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1 Introduction

This test plan documents the test procedures tbad used to verify that the
Integrated Vehicle-Based Safety Systems (IVBSSyyhe&ack platform met all its
performance requirements and was ready for the @ipkrational test planned for Phase
Il of the program. This document was prepared by Uhiversity of Michigan
Transportation Research Institute (UMTRI) and Eaonporation in collaboration with
the U.S. Department of Transportation (U.S. DOTJ tre National Institute of
Standards and Technology (NIST). The test proeddescribed in this document will
be used to assess whether the prototype heavyititetirated system performs as
intended and meets its performance requirementesdtests will also be used to
identify areas for system improvement to ensurgesysepeatability, robustness and
readiness for field operational testing in Phase I

This test plan describes each of the test procedure includes the following details:
1. Test scenarios and conditions (e.g., speedsinglepeeds, road geometry, etc.);
2. Procedures and protocols to run the tests;

3. Pass/Fall criteria for determining repeatab#gityl robustness; and

4. Performance metrics or measurement variablésviidoe used to evaluate
system performance when compared to an indepentesgurement system that was
installed on the test vehicle.

1.1 IVBSS System Overview

The primary objective of the IVBSS program is towelep and test a fully integrated
collision warning system for light vehicles and aoercial heavy trucks (trucks with a
gross vehicle weight rating over 10,000 poundsB3% is a collision countermeasure
that will help drivers avoid rear-end, road-depaet@nd lane-change crashes. A
collision warning system that integrates sensdest bgic, and driver-vehicle interface
of different collision countermeasures should mazexsystem effectiveness, increase
driver acceptance, and reduce system cost. Additig an integrated system is
expected to prevent conflicting warnings, minimizkse alarms, and reduce unintended
consequences (e.g., cause a road-departure cristtnying to prevent a rear-end
crash).

The heavy-truck system consists of three warnimgtions (Note: detailed
description of these functions can be found in“INBSS First Annual ReportOctober
2007, DOT HS 810 842 available on the NHTSA websitgp//: www.nhtsa.dot.gov):



NOTICE
Thisdocument isdisseminated in the interest of information exchange only. It isnot intended to propose or prescribe
requirements outside of the [VBSS program. The U.S. DOT assumes no liability for its contents or use thereof.

* Forward collision warning (FCW) — warns driversimiminent rear-end
crashes.

» Lateral drift warning (LDW) — alerts drivers thaety may inadvertently be
drifting from the center of their lane to adjackmte or roadside.

» Lane-change/merge warning (LCM) — provides driwveith situational
awareness about the presence of vehicles in thed §pots and warns them of
potential collision if lane change maneuver is diete.

Procedures and test conditions presented in ttugrdent will be used for
verification testing of IVBSS HV platform conducted closed-course test tracks. Test
procedures contained in this document are basedash scenarios outlined in [5]. Test
track results will be compared against the heawgkifunctional requirements and
performance guidelines described in [1,2] of SecfiloReferences.

1.2 Overview of Tests
Figure 1 illustrates the two major categories efg¢hat will be carried out:

1. Required Tests: all of the required tests magtdssed in order for the IVBSS
program to be approved to enter the program'’s skpbase (field operational
testing). The pass/fail criteria are outlineddnteria for Passing the Required
Tests

2. Engineering Tests: the objectives of these tagt$o characterize system
performance and determine system limitations. &ggying Tests will be
conducted in the same manner as Required Tess.réilts from
engineering tests will identify areas for systenpiavement, and will not be
considered in the program’s Phase Il Go-No/Go agrdecision.

Required Engineering
Tests Tests

Rear-End Road- Lane- Multiple No-Warn Rear-End Road- Lane-
. Departure Change . . Departure Change
Scenarios - f Threats Scenarios Scenarios - f
Scenarios Scenarios Scenarios Scenarios
Rear-End Road-Departu Lane-Change
Scenarios Scenarios Scenarios

Figure 1. Breakdown of Test Scenarios

Required tests include four sub-categories of enashinent test scenarios and one
no-warn test scenario sub-category. Rear-end;daaege, and road-departure test
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scenarios are crash-imminent scenarios considsrdehaeline tests” since IVBSS is
intended to address rear-end, road-departure asmeddhange crashes. In the multiple-
threat (MT) crash-imminent scenarios, two or maresecutive warnings are issued to
the driver. (Note: an arbitration algorithm margtiee timing of a series of warnings to
the driver during the multiple-threat scenarioheTo-warn (NW) test scenario sub-
category will be used to evaluate the capabilitthef system to suppress false or
nuisance alerts under benign driving conditions.

Engineering tests encompass imminent rear-end,daaege, and road-departure
crash scenarios. These tests are devised to mpaltae system in dealing with driving
situations around its operating envelope so abaoacterize its limitations and thus
identify adjustments to correct shortcomings.

A list of warning tests and no-warning tests isvehan Table 1.

1.3 Definition of test and pass/fail variables

All the tests described in this document were $eteto evaluate the readiness and
maturity of the various warning functions workingth independently of each other and
together in an integrated hierarchical mannerdddtesses the conflict and is coherent to
the driver. In order to objectively make judgmemgarding these systems to this effect,
the kinematic relationships pertinent to eachpestedure must be measured and
evaluated. This section defines both the test blasathat will be used to judge that the
test was run correctly and the pass/fail variatilas indicate if the warning was issued
according to the performance specification of eadbsystem and the system as a whole.
Table 2 below lists all the test variables by syftesn and for the multiple threat tests
giving an acronym for each measure along with @rg@gon and its engineering units.
The desired levels for these measures, their tatess and the rules used to determine if
the run/test conditions were satisfied for thesasuees will be given in each of the test
procedures below.

Table 2 lists the pass/fail and test variables@loith their definitions and units also
as a function of each sub-system and for the ntelthpeat tests.
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Table 1. Testsfor the heavy-truck I VBSS platform
TEST PROCEDURES

FORWARD COLLISION WARNING—Rear-End (RE)

RE-1. Rear-end conflict with a constant speed POV (Required Test)

RE-2. Rear-end conflict with a slowing POV at close range (Required Test)

RE-3. Rear-end conflict with a slowing POV at far range (Required Test)

RE-4. Rear-end conflict with stopped POV (Required Test)

RE-6. Rear-end conflict with slower POV after a lane change by the SV (Required Test)
RE-7. Rear-end conflict with a stopped POV in a curve (Engineering Test)

RE-8. Rear-end conflict with a slower POV in a curve (Engineering Test)

RE-9. Rear-end conflict with constant speed motorcycle behind a truck (Required Test)
RE-10. Rear-end conflict with POV after a cut-in by the POV (Required Test)

RE-11. Rear-end conflict with a slowing POV1 after POV2 cut-out (Engineering Test)
RE-12. Rear-end conflict with a constant speed motorcycle (Required Test)

LANE CHANGE MERGE WARNING TESTS (LC)

LC-1. Lane-change conflict with POV in a blind spot on the right (Required Test)

LC-2. Lane-change conflict with adjacent POV in a blind spot on the left (Required Test)
LC-3. Lane-change into adjacent POV on curve (Engineering Test)

LC-4. Lane-change into adjacent POV on merge (Engineering Test)

LC-5. Lane-change into adjacent POV after passing (Engineering Test)

LC-6. Lane-change into approaching POV (Engineering Test)

ROAD DEPARTURE WARNING TESTS (RD)

RD-1. Road departure toward opposing traffic lane—low lateral speed (Required Test)
RD-2. Road departure toward a clear shoulder—high lateral speed (Required Test)
RD-3. Road departure toward a clear shoulder on a small radius curve (Required Test)
RD-4. Road departure toward a clear shoulder on a large radius curve (Required Test)
RD-5. Road departure toward a barrier (Engineering Test)

MULTIPLE THREAT (MT)

MT-1. Rear-end followed by a lane-change warning (Required Test)
MT-2. Lane-change followed by rear-end warning (Required Test)

NO-WARNING (NW)

NW-1. No FCW when SV closely follows POV (Required Test)

NW-2. No FCW when passing a stopped POV in an adjacent lane on a curve (Required Test)
NW-3. No FCW when a faster POV cuts in front of the SV (Required Test)

NW-4. No FCW when passing between two slower moving POVs in adjacent lanes (Required Test)
NW-5. No LDW with poor lane keeping and a barrier on the left (Required Test)

NW-6. No LCW when SV changes lanes in front of a close POV (Required Test)

NW-7. No LCW when SV changes lanes while a POV is two lanes over (Required Test)

All test detailed in this document shall be drilnprofessional drivers having no
affiliation with the IVBSS program.
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Table 2. Test variablesfor each sub-system and the multiple-threat tests
RE Test variables

Vsy Subject vehicle forward speed, m/s

AXsy Longitudinal acceleration of the subject vehicle®, m/s®

LatVsy Lateral speed of the subject vehicle, m/s

Vpoun N™ principal other vehicle forward speedz, m/s

AXpovn Longitudinal acceleration of the N principal other vehicle!, m/s?
LatVpeoun Lateral speed of the Nth principal other vehicle, m/s

Rpovn Range between the subject vehicle and the N™ principal other vehicle, m
Rdotpoyn Range-rate between subject vehicle and N principal other vehicle, m/s

RD Test variables

Vsy Subject vehicle forward speed, m/s
LOffgy Lane offset of the subject vehicle relative to lane center, m
LatVsy Lateral speed of the subject vehicle, m/s

LC Test variables

Vsy Subject vehicle forward speed, m/s

Veovn N principal other vehicle forward speed, m/s

LOffgy Lane offset of the subject vehicle relative to lane center, m
LOffpoy Lane offset of the principal other vehicle relative to lane center, m
LatVsy Lateral speed of the subject vehicle, m/s

LatVpoy Lateral speed of the principal other vehicle, m/s

MT Test variables

Vsy Subject vehicle forward speed, m/s

Vpov 1% principal other vehicle forward speed, m/s

AXpoy Longitudinal acceleration of the 1* principal other vehicle!, m/s®

Rpov Range between the subject vehicle and the 1* principal other vehicle, m
Rdotpoy Range-rate between subject vehicle and 1% principal other vehicle, m/s
LOffgy Lane offset of the subject vehicle relative to lane center, m

LOffpoy Lane offset of the principal other vehicle relative to lane center, m
LatVsy Lateral speed of the subject vehicle, m/s

NW Test variables

Vsy Subject vehicle forward speed, m/s

Vpov 1% principal other vehicle forward speed, m/s

LatVsy Lateral speed of the subject vehicle, m/s

Rsv Range between the principal other vehicle and the subject vehicle, m
Rdotsy Range-rate between the principal other vehicle and the subject vehicle, m/s

! Unless measured directly this performance meaisuderived by differentiating forward-speed using a
phase-neutral 1.1s algorithm derived by calculatimg slope of a best-fit line to the forward-speed
measure.

2 Unless otherwise specified this performance mesisuerived by adding Rdgtand \&y.
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Table 3. Instantaneoustest variablesfor each sub-system and the multiple-threat tests

RE variables

Recw Range between the subject vehicle and the principal other vehicle at the time of
the rear-end warning.
Rdotrcw Range-rate between the subject vehicle and the principal other vehicle at the
time of the rear-end warning.
Time-to- Elapsed time, during a POV cut-in, between when half of the POV is in the SV
Warngcw lane and the onset of the FCW.
RD variables
LatDistrpw The lateral distance from the nearest edge of the lane-boundary of interest and

the corresponding out-side edge of the front wheel of the subject vehicle at the
time of the RD warning (a negative number means the front wheel passed over
the nearest edge of the boundary of interest i.e., it is on or outside of the lane).

LatVelgpw The lateral speed of the subject vehicle relative to the lane boundary lines
LC variables
LatDist, cw The lateral distance from the nearest edge of the lane-boundary of interest and

the corresponding out-side edge of the front wheel of the subject vehicle at the
time of the LC warning (a negative number means the front wheel passed over
the nearest edge of the boundary of interest i.e., it is on or outside of the lane).

LatDist2, cw When there is no boundary line between the subject vehicle and the principal
other vehicle: LatDist2, ¢\ is the lateral distance between the subject vehicle and
the principal other vehicle as determined by the geometry of the scenario and
assumes the POV and SV driver are able to position their vehicles using
temporary pavement marks for reference.

LatVel cw The lateral speed of the subject vehicle relative to the lane boundary lines

MT variables*

*Same as above at the time of each sub-system warning, respectively.

1.4 Criteria for passing the required tests

All tests described in this document (Required,iB®gring, No-Warn, Multiple
Threat, etc) shall be run and evaluated by applfiegespective run validity and
pass/fail criteria for the given test. Ten valigdisishall be conducted for each test and a
test shall be considered “passed” if 8 out of lifdvains meet the pass/fail criteria. A run
is considered valid if it meets the run validitguerement for the given run. Pass/fail
criteria shall only be applied to valid runs. Nonathan 15 consecutive runs can be used
to obtain 10 valid runs. All Engineering testslshbso be run and evaluated according to
the “8 of 10” valid run pass/fail criteria. Howeyéne pass/fail results of the Engineering
tests shall not be used to determine to the oveaalt/fail acceptance of the system under
test.

For the Required No-Warn tests the pass/fail caitare the same as other Required
tests. For No-Warn tests the experimenter will deo@asonable times before and after
the run to define the testing period in which nanirgg from the test subsystem shall be
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given. No-Warn test are to run as separate stamkavents/runs and not combined with
other tests.

The measures for evaluation for the tests have inetrded in this document.
However, the values have been removed and shouldteemined by the user, based on
the performance requirements of their system.

1.5 Definitions and Standard Test Conditions

This section of the plan outlines a standard sebaflitions that are assumed for each
of the Required, Engineering, and No-Warn testsmivelow. If a characteristic of a
specific test deviates from this standard set oflt@mns, the details of the change are
given in the procedure itself (e.g., the Principiiler Vehicle (POV) is motorcycle, not a
passenger car). In the case where more detailexgitit descriptions (e.g., vehicle
performance criteria, road geometry details, lamanldary reflectivity characteristics,
etc.) are needed they are detailed in Appendix A.

1.5.1.1. Environment and ambient conditions
Unless a particular test specifies otherwise, ¢ésestshall be conducted with:

1. Daytime illumination—defined as a natural outditlomination that occurs
when the angle between vertical and the sun (Zaaith Angle) is less than
90 degrees. See Appendix A for a more completaudson of Solar Zenith
Angle

2. Reasonable atmospheric visibility—defined aslasence of fog and the
ability to see clearly for more than 1000 meters.

3. Moderate wind conditions—defined a having sustdiwind speeds of less
than 5.4 m/s (12 mph) and gusts less than 10.724/mph).

4. Dry conditions—defined as no visible evidencevater including
discoloration of the pavement due to wetness.

5. Non-extreme temperature—defined as an ambiergdeature between 18 C
(34 F) and 38 C (100 F).

1.5.1.2. Pavement quality and type

The test surface shall be constructed from asphalbncrete and should be smooth
and in good condition.

1.5.1.3. Subject vehicle

The Subject Vehicle (SV) for these tests is defiag@ Class 8 tractor. In addition to
the specific technology being evaluated, the vehstlould be equipped with
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conventional cruise control, anti-lock brakes agldtively new tires and brakes. It is
assumed that the tests for FCW and LDW are dorfeowita semi-trailer i.e., bobtail.
Test for LCW are performed with a tractor and serggmi-trailer combination where the
semi-trailer is a typical dry-freight van betweénahd 53 feet with a box width of 102
inches and is unloaded in terms of additional camggummy weights.

Trailer requirements for the multiple-threat scérsare detailed within the test
scenarios themselves for each of the multiple-thesis.

1.5.1.4. Subject vehicledriver selected 1 VBSS settings

Not applicable to the Heavy Truck IVBSS system.édtihan warning volume the
subject vehicle driver cannot adjust the sensytioftthe system either on a component
level or the system as a whole. Each subsysternss #darm database shall be disabled
during all track-based and on-road verificatiorides

1.5.1.5. Subject vehicle instrumentation

The subject vehicle shall be equipped with an imséntation system that allows the
primary and secondary evaluation measures to loeded and analyzed. For some tests,
this may require additional equipment to verifytttiee initial conditions for the test were
correctly established and that the conditions atithe of the subsequent alert were
within the tolerances given in each procedure.

1.5.1.6. Principal other vehicle

In the test outlined below, the principal othericgh(POV) is a small to mid-range
passenger car. The vehicle should be relativelywiwvgood brakes and tires and be
equipped with conventional cruise control for cetesnt speed control.

Additionally, the principal other vehicle should éguipped with an additional
monitoring instrumentation to verify that the iaitconditions for the test were correctly
established. The additional instrumentation is $pstific with the requirements
specified for each test scenario given in eachefirocedures below.

1.5.1.7. Secondary other vehicle

When a secondary other vehicle is needed (POV&jail be a small to mid-range
passenger car. The vehicle should be relativelywiwvgood brakes and tires and be
equipped with conventional cruise control for cetemt speed control.
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1.5.1.8. Road geometry

Unless otherwise stipulated in the test itself,rtiead geometry for each test should be
straight and flat, where straight is having a hamial curvature of less than 1 Krand
flat is a grade of less than 0.1 percent (Kiefealt1999).

1.5.1.9. Lane geometry and boundary types

Unless specified specifically in a test, the tegtsbe conducted on a test track with
two or more adjacent lanes. If possible, the stahdla ft (3.66m) lane width is
recommended for each test, however, many testdraake wider lane widths ranging
from 14 to 15 ft. Wider lanes are acceptable predithe lane-tracking system (LDW) is
capable of tracking both the right and left bouretaof the subject vehicle lane.
Boundary lines between lanes shall be separatédandbnventional dashed or solid
white or yellow line while the outer boundariest{ieen the lane and adjacent
shoulders), shall be marked with solid white otowllane boundary markers. For tests
involving an adjacent shoulder, the width of thewdder shall be at least 10 ft and the
shoulder should be made from asphalt or concreteshauld be smooth and in good
condition.

1.5.1.10. | nter-vehicle communication

Communication between the experimenter in the SYdaiver(s) of the principal
other vehicles is required for staging many ofttet procedures given below. It is
recommended that the communication be either tiraetj phones or high-quality
portable radios. With either technology, havingaads-free interface is recommended.

1.6 References

1. Functional Requirements for the Integrated MeHgased Safety System
(IVBSS) — Heavy Truck Platform, March 17, 2008, g&need by UMTRI,
Visteon, and Cognex for U.S. DOT, Rpt. No. UMTRI3017

2. System Performance Guidelines for a Prototypeghated Vehicle-Based
Safety System (IVBSS) — Heavy Truck Platform, Matah 2008, Prepared
by UMTRI, Visteon, and Cognex for U.S. DOT, Rpt..N\WMTRI-2008-19

3. Kiefer, R., LeBlanc, D. Palmer, M., Salinger,Deering, R., and Shulman,
M., “Development and Validation of Functional Defions and Evaluation
Procedures for Collision Warning/Avoidance Syste&T HS 808 964,
NHTSA Technical Report produced by Crash Avoida¥setrics Partnership
(CAMP), August 1999.
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2 Forward Collision Warning (Rear-end) Tests

The tests detailed in this section are longitudamal involve the SV approaching
from behind a slower or slowing POV. In some cdkesconflict does not begin from
long range due to either the SV or POV changingdan initiate a same-lane conflict.

2.1 RE-1. Rear-end conflict with a constant speed POV ( Required Test)

This test is intended to verify the appropriaterdsan FCW when the SV
approaches, from behind, a slower moving POV ircrger of the same lane. In this test
the SV and POV are traveling at a constant spetfdanspeed differential between the
SV and POV of at least 8.9 m/s (20 mph).

2.1.1 Test concept: initial, transitional, warning conditions and conflict resolution

Figure 2 shows the initial, transitional and ficahditions for the rear-end conflict
with a constant speed POV. The initial conditioresia the top third of the figure and
show a constant speed SV approaching from longerargjower-moving constant-speed
POV at a closing rate that exceeds 8.9 m/s (20 nit® center of the figure shows that a
warning should occur when the SV reaches thgyRs specified by the designers of the
FCW system. Finally, the bottom of the figure shakat the conflict is resolved when
the SV slows and moves laterally to the right while POV accelerates and moves to the
left to avoid a crash. If an FCW is not issuechatdpecified R-w then the conflict is
aborted with the SV driver senses a crash is imntine

2.1.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititéal and transitional conditions for
that run must be satisfied. These conditions arergin Table 4. The table shows the
target steady-state initial conditions for the .tdstsome procedures the initial conditions
are by nature conflict laden and a transitionahév&not necessary, while in other
procedures there maybe more than one transitimealteThe table shows the
performance measure variable, its target value aandptable tolerance. The notes below
the table give the rules for evaluating if theialiand transitional conditions have been
satisfied along with other criteria that if notltaked invalidate the run.

10
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Initial conditions—Constant speed SV approaches from long range a slower-constant
speed POV at a closing rate greater than 8.9 m/s (20 mph)

Warning conditions—A warning is issued at the appropriate range, R..,,,» per
the system specification

m

=R .., —
chpclv: -8.9m/s pov

Conflict resolution—Following an FCW or when the SV driver senses a crash is imminent
the conflictis resolved by both speed and lateral position changes by the SV and POV.

T oy

Slowing Constant speed  Accelerating
ST pov [CI] Jeov 1)1 Pov

A

Subject vehicle

A

©

/7

Principal other vehicle

Lateral movement Attempted lat. movement
right left right left

Figure 2. Test concept for rear-end conflict with a constant speed POV.
For evaluation purposes the following time winddvas'e been defined:

Steady-state: the time from the start of the rutl artransitional action, a warning
or the end of the run as determined by the experienend as applicable in the no-
warn scenarios or procedures that are abortedode@ncern of the SV driver or
experimenter.

Table 4. Run validity criteria for rear-end conflict with a constant speed POV.

Steady-state variables Target Value * Tolerance
Vsy, M/s 24.6 (55 mph) 1.0
Vpovi, M/s 13.4 (30 mph) 1.0
Rdotpgoye, m/s -11.2 1.5
Initial Rpoys, M 150 10.0

» Steady-state: The minimum and maximum valuesgyf Vpov and
Rdokoy over a 2 second window ending at the time of @G¥/Fcannot
exceed the target values and their associatedimes given above.

» Steady-state: The initial sensing range is grehter 140 m

» The SV and POV drivers do not touch the brake peefre the FCW is
issued.

* Both the SV and POV remain in the center of thegiheded lane until a
FCW is issued.

11
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» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Test3able 5 below gives the acceptable values andttiierances for
evaluating if the warning was issued per the desitgnt of the IVBSS subsystem. The
note(s) below the table explain the procedure Yatuating the pass/fail performance
measures.

