the most helpful driver
response.

7.1 Inputs to Arbitration

Arbitration uses data provided by the three crasit functionalities that address rear-
end, road-departure, and lane-change/merge crasharsas. Two definitions are useful
in describing the required input data.

The time to critical event is the estimated tima t@ar-end collision, road-edge or
lane-edge crossing, or the time to the lane-chamgrgfe collision.

Maneuvering room is the distance to the nearestobpjosing a potential crash risk.

The data for arbitration shall include:
» The threat severity and confidence for each crgsh t
» The timing between sequential crash events,

 Information that the subject vehicle driver is likaware of a particular crash
type occurring in a multiple threat scenario,

» Time to the critical event for each crash type (dmaconfidence of that
estimate),

» Estimate of the lateral maneuvering room to the sidthe vehicle,
» Forward maneuvering room,

* Road geometry, and

» Time to the next expected alert for each crash. type

7.2 Determine Precedence of Threats

When multiple threats exist, the IVBSS shall deiesrthe precedence of the threats and
select the most critical threat.

7.3 Determine the Information to Provide to the Driver

The system shall determine and then present thecEagh alert and/or advisories that are
most likely to direct the driver’s attention to thmst critical threat.
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8 Integrated Driver-Vehicle Interface

This section addresses the need to provide therdrith an intuitive and integrated
interface with the IVBSS. There are four subseiariver controls, advisories, crash
alerts, and system status messages. Severalaeguits addressing the interface are
described in Sections 3, 4, 5, 6, and 7.

8.1 Fleet Operator and Driver Controls

Control inputs to the IVBSS are not required; hogrethere are allowances for the
system to have any combination of the four typedrivier input below. Note that these
controls may be offered to fleet operators andf/mets. Many fleets, of course, may
choose to establish some or all of these settmigthéir fleet and not offer drivers the
ability to alter those settings. The allowed inpas:

a) Adjustable settings to adjust crash alert tinviigpin a limited range,

b) Adjustable settings to control aspects of thrertg and/or display of advisories,

c) A temporary mute control that allows the driteetemporarily suppress IVBSS
crash alerts and/or advisories for a short perfddne, and

d) A volume control for the audible alerts.

For those driver inputs that are included, the I'8Bhall accept driver input from
dedicated buttons and/or switches and provide digation to the driver of the state of
those inputs within the system.

No matter the state of the adjustable sensitiviput, the IVBSS must meet the
performance requirements in this document.

The driver shall not be allowed to disable theaysfor more than a few minutes at a
time.

The volume control shall not allow the driver tduee the volume of the audible
crash alert components to a level that is notrdjsishable in the presence of cabin noise
and radio volumes.

8.2 Advisories
The IVBSS shall indicate that an adjacent-lanealehs in the subject vehicle driver’s
blind spot.

The IVBSS shall provide information about the nelatdocation of preceding
vehicles, e.g., cues related to time headway. Sieegy trucks have limited braking
capability, especially in loaded conditions, theteyn shall assist drivers in maintaining
appropriate following distances.
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The IVBSS may also present advisories to assidrirer in maintaining proper
margins of safety and to help prevent a conflictrfrdeveloping. Examples of possibly
appropriate advisories include additional indicasiof adjacent-lane traffic, such as cues
about fast-approaching vehicles.

Other advisories may be useful as well.

8.3 Crash Alert Displays
The manner in which IVBSS provides crash alertdl sheet the following requirements:

8.3.1 Purpose of crash alert displays

The crash alert shall prompt an unaware drivedjost attention in a manner that
immediately allows assessing the appropriate asgehe driving situation.

The crash alert displays must balance the neelitibtenely driver responses in
situations with actual crash potential with thedhe®minimize nuisance effects so as to
achieve driver acceptance

8.3.2 Qualities of crash alert displays

This section describes qualities that are impoiitaah integrated crash warning system.
The following section describes the requirementdte displays for the IVBSS. The
displays of the IVBSS crash alerts shall satisg/ftillowing:

a) Only one crash alert shall be presented toftilvercat a time. For example, an
LDW alert and an FCW alert cannot be presentedlsameously on the heavy
truck platform.

b) The crash alert displays shall have sufficiamation to allow the driver to
recognize the type of each crash alert.

c) All crash alert displays shall use auditory miiides.

d) All crash alerts shall have an accompanyingalisomponent that serves as
confirmation for the driver about the type of crasdért that has occurred. The
visual component shall not necessarily be presesitedlitaneously with the
auditory cues. This visual component shall remasibie for sufficient duration
to allow the driver some discretion about how stmoonsult the visual element.

e) Audible crash alerts shall be heard over cabises, including when the radio is
playing at levels less than “very loud.”

f) The crash alert tones, and/or visual displag®aated with each crash alert type
shall be distinguishable by the driver from disglagsociated with other crash
alert types. The displays shall also be distirfwalide from other non-IVBSS
vehicle tones, or visuals (e.g., the FCW tone mosbe the same as the LDW
tone or the tone for an unfastened seat belt).
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g) Crash alerts for LDW and LCM shall be lateralisectional (right and left).
* The lateral drift crash alerts shall be issuednensame side as the drift
(e.g., a left drift would elicit an auditory craatert that emanates from the
left IVBSS speaker).
* The lane-change/merge crash alerts shall be issuélie same side as the
lane change or merge (e.g., a left lane changedaadiglit an auditory
crash alert that emanates from the left IVBSS spgak

h) Crash alerts for FCW shall not be directionahirdrivers’ standpoint (i.e., from
left or right side).

8.4 IVBSS Crash Alert and Advisory Displays

Based on the desired qualities above as well & atformation, a set of requirements
for the display modalities for each type of alertiaisplay is shown in Table 7.

Table 7. Crash alert and advisory modalities fertieavy truck platform

Crash Type Crash Alert Modalities Advisory Modalities
Rear-end crash Audible and visual Audible andalisu
Lateral drift Audible and visual None

Lane-change and merging Audible and visual Visual

8.5 System Status Information

System status information shall be presented usswgl and/or auditory cues. Haptic
cues shall not be used for system status informatio

System status information shall be provided toditinger as follows:

a) The IVBSS system shall inform the driver of fystem state, including
availability of the crash alert functionalities @efined in Section 3.5.3). This
shall be continuously indicated.

b) The IVBSS shall inform the driver if the perfaance of the IVBSS is reduced
enough that it is likely that these functional riegonents will not be met.

c) The IVBSS system shall inform the driver of Hatected set of sensitivity levels
for the crash alerts if the sensitivity is adjustaty the driver. The sensitivity
levels shall be presented to the driver visuallg atinimum on change and at
vehicle/system start-up.

d) The switches that allow the driver to selecshralert sensitivity shall provide
tactile feedback to the driver to indicate setting.

e) The IVBSS system shall indicate the selectedmelfor the audible crash alerts
upon change of a driver-adjustable setting, anchgbartup. If the driver cannot
adjust the volume, no indication is necessary.

f) All IVBSS system status messages shall be unégueshall have minimum
durations that allow the driver to recognize thermation.

42




NOTICE

This document is disseminated in the interest of formation exchange only. It is not intended to prpose or prescribe
requirements outside of the IVBSS program. The U.DOT assumes no liability for its contents or usthereof.

9 System Management Functions

The system shall monitor the health and statudl oftarnal IVBSS activities, in order to
provide the driver with information that exprestss system state (as enumerated in
Section 3.5.3).
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