Table 5. Pasd/fail criteriafor rear-end with a constant speed POV

Run pass/fail criteria Target value®*  + Tolerance
Recw, M

Rdotrcy, m/s

FCW Alert Type

* The value of Roy and Rdaioy at the time of the warning must be within
the target value and associated tolerance for e&etsure shown in the
table above.

2.1.3 Exceptionsto the standard test conditions

There are no exceptions to the default conditi@detailed in the section Definitions
and Standard Test Conditions.

2.1.4 Test sitepreparation and special equipment

This is strictly a longitudinal conflict, straigpith test requiring a site large enough
for the establishment of steady-state initial ctods, adequate distance for the conflict
to occur, and sufficient room for the conflict te kesolved safely. As outlined in section
7 and shown in Figure 35, this test will be conddcit the Dana test track using Set-up
S1. The initial conditions for the test will be g¢a using a set of cones. See section 7 for
a more explicit explanation including detailed figsi of how these tests will be staged.
Section 7 also includes tables for estimating itne &and distance needed to stage the test
given the constraints of the facility chosen. Trecpment of the cones, relative to the
start of the straight section of track given in 8t this particular test is shown below in
Table 6 (a negative distance means the cone isgla&fore the straight section of track).
The cones are labeled to indicate their purpose.gemeral scenario for executing the
testis:

% The values are dependent of the actual systergrdasd should be determined by the user.

12
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e SV travels around the track at the desired testdpethe center of the designated
lane.

» The POV is stopped at cone 2.

* When the SV passes cone 1 the driver or experimargigucts the POV to start.

« The POV driver accelerates at the nominally coris&te of 1.5 m/s(the POV
driver is assisted by a windshield mounted acceleter) for 9 seconds to reach
the desired speed in the space between cones2white staying in the center of
the designated lane.

 |If staged correctly the POV will reach cone 3 sitmnéously with the SV entering
the straight section of the track with the desiretial conditions.

Table 6. Conelocation for rear-end with a constant speed POV

Cone Distance, m Label/Purpose
1 -250 SV commands POV to start
2 90 From a stop the POV accelerates at 1.5 m/s”
3 150 POV at specified speed in 9 seconds

2.1.5 Drivinginstructions
Subject vehicle driver:

1. The driver accelerates, in the center of thecsedl lane, to the desired speed
and engages the cruise control. If necessary,riieragshould use the cruise-
control speed-adjustment buttons to attain thereléspeed.

2. At the specified speed, and upon passing cotieHriver (or accompanied
experimenter) commands the POV driver to startimigiv

3. The SV driver then continues along the centéhefselected lane at the
commanded speed closing on the POV in a straightipseof the test track.

4. Upon a warning by the FCW system or if the SWeairsenses a crash is
imminent the test is aborted.

5. The SV driver then brakes appropriately whikesng to the left to avoid the
POV.

Principal other vehicle driver:

1. From a stopped position located at cone 2 (either adjacent to selected
lane) the driver waits for the experimenter in $\éto give the start
command.

2. The POV driver then accelerates steadily tadtwred speed using cone 3, a
window mounted accelerometer, and an estimatedwimeéow.

13
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3. At the desired speed the POV engages the aargeol and makes small
adjustments to speed if necessary while stayirigarcenter of the designated
lane.

4. Upon theabort command from the SV experimenter, the POV driver
accelerates while steering to the right and tordeaath for the SV.

2.2 RE-2. Rear-end conflict with a slowing POV at close  range (Required
Test)

This test is intended to verify the appropriaterdsan FCW when the SV
approaches, from behind, a modestly slowing POV.

2.2.1 Test concept: initial, transitional, warning conditions and conflict resolution

Figure 3 shows the initial, transitional and ficahditions for the rear-end conflict
with a modestly slowing POV. The initial conditioase in the top of the figure and show
a constant speed SV following a same-speed PO\pdetermined range. Next, the
figure shows the POV slowing at a steady-stateafiess than 2.0 migrompting a
warning when the SV reaches tha-iR as specified by the designers of the FCW system.
Finally, the bottom of the figure shows that upomaaning of if the SV driver senses a
crash is imminent, the conflict is resolved by bspleed and lateral position changes by
the SV and POV.

2.2.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititeal and transitional conditions for
that run must be satisfied. These conditions arengin Table 7. The table is separated
into two sections; the top section shows the tastgeidy-state initial conditions for the
test, while the bottom sections shows transititr@matics that induce a conflict. In
some procedures the initial conditions are by matanflict laden and a transitional event
is not necessary, while in other procedures thergbe more than one transitional event.
The table shows the performance measure variabl@grget value, and acceptable
tolerance. The notes below the table give the f@lesvaluating if the initial and
transitional conditions have been satisfied aloitg wther criteria that if not followed
invalidate the run.
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Initial conditions—Both the SV and POV are traveling at nominally the same speed
(Rdot,,,= 0.0 m/s) at the specified range. The time gap between the SV and POV is
between 2.0 and 3.0 seconds.

SN pov

Warning conditions—A warning is issued at the appropriate range, R..,,,» per the system
specification

Conflict resolution—Following an FCW or when the SV driver senses a crash is imminent the
conflictis resolved by both speed and lateral position changes by the SV and POV.

le\—> =M pov

a

Slowing Constant speed  Accelerating
suiectvenicle (v [Y) [0l 5E vt
Principal other vehicle E[__1[VJpov pov ]I pov
Lateral movement Attempted lat. movement
right left right left
T T

Figure 3. Test concept for rear-end conflict with a modestly slowing POV and a
short time gap.

For evaluation purposes the following time winddvese been defined:

» Steady-state: the time from the start of the rutil artransitional action, a
warning or the end of the run as determined bye#tperimenter and as
applicable in the no-warn scenarios or procedurasare aborted due to
concern of the SV driver or experimenter.

» Transitional: the time from the start of a tramsial action to the time of a
warning, the end of the run, or a return to a stestdte condition. Note: there
may be more than one transitional event in procitirat involve multiple
threats and multiple POVs.
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Table 7. Run validity criteria for rear-end conflict with a modestly slowing POV and a short time

gap.

Steady-state variables Target Value + Tolerance
Vsy, M/s 17.9 (40 mph) 1.0
Vpovi, M/s 17.9 (40 mph) 1.5
Rpoyi, M 40 4.0

Transitional test variables Target Value + Tolerance
Vsy, M/s 17.9 (40 mph) 1.0
AXpoy1 M/s? -15 5

» Steady-state: The minimum and maximum valuesg¥f Vpovi, Rrovi and
Rdotoy1 do not exceed the target values and their assdciaterances
over a 2 second window ending at the start ofriduasition event by the
POV.

» Transitional: The average acceleration of the POWithin the desired
range from the start of braking by the POV andtitme of the FCW.

» Transitional: The minimum and maximum values gf slre within the
desired range from the start of braking by the RD¥ the time of the
FCW.

» The SV driver does not touch the brake pedal beafard-CW is issued.

* Both the SV and POV remain in the center of thegieded lane until a
FCW is issued.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Test3able 8 below gives the acceptable values andttilerances for
evaluating if the warning was issued per the desitgnt of the IVBSS subsystem. The
note(s) below the table explain the procedure Yatuating the pass/fail performance
measures.

Table 8. Pasd/fail criteriafor rear-end conflict with a modestly slowing POV and a short time gap.

Run pass/fall criteria Target value®  +* Tolerance
Recw, M

Rdotpcw, m/s

FCW Alert Type

* The values are dependent of the actual systergrdasd should be determined by the user.
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» The value of Roy and Rdatcy at the time of the warning must be within
the target value and associated tolerance for e&esure shown in the
table above.

2.2.3 Exceptionstothe standard test conditions

There are no exceptions to the default conditi@dedailed in the section Definitions
and Standard Test Conditions.

2.2.4 Test sitepreparation and special equipment

This is strictly a longitudinal conflict, straigpith test requiring a site large enough
for the establishment of steady-state initial ctiods, adequate distance for the conflict
to occur, and sufficient room for the conflict te kesolved safely. As outlined in section
7 and shown in Figure 39, this test will be conddat the Dana test track using Set-up
S1. The initial conditions for the test will be gtal using range and range-rate
measurements from the SV radar. The SV driver eegytige cruise control at the desired
initial speed while the POV driver slowly modulagg®eed to maintain a constant
distance at the desired range. When the initidld@sditions have been established and
maintained for at least 2 seconds on a straighitoseaf track, then the experimenter
instructs the POV driver to decelerate at the ddgiate. The test ends when an FCW is
issued.

2.2.5 Drivinginstructions
Subject vehicle driver:

1. Accelerate in the center of the selected lartbaalesired speed and engages
the cruise control. If necessary use the cruiserobspeed-adjustment
buttons to attain the desired speed.

2. Upon a warning by the FCW system or if a crasmiminent abort the test by
braking appropriately while steering to the lefatmid the POV.

Principal other vehicle driver:

1. Accelerate in the center of the desired larteealesired speed in front of the
SV to the initial range of the test, approximately.

2. Based range values given by the experimentieiisV make small
adjustments in speed to establish the desiredligistance condition for the
test. The small adjustments can be done manuaiig tise throttle or by
engaging the cruise control and using the accedldadtons. Whichever
method, the speed changes must be very gradual négagrthe initial test
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range since both the range and range-rate conslitmrst be satisfied for at
least 2 seconds prior to the start of the brakirene

3. Upon the command by the experimenter apply takeband decelerate
steadily using the window-mounted accelerometer gside to control the
deceleration rate.

4. Upon theabort command from the SV experimenter or an alert byREW
system, the POV driver accelerates while steeortbée right and to clear a
path for the SV.

2.3 RE-3. Rear-end conflict with a slowing POV atfarr ange (Required
Test)

This test is intended to verify the appropriaterdsan FCW when the SV
approaches, from behind, an aggressively slowing.Pe test is strictly longitudinal
with both the SV and the POV in the center of tesighated lane on a straight segment
of roadway.

2.3.1 Test concept: initial, transitional, warning conditions and conflict resolution

Figure 4 shows the initial, transitional and ficahditions for the rear-end conflict
with an aggressively slowing POV. The initial canahs are in the top of the figure and
show a constant speed SV following at a same-speadat predetermined range. The
next element of the figure shows the POV slowing steady-state rate of more than 3.0
m/s’. Next, the figure illustrates that a warning stibo¢cur when the SV reaches the
Rrcw as specified by the designers of the FCW systamalliz, the bottom of the figure
shows that upon a warning of if the SV driver serserash is imminent, the conflict is
resolved by both speed and lateral position chabgélse SV and POV.

2.3.2 Performance measuresand criteriafor pass/fail determination

For arun of thistest to be considered valid, the initial and transitional conditionsfor that run must
be satisfied. These conditions are given in

Table 9. The table is separated into two sectithestop section shows the target
steady-state initial conditions for the test, wiiiie bottom sections shows transitional
kinematics that induce a conflict. In some proceduhe initial conditions are by nature
conflict laden and a transitional event is not 13seey, while in other procedures there
maybe more than one transitional event. The tdievs the performance measure
variable, its target value, and acceptable tolexaiibe notes below the table give the
rules for evaluating if the initial and transitidrwanditions have been satisfied along with
other criteria that if not followed invalidate then.
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Initial conditions—Both the SV and POV are traveling at nominally the same speed
(Rdot,,,= 0.0 m/s) at the specified range. The time gap between the SV and POV is
between 3.0 and 4.0 seconds.

Rdot,,, = 0.0 m/s POV

Conflict transition—POQOV begins to decelerate at a steady-state rate greater than
3.0 m/s?

IR rov

Warning conditions—A warning is issued at the appropriate range, R.,,, per the system
specification

Conflict resolution—Following an FCW or when the SV driver senses a crash is imminent the

conflictis resolved by both speed and lateral position changes by the SV and POV.
e i T

Slowing Constant speed  Accelerating
caoy)  [EEd0) s

Principal other vehicle S[__ 4] Pov pov [T Pov

Subject vehicle

(@
P
&

Lateral movement Attempted lat. movement
right left right left
—~— —~o

Figure 4. Test concept for rear-end conflict with an aggressively slowing POV and a
long time gap.

For evaluation purposes the following time winddvas'e been defined:

» Steady-state: the time from the start of the rum artransitional action, a
warning or the end of the run as determined byekperimenter and as
applicable in the no-warn scenarios or procedurasare aborted due to
concern of the SV driver or experimenter.

» Transitional: the time from the start of a trarfl action to the time of a
warning, the end of the run, or a return to a stesidte condition. Note: there
may be more than one transitional event in procitirat involve multiple
threats and multiple POVs.
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Table 9. Run validity criteria for rear-end conflict with an aggressively sowing POV and a long time

gap.

Steady-state variables Target Value + Tolerance
Vsy, M/s 17.9 (40 mph) 1.0
Vpovi, m/s 17.9 (40 mph) 1.0
Initial Rpovi, M 60 4.0

Transitional test variables Target Value + Tolerance
Vsy, M/s 17.9 (40 mph) 1.0
AXPOVl, m/52 -3.0 1.0

» Steady-state: The minimum and maximum values$f Veovi, Rrovi and
Rdokov: do not exceed the target values and their associatlerances
over a 2 second window ending at the start ofrduasition event by the
POV.

» Transitional: The average acceleration of the POWithin the desired
range from the start of braking by the POV andtitme of the FCW.

* Transitional: The minimum and maximum values gf, ®re within the
desired range from the start of braking by the RD¥ the time of the
FCW.

» The SV driver does not touch the brake pedal bafed-CW is issued.

» Both the SV and POV remain in the center of thegieded lane until a
FCW is issued.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Test3able 10 below gives the acceptable values agidtiierances for
evaluating if the warning was issued per the desitgnt of the IVBSS subsystem. The
note(s) below the table explain the procedure Yatuating the pass/fail performance
measures.
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Table 10. Pass/fail criteria for rear-end conflict with an aggressively sowing POV and along time

gap.
Run pass/fail criteria Target value®  + Tolerance
Recw, M
Rdotrcy, m/s
FCW Alert Type

* The value of Roy and Rdaioy at the time of the warning must be within
the target value and associated tolerance for e&esure shown in the
table above.

2.3.3 Exceptionsto the standard test conditions

There are no exceptions to the default conditi@detailed in the section Definitions
and Standard Test Conditions.

2.34 Test sitepreparation and special equipment

This is strictly a longitudinal conflict, straigpith test requiring a site large enough
for the establishment of steady-state initial ctods, adequate distance for the conflict
to occur, and sufficient room for the conflict te kesolved safely. As outlined in section
7 and shown in Figure 39, this test will be conddcit the Dana test track using Set-up
S1. The initial conditions for the test will be géa using range and range-rate
measurements from the SV radar. The SV driver esgyttte cruise control at the desired
initial speed while the POV driver slowly modulasggeed to maintain a constant
distance at the desired range. When the initidld@sditions have been established and
maintained for at least 2 seconds on a straighitoseof track, then the experimenter
instructs the POV driver to decelerate at the ddsiate. The test ends when an FCW is
issued.

2.3.5 Drivinginstructions
Subject vehicle driver:

1. Accelerate in the center of the selected lartbdalesired speed and engages
the cruise control. If necessary use the cruise¢robspeed-adjustment
buttons to attain the desired speed.

2. Upon a warning by the FCW system or if a crasmiminent abort the test by
braking appropriately while steering to the lefatmid the POV.

Principal other vehicle driver:

® The values are dependent of the actual systergrdasd should be determined by the user.
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» Accelerate in the center of the desired lane taltstred speed in front of the
SV to the initial range of the test, approximately.

» Based range values given by the experimenter isthenake small
adjustments in speed to establish the desiredliditstance condition for the
test. The small adjustments can be done manuaty tise throttle or by
engaging the cruise control and using the accedldadtons. Whichever
method, the speed changes must be very gradual ngzerthe initial test
range since both the range and range-rate conslitmrst be satisfied for at
least 2 seconds prior to the start of the brakirene

» Upon the command by the experimenter apply thedbsakl decelerate
steadily using the window-mounted accelerometer gside to control the
deceleration rate.

* Upon theabortcommand from the SV experimenter or an alert eyREW
system, the POV driver accelerates while steeortbée right and to clear a
path for the SV.

2.4 RE-4. Rear-end conflict with stopped POV (Required  Test)

This test is intended to verify the appropriaterdsan FCW when the SV
approaches, from behind and at a moderate spestoh@ed POV from long range in the
same lane on a straight segment of roadway with that SV and POV in the center of
the designated lane.

24.1 Test concept: initial, transitional, warning conditions and conflict resolution

Figure 5 shows the initial, transitional and ficahditions for the rear-end conflict
with a stopped POV. The initial conditions arehe top of the figure and show a
constant speed SV approaching from long rangeppstbPOV. Next, the figure
illustrates that a warning should occur when ther&thes the Rw as specified by the
designers of the FCW system. Finally, the bottortheffigure shows that upon a
warning or if the SV driver senses a crash is imanirthe conflict is resolved by the SV
slowing and moving laterally to the right.
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Initial conditions—Constant speed SV approaches from long range a stopped POV in the
center of the designated lane

Warning conditions—A warning is issued at the appropriate range, R..,,, per the system

specification
Roov = Recur M pov

Conflict resolution—Following an FCW or when the SV driver senses a crash is imminent the
conflictis resolved by the SV slowing and moving laterally to the right.

Slowing Constant speed ~ Accelerating
Subject vehicle EE z@ Y E@EE@ jg@ V1)
Principal other vehicle S[[__JNJPov pov  _[_I]Mpov
Lateral movement Attempted lat. movement
right left right left
T

Figure 5. Test concept for rear-end conflict with stopped POV.
2.4.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititéal and transitional conditions for
that run must be satisfied. These conditions arengin Table 11. The table shows the
target steady-state initial conditions for the .tdstsome procedures the initial conditions
are by nature conflict laden and a transitionahév&not necessary, while in other
procedures there maybe more than one transitimealteThe table shows the
performance measure variable, its target value aandptable tolerance. The notes below
the table give the rules for evaluating if theialiand transitional conditions have been
satisfied along with other criteria that if notltaked invalidate the run.

For evaluation purposes the following time winddvas'e been defined:

» Steady-state: the time from the start of the rum artransitional action, a
warning or the end of the run as determined byekperimenter and as
applicable in the no-warn scenarios or procedurasare aborted due to
concern of the SV driver or experimenter.

Table 11. Run validity criteria for rear-end conflict with stopped POV.

Steady-state variables Target Value + Tolerance
Vsy, M/s 15.7 (35 mph) 1.0
Rdotpo\/1, m/s -15.7 1.0
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» Steady-state: The minimum and maximum valuessfavid Rdotov1
over a 2 second window ending at the time of théVF&annot exceed the
target values and their associated tolerances giveve.

» Steady-state: The initial sensing range is grebter 50 m

» The SV driver does not touch the brake pedal beafard-CW is issued.

» Both the SV remains in the center of the designizted until a FCW is
issued.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopaance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Test3able 12 below gives the acceptable values agidtiierances for
evaluating if the warning was issued per the desiggnt of the IVBSS subsystem. The
note(s) below the table explain the procedure Yatuating the pass/fail performance
measures.

Table 12. Pass/fail criteria for rear-end conflict with stopped POV.

Run pass/fall criteria Target value®  + Tolerance
Recw, M

Rdotrcy, m/s

FCW Alert Type

* The value of Roy and Rdaioy at the time of the warning must be within
the target value and associated tolerance for e&etsure shown in the
table above.

2.4.3 Exceptionstothe standard test conditions

The one exception to the default conditions asildetén the section Definitions and
Standard Test Conditions is that the POV is padgtiunattended during this test.

24.4 Test sitepreparation and special equipment

This is strictly a longitudinal conflict, straigpiath test requiring a site large enough
for the establishment of steady-state initial ctods, adequate distance for the conflict
to occur, and sufficient room for the conflict te kesolved safely. For this test the POV
should be parked in the center of the designateslwath at least 200 m of straight track
available for the SV approach.

® The values are dependent of the actual systergrdasd should be determined by the user.
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2.4.5 Drivinginstructions
Subject vehicle driver:

1. The driver accelerates, in the center of thectetl lane, to the desired speed
and engages the cruise control. If necessary,rtieragshould use the cruise-
control speed-adjustment buttons to attain therel@speed.

2. The SV driver then continues along the centéhefselected lane at the
commanded speed closing on the POV in a straighipseof the test track.

3. Upon a warning by the FCW system or if the SMealrsenses a crash is
imminent the test is aborted.

4. The SV driver then brakes appropriately whikesng laterally to avoid the
POV.

2.5 RE-6. Rear-end conflict with slower POV after alan e change by SV
(Deleted)

2.6 RE-6. Rear-end conflict with slower POV after alan e change by the
SV (Required Test)

This test is intended to verify the timeliness diebg a new in-path vehicle and the
appropriateness of an FCW when the SV changes Vamiés approaching from behind a
moderately slower moving POV. The lane change bya should occur simultaneously
with the newly acquired POV entering the forwarahitiot region of the FCW system.

2.6.1 Test concept: initial, transitional, warning conditions and conflict resolution

Figure 6 shows the initial, transitional and ficahditions for the rear-end conflict
with a slower POV after a lane change by the S\é ifiltial conditions are in the top of
the figure and show a constant speed SV approaehstgwer constant-speed POV that
is traveling in an adjacent lane to the left of 8\ Then, at a predetermined range, the
driver of the SV changes lanes to the left to Harmkthe POV. Next, the figure
illustrates that a warning should occur when ther&thes the R\ as specified by the
designers of the FCW system. Finally, the bottortheffigure shows that upon a
warning or if the SV driver senses a crash is inanirthe conflict is resolved by both
speed and lateral position changes by the SV and PO
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Initial conditions—Constant speed SV approaches from long range a slower-constant
speed POV in an adjacent lane.

Warning conditions—A warning is issued at the appropriate range, R.,,, per the system
specification

Conflict resolution—Following an FCW or when the SV driver senses a crash is imminent
the conflictis resolved by both speed and lateral position changes by the SV and POV.

-—— - ——— — = — — ==

Slowing Constant speed  Accelerating
v v ==—=-En i =-Ev
Principal other vehicle [ 4Jpov pov (]| Pov

@&
Subject vehicle

Lateral movement Attempted lat. movement
right left right left
—— — e —

Figure 6. Test concept for rear-end conflict with slower POV after a lane change.

2.6.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititéal and transitional conditions for
that run must be satisfied. These conditions arergin Table 13. The table is separated
into two sections; the top section shows the tastgtdy-state initial conditions for the
test, while the bottom sections shows transititmamatics that induce a conflict. In
some procedures the initial conditions are by matanflict laden and a transitional event
is not necessary, while in other procedures thexgbm more than one transitional event.
The table shows the performance measure variabl@grget value, and acceptable
tolerance. The notes below the table give the f@lesvaluating if the initial and
transitional conditions have been satisfied alortt wther criteria that if not followed
invalidate the run.

For evaluation purposes the following time winddvese been defined:

» Steady-state: the time from the start of the rutil artransitional action, a
warning or the end of the run as determined bye#tpeerimenter and as
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applicable in the no-warn scenarios or proceduratsare aborted due to
concern of the SV driver or experimenter.

» Transitional: the time from the start of a trarfl action to the time of a
warning, the end of the run, or a return to a stesidte condition. Note: there
may be more than one transitional event in procegitivat involve multiple
threats and multiple POVs.

Table 13. Run validity criteria for rear-end conflict with slower POV after alane change.

Steady-state variables Target Value * Tolerance
Vsy, M/s 20.1 (45 mph) 1.0
Vpovi, M/s 15.7 (35 mph) 1.0
Rdotpoye, m/s -4.47 1.5

Transitional test variables Target Value + Tolerance
Rpovi, M 45 5.0
Vsy, M/s 20.1 (45 mph) 1.0
Vpovi, M/s 15.7 (35 mph) 1.0

» Steady-state: The minimum and maximum valuesg¥f Vpovi, Rrovi and
Rdotoy1 do not exceed the target values and their assdciaterances
over a 2 second window ending at the start ofridusition event by the
SV.

» Transitional: The driver of the SV does a modenate-aggressive lane
change lasting 10 to 15 seconds into the POV lane.

» Transitional: The minimum and maximum values @f,§nd \boyiremain
within the desired range from the start of the lelh@nge to the time of the
FCW.

» The SV driver does not touch the brake pedal bafegd-CW is issued.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopaance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Test3able 14 below gives the acceptable values agidtiierances for
evaluating if the warning was issued per the desiggmt of the IVBSS subsystem. The
note(s) below the table explain the procedure Yatuating the pass/fail performance
measures.
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Table 14. Pass/fail criteriafor rear-end conflict with ower POV after a lane change.

Run pass/fail criteria Target value’  + Tolerance
Recw, M

Rdotpcw, m/s

FCW Alert Type

» The value of Roy and Rdatoy at the time of the warning must be within
the target value and associated tolerance for e&esure shown in the
table above.

2.6.3 Exceptionsto the standard test conditions

There are no exceptions to the default conditiededailed in the section Definitions
and Standard Test Conditions.

2.6.4 Test sitepreparation and special equipment

This is longitudinal conflict, straight-path teevolving a lane-change maneuver by
the SV and requiring a site large enough for thaldishment of steady-state initial
conditions, adequate distance for the conflictdoun, and sufficient room for the conflict
to be resolved safely. As outlined in section 7 simown in Figure 36, this test will be
conducted at the Dana test track using Set-up B iriitial conditions for the test will be
staged using range measurements by the IVBSSallpitboth the SV and POV will
travel at the test speed of the SV with the POMatt 150 m in front of the SV in the
center of the adjacent lane. Then, when both vehiate in a straight section of track the
POV driver decelerates quickly to the desired speeite the experimenter reads the
range between the two vehicles. At the desiredeamgminally 45 m, the experimenter
instructs the SV driver to make a non-aggressine-lzhange lasting about 12 seconds
into the POV lane to create the longitudinal canfind an FCW.

2.6.5 Drivinginstructions
Subject vehicle driver:

1. The driver accelerates in the center of theezdahe at Dana to the desired
speed and engages the cruise control. If necedbargyiver should use the
cruise-control speed-adjustment buttons to atteerdiesired speed.

2. The SV driver then continues along the middléhefcenter lane at the
commanded speed closing on the POV, which is ircéimeer of the adjacent
lane to the left.

" The values are dependent of the actual systergrdasd should be determined by the user.
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3. When asked by the experimenter, complete a ggreasive lane change
lasting about 12 seconds to the left behind the POV

4. Upon a warning by the FCW system or if the SWeirsenses a crash is
imminent the test is aborted.

5. The SV driver then brakes appropriately whikesng to the left to avoid the
POV.

Principal other vehicle driver:

1. Using range estimates by the experimenter gtpsoaimately 100 m in front
of the SV in center of the center lane travelinthatsame speed as the SV.

2. Then upon instruction by the experiment, de@dasn the SV speed to the
specified test speed while staying in the centéhefcenter lane. Engage the
cruise control at the desired speed to reducehifityain speed.

3. Upon theabortcommand from the SV experimenter, the POV driver
accelerates while steering to the right and toradeaath for the SV.

2.7 RE-7. Rear-end conflict with a stopped POV in a cur  ve (Engineering
Test)

This test is intended to verify the appropriaterdsan FCW when the SV
approaches a stopped vehicle while both the SVWP8M are in a constant radius curve.

2.7.1 Test concept: initial, transitional, warning conditions and conflict resolution

Figure 7 shows the initial, warning and conflicsoition conditions for a rear-end
conflict in a curve. The test begins when a coristpaed SV approaches a stopped POV
in the center of the designated lane. The test whés an FCW is issued at the
appropriate range,ddw, or when the SV driver senses a crash is immiridrg.conflict
is resolved by braking and a lateral position cledmg SV.
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Initial conditions—Constant speed SV
approaches in a curve and from long
range a stopped POV in the center of
the designated lane

Warning conditions—A warning is
issued at the appropriate range, Ry,
per the system specification

Conflict resolution—Following a warning
orifthe SV driver senses a crash is
imminent, the conflictis resolved by
both speed and lateral position
changes by the SV.

Slowing Constant speed ~ Accelerating

ey EeD _EEsdn

Principal other vehicle  S[C]]¥Jpov pov  [JJMrov

p
) S
Subject vehicle >;
«

Lateral movement Attempted lat. movement
right left right left
—_— —~

Figure 7. Test concept for rear-end conflict with stopped POV in a curve.

2.7.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititéal and transitional conditions for
that run must be satisfied. These conditions arengin Table 15. The table shows the
target steady-state initial conditions for the .téssome procedures the initial conditions
are by nature conflict laden and a transitionahév&not necessary, while in other
procedures there maybe more than one transitimealteThe table shows the
performance measure variable, its target value aandptable tolerance. The notes below
the table give the rules for evaluating if theialiand transitional conditions have been
satisfied along with other criteria that if notltaked invalidate the run.

For evaluation purposes the following time winddvas'e been defined:

» Steady-state: the time from the start of the rum artransitional action, a
warning or the end of the run as determined byekperimenter and as
applicable in the no-warn scenarios or procedurasare aborted due to
concern of the SV driver or experimenter.

Table 15. Run validity criteria for rear-end conflict with stopped POV on a curve.

Steady-state variables Target Value + Tolerance
Vsy, M/s 13.4 (30 mph) 1.0
Rdotpo\/1, m/s -13.4 1.0
Curve Radius 500 m 25
Initial Rpovi, M 50 5.0
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» Steady-state: The minimum and maximum valuessfavid Rdotov1
over a 2 second window ending at the time of théVF&annot exceed the
target values and their associated tolerances giveve.

» Steady-state: The initial sensing range is grehter 45 m

» The SV driver does not touch the brake pedal beafard-CW is issued.

» Both the SV remains in the center of the designited until a FCW is
issued.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopaance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Test3able 16 below gives the acceptable values agidtiierances for
evaluating if the warning was issued per the desiggnt of the IVBSS subsystem. The
note(s) below the table explain the procedure Yatuating the pass/fail performance
measures.

Table 16. Pass/fail criteriafor rear-end conflict with stopped POV in a curve.

Run pass/fall criteria Target value®  + Tolerance
Recw, M

Rdotrcy, m/s

FCW Alert Type

* The value of Roy and Rdaioy at the time of the warning must be within
the target value and associated tolerance for e&etsure shown in the
table above.

2.7.3 Exceptionstothe standard test conditions

The one exception to the default conditions asildetén the section Definitions and
Standard Test Conditions is that the POV is padgtiunattended during this test.

2.74 Test sitepreparation and special equipment

This is strictly a longitudinal conflict, curvedbatest requiring a site large enough
for the establishment of steady-state initial cbods, including a steady-state yaw-rate
by the SV, adequate distance for the conflict truocand sufficient room for the conflict
to be resolved safely. As outlined in section 7 sinown in Figure 39, this test will be
conducted at the Dana test track using Set-up @1this test the POV should be parked

8 The values are dependent of the actual systergrdasd should be determined by the user.
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in the center of the designated lane with at 1286tm of constant-radius track available
for the SV approach.

2.7.5 Drivinginstructions
Subject vehicle driver:

1. The driver accelerates, in the center of thecsedl lane, to the desired speed
and engages the cruise control. If necessary,riieragshould use the cruise-
control speed-adjustment buttons to attain therel@sipeed.

2. The SV driver then continues along the centéhefselected lane at the
commanded speed closing on the POV in the curnvatbseof the test track.

3. Upon a warning by the FCW system or if the SMalrsenses a crash is
imminent the test is aborted.

4. The SV driver then brakes appropriately whieesng laterally to avoid the
POV.

2.8 RE-8. Rear-end conflict with a slower POV in a curv e (Engineering
Test)

This test is intended to verify the appropriaterdsan FCW when the SV
approaches a slower moving POV while both vehialesin a constant radius curve.

2.8.1 Test concept: initial, transitional, warning conditions and conflict resolution

Figure 8 shows the initial, warning and conflicsoition conditions for a rear-end
conflict in a curve. The test begins when a coristpaed SV approaches a slower
moving POV in the center of the designated lane. féist ends when an FCW is issued at
the appropriate range, RFCW, or when the SV dgeaises a crash is imminent. The
conflict is resolved by braking and a lateral positchange by SV and by the POV
accelerating

2.8.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititéal and transitional conditions for
that run must be satisfied. These conditions arergin Table 17. The table shows the
target steady-state initial conditions for the .téssome procedures the initial conditions
are by nature conflict laden and a transitionahéi&not necessary, while in other
procedures there maybe more than one transitimealteThe table shows the
performance measure variable, its target value aandptable tolerance. The notes below
the table give the rules for evaluating if theialiand transitional conditions have been
satisfied along with other criteria that if notltaked invalidate the run.
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Initial conditions—Constant speed SV
approaches a slower moving POV
while both vehicles are in a curve and
in the center of the designated lane

Warning conditions—A warning is
issued at the appropriate range, R,
per the system specification

Conflict resolution—Following a warning
or ifthe SV driver senses a crash is
imminent, the conflictis resolved by
both speed and lateral position
changes by the SV and POV.

Slowing Constant speed  Accelerating
eas)  EEed) [5E o)
Principal other vehicle  E[__1NJpov POV

(\(,
Subject vehicle

Lateral movement Attempted lat. movement
right left right left

Figure 8. Test concept for rear-end conflict for a slower POV in a curve.
For evaluation purposes the following time winddvese been defined:

» Steady-state: the time from the start of the rutil artransitional action, a
warning or the end of the run as determined bye#tperimenter and as
applicable in the no-warn scenarios or procedurasdre aborted due to
concern of the SV driver or experimenter.

Table 17. Run validity criteria for rear-end conflict with slower moving POV in a curve.

Steady-state variables Target Value + Tolerance
Vsy, M/s 24.6 (55 mph) 1.0
Vpovi, M/s 17.9 (40 mph) 1.0
Rdotpoye, m/s -6.7 1.5
Initial Rpovi, M 55 10.0
Curve Radius 280 m 30

» Steady-state: The minimum and maximum values%f Vpov and
Rdokoy over a 2 second window ending at the time of G&/cannot
exceed the target values and their associateciues given above.
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» Steady-state: The initial sensing range is grehter 45 m

* The SV and POV drivers do not touch the brake peetre the FCW is
issued.

* Both the SV and POV remain in the center of thegieded lane until a
FCW is issued.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Test3able 18 below gives the acceptable values agidtitierances for
evaluating if the warning was issued per the desitgnt of the IVBSS subsystem. The
note(s) below the table explain the procedure Yatuating the pass/fail performance
measures.

Table 18. Pass/fail criteriafor rear-end conflict with sower moving POV in a curve.

Run pass/fail criteria Target value’  +* Tolerance
Recw, M

Rdotpcw, m/s

FCW Alert Type

» The value of Roy and Rdatoy at the time of the warning must be within
the target value and associated tolerance for e&esure shown in the
table above.

2.8.3 Exceptionsto the standard test conditions

There are no exceptions to the default conditi@dedailed in the section Definitions
and Standard Test Conditions.

2.8.4 Test sitepreparation and special equipment

This is strictly a longitudinal conflict, curvedbatest requiring a site large enough
for the establishment of steady-state initial ctods, including a steady-state yaw-rate
by the SV and POV, adequate distance for the adnflioccur, and sufficient room for
the conflict to be resolved safely. As outlinedgsection 7 and shown in Figure 39, this
test will be conducted at the Dana test track uSieigup C1. The initial conditions for
the test will be staged using a set of cones. 8eteosa 7 for a more explicit explanation
including detailed figures of how these tests Wlstaged. Section 7 also includes tables
for estimating the time and distance needed teedtagtest given the constraints of the

° The values are dependent of the actual systergrdasd should be determined by the user.

34



NOTICE
Thisdocument isdisseminated in the interest of information exchange only. It isnot intended to propose or prescribe
requirements outside of the [VBSS program. The U.S. DOT assumes no liability for its contents or use thereof.

facility chosen. The placement of the cones, netaiid the start of the curved section of
track given in C1, for this particular test is sholelow in Table 19 (a negative distance
means the cone is placed before the designatad&tae initial conditions). The cones
are labeled to indicate their purpose. The gersgerhario for executing the test is:

» SV travels around the track at the desired testdpethe center of the designated
lane.

» The POV is stopped at cone 2.

* When the SV passes cone 1 the driver or experimargieucts the POV to start.

« The POV driver accelerates at the nominally coris&te of 1.5 m/s(the POV
driver is assisted by a windshield mounted accaieter) for 10.4 seconds to
reach the desired speed in the space between 2@meks3 while staying in the
center of the designated lane.

 If staged correctly the POV will reach cone 3 sitmnéously with the SV being at
the desired initial range with both vehicles ineasly-state yaw-rate condition.

Table 19. Conelocation for rear-end with a constant speed POV in a curve

Cone Distance, m Label/Purpose
1 -210 SV commands POV to start
2 -48 From a stop the POV accelerates at 1.5 m/s”
3 40 POV at specified speed in 10.4 seconds

Note: For this test the reference start point sthoel at least 50 m into the curve.
2.8.5 Drivinginstructions
Subject vehicle driver:

1. The driver accelerates, in the center of thecsedl lane, to the desired speed
and engages the cruise control. If necessary,riieragshould use the cruise-
control speed-adjustment buttons to attain thereléspeed.

2. At the specified speed, and upon passing cotieHriver (or accompanied
experimenter) commands the POV driver to startimigiv

3. The SV driver then continues along the centéhefselected lane at the
commanded speed closing on the POV in a curvetbseuftthe test track.

4. Upon a warning by the FCW system or if the SWeairsenses a crash is
imminent the test is aborted.

5. The SV driver then brakes appropriately whikesng to the left to avoid the
POV.
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Principal other vehicle driver:

1. From a stopped position located at cone 2 (either adjacent to selected
lane) the driver waits for the experimenter in $\éto give the start
command.

2. The POV driver then accelerates steadily tadtmred speed using cone 3, a
window mounted accelerometer, and an estimatedwimeéow.

3. At the desired speed the POV engages the aargeol and makes small
adjustments to speed if necessary while stayirigarcenter of the designated
lane.

4. Upon theabort command from the SV experimenter, the POV driver
accelerates while steering to the right and tordeaath for the SV.

2.9 RE-9. Rear-end conflict with constant speed motorcy  cle behind a
truck (Required Test)

This test is intended to verify the appropriaterdsan FCW when the SV
approaches a slower moving motorcycle that is tragdehind a same-speed truck.

2.9.1 Test concept: initial, transitional, warning conditions and conflict resolution

Figure 9 shows the initial, transitional and ficahditions for the rear-end conflict
when a constant speed SV approaches from long eslggver moving, constant speed
POV1 and POV2. The warning condition occurs whémeeian FCW is issued at the
appropriate range as specified by the FCW systaaifsgation. Following the FCW or
when the SV driver senses a crash is imminentdhéict is resolved by both speed and
lateral changes by the SV driver.
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Initial conditions—Constant speed SV approaches from long range a slower-constant
speed POV1 and POV2

e Ejj R.oy, >100m POV1 PoOV2 Ej@

— — — 'st>VPov1
=V,

VPOVl POV2

Warning conditions—A warning is issued at the appropriate range, R.,, per the system

specification
POV1 POV2 Ej@

Conflict resolution—Following a FCW or when the driver of the SV senses a crash is
imminent, the conflict is resolved by both speed and a lateral position changes.

POV1 POV2 Ej@

Slowing Constant speed  Accelerating
Subject vehicle E;E@ svY) E@;ﬂ@ — =] syt
Principal other vehicles Pov1‘ POV2 Ej@

Lateral movement
right left right left

Figure 9. Test concept for rear-end conflict with constant speed motorcycle (POV1)
behind atruck (POV2).

2.9.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,itlitgal and transitional conditions for
that run must be satisfied. These conditions arengin
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Table 20. The table shows the target steady-stdial iconditions for the test. In some
procedures the initial conditions are by natureflanaden and a transitional event is
not necessary, while in other procedures there mayre than one transitional event.
The table shows the performance measure variabl@rget value, and acceptable
tolerance. The notes below the table give the figlesvaluating if the initial and
transitional conditions have been satisfied aloitg wther criteria that if not followed
invalidate the run.

For evaluation purposes the following time winddvas’e been defined:

» Steady-state: the time from the start of the ruil artransitional action, a warning
or the end of the run as determined by the experienend as applicable in the no-
warn scenarios or procedures that are abortedode@ncern of the SV driver or
experimenter.
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Table 20. Run validity criteriafor rear-end conflict with constant speed motor cycle (POV1) behind a
truck (POV2).

Steady-state variables Target Value * Tolerance
Vsy, M/s 22.4 (50 mph) 1.0
Vpovi, M/s 15.7 (35 mph) 1.0
Vpovz2, M/s 15.7 (35 mph) 1.0
Rdotpoye, m/s -6.7 1.5
Initial Rpoyy, M 100 10.0
Rpo\/2 RPOVl +23.5m 3.0
Rdotpovs -6.7 1.5

» Steady-state: The minimum and maximum valuesgyf Veovi, Vreovz,
Rdobov1, Rdobov2 over a 2 second window ending at the time of {G8WF
can not exceed the target values and their asseddialerances given
above.

» Steady-state: The initial sensing range is grebter 90 m

* The SV, POV1 and POV2 drivers do not touch the daédal before the
FCW is issued.

* Both the SV, POV1 and POV2 remain in the cente¢hefdesignated lane
until a FCW is issued.

* The time gap between POV1 and POV2 is betweenid3d & s

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopaance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Test3able 21 below gives the acceptable values agidtiierances for
evaluating if the warning was issued per the desiggmt of the IVBSS subsystem. The
note(s) below the table explain the procedure Yatuating the pass/fail performance
measures.

Table 21. Pass/fail criteriafor rear-end conflict with constant speed motor cycle (POV1) behind a
truck (POV2).

Run pass/fail criteria Target + Tolerance
value™

Recw, M

Rdotpcw, m/s

FCW Alert Type

9 The values are dependent of the actual systergrdasid should be determined by the user.

39




NOTICE
Thisdocument isdisseminated in the interest of information exchange only. It isnot intended to propose or prescribe
requirements outside of the [VBSS program. The U.S. DOT assumes no liability for its contents or use thereof.

* The values of Roy and Rdatcw are both measured relative to POV1 and
at the time of the warning they are within the éngalue and associated
tolerance for each measure shown in the table above

2.9.3 Exceptionstothe standard test conditions

The two exceptions to the default conditions asaitézt in the section Definitions and
Standard Test Conditions are the POV1 is a mote@mrd POV2 is a conventional
tractor-semi-trailer with a dry-van trailer.

2.9.4 Test sitepreparation and special equipment

This is strictly a longitudinal conflict, straigpith test requiring a site large enough
for the establishment of steady-state initial ctinds, adequate distance for the conflict
to occur, and sufficient room for the conflict te kesolved safely. As outlined in section
7 and shown in Figure 35, this test will be conddcit the Dana test track using Set-up
S1. The initial conditions for the test will be g¢al using a set of cones. See section 7 for
a more explicit explanation including detailed figsi of how these tests will be staged.
Section 7 also includes tables for estimating itne &and distance needed to stage the test
given the constraints of the facility chosen. Trecpment of the cones, relative to the
start of the straight section of track given in 8t this particular test is shown below in
Table 6 (a negative distance means the cone isgla&fore the straight section of track).
The cones are labeled to indicate their purpose.gemeral scenario for executing the
testis:

» SV travels around the track at the desired testdpethe center of the designated
lane.

* The POV1 and POV2 are stopped at cone 2.

* When the SV passes cone 1 the driver or experimargieucts the POV1 and
POV2 to start.

« The POV2 driver accelerates at the nominally cons&te of 1.5 m/s(the POV2
driver is assisted by a windshield mounted accaieter) for 10.4 seconds to
reach the desired speed in the space between 2@mes3 while staying in the
center of the designated lane.

» POV1 follows POV2 at the desired range using tielt@f a predetermined length
as a guide to the specified following range for et

» |If staged correctly the POV1 and POV2 will reache&® simultaneously with the
SV entering the straight section of the track wiité desired initial conditions.
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Table 22. Conelocation for rear-end with a constant speed POV

Cone Distance, m Label/Purpose
1 -233 SV commands POV to start
2 69 From a stop the POV accelerates at 1.5 m/s’
3 150 POV?2 at specified speed in 10.4 seconds

2.9.5 Drivinginstructions
Subject vehicle driver:

1. The driver accelerates, in the center of thectetl lane, to the desired speed
and engages the cruise control. If necessary,rtieragshould use the cruise-
control speed-adjustment buttons to attain therel@speed.

2. At the specified speed, and upon passing cotieHriver (or accompanied
experimenter) commands the POV1 and POV2 drivessait driving.

3. The SV driver then continues along the centé¢hefselected lane at the
commanded speed closing on the POV1 in a stragghios of the test track.

4. Upon a warning by the FCW system or if the SWeirsenses a crash is
imminent the test is aborted.

5. The SV driver then brakes appropriately whikesng to the left to avoid the
POV1 and POV2.

Principal other vehicle 2 driver:

1. From a stopped position located at cone 2 (either adjacent to selected
lane) the driver waits for the experimenter in $\éto give the start
command.

2. The POV2 driver then accelerates steadily taltered speed using cone 3, a
window mounted accelerometer, and an estimatedwimeéow.

3. At the desired speed the POV2 engages the aaoigeol and makes small
adjustments to speed if necessary while stayiigarcenter of the designated
lane.

4. Upon theabort command from the SV experimenter, the POV2 driver
accelerates while steering to the right and tordeaath for the SV.
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Principal other vehicle 1 driver:

1. From a stopped position located at cone 2 (either adjacent to selected
lane) the POV1 driver waits for the experimentethia SV to give the start
command.

2. The POVL1 driver then accelerates steadily beR@§?2 using telltales to
keep a constant distance from POV2.

3. At the desired speed the POV1 continues tooR®V2 make small
adjustments in speed to control the distance beRdd2 while staying in the
center of the designated lane.

4. Upon theabort command from the SV experimenter, the POV1 driver
accelerates while steering to the right and toradeaath for the SV.

2.10RE-10. Rear-end conflict with POV after a cut-in by  the POV
(Required Test)

This test is intended to verify the timeliness dBiwy a new in-path vehicle and the
appropriateness of an FCW when a slower moving Banges lanes in front of the SV.
The lane-change/cut-in by the POV should occuriwithe forward-conflict region of
the FCW system on the SV.

2.10.1 Test concept: initial, transitional, war ning conditions and conflict resolution

Figure 10 shows the initial, transitional and finahditions for the rear-end conflict
with a slower POV after a lane change by the PQ\& ihitial conditions are in the top
of the figure and show a constant speed SV appiogehsiower constant-speed POV
that is traveling in an adjacent lane to the rigithe SV. Then, at a predetermined range,
the driver of the POV changes lanes to the leftant of the SV. Next, the figure
illustrates that a warning should occur when ther&thes the Rw as specified by the
designers of the FCW system. Finally, the bottortheffigure shows that upon a
warning or when the SV driver senses a crash isimam with the POV, the conflict is
resolved by the SV slowing and moving laterallytte right while the POV accelerates
and moves to the left to avoid a crash.
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Initial conditions—Constant speed SV approaches from long range a slower-constant
speed POV in an adjacent lane.

Warning conditions—A warning is issued at the appropriate range, R..,,, per the system
specification

Conflict resolution—Following an FCW or when the SV driver senses a crash is imminent

the conflictis resolved by both speed and lateral position changes by the SV and POV.
e

Slowing Constant speed  Accelerating
Subject vehicle zg@sﬂiﬁ ‘gﬁﬂ@ Tﬁcﬁﬂl}'
Principal other vehicle S[__1]4)pov pov 1M pov

Lateral movement

right left
—

Attempted lat. movement

right
e

left

Figure 10. Test concept for rear-end conflict with POV after a cut-in by the POV.

2.10.2 Performance measures and criteria for pass/fail determination

For a run of this test to be considered valid,ititéal and transitional conditions for
that run must be satisfied. These conditions arergin Table 23. The table is separated
into two sections; the top section shows the tastgtdy-state initial conditions for the
test, while the bottom sections shows transitimamatics that induce a conflict. In
some procedures the initial conditions are by mataenflict laden and a transitional event
is not necessary, while in other procedures thexgbm more than one transitional event.
The table shows the performance measure variabl@rget value, and acceptable
tolerance. The notes below the table give the rfiglesvaluating if the initial and
transitional conditions have been satisfied alortt wther criteria that if not followed
invalidate the run.

For evaluation purposes the following time winddves'e been defined:

» Steady-state: the time from the start of the rum artransitional action, a
warning or the end of the run as determined byekperimenter and as
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applicable in the no-warn scenarios or proceduratsare aborted due to
concern of the SV driver or experimenter.

» Transitional: the time from the start of a trarmfl action to the time of a
warning, the end of the run, or a return to a stesidte condition. Note: there
may be more than one transitional event in procegitivat involve multiple
threats and multiple POVs.

Table 23. Run validity criteriafor rear-end conflict with POV after a cut-in by the POV.

Steady-state variables Target Value * Tolerance
Vsy, M/s 20.1 (45 mph) 1.0

Transitional test variables Target Value + Tolerance
Vsy, M/s 20.1 (45 mph) 1.0
Vpovi, M/s 15.7 (35 mph) 1.0
Initial Range”, m 30.0 8.0
Initial Range-rate, m/s -4.4 15

Steady-state: The minimum and maximum valuesgfd6 not exceed the
target value and associated tolerances over aohdeandow ending at
the start of the transition event by the POV.

Transitional: The minimum and maximum value gf,\and \boy1 do not
exceed the target and associated tolerances bethestart of the
transitional time (POV is identified as the prim&g@W target) and the
time of the FCW.

The SV driver does not touch the brake pedal bafeed-CW is issued.
The SV remains in the center of the designateddamieg the entire test.
The POV driver does a modestly aggressive lanegehkasting from 3 to
6 seconds.

All standard test-conditions, test-settings antt¢és criteria for this run
are followed.

The criteria for passing a Required test involuessessfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Test3able 24 below gives the acceptable values agidtiierances for
evaluating if the warning was issued per the desiggmt of the IVBSS subsystem. The
note(s) below the table explain the procedure Yatuating the pass/fail performance

measures.

! This is the range at which the lateral centertihthe POV crosses the boundary line between tharg&V

POV.
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Table 24. Pass/fail criteriafor rear-end conflict with POV after a cut-in by the POV.

Run pass/fall criteria Target + Tolerance
value'?

Time-to-Warngcw,, S
Rdotrcy, m/s
FCW Alert Type

* The value of Time-to-Wagg, and Rdatoy at the time of the warning must
be within the target value and associated tolerérceach measure shown
in the table above.

2.10.3 Exceptionsto the standard test conditions

There are no exceptions to the default conditi@dedailed in the section Definitions
and Standard Test Conditions.

2.10.4 Test site preparation and special equipment

The test will be conducted on the Skid Pad facdityRC. This facility is shown in
Figure 41. The test will be conduced in lanes 4%&oflthe TRC Skid pad in the northern
direction only with the SV is in lane 4 while th®W is in lane 5 and changes to the left
to lane 4.

The initial conditions for the test will be stagesing range measurements by the
IVBSS. Initially, both the SV and POV will travel the test speed of the SV with the
POV at least 110 m in front of the SV and in thetee of the adjacent lane. When both
vehicles are in a straight section of track the RfdVer decelerates quickly to the
desired speed while the experimenter reads theagigveen the two vehicles. At the
desired range, nominally 45 m, the experimentdruocts the POV driver to make a
moderately aggressive lane-change lasting 3 te@nsks into the SV lane to create the
longitudinal conflict and an FCW.

2.10.5Driving instructions
Subject vehicle driver:

1. The driver accelerates in the center of the faoe the Skid Pad to the desired
speed and engages the cruise control. If necedbargriver should use the
cruise-control speed-adjustment buttons to atteerdesired speed.

2. The SV driver then continues along the centéhefcenter lane at the
commanded speed closing on the POV, which is icémeer of the adjacent
lane to the right (lane 5).

2 The values are dependent of the actual systergrdasid should be determined by the user.
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3. Upon a warning by the FCW system or if the SMalrsenses a crash is
imminent the test is aborted.

4. The SV driver then brakes appropriately whigesing to the left to avoid the
POV.

Principal other vehicle driver:

1. Using range estimates by the experimenter gtpgoaimately 120 m in front
of the SV in center of the center lane travelinthatsame speed as the SV.

2. Then upon instruction by the experimenter, desgdrom the SV speed to the
specified test speed while staying in the centéhefiane. Engage the cruise
control at the desired speed to reduce variabiligpeed.

3. When instructed by the experimenter, make a stddee-change lasting 3 to
6 seconds into the SV lane to create a longitudioaflict.

4. Upon theabort command from the SV experimenter, the POV driver
accelerates while steering to the right and toradeaath for the SV.

2.11 RE-11. Rear-end conflict with a slowing POV1 after = POV2 cut-out
(Engineering Test)

This test is intended to verify the appropriaterfsan FCW when the SV encounters
a slowing vehicle after the cut-out of an internagelivehicle.

2.11.1 Test concept: initial, transitional, warning conditions and conflict resolution

Figure 11 shows the initial, transitional and finahditions for the rear-end conflict
with a constant speed POV. The initial conditioresia the top view of the figure and
show the SV, POV1 and POV2 traveling at nomindily $ame speed at a specified
initial range in the center of the same lane. Tordlict is initiated when POV1 slows at a
constant rate. Shortly after POV1 begins to slo@yP makes a moderate lane-change
maneuver to the left exposing POV1 to the SV. Whening condition occurs when
either an FCW is issued or the SV driver senseashds imminent with POV1. The
conflict is resolved by both speed and lateral tpgmsichanges by the SV and POV1.
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Initial conditions: SV, POV1 and POV?2 are traveling at nominally the same speed at the
specified initial range.

povz ) Povi

Warning conditions—A warning is issued at the appropriate range, R-.,,, per the system
specification

AT pove

) Roovi = Recyr ME__TIV Pov1

Conflict resolution—Following a warning or if the SV driver senses a crash is imminent the
conflictis resolved by both speed and lateral position changes by SV and POV1.

[T rove
S0 POV

Slowing Constant speed  Accelerating

Subject vehicle g,gcgsvjfﬂ E@E@ ::E’%S\/jﬁ
) ST I Povi povi (] |TPovi

I pova [CI] Jpove [T pova

1** Principal other vehicle

2nd Principal other vehicle

Lateral movement Attempted lat. movement
right left right left

Figure 11. Test concept for rear-end with POV 1 after a cut-out by POV2

2.11.2 Performance measures and criteria for pass/fail determination

For a run of this test to be considered valid,ititéal and transitional conditions for
that run must be satisfied. These conditions arengin Table 25. The table is separated
into two sections; the top section shows the tastgtdy-state initial conditions for the
test, while the bottom sections shows transititmamatics that induce a conflict. In
some procedures the initial conditions are by matanflict laden and a transitional event
is not necessary, while in other procedures thexgbe more than one transitional event.
The table shows the performance measure variabl@grget value, and acceptable
tolerance. The notes below the table give the faglesvaluating if the initial and
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transitional conditions have been satisfied alortt wther criteria that if not followed
invalidate the run.

For evaluation purposes the following time winddvas’e been defined:

» Steady-state: the time from the start of the rum artransitional action, a
warning or the end of the run as determined byekperimenter and as
applicable in the no-warn scenarios or proceduratsare aborted due to
concern of the SV driver or experimenter.

» Transitional: the time from the start of a trartl action to the time of a
warning, the end of the run, or a return to a stesidte condition. Note: there
may be more than one transitional event in procegitivat involve multiple
threats and multiple POVs.

Table 25. Run validity criteriafor rear-end conflict with a owing POV 1 after POV 2 cut-out.

Steady-state variables Target Value * Tolerance
Vsy, M/s 17.9 (40 mph) 1.0
Vpovi, M/s 17.9 (40 mph) 1.0
Vpovz2, M/s 17.9 (40 mph) 1.0
Rpovz, M 50 5.0
Reovi, M Rpovz +18 m 20
1 Transition test variables Target Value + Tolerance
Vsy, M/s 17.9 (40 mph) 1.0
Vpovz2, M/s 17.9 (40 mph) 1.0
AXpoyy, M/s -15 0.5

» Steady-state: The minimum and maximum values$f Veovz, and Rovz
do not exceed the target values and their assddialierances over a 2
second window ending at the start of the transiéeent by the POV1.

» Transitional: The average acceleration of the PQWA/At--measured
while the brake switch is high) is within the desirange given above for
AXpov1.

» Transitional: The lane change by POV2 begins lsdedter POV1 begins
to slow

» Transitional: The minimum and maximum value @f,Yemains within the
desired range from the start of the braking evgriR@V1 to the time of
the FCW.

* POV2 make a quick lane-change lasting 4 to 5 sexergosing POV1.

» The SV driver does not touch the brake pedal bafegd-CW is issued.

* The SV remains in the center of the designateddamieg the entire test.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.
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The criteria for passing a Required test involuecessfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Test3able 26 below gives the acceptable values agidtitierances for
evaluating if the warning was issued per the desitgnt of the IVBSS subsystem. The
note(s) below the table explain the procedure Yatuating the pass/fail performance
measures.

Table 26. Pass/fail criteriafor rear-end conflict with a slowing POV 1 after POV 2 cut-out.

Run pass/fall criteria Target + Tolerance
value™

Recw, M

Rdotpcw, m/s

FCW Alert Type

» The value of Roy and Rdatoy at the time of the warning must be within
the target value and associated tolerance for e&esure shown in the
table above.

2.11.3 Exceptionsto the standard test conditions

There are no exceptions to the default conditi@detailed in the section Definitions
and Standard Test Conditions.

2.11.4 Test site preparation and special equipment

This is longitudinal conflict, straight-path testolving a braking event by POV1 and
a lane-change maneuver by the POV2. To conductdbisequires a site large enough
for the establishment of steady-state initial ctods, adequate distance for the conflict
to occur, and sufficient room for the conflict te kesolved safely. As outlined in section
7 and shown in Figure 36, this test will be conddcit the Dana test track using Set-up
S2. The initial conditions for the test will be g¢a using a set of cones. See section 7 for
a more explicit explanation including detailed figsi of how these tests will be staged.
Section 7 also includes tables for estimating itne &and distance needed to stage the test
given the constraints of the facility chosen. Trecpment of the cones, relative to the
start of the straight section of track given in 82 this particular test is shown below in
Table 27 (a negative distance means the conedsglaefore the straight section of
track). The cones are labeled to indicate theippse. The general scenario for executing
the test is:

3 The values are dependent of the actual systergrdasid should be determined by the user.
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e SV travels around the track at the desired testdpethe center of the designated
lane. For this test the designated lane is the-ngpst of the two adjacent lanes.

* The POV2 is stopped at cone 2 and POV1 is stoppeah& 3. Both vehicles are
in the same lane as the SV

* When the SV passes cone 1 the driver or experimargieucts the POV1 and
POV2 to start.

« The POV2 driver accelerates at the nominally constte of 1.5 m/s(the POV2
driver is assisted by a windshield mounted accaieter) for 12.0 seconds to
reach the desired speed in the space between 2@mes4 while staying in the
center of the designated lane. The POV1 driverlaces at the nominally
constant rate of 1.5 nf/for 12.0 seconds to reach the desired speed ispéee
between cones 3 and 5 while staying in the ceritdreodesignated lane.

» Upon reaching cone 6, POV1 begins a constant detiele at the desired level
using cone 7 as a guide to finishing the event.

* Upon the start of braking by POV1, the driver of\EOwaits 1 second and begins
a modest lane-change to the left revealing POMhed®sV.

Table 27. Cone location for rear-end conflict after a lane change by a dower moving POV

Cone Distance, m Label/Purpose
1 -213 SV commands POV1 and POV?2 to start
2 -46.7 From a stop the POV2 accelerates at 1.5 m/s”
3 -26.7 From a stop the POV1 accelerates at 1.5 m/s”
4 40 POV2 reaches speed in 12 seconds
5 60 POV1 reaches speed in 12 seconds
6 80 POV1 begins to decelerate at 1.5 m/s’
7 160 POV1 reaches target transition speed

2.11.5Driving instructions
Subject vehicle driver:

1. The driver accelerates, in the center of thectetl lane, to the desired speed
and engages the cruise control. If necessary,rtieragshould use the cruise-
control speed-adjustment buttons to attain therel@sipeed.

2. At the specified speed, and upon passing cottee driver (or accompanied
experimenter) commands the POV1 and POV2 drivessaio.

3. At cone 6 prepare for the POV1 to begin a tteorsevent.

4. Upon a warning by the FCW system or if the SWeairsenses a crash is
imminent abort the test.

5. The SV driver then brakes appropriately whikesng to the left to avoid the
POV1.
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Principal other vehicle driver (POV1):

1. From a stopped position located at cone 3 amloeircenter lane of the track,
the driver waits for the experimenter in the S\giwe the start command.

2. The driver then accelerates steadily to theréésipeed using cone 5, a
window mounted accelerometer, and an estimatedwimaow.

3. At cone 6, decelerate steadily to the desire@dsing cone 7 as a guide
along with a window mounted accelerometer, andséimated time window.

4. Upon theabort command from the SV experimenter, the POV driver
accelerates while steering to the right and toradeaath for the SV.

Principal other vehicle driver (POV2):

1. From a stopped position located at cone 2 amloeircenter lane of the track,
the driver waits for the experimenter in the S\giwe the start command.

2. The driver then accelerates steadily to therdésipeed using cone 4, a
window mounted accelerometer, and an estimatedwimeéow.

3. One second after POV1 begins to brake make @&shémhe change to the left
toward the inner lane and expose POV1 to the SV.

4. One out of the center lane, accelerate to thenarea and allow POV1 and
the SV room to maneuver and avoid a conflict.

2.12RE-12. Rear-end conflict with a constant speed moto  rcycle
(Required Test)

This test is intended to verify the appropriaterdsan FCW when the SV
approaches, from behind and from long range, aesilomoving motorcycle in the center
of the same lane.

2.12.1 Test concept: initial, transitional, warning conditions and conflict resolution

Figure 12 shows the initial, transitional and finahditions for the rear-end conflict
with a constant speed POV. The initial conditioresia the top third of the figure and
show a constant speed SV approaching from longerargjower-moving constant-speed
POV at a closing rate at the desired closing r&te.center of the figure shows that a
warning should occur when the SV reaches thgyRs specified by the designers of the
FCW system. Finally, the bottom of the figure shakat the conflict is resolved when
the SV slows and moves laterally to the right while POV accelerates and moves to the
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left to avoid a crash. If the driver of the SV sehsa crash is imminent at any time during
the test the test is aborted.

Initial conditions—Constant speed SV approaches from long range a slower-constant

Warning conditions—A warning is issued at the appropriate range, R.,,, per the system

specification

Reov = Recwr M

Conflict resolution—Following an FCW or when the SV driver senses a crash is imminent
the conflictis resolved by both speed and lateral position changes by the SV and POV.

Slowing Constant speed  Accelerating

Principal other vehicle CJ,POV POV /Ppo\/

Subject vehicle
S

Lateral movement  Attempted lat. movement
right left right left

Figure 12. Test concept for rear-end conflict with a constant speed POV
(motorcycle).

2.12.2 Performance measures and criteria for pass/fail determination

For a run of this test to be considered valid,ititéal and transitional conditions for
that run must be satisfied. These conditions arergin Table 28. The table shows the
target steady-state initial conditions for the .tdstsome procedures the initial conditions
are by nature conflict laden and a transitionahév&not necessary, while in other
procedures there maybe more than one transitimealteThe table shows the
performance measure variable, its target value aandptable tolerance. The notes below
the table give the rules for evaluating if theialiand transitional conditions have been
satisfied along with other criteria that if notltaked invalidate the run.

For evaluation purposes the following time winddvas'e been defined:

» Steady-state: the time from the start of the rum artransitional action, a
warning or the end of the run as determined byekperimenter and as
applicable in the no-warn scenarios or proceduratsare aborted due to
concern of the SV driver or experimenter.
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Table 28. Run validity criteria for rear-end conflict with a constant speed POV (motorcycle).

Steady-state variables Target Value + Tolerance
Vsy, M/s 22.4 (50 mph) 1.0
Vpovi, M/s 13.4 (30 mph) 1.0
Rdotpoye, m/s -9.0 1.5
Initial Rpovi, M 120 10.0

» Steady-state: The minimum and maximum valuesgyf Vpoy and
Rdokoy over a 2 second window ending at the time of G&/cannot
exceed the target values and their associatecimes given above.

» Steady-state: The initial sensing range is grehter 110 m

* The SV and POV drivers do not touch the brake peetre the FCW is
issued.

» Both the SV and POV remain in the center of thegieded lane until a
FCW is issued.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Test3able 29 below gives the acceptable values agidtitierances for
evaluating if the warning was issued per the desitgnt of the IVBSS subsystem. The
note(s) below the table explain the procedure Yatuating the pass/fail performance
measures.

Table 29. Pass/fail criteriafor rear-end conflict with a constant speed POV (motorcycle).

Run pass/fail criteria Target + Tolerance
value™

Recw, M

Rdotpcw, m/s

FCW Alert Type

» The value of Rov and Rdatoy at the time of the warning must be within
the target value and associated tolerance for e&esure shown in the
table above.

2.12.3 Exceptionsto the standard test conditions

Other than the POV is a motorcycle, there are metons to the default conditions
as detailed in the section Definitions and Standast Conditions.

% The values are dependent of the actual systergrdasid should be determined by the user.
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2.12.4 Test site preparation and special equipment

This is strictly a longitudinal conflict, straigpith test requiring a site large enough
for the establishment of steady-state initial ctods, adequate distance for the conflict
to occur, and sufficient room for the conflict te kesolved safely. As outlined in section
7 and shown in Figure 35, this test will be conddcit the Dana test track using Set-up
S1. The initial conditions for the test will be g¢a using a set of cones. See section 7 for
a more explicit explanation including detailed figsi of how these tests will be staged.
Section 7 also includes tables for estimating itne &and distance needed to stage the test
given the constraints of the facility chosen. Trecpment of the cones, relative to the
start of the straight section of track given in 8t this particular test is shown below in
Table 30 (a negative distance means the conedsglaefore the straight section of
track). The cones are labeled to indicate theippse. The general scenario for executing
the test is:

» SV travels around the track at the desired testdpethe center of the designated
lane.

» The POV is stopped at cone 2.

* When the SV passes cone 1 the driver or experimargieucts the POV to start.

« The POV driver accelerates at the nominally coris&te of 1.5 m/s(the POV
driver is assisted by a windshield mounted acceleter) for 9 seconds to reach
the desired speed in the space between cones2white staying in the center of
the designated lane.

» If staged correctly the POV will reach cone 3 sitanéously with the SV entering
the straight section of the track with the desiretial conditions.

Table 30. Cone location for rear-end with a constant speed POV (motorcycle)

Cone Distance, m Label/Purpose
1 -220 SV commands POV to start
2 90 From a stop the POV accelerates at 1.5 m/s’
3 150 POV at specified speed in 9 seconds

2.12.5Driving instructions
Subject vehicle driver:

1. The driver accelerates, in the center of thectetl lane, to the desired speed
and engages the cruise control. If necessary,rtieragshould use the cruise-
control speed-adjustment buttons to attain therel@sipeed.

2. At the specified speed, and upon passing cottee driver (or accompanied
experimenter) commands the POV driver to startinigiv
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3. The SV driver then continues along the centéhefselected lane at the
commanded speed closing on the POV in a straighipseof the test track.

4. Upon a warning by the FCW system or if the SWeirsenses a crash is
imminent the test is aborted.

5. The SV driver then brakes appropriately whikesng to the left to avoid the
POV.

Principal other vehicle driver:

1. From a stopped position located at cone 2 (either adjacent to selected
lane) the driver waits for the experimenter in $\éto give the start
command.

2. The POV driver then accelerates steadily tadtwred speed using cone 3
and an estimated time window.

3. At the desired speed the POV engages the aargeol and makes small
adjustments to speed if necessary while stayirigarcenter of the designated
lane.

4. Upon theabort command from the SV experimenter, the POV driver
accelerates while steering to the right and tordeaath for the SV.

3 Lane Change/Merge Warning Tests

The procedures described in this section are dedigmthoroughly test the LCM
sub-system for repeatability and pertinence. Ed¢heotests involve both longitudinal
and lateral position changes and although the Lg&tesn is primarily concerned with
the presence of vehicles in adjacent lanes, itlzdsoa predictive element that alerts the
SV driver if a vehicle is entering the region adjaicto the subject vehicle.

3.1 LC-1. Lane-change conflict with adjacent POV inab lind spot on the
right (Required Test)

This test is intended to verify the appropriaterdsan LCW when the SV signals
and begins to change lanes to the right while tii@cant lane is occupied by another
vehicle that is located in the foremost blind-spdh the front bumper of the POV
aligned with the front bumper of the SV. The teshtended to use information provided
by the laterally oriented proximity sensors of &V system. In this test both vehicles
are traveling at the same forward speed.
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3.1.1 Test concept: initial, transitional, warning conditions and conflict resolution

Figure 13 shows the initial, transitional, warnangd conflict resolution conditions
for a lane-change conflict. The test begins witthiibe SV and POV are traveling
nominally at the same speed in the center of ttesignated lanes with the front bumper
of the POV aligned with the front bumper of the SV¥e conflict initiates when the SV
driver uses the right-side turn indicator and maeethe right with a lateral velocity,
LatVsy, between 0.1 and 0.4 m/s. The test ends when & isGssued or the SV driver
senses a crash is imminent. The conflict is resbbyea lateral position change to the left

by the SV driver.

Initial conditions—Both the SV and POV are traveling nominally atthe same speed in the
center of their designated lanes with the front bumper of the POV aligned with the front

bumper of the SV

sv EEED LatV, = 0.0 m/s

—_—— e = — — =LAV, S00M/s = m— e e— — e— —— —— —

POV Vg = Veoy

Conflict transition—SV driver signals and moves to the right with a lateral velocity, LatV,,,
between 0.1 and 0.4 m/s

Warning conditions—A LCW is issued at the appropriate range, LatDisf .,,, per the
system specification

=11 Jeov
Conflict resolution—Following the LCW or if the SV driver senses a crash is imminent the
conflictis resolved by lateral position changes by the SV

Constant speed
sv

Subject vehicle

Principal other vehicle POV
Lateral movement Attempted lat. movement
right left right left

Figure 13. Test concept for lane-change conflict with POV in blind-spot (front
bumper) on right.

3.1.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititgal and transitional conditions for
that run must be satisfied. These conditions arengin Table 31. The table shows the
target steady-state initial conditions for the .tdstsome procedures the initial conditions
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are by nature conflict laden and a transitionahév&not necessary, while in other
procedures there maybe more than one transitimealteThe table shows the
performance measure variable, its target value aandptable tolerance. The notes below
the table give the rules for evaluating if theialiand transitional conditions have been
satisfied along with other criteria that if notltaked invalidate the run.

For evaluation purposes the following time winddvas'e been defined:

» Steady-state: the time from the start of the rum artransitional action, a
warning or the end of the run as determined byekperimenter and as
applicable in the no-warn scenarios or proceduratsare aborted due to
concern of the SV driver or experimenter.

» Transitional: the time from the start of a trarfl action to the time of a
warning, the end of the run, or a return to a stesidte condition.

Table 31. Run validity criteria for lane-change conflict with POV in blind-spot (front bumper) on

right.

Steady-state variables Target Value * Tolerance
Vsy, M/s 17.9 (40 mph) 1.0
Vpovi, M/s 17.9 (40 mph) 1.0

Transitional test variables Target Value + Tolerance
LatVsy, m/s 0.25 0.15

» Steady-state: The minimum and maximum valuesgyfavid \bov1 do not
exceed the target values and their associateciues over a 2 second
window ending at the time of the LCW.

» Transitional: The average value of Lgt\'s within the tolerance given
above over a 1 second window ending at the tinthef CW.

* The right-side turn indicator is on at least 1 secprior to the LCW.
» The SV driver does not touch the brake pedal beafard. CW is issued.

» The SV starts the lateral movement to the righinftbe center of the
designated lane.

* The POV remains in the center of the adjacent #rtlee appropriate
longitudinal position as specified for the test.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.
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The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Test3able 32 below gives the acceptable values agidtitierances for
evaluating if the warning was issued per the desitgnt of the IVBSS subsystem. The
note(s) below the table explain the procedure Yatuating the pass/fail performance
measures.

Table 32. Pasg/fail criteria for lane-change conflict with POV in blind-spot (front bumper) on right.

Run pass/fall criteria Target value®® + Tolerance
LatDiSthw, m

» The value of LatDistw at the time of the warning must be within the
target value and associated tolerance as showre itable above.

3.1.3 Exceptionsto the standard test conditions

In addition to the default conditions as detailedhie section Definitions and
Standard Test Conditions, the following exceptiaresnecessary for this procedure:

The test is to be run with a tractor and singleigesier combination where the
semi-trailer is a typical dry-freight van betweénahd 53 feet with a box width of 102
inches and is unloaded in terms of additional camggummy weights.

3.1.4 Test sitepreparation and special equipment

The test will be conducted on the Skid Pad facdityRC. This facility is shown in
Figure 41. The test will be conduced in lanes 4&nfithe TRC Skid pad traveling in the
northern direction only. For the test, the SV itine 4, and the POV is in lane 5. The SV
driver will signal to the right and attempt a last&nge to the right causing the lateral
conflict and the LCW. No changes to the existingrmtary markers are required for this
test.

3.1.5 Drivinginstructions
Subject vehicle driver:

1. Drive in the center of the designated lane adisired test speed using either
cruise control or manual control of the throttle.

!> The values are dependent of the actual systergrdasid should be determined by the user.
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2. On an adequate straight section of track wighRBV in position, use the turn
indicator to signal to the right. Wait one second hegin a slow lane change
maneuver toward the POV.

3. Abort or end the test upon a warning by the L&Mgtem or if a crash is
imminent.

4. Return to the center of the designated lane.
Principal other vehicle driver:

1. Drive in the center of the designated lane withfront bumper of your
vehicle aligned with the front bumper of the SV.iMain the desired test
speed using either cruise control or manual cowmtirtthe throttle.

3.2 LC-2. Lane-change conflict with adjacent POV inab lind spot on the
left (Required Test)

This test is intended to verify the appropriaterdsan LCW when the SV signals
and begins to change lanes to the left while thacadt lane is occupied by another
vehicle that is located alongside the SV traildre Test is intended to use information
provided by the rear-facing long-range LCW sendorthis test both vehicles are
traveling at the same forward speed.

3.2.1 Test concept: initial, transitional, warning conditions and conflict resolution

Figure 14 shows the initial, transitional, warnangd conflict resolution conditions
for a lane-change conflict. The test begins with 8V and POV traveling nominally at
the same speed in the center of their designates kaith the front bumper of the POV
aligned laterally with the longitudinal center b&tSV trailer. The conflict is initiated
when SV driver signals and moves to the left withtaral velocity, Lat\é, , between 0.1
and 0.4 m/s. The test ends when an LCW is issudfiedBV driver senses a crash is
imminent. The conflict is resolved by a lateral ifoa change to the right by the SV.
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Initial conditions—Both the SV and POV are traveling nominally at the same speed in the
center of their designated lanes. The POV is on the left side of the SV trailer. The front
bumper of the POV is aligned with the longitudinal center of the SV trailer.

POV LatV,, = 0.0 m/s

TS g TR T T T T T T

Conflict transition—SV driver signals and moves to the left with a lateral velocity, LatV g, ,
between 0.1 and 0.4 m/s

Warning conditions—An LCW is issued at the appropriate range, LatDis},,,, per the
system specification

POV a
________ - . Qjﬁj/f_ _——

Conflict resolution—Following the LCW or when the SV driver senses a crash is imminent
the conflictis resolved by lateral position changes to the right by the SV

Constant speed
Subject vehicle ‘ sv
Principal other vehicle pov
Lateral movement Attempted lat. movement
right left right left

Figure 14. Test concept for lane-change conflict with POV in blind-spot on the left.
3.2.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititéal and transitional conditions for
that run must be satisfied. These conditions arergin Table 33. The table shows the
target steady-state initial conditions for the.tdeatsome procedures the initial conditions
are by nature conflict laden and a transitionahév&not necessary, while in other
procedures there maybe more than one transitimealteThe table shows the
performance measure variable, its target value aandptable tolerance. The notes below
the table give the rules for evaluating if theialiand transitional conditions have been
satisfied along with other criteria that if notltaked invalidate the run.

For evaluation purposes the following time winddvese been defined:

» Steady-state: the time from the start of the rutil artransitional action, a
warning or the end of the run as determined bye#tpeerimenter and as
applicable in the no-warn scenarios or proceduratsare aborted due to
concern of the SV driver or experimenter.
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» Transitional: the time from the start of a trarmfl action to the time of a
warning, the end of the run, or a return to a stesidte condition.

Table 33. Run validity criteriafor lane-change conflict with POV in blind-spot (rear bumper) on left.

Steady-state variables Target Value * Tolerance
Vsy, M/s 17.9 (40 mph) 1.0
Vpovi, M/s 17.9 (40 mph) 1.0

Transitional test variables Target Value + Tolerance
LatVsy, m/s 0.25 0.15

» Steady-state: The minimum and maximum valuesgyfavid \bov1 do not
exceed the target values and their associatectues over a 2 second
window ending at the time of the LCW.

» Transitional: The average value of Lgt\'s within the tolerance given
above over a 1 second window ending at the tinthef. CW.

* The right-side turn indicator is on at least 1 secprior to the LCW.
» The SV driver does not touch the brake pedal beafard. CW is issued.

* The SV starts the lateral movement to the left ftbencenter of the
designated lane.

* The POV remains in the center of the adjacent #rtlee appropriate
longitudinal position as specified for the test.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopaance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Test3able 34 below gives the acceptable values agidtitierances for
evaluating if the warning was issued per the desiggmt of the IVBSS subsystem. The
note(s) below the table explain the procedure Yatuating the pass/fail performance
measures.

Table 34. Pass/fail criteria for lane-change conflict with POV in blind-spot on left.

Run pass/fail criteria Target value'® + Tolerance
LatDist, cw, M

'8 The values are dependent of the actual systergrdasid should be determined by the user.
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» The value of LatDistw at the time of the warning must be within the
target value and associated tolerance as showre itable above.

3.2.3 Exceptionsto the standard test conditions

In addition to the default conditions as detailedne section Definitions and
Standard Test Conditions, the following exceptiaresnecessary for this procedure:

The test is to be run with a tractor and singleigearier combination where the
semi-trailer is a typical dry-freight van betweénahd 53 feet with a box width of 102
inches and is unloaded in terms of additional camggummy weights.

3.24 Test site preparation and special equipment

The test will be conducted on the Skid Pad facdityRC. This facility is shown in
Figure 41. The test will be conduced in lanes 4&dveling in the southern direction
only. For the test, the SV is in lane 4, and th&R€in lane 5. No changes to the
existing boundary markers are required for thit tes

3.2.5 Drivinginstructions
Subject vehicle driver:
1. Drive in the center of the designated lane adisired test speed.

2. On an adequate straight section of track wighRBV in position, use the turn
indicator to signal to the left. Wait one second begin a slow lane change
maneuver toward the POV.

3. Abort or end the test upon a warning by the L&#&tem or if a crash is
imminent.

4. Return to the center of the designated lane.
Principal other vehicle driver:

1. Drive in the center of the designated lane wWithfront bumper of your
vehicle aligned with the mid-trailer side turn iodgior light of the SV trailer.
Maintain the desired test speed using either cieosérol or manual control
of the throttle.

3.3 LC-3. Lane-change conflict with an adjacent POV on  curve
(Engineering Test)

This test is intended to verify the appropriaterdsan LCW when the SV signals
and begins to change lanes to the left while tha&cadt lane is occupied by another
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vehicle that is located longitudinally near theteerf the SV trailer. In this test both
vehicles are traveling at the same forward speddhasmnegotiating a moderate radius
curve.

3.3.1 Test concept: initial, transitional, warning conditions and conflict resolution

Figure 15 shows the initial, transitional, warnangd conflict resolution conditions
for a lane-change conflict. The test begins witthiibe SV and POV traveling nominally
at the same speed in a moderate radius curve dhd genter of their designated lanes
with the front bumper of the POV aligned with tlhaditudinal center of the trailer. The
conflict initiates by when the SV driver engages tilrn signal and moves to the left with
a lateral velocity, Lat¥y, , between 0.1 and 0.4 m/s. The test ends wherCav is
issued at the appropriate range, LatRigt per the system specification or when the SV
driver senses a crash is imminent. The conflicts®lved by a lateral position change by
SV.

LatvV, = 0.0m/s
LatV,,, = 0.0 m/s
V,, =V,

sv POV

Initial conditions—Both the SV and
POV are traveling nominally at the
same speed in a moderate radius
curve and in the center of their
designated lanes. The POV is on the
left side of the SV trailer and the
front bumper of the POV aligns
longitudinally with the center of the
SV trailer

Conflict transition—The SV
driver engages the turn signal
and moves to the left with a
lateral velocity, LatVg,,,
between 0.1 and 0.4 m/s

Warning conditions—A LCW is
issued at the appropriate range,
LatDist, .y, per the system
specification

Conflict resolution—Following
the LCW or when the SV driver
senses a crash is imminent,
the conflictis resolved by

Constant speed lateral position changes by SV
Subject vehicle ‘ sv Ej@
Principal other vehicle Pov
Lateral movement Attempted lat. movement
right left right left

Figure 15. Test concept for lane-change into adjacent POV on curve.
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3.3.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititéal and transitional conditions for
that run must be satisfied. These conditions arengin Table 35. The table shows the
target steady-state initial conditions for the .tdstsome procedures the initial conditions
are by nature conflict laden and a transitionahév&not necessary, while in other
procedures there maybe more than one transitimealteThe table shows the
performance measure variable, its target value aandptable tolerance. The notes below
the table give the rules for evaluating if theialiand transitional conditions have been
satisfied along with other criteria that if notltaked invalidate the run.

For evaluation purposes the following time winddvas'e been defined:

» Steady-state: the time from the start of the rum artransitional action, a
warning or the end of the run as determined byekperimenter and as
applicable in the no-warn scenarios or procedurasare aborted due to
concern of the SV driver or experimenter.

» Transitional: the time from the start of a trarfl action to the time of a
warning, the end of the run, or a return to a stesidte condition.

Table 35. Run validity criteria for lane-change into adjacent POV on curve.

Steady-state variables Target Value * Tolerance
Vsy, M/s 17.9 (40 mph) 1.0
Vpovi, M/s 17.9 (40 mph) 1.0
Curve Radius 280 m 15

Transitional test variables Target Value + Tolerance
LatVsy, m/s 0.25 0.15

» Steady-state: The minimum and maximum valuesgyfavid \bov1 do not
exceed the target values and their associatecituaes over a 2 second
window ending at the time of the LCW.

» Transitional: The average value of Lgt\'s within the tolerance given
above over a 1 second window ending at the tinthef. CW.

* The right-side turn indicator is on at least 1 secprior to the LCW.
» The SV driver does not touch the brake pedal beafard. CW is issued.

* The SV starts the lateral movement to the left ftbencenter of the
designated lane.

* The POV remains in the center of the adjacent #rtlee appropriate
longitudinal position as specified for the test.
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» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Test3able 36 below gives the acceptable values agidtiierances for
evaluating if the warning was issued per the desitgnt of the IVBSS subsystem. The
note(s) below the table explain the procedure Yatuating the pass/fail performance
measures.

Table 36. Pass/fail criteria for lane-change into adjacent POV on curve.

Run pass/fail criteria Target value®’ + Tolerance
LatDist cyw, M

3.3.3 Exceptionsto the standard test conditions

In addition to the default conditions as detailedhie section Definitions and
Standard Test Conditions, the following exceptiaresnecessary for this procedure:

The test is to be run with a tractor and singleigearier combination where the
semi-trailer is a typical dry-freight van betweénahd 53 feet with a box width of 102
inches and is unloaded in terms of additional camggummy weights.

3.34 Test sitepreparation and special equipment

This is a longitudinal and lateral straight-patst teequiring two adjacent lanes and a
site large enough for the establishment of ste&aty #itial conditions and adequate
lateral space to perform the test without leavimgaed surface. The test lanes shall have
boundary markers on the both sides of each lartetbat the IVBSS system can identify
and accurately measure the lane width and lanetaffstances of the SV. The POV
vehicle shall maintain its position in the centeit® lane and if available a measure of
the lateral-lane offset of the POV shall be usedotafirm this condition. The boundary
that is approached by the subject vehicle shatlasted or solid. As outlined in section 7
and shown in Figure 39, this test will be condu@ethe Dana test track using Set-up
C1.

" The values are dependent of the actual systergrdasid should be determined by the user.
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3.3.5 Drivinginstructions
Subject vehicle driver:

1. Drive in the center of the designated lane @elaine) at the desired test
speed.

2. On the designated curved section of track iiéhROV in position, use the
turn indicator to signal to the left. Wait one sed@nd begin a slow lane
change maneuver toward the POV.

3. Abort or end the test upon a warning by the L&#tem or if a crash is
imminent.

4. Return to the center of the designated lane.
Principal other vehicle driver:

» Drive in the center of the designated lane (inaaelat Dana) with the front
bumper of your vehicle aligned with the longitudinanter of the SV trailer.
Maintain the desired test speed using either creos¢rol or manual control of
the throttle. Do not deviate from the center ofldmee while the SV approaches
from the right.

3.4 LC-4. Lane-change conflict with an adjacent POV on merge
(Engineering Test)

This test is intended to verify the appropriaterdsan LCW when the SV signals
and begins to merge left into a lane that is ocmliply another vehicle that is located in a
blind spot of the SV driver. In this test both w&&s are traveling at the same forward
speed.

3.4.1 Test concept: initial, transitional, warning conditions and conflict resolution

Figure 16 shows the initial, transitional, warnangd conflict resolution conditions
for a lane-change conflict. The test begins witthtiibe SV and POV traveling nominally
at the same speed in the center of their desighated with the front bumper of the
POV aligned with the longitudinal center of the 8&fler. The conflict initiates when the
SV driver engages the turn signal and moves téefthevith a lateral velocity, Laty,
between 0.2 and 0.6 m/s. The test ends when an isG88ued at the appropriate range,
LatDist2 cw, or when the SV driver senses a crash is immifiérg.conflict is resolved
by the SV moving laterally to the right while th©¥ driver moves laterally to the left.
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3.4.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititéal and transitional conditions for
that run must be satisfied. These conditions arengin Table 37. The table shows the
target steady-state initial conditions for the .tdstsome procedures the initial conditions
are by nature conflict laden and a transitionahév&not necessary, while in other
procedures there maybe more than one transitimealteThe table shows the
performance measure variable, its target value aandptable tolerance. The notes below
the table give the rules for evaluating if theialiand transitional conditions have been
satisfied along with other criteria that if notltaked invalidate the run.

For evaluation purposes the following time winddvas'e been defined:

» Steady-state: the time from the start of the rum artransitional action, a
warning or the end of the run as determined byekperimenter and as
applicable in the no-warn scenarios or procedurasare aborted due to
concern of the SV driver or experimenter.

» Transitional: the time from the start of a trartl action to the time of a
warning, the end of the run, or a return to a stesidte condition
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Initial conditions—Both the SV and POV are traveling nominally at the same speed in the
center of their designated lanes with POV on the left of the SV trailer. The front bumper of the

POV is aligned with the center of the SV trailer.

POV LatV

POV

=0.0m/s

VSV POV

Conflict transition—SV driver signals and moves to the left with a lateral velocity, LatV g,
between 0.2 and 0.6 m/s

Warning conditions—A LCW is issued at the appropriate range, LatDisf.,,, per the
system specification

Conflict resolution—Following the LCW or when the SV driver senses a crash is imminent
the conflictis resolved by the SV moving laterally to the right while the POV driver steers to
the left

Constant speed
Subject vehicle ‘ sv
Principal other vehicle POV
Lateral movement Attempted lat. movement
right left right left

Figure 16. Test concept for lane-change into adjacent POV on merge.

Table 37. Run validity criteria for lane-change into adjacent POV on merge.

Steady-state variables Target Value + Tolerance
Vsy, M/s 17.9 (40 mph) 1.0
Vpovi, M/s 17.9 (40 mph) 1.0
LOffsy, m 2.22 0.5

68




NOTICE
Thisdocument isdisseminated in the interest of information exchange only. It isnot intended to propose or prescribe
requirements outside of the [VBSS program. The U.S. DOT assumes no liability for its contents or use thereof.

» Steady-state: The minimum and maximum valuesfavid Vboy1 do not
exceed the target values and their associateciues over a 2 second
window ending at the time of the LCW.

» Transitional: The distance from the right fronetof the SV is a constant
distance of 1 m from the right-side boundary mafkeat least 2 seconds
prior to the LCW.

* The left-side turn indicator is on at least 1 secpnor to the LCW.
» The SV driver does not touch the brake pedal baferd CW is issued.

* The POV remains in the center of the lane at tipegggiate longitudinal
position as specified for the test.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Test3able 38 below gives the acceptable values agidtitierances for
evaluating if the warning was issued per the desitgnt of the IVBSS subsystem. The
note(s) below the table explain the procedure Yatuating the pass/fail performance
measures.

Table 38. Pass/fail criteriafor lane-change into adjacent POV on merge.

Run pass/fall criteria Target value’® + Tolerance
LatDiStchw, m

To conduct the test and determine if the warningssed near the target LatDigig
value, two cones will be placed on the track atemlptermined distance into the merging
lanes. These cones will mark the beginning andoéradregion that ensures the distance
between the SV and POV is near the target LatRjgtRalue considering the allowable
tolerance and that the SV and POV drivers maintair prescribed distances from the
known boundaries. To derive the location of theesoconsider Figure 17.

'8 The values are dependent of the actual systergrdasid should be determined by the user.
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LatDist2, o,

Figure 17. Conelocationsfor the lane-change into an adjacent POV on a merge.

The location of the cones was determined by meagtine lateral distance between
the left-side projected path of the POV and thasteng right-side boundary line of lane 6,
which narrows into lane 5. Table 39 shows thedigistance (Y) as function of
longitudinal distance (X) starting at end of thésérg solid lane boundary lines between
lanes 4, 5, and 6 and proceeding to the left imféid.7. The table also shows
LatDist2 cw, which is the difference between the lateral dista and a constant offset
that accounts for the track width of both vehi¢2$4 and 1.83 m for the SV and POV,
respectively) and the 1 m offset of right-side paitthe SV relative to right-side
boundary line of lane 6.

Table 39. M easurementsto deter mine the L C-4 warning zone.

X, m Y, m LatDist2, cyw,m
0.0 7.8 2.5
5.5 7.8 25
10.9 7.8 2.5
16.5 7.8 2.4
22.0 7.8 2.4
27.5 7.7 2.4
32.9 7.7 2.3
38.3 7.6 2.3
43.8 7.6 2.2
49.3 7.5 2.1
54.7 7.4 2.0
60.4 7.3 1.9
65.8 7.2 1.8
71.3 7.1 1.7
76.8 6.9 1.5

Given a forward speed of 17.9 m/s (40 mph) theayeetateral speed for the warning
zone is 0.21 m/8

9 This is estimated by taking the ratio betweenl#teral and longitudinal distance traveled mulégliby
the SV forward speed.
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3.4.3 Exceptionstothe standard test conditions

In addition to the default conditions as detailedhie section Definitions and
Standard Test Conditions, the following exceptiaresnecessary for this procedure:

The test is to be run with a tractor and singleigearier combination where the
semi-trailer is a typical dry-freight van betweénahd 53 feet with a box width of 102
inches and is unloaded in terms of additional camggummy weights.

3.4.4 Test sitepreparation and special equipment

The test will be conducted on the Skid Pad facdity RC. This facility is shown in
Figure 41. The test will be conduced using lanaad6 at the north end of the facility
where lane 6 narrows and merges with lane 5. Tdwdrthe test and determine if the
warning is issued near the target LatDisi2value, two cones will be placed on the track
at a predetermined distance into the merging lafesse cones will mark the beginning
and end of a region that ensures the distance batthe SV and POV is near the target
LatDist2 cw value considering the allowable tolerance andtt@aSV and POV drivers
maintain their prescribed distances from the knbeundaries or temporary chalk
markers on the pavement.

3.4.5 Drivinginstructions
Subject vehicle driver:

1. Drive in the center of the designated lane @elaine) at the desired test
speed.

2. On the designated straight section of track withPOV in position, use the
turn indicator to signal to the left and begin terge into the adjacent lane on
the left keeping the distance from the right-sidaf tire 1 m from the right-
side solid boundary line.

3. Abort or end the test upon a warning by the L&#tem or if a crash is
imminent.

4. Move laterally to the right to avoid the POV
Principal other vehicle driver:

1. Drive in the center of the designated lane withfront bumper of your
vehicle aligned with the longitudinal center of ¥ trailer. Maintain the
desired test speed using either cruise controlasrual control of the throttle.
Do not deviate from the center of the lane whike 8V approaches from the
right. Use the left side boundary marker or tempochalk marks as a guide
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to maintain a constant lateral distance from tfiedleundary and hence a
constant lateral position when the right-side bamdnarker disappears.

3.5 LC-5. Lane-change conflict with an adjacent POV aft  er passing
(Engineering Test)

This test is intended to verify the appropriaterdsan LCW when the SV signals
and begins to change lanes to the left while tha&cadt lane is occupied by another
vehicle that is being passed by the SV.

3.5.1 Test concept: initial, transitional, warning conditions and conflict resolution

Figure 18 shows the initial, transitional, warnangd conflict resolution conditions
for a lane-change conflict. The test begins when3¥ is passing the POV and both
vehicles are in the center of their designateddaée conflict starts when the front of
the POV is sensed by the LCW proximity sensors. S¥ariver then engages the turn
signal and moves to the left with a lateral veldifatVsy, between 0.1 and 0.4 m/s. The
test ends when an LCW is issued at the appropaatge, LatDistcw, or if the SV driver
senses a crash is imminent. The conflict is resbbyethe SV moving laterally to the
right while the POV driver steers to the left.
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Initial conditions—SV is passing the POV and both vehicles are in the center of their
designated lanes. The POV is on the left of the SV.

POV LatVSV =0.0m/s
_—e e — —— ———— — AtV 0.0 e —————
sV E[jD st > VPOV

Conflict transition—SV driver signals and moves to the left with a lateral velocity, LatV g,
between 0.1 and 0.4 m/s while the POV is in the LCW proximity zone

Warning conditions—An LCW is issued at the appropriate range, LatDis{ ., per the
system specification

Conflict resolution—Following the LCW or when the SV driver senses a crash is imminent
the conflictis resolved by lateral position changes by SV
I pov

Constant speed
Subject vehicle ‘ sV @j@
Principal other vehicle POV
Lateral movement Attempted lat. movement
right left right left

Figure 18. Test concept for lane-change into adjacent POV after passing.
3.5.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititéal and transitional conditions for
that run must be satisfied. These conditions arengin Table 40. The table shows the
target steady-state initial conditions for the .tdstsome procedures the initial conditions
are by nature conflict laden and a transitionahév&not necessary, while in other
procedures there maybe more than one transitimealteThe table shows the
performance measure variable, its target value aandptable tolerance. The notes below
the table give the rules for evaluating if theialiand transitional conditions have been
satisfied along with other criteria that if notltaked invalidate the run.

For evaluation purposes the following time winddvas'e been defined:

» Steady-state: the time from the start of the rum artransitional action, a
warning or the end of the run as determined byekperimenter and as
applicable in the no-warn scenarios or proceduratsare aborted due to
concern of the SV driver or experimenter.
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» Transitional: the time from the start of a trarmfl action to the time of a
warning, the end of the run, or a return to a stesidte condition.

The table shows the performance measure variabl@rget value, and acceptable
tolerance. The notes below the table give the rfiglesvaluating if the initial conditions
have been satisfied along with other criteria thaot followed invalidate the run.

Table 40. Run validity criteria for lane-change into adjacent POV after passing.

Steady-state variables Target Value + Tolerance
Vsy, M/s 20.1 (45 mph) 1.0
Vpovi, m/s 15.6 (35 mph) 1.0

Transitional test variables Target Value + Tolerance
LatVsy, m/s 0.25 0.15

» Steady-state: The minimum and maximum valuesfavid Vboy1 do not
exceed the target values and their associateciues over a 2 second
window ending at the time of the LCW.

» Transitional: The average value of Lgt{\'s within the tolerance given
above over a 1 second window ending at the tinthef. CW.

* The left-side turn indicator is on at least 1 secpnor to the LCW.
» The SV driver does not touch the brake pedal baferd CW is issued.

» The SV starts the lateral movement to the righiftbe center of the
designated lane.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Test3able 41 below gives the acceptable values agidtitierances for
evaluating if the warning was issued per the desitgnt of the IVBSS subsystem. The
note(s) below the table explain the procedure Yatuating the pass/fail performance
measures.

Table 41. Pasg/fail criteriafor lane-change into adjacent POV after passing.

Run pass/fall criteria Target value® + Tolerance
LatDiSthw, m

% The values are dependent of the actual systergrdasd should be determined by the user.
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3.5.3 Exceptionsto the standard test conditions

In addition to the default conditions as detailedhie section Definitions and
Standard Test Conditions, the following exceptiaresnecessary for this procedure:

The test is to be run with a tractor and singleigearier combination where the
semi-trailer is a typical dry-freight van betweénahd 53 feet with a box width of 102
inches and is unloaded in terms of additional camggummy weights.

3.5.4 Test sitepreparation and special equipment

This is a longitudinal and lateral straight-patst teequiring two adjacent lanes and a
site large enough for the establishment of ste&aty #itial conditions and adequate
lateral space to perform the test without leavim@eed surface. The test lanes shall have
boundary markers on the both sides of each lartetbat the IVBSS system can identify
and accurately measure the lane width and lanetaffstances of the SV. The POV
vehicle shall maintain its position in the centeit® lane and if available a measure of
the lateral-lane offset of the POV shall be usedotafirm this condition. The boundary
that is approached by the subject vehicle shatldasted or solid. As outlined in section 7
and shown in Figure 36, this test will be conducethe Dana test track using Set-up S2.

3.5.5 Drivinginstructions
Subject vehicle driver:
1. Drive in the center of the center lane at thardd test speed.

2. On an adequate straight section of track passltiwer POV. When the front
bumper of the POV is adjacent to the longitudireater of the trailer, use the
turn indicator to signal to the left. Wait two sads and begin a slow lane
change maneuver toward the POV.

3. Abort or end the test upon a warning by the L&&tem or if a crash is
imminent.

4. Return to the center of the designated lane.
Principal other vehicle driver:

1. Drive in the center of the designated lane atdigsired test speed using either
cruise control or manual control of the throttle.

75



NOTICE
Thisdocument isdisseminated in the interest of information exchange only. It isnot intended to propose or prescribe
requirements outside of the [VBSS program. The U.S. DOT assumes no liability for its contents or use thereof.

3.6 LC-6. Lane-change conflict with an approaching POV (Engineering
Test)

This test is intended to verify the appropriaterdsan LCW when the SV signals
and begins to change lanes to the left while th@cadt lane is about to be occupied by
another vehicle that approaching from behind anmhssing the SV.

3.6.1 Test concept: initial, transitional, warning conditions and conflict resolution

Figure 18 shows the initial, transitional, warnangd conflict resolution conditions
for a lane-change conflict. The test begins whenRBV is approaching SV at a slow to
moderate closing rate. Both vehicles are in théereasf their designated lanes. The
conflict starts when the POV is sensed by the L@®@ftooking sensors. The SV driver
then engages the turn signal and moves to thevitfta lateral velocity, Lat\, between
0.2 and 0.4 m/s. The test ends when an LCW isdsatthe appropriate range,

LatDist cw, or if the SV driver senses a crash is imminehe §onflict is resolved by the
SV moving laterally to the right.

3.6.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititéal and transitional conditions for
that run must be satisfied. These conditions arengin Table 42. The table shows the
target steady-state initial conditions for the .tdstsome procedures the initial conditions
are by nature conflict laden and a transitionahév&not necessary, while in other
procedures there maybe more than one transitimealteThe table shows the
performance measure variable, its target value aandptable tolerance. The notes below
the table give the rules for evaluating if theialiand transitional conditions have been
satisfied along with other criteria that if notltaked invalidate the run.
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Initial conditions—PQV is approaching SV at a slow closing rate. Both vehicles are in the
center of their designated lanes with the POV on the left of the SV.

POV LatV, = 0.0 m/s
=0.0m/s

_—— e —————— LatV,o,
sV Ej@ VF'OV > VSV

Conflict transition—SV driver signals and moves to the left with a lateral velocity, LatV
between 0.1 and 0.4 m/s while the POV is in the LCW proximity zone

Warning conditions—An LCW is issued at the appropriate range, LatDisf ,,, per the
system specification

Conflict resolution—Following the LCW or when the SV driver senses a crash is imminent
the conflictis resolved by lateral position changes by SV

Constant speed
SV

Subject vehicle

Principal other vehicle Pov
Lateral movement Attempted lat. movement
right left right left

Figure 18. Test concept for lane-change into approaching POV.
For evaluation purposes the following time winddvas’e been defined:

» Steady-state: the time from the start of the rum artransitional action, a
warning or the end of the run as determined byekperimenter and as
applicable in the no-warn scenarios or proceduratsare aborted due to

concern of the SV driver or experimenter.

» Transitional: the time from the start of a trarmtl action to the time of a
warning, the end of the run, or a return to a stesidte condition.

Table 42. Run validity criteria for lane-change into appr oaching POV.

Steady-state variables Target Value + Tolerance
Vsy, M/s 15.7 (35 mph) 1.0
Vpovi, M/s 20.1 (45 mph) 1.0

Transitional test variables Target Value + Tolerance
LatVsy, m/s 0.25 0.15
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» Steady-state: The minimum and maximum valuesfavid Vboy1 do not
exceed the target values and their associateciues over a 2 second
window ending at the time of the LCW.

» Transitional: The average value of Lgt\'s within the tolerance given
above over a 1 second window ending at the tinthef. CW.

* The left-side turn indicator is on at least 1 secpnor to the LCW.
» The SV driver does not touch the brake pedal baferd CW is issued.

* The SV starts the lateral movement to the left ftbmncenter of the
designated lane.

» The SV starts the lane change, as the front oP¥ is adjacent to trailer.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Test3able 43 below gives the acceptable values agidtiierances for
evaluating if the warning was issued per the desiggnt of the IVBSS subsystem. The
note(s) below the table explain the procedure Yatuating the pass/fail performance
measures.

Table 43. Pass/fail criteria for lane-change into approaching POV.

Run pass/fail criteria Target value® + Tolerance
LatDist, cw, M

» The value of LatDistw at the time of the warning must be within the
target value and associated tolerance as showre itable above.

3.6.3 Exceptionsto the standard test conditions

In addition to the default conditions as detailedhe section Definitions and
Standard Test Conditions, the following exceptiaresnecessary for this procedure:

The test is to be run with a tractor and singleigesier combination where the
semi-trailer is a typical dry-freight van betweénahd 53 feet with a box width of 102
inches and is unloaded in terms of additional camgdummy weights.

L The values are dependent of the actual systergrdasd should be determined by the user.
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3.6.4 Test sitepreparation and special equipment

This is a longitudinal and lateral straight-patst teequiring two adjacent lanes and a
site large enough for the establishment of ste&aty #nitial conditions and adequate
lateral space to perform the test without leavim@eed surface. The test lanes shall have
boundary markers on the both sides of each lartetbat the IVBSS system can identify
and accurately measure the lane width and lanetaffstances of the SV. The POV
vehicle shall maintain its position in the centeit® lane and if available a measure of
the lateral-lane offset of the POV shall be usedotafirm this condition. The boundary
that is approached by the subject vehicle shatldasted or solid. As outlined in section 7
and shown in Figure 36, this test will be conducethe Dana test track using Set-up S2.

3.6.5 Drivinginstructions
Subject vehicle driver:
1. Drive in the center of the center lane at thardd test speed.

2. On an adequate straight section of track andwiine POV driver instructs
you to start, turn on your left-side turn signaditnone second and begin to
change lanes to the left.

3. Abort or end the test upon a warning by the L&#&tem or if a crash is
imminent.

4. Return to the center of the designated lane.
Principal other vehicle driver:

1. Drive in the center of the designated lane adisired test speed using either
cruise control or manual control of the throttle.

2. On a straight section of track and when youapraoximately 3 m (10 ft)
from the rear bumper of the SV trailer instruct 8\ driver to signal and start
a lane change maneuver to the left.

4 Road Departure Warning Tests

The procedures for conducting five road departesestare detailed below. Four of
the tests are classified Bequiredand test the systems’ ability to warn when thaaleh
drifts laterally across a boundary marker on shriaaind curved sections of roadway. The
fifth procedure tests the systems’ warning capgbihen drifting across a boundary that
is adjacent to a solid barrier such as a guardsralersey barrier. The fifth test is
considered aingineeringtest.
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4.1 RD-1. Road departure toward opposing traffic lane—I  ow lateral
speed (Required Test)

This test is intended to verify the appropriaterdsan LDW when the SV drifts at a
slow rate toward an opposing-traffic lane as desiggh by two parallel yellow lines. The
lateral velocity of the SV with respect to the ldomaindary markers should be less than
0.5 m/s.

4.1.1 Test concept: initial, transitional, warning conditions and conflict resolution

Figure 19 shows the initial, transitional, warniagd conflict resolution conditions
for a road departure toward an opposing traffie lauith a low lateral speed (or across a
solid boundary—the IVBSS LDW system does not dggtieh between a double solid
line and a single line solid boundary). The tophef figure shows that the SV is traveling
at a constant speed in the center of the desigtetedNext, the SV moves to the right
with a low lateral velocity between 0.2 and 0.4 .nifsis is followed by a road-departure
warning at the appropriate distance from the bongynlkitze per the road departure system
specification. Finally the situation is resolvedtbg SV returning to the center of the
original lane.
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Initial conditions—The SV is traveling at a constant speed in the center of the designated
lane

Illllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll oot

Conflict transition—SV moves to the left with a low lateral velocity, LatV g, between 0.2
and 0.4 m/s

Warning conditions—An LDW is issued at the appropriate range, LatDis{,,, per the road
departure system specification
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Conflict resolution—Following the LDW or if the longitudinal center of the SV crosses the
boundary the conflictis resolved by the SV returning to the center of the original lane

Constant speed
Subject vehicle e

Lateral Attempted lat.

_ movement _movement
right left right left
o

—~— 7 T

Figure 19. Test concept for road departuretoward opposing traffic lane with low
lateral speed.

4.1.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititéal and transitional conditions for
that run must be satisfied. These conditions arengin Table 44. The table shows the
target steady-state initial conditions for the.tdatsome procedures the initial conditions
are by nature conflict laden and a transitionahév&not necessary, while in other
procedures there maybe more than one transitimealteThe table shows the
performance measure variable, its target value aandptable tolerance. The notes below
the table give the rules for evaluating if theialiand transitional conditions have been
satisfied along with other criteria that if notltaked invalidate the run.

For evaluation purposes the following time winddvese been defined:
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» Steady-state: the time from the start of the rum artransitional action, a
warning or the end of the run as determined byekperimenter and as
applicable in the no-warn scenarios or procedurasare aborted due to
concern of the SV driver or experimenter.

» Transitional: the time from the start of a trarmfl action to the time of a
warning, the end of the run, or a return to a stesidte condition.

Table 44. Run validity criteria for road departuretoward opposing traffic lane with low later al

speed.
Steady-state variables Target Value + Tolerance
Vsy, M/s 20.1 (45 mph) 1.0
Transitional test variables Target Value + Tolerance
LatVsy, m/s 0.3 0.1

e Steady-state: The minimum and maximum values%fd6 not exceed the
target values and their associated tolerancesaf2esecond window
ending at the time of the RDW

» Transitional: The average value of Lgi{\'s within the tolerance given
above over a 1 second window ending at the tintkeRDW.

* The SV driver does not touch the brake pedal bafegdRDW is issued.

* The SV starts the lateral movement toward the kemendary from the
center of the designated lane.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Test3able 45 below gives the acceptable values agidtitierances for
evaluating if the warning was issued per the desitgnt of the IVBSS subsystem. The
note(s) below the table explain the procedure Yatuating the pass/fail performance
measures.

82




NOTICE
Thisdocument isdisseminated in the interest of information exchange only. It isnot intended to propose or prescribe
requirements outside of the [VBSS program. The U.S. DOT assumes no liability for its contents or use thereof.

Table 45. Pass/fail criteria for road departuretoward opposing traffic lane with low lateral speed.

Run pass/fail criteria Target value® + Tolerance
LatDistgpyw, M

» The value of LatDis{pw at the time of the warning must be within the
target value and associated tolerance as showre itable above.

4.1.3 Exceptionsto the standard test conditions

There are no exceptions to the default conditi@detailed in the section Definitions
and Standard Test Conditions.

Note: low sun angles are an exception to procedure.

4.1.4 Test site preparation and special equipment

This is a longitudinal and lateral straight-patst teequiring a site large enough for the
establishment of steady-state initial conditiond adequate lateral space to perform the
test without leaving a paved surface. The test &uadl have boundary markers on the
both sides of the lane such that the vision bad@d/Rystem can identify and accurately
measure the lane width distance. The boundarygslagproached by the subject vehicle
shall be solid. As outlined in section 7 and shamvhkigure 35, this test will be conducted
at the Dana test track using Set-up S1 with thegban that the direction of travel will
be opposite from what is shown in the figure.

4.1.5 Drivinginstructions

Drive clockwise around the Dana track at the ddssggeed in the center of the inside
lane. At the section of track designated for tise, tgerform a small heading change
steering maneuver to the left to elicit a conslargral speed. At the time of the LDW
warning gradually steer back to the center of #me!l

4.2 RD-2. Road departure toward a clear shoulder—high |  ateral speed
(Required Test)

This test is intended to verify the appropriaterdsan LDW when the SV drifts at a
high rate toward a clear shoulder as designateddmfid white line. The lateral velocity
of the SV relative to the boundary marker shouldé®veen 0.6 and 0.8 m/s.

2 The values are dependent of the actual systergrdasd should be determined by the user.
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4.2.1 Test concept: initial, transitional, war ning conditions and conflict resolution

Figure 20 shows the initial, transitional, warniagd conflict resolution conditions
for a road departure toward an opposing traffielausith a low lateral speed. The top of
the figure shows that the SV is traveling at a tamisspeed in the center of the
designated lane. Next, the SV moves to the rigtit wilateral velocity between 0.6 and
0.8 m/s toward a clear shoulder. This is followgdload-departure warning at the
appropriate distance from the boundary line perdae departure system specification.
Finally the situation is resolved by the SV retamto the center of the original lane.

Initial conditions—The SV is traveling at a constant speed in the center of the designated
lane.

I!!I!!I!!!Ill!!!!!!l8§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§ st 11

Conflict transition—SV moves to the right with a low lateral velocity, LatV ,, between 0.6
and 0.8 m/s and approaches a solid boundary line.

Warning conditions—An LDW is issued at the appropriate range, LatDis{ ,,, per the road
departure system specification.

E=Eam N

Conflict resolution—Following the LDW or if the longitudinal center of the SV crosses the
boundary the conflictis resolved by the SV returning to the center of the original lane.

Constant speed
Subject vehicle e

Lateral Attempted lat.

movement movement
right left right left

Figure 20. Test concept for road departuretoward a clear shoulder with high lateral
Speed.

4.2.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititeal and transitional conditions for
that run must be satisfied. These conditions arergin Table 47. Pass/fall criteria for
road departure toward a clear shoulder with higgr#d speed. The table shows the target
steady-state initial conditions for the test. e procedures the initial conditions are
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by nature conflict laden and a transitional eventat necessary, while in other
procedures there maybe more than one transitimealteThe table shows the
performance measure variable, its target value aandptable tolerance. The notes below
the table give the rules for evaluating if theialiand transitional conditions have been
satisfied along with other criteria that if notltaked invalidate the run.

For evaluation purposes the following time winddvas'e been defined:

» Steady-state: the time from the start of the rum artransitional action, a
warning or the end of the run as determined byekperimenter and as
applicable in the no-warn scenarios or proceduratsare aborted due to
concern of the SV driver or experimenter.

» Transitional: the time from the start of a trarfl action to the time of a
warning, the end of the run, or a return to a stesidte condition.

The table shows the performance measure variabl@grget value, and acceptable
tolerance. The notes below the table give the figdlesvaluating if the initial conditions
have been satisfied along with other criteria thaot followed invalidate the run.

Table 46. Run validity criteriafor road departuretoward a clear shoulder with high lateral speed.

Steady-state variables Target Value * Tolerance
Vsy, M/s 20.1 (45 mph) 1.0

Transitional test variables Target Value + Tolerance
LatVsy m/s 0.7 0.1

» Steady-state: The minimum and maximum valuesgyfd6d not exceed the
target values and their associated tolerancesa2esecond window
ending at the time of the RDW.

» Transitional: The average value of Lgt{\'s within the tolerance given
above over a 1 second window ending at the tintk@RDW.

» The SV driver does not touch the brake pedal befedRDW is issued.

» The SV starts the lateral movement toward the kemandary from the
center of the designated lane.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
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the Required Test3able 52 below gives the acceptable values agidtitierances for
evaluating if the warning was issued per the desitgnt of the IVBSS subsystem. The
note(s) below the table explain the procedure Yatuating the pass/fail performance
measures.

Table 47. Pass/fail criteriafor road departuretoward a clear shoulder with high lateral speed.

Run pass/fall criteria Target value®® + Tolerance
LatDiStRDw, m

» The value of LatDis{pw at the time of the warning must be within the
target value and associated tolerance as showre itable above.

4.2.3 Exceptionsto the standard test conditions

There are no exceptions to the default conditi@dedailed in the section Definitions
and Standard Test Conditions.

4.2.4 Test site preparation and special equipment

This is a longitudinal and lateral straight-patst teequiring a site large enough for the
establishment of steady-state initial conditiond adequate lateral space to perform the
test without leaving a paved surface. The test &uadl have boundary markers on the
both sides of the lane such that the vision ba€@d/Rystem can identify and accurately
measure the lane width distance. The boundarygslagproached by the subject vehicle
shall be solid. As outlined in section 7 and shanvRigure 35, this test will be conducted
at the Dana test track using Set-up S1.

4.25 Drivinginstructions

Drive clockwise around the Dana track at the ddssggeed in the center of the inside
lane. At the section of track designated for tise, teerform a small heading change
steering maneuver to the right to illicit a constateral speed. At the time of the LDW
warning gradually steer back to the center of #mel

4.3 RD-3. Road departure toward a clear shoulderonas mall radius
curve (Required Test)

This test is intended to verify the appropriaterdsan LDW when the SV drifts at a
low lateral speed toward a clear shoulder on aecwith a small radii. The lateral
velocity of the SV relative to the solid white baany marker shall be less than 0.5 m/s.

% The values are dependent of the actual systergrdasd should be determined by the user.
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4.3.1 Test concept: initial, transitional, war ning conditions and conflict resolution

Figure 21 shows the initial, transitional, warniagd conflict resolution conditions
for a road departure toward a clear should on dl sathus curve and with a low lateral
speed. The top of the figure shows that the Syaigeling at a constant speed in the
center of the designated lane. Next, the SV mawéise right with a low lateral velocity
between 0.2 and 0.4 m/s toward a solid boundaryaasidar shoulder while on a small
radius curve. This is followed by a road-deparivaening at the appropriate distance
from the boundary line per the road departure sysgecification. Then, finally the
situation is resolved by the SV returning to theteeof the original lane.

4.3.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititéal and transitional conditions for
that run must be satisfied. These conditions arergin Table 48. The table shows the
target steady-state initial conditions for the .tdstsome procedures the initial conditions
are by nature conflict laden and a transitionahév&not necessary, while in other
procedures there maybe more than one transitimealteThe table shows the
performance measure variable, its target value aandptable tolerance. The notes below
the table give the rules for evaluating if theialiand transitional conditions have been
satisfied along with other criteria that if notltaked invalidate the run.

For evaluation purposes the following time winddvas’e been defined:

» Steady-state: the time from the start of the rum artransitional action, a
warning or the end of the run as determined byekperimenter and as
applicable in the no-warn scenarios or proceduratsare aborted due to
concern of the SV driver or experimenter.

» Transitional: the time from the start of a trarfl action to the time of a
warning, the end of the run, or a return to a stesidte condition.

Table 48. Run validity criteriafor road departuretoward a clear shoulder on a curve with a small
radii and low lateral speed relative to the lane boundary markers.

Steady-state variables Target Value * Tolerance
Vsy, M/s 17.9 (40 mph) 1.0
Curve Radius, m 185 20

Transitional test variables Target Value + Tolerance
LatVsy m/s 0.3 0.1

» Steady-state: The minimum and maximum valuesgyfd6d not exceed the
target values and their associated tolerancesa2esecond window
ending at the time of the RDW
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» Transitional: The average value of Lgt{\'s within the tolerance given
above over a 1 second window ending at the tinth@RDW.

» The SV driver does not touch the brake pedal bafegdRDW is issued.

* The SV starts the lateral movement toward the lemendary from the
center of the designated lane.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

Initial conditions—The SV is
traveling at a constant speed in
the center of the designated lane

Conflict transition—SV
moves to the right with a
lateral velocity, LatVg,, of
between 0.2 and 0.4 m/s
and approaches a solid
boundary line.

Warning conditions—An LDW is
issued at the appropriate
range, LatDist,,,,, per the road
departure system specification.

Conflict resolution—Following
the LDW or if the longitudinal
center of the SV crosses the
boundary the conflictis
resolved by the SV returning
to the center of the original
lane

Constant speed

Lateral Attempted lat.
movement movement
right left right left
—_— — o

Subject vehicle

Figure 21. Test concept for road departuretoward a clear shoulder on a small
radius curve.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Test3able 49 below gives the acceptable values agidtitierances for
evaluating if the warning was issued per the desitgnt of the IVBSS subsystem. The
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note(s) below the table explain the procedure Yaiuating the pass/fail performance
measures.

Table 49. Pass/fail criteria for road departuretoward a clear shoulder on a curve with a small radii
and low lateral speed relative to the lane boundary markers.

Run pass/fail criteria Target value* + Tolerance
LatDiStRDw, m

4.3.3 Exceptionsto the standard test conditions

There are no exceptions to the default conditi@detailed in the section Definitions
and Standard Test Conditions.

4.3.4 Test site preparation and special equipment

The test will be conducted on the Vehicle Dynandiest Area (VDA) of TRC. This
facility is shown in Figure 42. The curve for tlest is part of the northern loop of the
VDA (this is a two-lane loop). For the test the B\bobtail and travels clockwise around
the loop. TRC will paint a temporary solid line ft 2aterally from the solid line that
currently exists on the inside of the inner mostlaf the loop. The temporary solid line
will extend for approximately 300 m. The SV williliacross this temporary solid line
toward the outside of the curve and the unoccupdgacent lane.

4.3.5 Drivinginstructions

Drive clockwise around the VDA loop at the desispaed in the center of the inside
lane. At the section of track designated for tisg, tgerform a small heading change
steering maneuver to the left to elicit a conslataral speed. At the time of the LDW
warning gradually steer back to the center of #mel

4.4 RD-4. Road departure toward a clear shoulder onal arge radius
curve (Required Test)

This test is intended to verify the appropriaterdsan LDW when the SV drifts at a
high lateral speed toward a clear shoulder on aecwith a large radius. The lateral
velocity of the SV relative to the solid white balamy marker should be less than 0.5 m/s

4.4.1 Test concept: initial, transitional, warning conditions and conflict resolution

Figure 22 shows the initial, transitional, warniaggd conflict resolution conditions
for a road departure toward a clear should ongeleadius curve and with a low lateral
speed. The top of the figure shows that the Syaigeling at a constant speed in the

4 The values are dependent of the actual systergrdasd should be determined by the user.
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center of the designated lane. Next, the SV mavéiset right with a low lateral velocity
between 0.2 and 0.4 m/s toward a clear shoulddewhia large radius curve. This is
followed by a road-departure warning at the appaderdistance from the boundary line
per the road departure system specification. Theal)y the situation is resolved by the
SV returning to the center of the original lane.

Initial conditions—The SV is
traveling ata constant speed in
the center of the designated lane

Conflict transition—SV
moves to the right with a
lateral velocity, LatV,, of
between 0.2 and 0.4 m/s
and approaches a solid
boundary line.

Warning conditions—An LDW is
issued atthe appropriate
range, LatDist, ., per the road
departure system specification.

Conflict resolution—Following
the LDW or if the longitudinal
center of the SV crosses the
boundary the conflictis
resolved by the SV returning
to the center of the original
lane

Subject vehicle

Lateral Attempted lat.

. movement .movement
right left right left
—~

Figure 22. Test concept for road departuretoward a clear shoulder on alarge
radius curve.

4.4.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititéal and transitional conditions for
that run must be satisfied. These conditions arengin Table 50. The table shows the
target steady-state initial conditions for the.tdatsome procedures the initial conditions
are by nature conflict laden and a transitionahév&not necessary, while in other
procedures there maybe more than one transitimealteThe table shows the
performance measure variable, its target value aandptable tolerance. The notes below
the table give the rules for evaluating if theialiand transitional conditions have been
satisfied along with other criteria that if notltaked invalidate the run.
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For evaluation purposes the following time winddvese been defined:

» Steady-state: the time from the start of the rutil artransitional action, a
warning or the end of the run as determined bye#tpeerimenter and as
applicable in the no-warn scenarios or procedurasare aborted due to
concern of the SV driver or experimenter.

* Transitional: the time from the start of a trammsifl action to the time of a
warning, the end of the run, or a return to a stestdte condition.

Table 50. Run validity criteria for road departuretoward a clear shoulder on a curvewith alarge
radii and high speed.

Steady-state variables Target Value + Tolerance
Vsy, M/s 20.1 (45 mph) 1.0
Curve radius 280 m 30

Transitional test variables Target Value + Tolerance
LatVsy, m/s 0.3 0.1

e Steady-state: The minimum and maximum values%fdb6 not exceed the
target values and their associated tolerancesaf2esecond window
ending at the time of the RDW

» Transitional: The average value of Lgt\'s within the tolerance given
above over a 1 second window ending at the tinth@RDW.

* The SV driver does not touch the brake pedal bafegdRDW is issued.

* The SV starts the lateral movement toward the lemendary from the
center of the designated lane.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Test3able 51 below gives the acceptable values agidtiierances for
evaluating if the warning was issued per the desiggnt of the IVBSS subsystem. The
note(s) below the table explain the procedure Yatuating the pass/fail performance
measures.
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Table 51. Pass/fail criteriafor road departuretoward a clear shoulder on a curve with a large radii
and high speed.

Run pass/fail criteria Target value® + Tolerance
LatDistgpyw, M

4.4.3 Exceptionsto the standard test conditions

There are no exceptions to the default conditi@dedailed in the section Definitions
and Standard Test Conditions.

4.4.4 Test site preparation and special equipment

This is a longitudinal and lateral curved-path tesjuiring a site large enough for the
establishment of steady-state initial conditiond adequate lateral space to perform the
test without leaving a paved surface. The test &uadl have boundary markers on the
both sides of the lane such that the vision ba€@/Rystem can identify and accurately
measure the lane width distance. The boundarygslagproached by the subject vehicle
shall be solid. As outlined in section 7 and shanvRigure 39, this test will be conducted
at the Dana test track using Set-up C1.

4.45 Drivinginstructions

Drive counter-clockwise around the Dana track atdbsired speed in the center of
the inside lane. At the section of track designébedhe test, perform a small heading
change steering maneuver to the right to illiccbastant lateral speed. At the time of the
LDW warning gradually steer back to the centetheffane.

4.5 RD-5. Road departure toward a barrier (Engineering  Test)

This test is intended to verify the appropriateredsan LDW when the SV drifts at a
low rate toward an adjacent jersey barrier witloladdane marker. The lateral velocity of
the SV relative to the barrier should be less tham/s.

45.1 Test concept: initial, transitional, warning conditions and conflict resolution

Figure 23 shows the initial, transitional, warniagd conflict resolution conditions
for a road departure toward a barrier with an ahatane boundary marker. The top of
the figure shows that the SV is traveling at a tamisspeed in the center of the
designated lane. Next, the SV moves to the left witow lateral velocity between 0.2
and 0.4 m/s. This is followed by a road-departuaening at the appropriate distance
from the line and barrier per the road departustesy specification. Finally the situation
is resolved by the SV returning to the center efdhginal lane.

% The values are dependent of the actual systergrdasd should be determined by the user.
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Initial conditions—The SV is traveling at a constant speed in the center of the designated

lane Jersey barrier
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Conflict transition—SV moves to the left with a low lateral velocity, LatV ,, between and

0.2 and 0.4 m/s toward a solid boundary line inside of a jersey barrier.
T T T T T T LT T T T T T LT T VT T T PP PP T T PV T T PP T T VT T PPV TP

Warning conditions—An LDW is issued at the appropriate range, LatDis},,, per the road

de: arture sxstem s: ecification
T T T T T T T T T T T T T T T T T T T T T
=

Conflict resolution—Following the LDW or if the side of the SV is less than 0.5 m from the

barrier the conflictis resolved by the SV returning to the center of the original lane
e RN EE MR EENNR R RRNRRRY

Constant speed
Subject vehicle on

Lateral Attempted lat.
movement movement
right left right left

Figure 23. Test concept for road departuretoward a barrier with no lane marker.

4.5.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititéal and transitional conditions for
that run must be satisfied. These conditions arengin Table 52. The table shows the
target steady-state initial conditions for the .tdstsome procedures the initial conditions
are by nature conflict laden and a transitionahév&not necessary, while in other
procedures there maybe more than one transitimealtteThe table shows the
performance measure variable, its target value aandptable tolerance. The notes below
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the table give the rules for evaluating if theialiand transitional conditions have been
satisfied along with other criteria that if notltaked invalidate the run.

For evaluation purposes the following time winddvas'e been defined:

» Steady-state: the time from the start of the rum artransitional action, a
warning or the end of the run as determined byekperimenter and as
applicable in the no-warn scenarios or proceduratsare aborted due to
concern of the SV driver or experimenter.

» Transitional: the time from the start of a trarmtl action to the time of a
warning, the end of the run, or a return to a stesidte condition.

Table 52. Run validity criteria for road departuretoward a barrier with no lane marker.

Steady-state variables Target Value + Tolerance
Vsy, M/s 17.9 (40 mph) 1.0

Transitional test variables Target Value + Tolerance
LatVsy, m/s 0.3 0.1

e Steady-state: The minimum and maximum values%fd6 not exceed the
target values and their associated tolerancesaf2esecond window
ending at the time of the RDW

» Transitional: The average value of Lgt\'s within the tolerance given
above over a 1 second window ending at the tinth@RDW.

* The SV driver does not touch the brake pedal bafegdRDW is issued.

* The SV starts the lateral movement toward the kemendary from the
center of the designated lane.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopaance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Test3able 53 below gives the acceptable values agidtiierances for
evaluating if the warning was issued per the desiggnt of the IVBSS subsystem. The
note(s) below the table explain the procedure Yafuating the performance measures.
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Table 53. Pasg/fail criteria for road departuretoward a barrier with no lane marker.

Run pass/fail criteria Target value®® + Tolerance
LatDistgrpw, M

» The value of LatDis{pw at the time of the warning must be within the
target value and associated tolerance as showre itable above.

4.5.3 Exceptionsto the standard test conditions

There are no exceptions to the default conditi@detailed in the section Definitions
and Standard Test Conditions.

45.4 Test site preparation and special equipment

This is a longitudinal and lateral straight-patst teequiring a site large enough for the
establishment of steady-state initial conditiond adequate lateral space to perform the
test without leaving a paved surface. The test &uadl have boundary markers on the
both sides of the lane such that the vision bad@d/Rystem can identify and accurately
measure the lane width distance. The boundarygslagproached by the subject vehicle
shall be solid. As outlined in section 7 and shanwhigure 37, this test will be conducted
at the Dana test track using Set-up S3. The distbatween the solid boundary line and
the Jersey barrier is 1 m.

455 Drivinginstructions

Drive counter-clockwise around the Dana track atdbsired speed in the center of
the inside lane. At the section of track designébedhe test, perform a small heading
change steering maneuver to the left to elicitrastamt lateral speed. At the time of the
LDW warning gradually steer back to the centetheffane.

5 Multiple-Threat Tests

There are two required multiple-threat crash-imminests. Each of the tests is
intended to simulate conflict scenarios that cdrfisateral and longitudinal warnings.
The intent of these tests is to verify that thaesysarbitration algorithms present the
driver with appropriate warnings that are inhergittuitive and do not confuse the
driver.

% The values are dependent of the actual systergrdasd should be determined by the user.
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5.1 MT-1. Rear-end followed by a lane-change warning (R  equired Test)

This test is intended to verify the appropriaterdsan FCW and LCW when the SV
approaches a slowing POV1 while there is an adjge@v?2 that prevents the SV from
changing lanes to maneuver around POVL1. In thighesSV and POV?2 are traveling at
the same forward speed. The test is sequentibbirtie SV driver responds to an FCW
by changing lanes to the right into an occupie@ lavhich results in an LCW.

5.1.1 Test concept: initial, transitional, warning conditions and conflict resolution

Figure 24 shows the initial, transitional and finahditions for the multiple threat
conflict involving an FCW followed by an LCW. Theiiial conditions are in the top of
the figure and show both the SV and POV?2 travedinthe same speed in the center of
their designated lanes with the front bumper of R@lfgned with the front bumper of
the SV. Initially, POV1 is traveling at the sameeg as the SV in the center of the SV
lane. The center part of the figure shows that@WFrvarning should occur when POV1
slows modestly creating a forward conflict with ®¢. Following the FCW, the SV
driver signals and moves to the right with a ldteedocity, LatVsy, between 0.1 and 0.6
m/s. An LCW is issued at the appropriate rangeDistitc\y. After the LCW issued the
conflict is resolved by POV2 moving laterally tdoaV the SV to pass on the right of
POV1.

5.1.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititéal and transitional conditions for
the run must be satisfied. These conditions arergin Table 54, which is separated into
two sections; the top section shows the targetigtetate initial conditions for the test,
while the bottom sections shows transitional kineesahat induce a conflict. In some
procedures the initial conditions are by natureflaniaden and a transitional event is
not necessary, while in other procedures there maytre than one transitional event.
The table shows the performance measure variabli@grget value, and acceptable
tolerance. The notes below the table give the figlesvaluating if the initial and
transitional conditions have been satisfied alortt wther criteria that if not followed
invalidate the run.
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Rear-end followed by a lane-change warning

Initial conditions—Both the SV and POV?2 are traveling at the same speed in the center of
their designated lanes with the POV2 on the right side of the SV. The front bumper of POV2
is aligned with the front bumper of the SV. POV1 is also traveling at the same speed as the
SV in the center of the SV lane.

et | L

First warning condition—POV1 slows modestly and an FCW is issued at the appropriate
range, R.,,, per the system specification.

Pov2 RPOVl = RFCW' m

Second warning condition-SV driver signals to the right and moves to the right with a
lateral velocity, LatVy,, between 0.1 and 0.6 m/s. An LCW is issued at the appropriate
range, LatDist, .., per the system specification

e
S v B I PoV1

Conflict resolution—Following the LCW or if the right front wheel of the SV crosses the
boundary line the conflictis resolved by POV2 moving to the right allowing the SV to pass
POV1 on the right while braking.

11 Pova
IS =
—_— e —— e —— —— — — — — — — — —— — —
€ sv a J \jj,jl
— e e [T eove
p Slowing Constant speed
« \ -
Subject vehicle © sv a Q ‘ sv
A
1st Principal other vehicle POV1
2nd Principal other vehicle povz
Lateral movement Attempted lat. movement
right left right left
—~ — o R

Figure 24. Test concept for arear-end followed by a lane-change warning
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For evaluation purposes the following time winddvas'e been defined:

» Steady-state: the time from the start of the rum artransitional action, a
warning or the end of the run as determined byekperimenter and as
applicable in the no-warn scenarios or procedurasare aborted due to
concern of the SV driver or experimenter.

» Transitional: the time from the start of a trarfl action to the time of a
warning, the end of the run, or a return to a stesidte condition. Note: there
may be more than one transitional event in procitirat involve multiple
threats and multiple POVs.

Table 54. Run validity criteriafor arear-end followed by a lane-change war ning.

Steady-state variables Target Value + Tolerance
Vsy, M/s 20.1 (45 mph) 1.0
Veovi, m/s 20.1 (45 mph) 1.0
Veov2, m/s 20.1 (45 mph) 1.0
Rpovi, M 60 4.0

Transitional test variables Target Value + Tolerance
AXpoy1 /s’ -3.0 1.0

Transitional test variables Target Value + Tolerance
LatVsy, m/s 0.35 0.25
Time between alerts, s 3 2

» Steady-state: The minimum and maximum values$fWpovi and \boy?
do not exceed the target values and their assddialierances over a 2
second window ending at the time of the FCW.

» Transitional: The average acceleration of the P@u4ithin the desired
range from the start of braking by the POV1 andtitne of the FCW.

* Transitional: The minimum and maximum values @f, ®re within the
desired range from the start of braking by the P@Nd the time of the
FCW.

* The left-side turn indicator is on at least 1 secpnor to the LCW.
» Transitional: The average value of Lgt\'s within the tolerance given
above over a 1 second window ending at the tinthef. CW.

» The SV driver does not touch the brake pedal beafard.CW is issued.

» The SV starts the lateral movement to the righinftbe center of the
designated lane.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.
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The criteria for passingRequiredtest involve successfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Test3able 55 below gives the acceptable values agidtitierances for
evaluating if the warning was issued per the desitgnt of the IVBSS subsystems. The
note(s) below the table explain the procedure Yatuating the pass/fail performance
measures.

Table 55. Pass/fail criteriafor arear-end followed by a lane-change war ning.

Run pass/fall criteria Target value®’ + Tolerance
Recw, M

Rdotpcw, m/s

LatDiSthw, m

» The value of Roy and Rdatcy at the time of the warning must be within
the target value and associated tolerance for e&esure shown in the
table above.

» The value of LatDistw at the time of the warning must be within the
target value and associated tolerance as showre itable above.

5.1.3 Exceptionsto the standard test conditions

In addition to the default conditions as detailedhe section Definitions and
Standard Test Conditions, the following exceptiaresnecessary for this procedure:

The test is to be run with a tractor and singleideaier combination where the semi-
trailer is a typical dry-freight van between 45 &&lfeet with a box width of 102 inches
and is unloaded in terms of additional cargo or chymweights.

5.1.4 Test sitepreparation and special equipment

The test will be conducted on the Skid Pad facdity RC. This facility is shown in
Figure 41. The test will be conduced in lanes 4&nfithe TRC Skid pad traveling in a
northern direction only. The SV is in lane 4, PO¥1n lane 4, and POV2 is in lane 5.

The initial conditions for the test will be stagesing range measurements by the
IVBSS. Initially, all vehicles will travel at theasne speed with the driver of POV1
modulating the throttle to establish the desiretiaihrange, while POV2 is in position
adjacent to the SV in the foremost blind spot anrtght. Upon valid initial conditions
the experimenter will instruct the POV 1 driver talke creating an FCW conflict.

" The values are dependent of the actual systergrdasd should be determined by the user.
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Following the FCW, the SV driver engages the tugmal to the right and begins a non-
aggressive lane change across a solid boundarjamédb, which is occupied by POV2.

5.1.5 Drivinginstructions
Subject vehicle driver:
1. Drive in the center of the designated lane adisired test speed.

2. On an adequate straight section of track, vimhROV1 and POV2 in
position, instruct POV1 to begin the deceleratioar.

3. Upon an FCW, instruct the POV1 to abort thet@s$he left. Then turn on the
right directional signal and wait 1 second befdegtsng a modest lane change
to the right toward POV2

4. Upon an LCW instruct POV2 to abort while stegrrack into the original
lane.

Principal other vehicle (No 1) driver:

1. Atthe desired speed the POV1 engages the arorgeol and makes small
adjustments to speed if necessary while stayitigarcenter of the designated
lane.

2. When instructed by the driver of the SV or expenter, begin to decelerate
steadily using a window-mounted accelerometer.

3. Upon theabortcommand or when the FCW is issued accelerate stekring
to the left and to clear a path for the SV.

Principal other vehicle (No 2) driver:

1. Drive in the center of the designated lane withfront bumper of your
vehicle aligned with the front bumper of the SV.iMain the desired test
speed using either cruise control or manual cowmtirtthe throttle.

2. Upon a warning by the LCW system or if the PQWer senses a crash is
imminent the test is aborted steer to the rigldiéar a path for the SV.

5.2 MT-2. Lane-change followed by rear-end warning (Req uired Test)

This test is intended to verify the appropriateressearly simultaneous LCW and
FCW when an adjacent POV2 prevents the SV fromgihgranes while an FCW is
generated by a slowing POV1.
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5.2.1 Test concept: initial, transitional, warning conditions and conflict resolution

Figure 25 shows the initial, transitional and fioahditions for the multiple threat
conflict involving an LCW followed quickly by an R&. The initial conditions are in the
top of the figure and show both the SV and POVgdiliag at the same speed in the
center of their designated lanes with the front penof POV2 aligned with the
longitudinal center of the semi-trailer. POV1 igveling at the same speed than SV and
is in the center of the same lane as SV. An LCWixwhen the SV driver signals and
moves to the left toward POV2 with a lateral veipciatVsy, between 0.1 and 0.4 m/s.
Simultaneous with the attempted lane change intdZ2®0V1 slows prompting a
forward conflict with the SV and inducing an FCWRat\y as specified by the designers
of the FCW system. Following the FCW, the SV drigiws and moves to the right to
maneuver around POV1.

Initial conditions—Both the SV and POV?2 are traveling at the same speed in the center of
their designated lanes with POV2 on the left side of the SV. The front bumper of POV2 is
aligned longitudinally with the center of the semi-trailer. POV1 is traveling at the same speed
as the SV and is in the center of the same lane as SV.

POV2 Vg, = Voo,

—_—— e —— — LAV Z00MS = — — — — — — — — — — —

-.]I. Latvpovz =00m/s Povi Vpov1: VSV

Tt mtotte 1 T
First warning condition—SV driver signals to the left and moves to the left with a lateral
velocity, LatV,,, between 0.1 and 0.4 m/s. An LCW is issued at the appropriate range,
LatDist, ., per the system specification. Following the LCW the SV returns to the center of
its original lane.

Pov2

ARt

Second warning condition-Simultaneously with the SV lateral position toward POV2,
POV1 begins to slow modestly prompting a later but nearly coincident FCW at the
appropriate range, R.,,, per the system specification.

Conflict resolution—Following both warnings or if the SV driver senses a crash is imminent
the conflictis resolved by the SV slowing and maneuvering to the right to avoid POV1.

POV2

B Slowing Constant speed
Subject vehicle (,\ sv § Y \ sv
15t Principal other vehicle TR pova POVL
2" Principal other vehicle SCIN) pove Povz
Lateral movement Attempted lat. movement
right left right left
e d e —

Figure 25. Test concept for alane-change followed by a rear-end warning
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5.2.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititeal and transitional conditions for
the run must be satisfied. These conditions arergin Table 56. The table is separated
into two sections; the top section shows the tastgeidy-state initial conditions for the
test, while the bottom sections shows transititramatics that induce a conflict. In
some procedures the initial conditions are by matanflict laden and a transitional event
is not necessary, while in other procedures thergbe more than one transitional event.
The table shows the performance measure variabli@grget value, and acceptable
tolerance. The notes below the table give the fglesvaluating if the initial and
transitional conditions have been satisfied aloitg wther criteria that if not followed
invalidate the run.

For evaluation purposes the following time winddvese been defined:

» Steady-state: the time from the start of the rutil artransitional action, a
warning or the end of the run as determined bye#tpeerimenter and as
applicable in the no-warn scenarios or procedurasare aborted due to
concern of the SV driver or experimenter.

» Transitional: the time from the start of a tramial action to the time of a
warning, the end of the run, or a return to a stestdte condition. Note: there
may be more than one transitional event in procitirat involve multiple
threats and multiple POVs.

Table 56. Run validity criteria for alane-change followed by a rear-end war ning.

Steady-state variables Target Value + Tolerance
Vsy, M/s 20.1 (45 mph) 1.0
Vpovi, M/s 20.1 (45 mph) 1.0
Vpovz2, M/s 20.1 (45 mph) 1.0
Rpovi, M 45 5

Transitional test variables Target Value + Tolerance
AXPOVl, |'T]/S2 -1.5 5

Transitional test variables Target Value + Tolerance
LatVsy, m/s 0.25 0.15
Time between alerts,s 2 1

» Steady-state: The minimum and maximum valuesgyfavid \bov2 do not
exceed the target values and their associatecitues over a 2 second
window ending at the time of the LCW.

* The SV starts the lateral movement to the left ftbmncenter of the
designated lane.
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» Transitional: The average value of Lg{\'s within the tolerance given
above over a 1 second window ending at the tinthef. CW.

* The left-side turn indicator is on at least 1 secpnor to the LCW.

» Steady-state: The minimum and maximum valuesgyf Vpovi and
Rdokoy over a 2 second window ending at the time of G&/cannot
exceed the target values and their associateciues given above.

» Steady-state: The initial sensing range is grehter 90 m

» The SV driver does touch the brake pedal betweehEW and the FCW.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Test3able 57 below gives the acceptable values agidtiierances for
evaluating if the warning was issued per the desitgnt of the IVBSS subsystems. The
note(s) below the table explain the procedure Yatuating the pass/fail performance
measures.

Table 57. Pasg/fail criteriafor alane-change followed by arear-end war ning.

Run pass/fail criteria Target value® + Tolerance
LatDist cyw, M

Recw, M

Rdotrcyw, m/s

» The value of LatDistw at the time of the warning must be within the
target value and associated tolerance as showre itable above.

» The value of Roy: and Rdaioy; at the time of the warning must be within
the target value and associated tolerance for e&etsure shown in the
table above.

5.2.3 Exceptionsto the standard test conditions

In addition to the default conditions as detailedhie section Definitions and
Standard Test Conditions, the following exceptiaresnecessary for this procedure:

The test is to be run with a tractor and singleidesier combination where the semi-
trailer is a typical dry-freight van between 45 &glfeet with a box width of 102 inches
and is unloaded in terms of additional cargo or chymweights.

% The values are dependent of the actual systergrdasd should be determined by the user.
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5.24 Test sitepreparation and special equipment

This is a longitudinal and lateral straight-patst teequiring two adjacent lanes and a
site large enough for the establishment of ste&aty #itial conditions and adequate
lateral space to perform the test without leavim@eed surface. The test lanes shall have
boundary markers on the both sides of each lartetbat the IVBSS system can identify
and accurately measure the lane width and lanetalfstances of the SV. The POV1 and
POV2 vehicle shall maintain its position in the terof its lane and if available a
measure of the lateral-lane offset of each velsioldl be used to confirm this condition.
The boundary that is approached by the SV shalldsbed or solid. As outlined in
section 7 and shown in Figure 36, this test wilcbaducted at the Dana test track using
Set-up S2.

5.2.5 Drivinginstructions
Subject vehicle driver:
1. Drive in the center of the designated lane edisired test speed.

2. On an adequate straight section of track wighRBV in position, use the turn
indicator to signal to the left. Wait one second &argin a slow lane change
maneuver toward the POV.

3. Abort or end the test upon a warning by the L&#&tem or if a crash is
imminent.

4. Return to the center of the designated lane.

3. Upon a warning by the FCW system or if the SMalrsenses a crash is
imminent abort the test.

5. Brakes appropriately while steering to the righavoid the POV1.
Principal other vehicle driver (No 1):

1. Atthe desired speed the POV engages the arargeol and makes small
adjustments to speed if necessary while stayirigarcenter of the designated
lane.

2. When instructed by the experimenter deceletatedgy using a window
mounted accelerometer

3. Upon theabortcommand from the SV experimenter, accelerate taat 0
the left.
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Principal other vehicle driver (No 2):

1. Drive in the center of the designated lane withfront bumper of your
vehicle aligned with the mid-trailer side turn iogior light of the SV trailer.
Maintain the desired test speed using either creos¢rol or manual control of
the throttle.

2. When instructed by the experimenter, abort timely slowing while steering
to the clear shoulder or lane on the left.

6 No-Warn Tests

This section of the report details the No-Warn pgstedures for the IVBSS Heavy
Truck platform. These tests where selected tahestthe system as implemented does
not give a warning in situations when it would leEqeived by the SV driver as
inappropriate and unwarranted given the intra-kiagorelationship between the SV and
a POV(s) in the case of the Rear-end and Lane-ehamrggge subsystems. For the road
departure subsystem the No-warn test is designastdhat no warning is issued when
the SV driver is wandering slightly in a lane wéh adjacent jersey barrier.

6.1 NW-1. No FCW when SV closely follows POV (Required  Test)

The purpose of this test is to verify that the FEY8tem does not issue a warning in
situations where the kinematics between the SVROW do not create a conflict
situation that is near the reaction time of thedsVer and the performance ability of the
SV itself. That is, an FCW should not be issueldanign longitudinal closing situations
given the ability of a driver to perceive and retaca potential conflict within the
longitudinal deceleration control authority of t8¥'.

6.1.1 Test concept and initial and final conditions

Figure 26. Test concept for a no-warn test in whighSV closes is a general outline
of a no-warn situation when the SV closes slowly totlows the POV. The figure shows
that initially the SV and POV have a time gap & 8.or more and the SV is traveling a
slightly higher speed than the POV. The centeheffigure shows that at or near a time
gap of 2.5 s the SV slows to match the speed dP@¥. Finally, the two vehicles
remain in that relative position for an extendedqaeof time. In this no-warn scenario
there should not be an FCW issued during the esgigeience of events.
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Initial conditions—Constant speed SV approaches a slower-constant speed POV at a small
closing rate. The initial gap time of between the POV and SV is more than 3.5 seconds

Roo, / Ve, > 35s —
VPov> st POV

POV

No warning conditions—The SV follows the POV for a period of time maintaining a 2.5
second time gap behind the POV

Slowing Constant speed ~ Accelerating
oy el oo
Principal other vehicle S[__] ) pov (1 Jeov —_I M rov

Subject vehicle

Lateral movement Attempted lat. movement
right left right left
—— — e

Figure 26. Test concept for a no-warn test in which the SV closes slowly and follows
aPOV

6.1.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititéal and transitional conditions for
that run must be satisfied. These conditions arengin Table 58. The table shows the
target steady-state initial conditions for the .tdstsome procedures the initial conditions
are by nature conflict laden and a transitionahév&not necessary, while in other
procedures there maybe more than one transitimealteThe table shows the

performance measure variable, its target value aandptable tolerance. The notes below

the table give the rules for evaluating if theialiand transitional conditions have been
satisfied along with other criteria that if notltaked invalidate the run.

For evaluation purposes the following time winddvas’e been defined:

» Steady-state: the time from the start of the rum artransitional action, a
warning or the end of the run as determined byekperimenter and as
applicable in the no-warn scenarios or proceduratsare aborted due to
concern of the SV driver or experimenter.

» Transitional: the time from the start of a trarmfl action to the time of a
warning, the end of the run, or a return to a stesdte final condition.
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Table 58. Run validity criteria for a no-warn test when the SV closes dowly and follows a POV

Steady-state variables Target Value + Tolerance
Vsy, M/s 17.9 (40 mph) 1.0
Vpovi, M/s 17.9 (40 mph) 1.0
Rdotpoye, m/s 0.0 1.5
Rpoyi, M 71.6 8.0

Transitional test variables Target Value + Tolerance
Vsy, M/s 20.1 (45 mph) 3.0
Final test variables Target Value + Tolerance
Vsy, M/s 17.9 (40 mph) 1.0
Rdotpoye, m/s 0.0 1.5
Rpoyi, M 44.8 2.0

» Steady-state: The minimum and maximum valuesg¥f Vpovi, Rrovi and
Rdotoy1 do not exceed the target values and their assdciaterances
over a 1 second window ending at the start ofriduasition event by the
SV.

» Transitional: The average speed of the SV is withendesired range from
the start of the transition period to the starthef final test conditions.

* Final condition: The minimum and maximum valued/g{, and Royiare
within the target values for a period of 5 secontien the desired time gap
is reached by the SV.

» The SV driver does not touch the brake pedal duhegest.

* Both the SV and POV remain in the center of thegieded lane for the
duration of the test.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Tests

6.1.3 Exceptionsto the standard test conditions

There are no exceptions to the default conditi@detailed in the section Definitions
and Standard Test Conditions.

6.1.4 Test site preparation and special equipment

This is strictly a longitudinal conflict, straigpith test requiring a site large enough
for the establishment of steady-state initial ctods, adequate distance for the conflict
to occur, and sufficient room for the conflict te kesolved safely. As outlined in section
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7 and shown in Figure 39, this test will be conddat the Dana test track using Set-up
S1.

6.1.5 Drivinginstructions
Subject vehicle driver:

1. Reach the desired speed and range along ahstsaiction of the track and
engage the cruise control to maintain the desioedlition thru the curve
(when there will be no range values). Drive in ¢kater of the designated
lane.

2. After the curve and when both vehicles are ensthaight section of track,
manually increase speed by the indicted amouribseon the POV.

3. At the new designated range release the thanttllereturn to the initial design
speed.

4. Continue following the POV at the desired raagd speed for at least 5
seconds.

Principal other vehicle driver:

1. Atthe desired speed the engage the cruiseatavitile staying in the center of
the designated lane.

6.2 NW-2. No FCW when passing a stopped POV in an adjac ent lane on
a curve (Required Test)

This test is designed to show that the FCW systeruald not issue a warning when
the SV passes a stopped POV in the center of acedjlane on a curve.

6.2.1 Test concept and initial and final conditions

Figure 27 shows the initial, transitional and finahditions for a test where the SV
passes a stopped POV in an adjacent lane whilecarva. For this test the SV shall be
traveling at a constant speed in the center oirtside lane on a curve of constant radius.
The POV is stopped in the center of the same darae adjacent lane to the ‘outside’ of
the designated SV lane. The position of the POYhercurve is such that the SV has
reached a steady-state yaw-rate condition befer®@V has entered the FCW radar
beam of the SV.
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Initial conditions— A constant speed SV
that has reached a steady-state
condition in a constant radius curve
approaches a stopped POV thatis in
an adjacentlane to the right.

No-warning conditions—No FCW is
issued at any time during the testas
the SV passes the stopped POV

Slowing Constant speed ~ Accelerating

« ——— = ——

swiectvenice ([T y) o) |2 sdr)
Principal other vehicle  S[C_J¥Jrov (1] Jrov

Lateral movement Attempted lat. movement
right left right left
—— — e —

Figure 27. Test concept for a no-warn test in which the SV passes a stopped POV in
an adjacent lane on a curve.

6.2.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititéal and transitional conditions for
that run must be satisfied. These conditions arengin Table 59. The table shows the
target steady-state initial conditions for the.tdatsome procedures the initial conditions
are by nature conflict laden and a transitionahév&not necessary, while in other
procedures there maybe more than one transitimealteThe table shows the
performance measure variable, its target value aandptable tolerance. The notes below
the table give the rules for evaluating if theialiand transitional conditions have been
satisfied along with other criteria that if notltaked invalidate the run.

For evaluation purposes the following time winddvese been defined:

» Steady-state: the time from the start of the rutil artransitional action, a
warning or the end of the run as determined bye#tpeerimenter and as
applicable in the no-warn scenarios or procedurasare aborted due to
concern of the SV driver or experimenter.

* Transitional: the time from the start of a tramsifl action to the time of a
warning, the end of the run, or a return to a stestdte final condition.
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Table 59. Run validity criteria for a no-warn test when the SV passes a stopped POV in an
adjacent lane on a curve.

Steady-state variables Target Value * Tolerance
Vsy, M/s 17.9 (40 mph) 1.0
Curve Radius, m 285 20

» Steady-state: The minimum and maximum valuesgyfover 2 second
window ending at the time when the SV passes th¢ €abnot exceed the
target values and their associated tolerances gibewve.

» The SV driver does not touch the brake pedal atiamg approaching the
stopped POV.

» Both the SV remains in the center of the designkzied.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Tests

6.2.3 Exceptionstothe standard test conditions

There are no exceptions to the default conditi@dedailed in the section Definitions
and Standard Test Conditions.

6.2.4 Test site preparation and special equipment

This is strictly a longitudinal conflict, curvedbatest requiring a site large enough
for the establishment of steady-state initial ctods, including a steady-state yaw-rate
by the SV, adequate distance for the conflict truocand sufficient room for the conflict
to be resolved safely. As outlined in section 7 simown in Figure 39, this test will be
conducted at the Dana test track using Set-up @1this test the POV should be parked
in the center of the designated lane with at 1286tm of constant-radius track available
for the SV approach.

6.2.5 Drivinginstructions
Subject vehicle driver:

1. The driver accelerates, in the center of thecsedl lane, to the desired speed
and engages the cruise control. If necessary,riieragshould use the cruise-
control speed-adjustment buttons to attain therelésipeed.
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2. The SV driver then continues along the centéhefselected lane at the
commanded speed closing on and passing the adjarenPOV in the
curved section of the test track.

6.3 NW-3. No FCW when a faster POV cuts in front of the SV (Required
Test)

The purpose of this test is to verify that the FEY8tem does not issue a warning in
situations when the POV passes and changes lafremirof the SV while still
separating from the SV.

6.3.1 Test concept and initial and final conditions

Figure 28 show the initial, transitional, and ficahditions for a no-warn test when
the SV in which a faster moving POV changes landsoint of the SV. For this test the
SV is traveling at a constant speed in the ceritiés designated lane. Initially, the POV
is traveling faster than the POV in an adjacent land passes the SV before changing
into the lane occupied by the SV. The POV and S tbeparate at a constant rate.

6.3.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititéal and transitional conditions for
that run must be satisfied. These conditions arengin Table 60. The table shows the
target steady-state initial conditions for the .tdstsome procedures the initial conditions
are by nature conflict laden and a transitionahév&not necessary, while in other
procedures there maybe more than one transitimealteThe table shows the
performance measure variable, its target value aandptable tolerance. The notes below
the table give the rules for evaluating if theialiand transitional conditions have been
satisfied along with other criteria that if notltaked invalidate the run.
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Initial conditions—Constant speed SV is passed by a faster POV.

POV

No-warning conditions—An FCW is notissued at any time during the test as the POV
separates from the SV.

POV

Slowing Constant speed ~ Accelerating
<P Q=== 0 W === E2 |

Principal other vehicle <[] |4JPov pov [ ] pov

Subject vehicle ﬁ:

Lateral movement Attempted lat. movement
right left right left

Figure 28. Test concept for a no-warn test when a faster POV cutsin front of the SV
and separ ates.

For evaluation purposes the following time winddvas'e been defined:

» Steady-state: the time from the start of the rum artransitional action, a
warning or the end of the run as determined byekperimenter and as
applicable in the no-warn scenarios or proceduratsare aborted due to
concern of the SV driver or experimenter.

» Transitional: the time from the start of a trarfl action to the time of a
warning, the end of the run, or a return to a stesdte final condition.

Table 60. Run validity criteria for a no-warn test in which a faster POV cutsin front of the SV
and separ ates.

Steady-state variables Target Value + Tolerance
Vsy, M/s 17.9 (40 mph) 1.0
Veovi, m/s 20.1 (45 mph) 1.0

Transitional test variables Target Value + Tolerance
Vsy, M/s 17.9 (40 mph) 1.0
Vpovi, M/s 20.1 (45 mph) 1.0
Rpovi, M 15m 5.0
LatVpoyi, m/s 0.2 0.1
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» Steady-state: The minimum and maximum valuesgfand \boy1 do not
exceed the target values and their associateciues over a 2 second
window ending at the start of the transition eugnthe POV.

» Transitional: The range at which the SV identities POV as the closest
in path vehicle when the POV maneuvers in frorthefSV is within the
range and tolerance above

» The SV driver does not touch the brake pedal duhegest.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Tests

6.3.3 Exceptionstothe standard test conditions

There are no exceptions to the default conditi@dedailed in the section Definitions
and Standard Test Conditions.

6.3.4 Test site preparation and special equipment

This is longitudinal conflict, straight-path teevolving a lane-change maneuver by
the POV and requiring a site large enough for #ialdishment of steady-state initial
conditions, adequate distance for the conflictdoun, and sufficient room for the conflict
to be resolved safely. As outlined in section 7 simown in Figure 36, this test will be
conducted at the Dana test track using Set-up S2.

6.3.5 Drivinginstructions
Subject vehicle driver:

1. The driver accelerates in the center of theezdahe at Dana to the desired
speed and engages the cruise control. If necedbargriver should use the
cruise-control speed-adjustment buttons to atteerdesired speed.

2. On a straight section of track and when the At the desired range,
instruct the POV driver to begin a modest lane-geamaneuver to the right
in front of the SV.

3. The SV driver then continues along the centéh@center lane at the
commanded speed while the POV separates from the SV
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Principal other vehicle driver:
1. Follow the SV in an adjacent lane to the leftehiang the SV speed.

2. When both vehicles are in a straight sectiomamik, increase speed to the
designated test speed and pass in the adjacent lane

3. When instructed by the SV or experimenter, neakedest lane change to the

right in front of the SV.

4. Stay in the center of the SV lane and separate the SV until the
experimenter informs you that the run has ended.

6.4 NW-4. No FCW when passing between two slower moving POVs in
adjacent lanes (Required Test)

The purpose of this test is to verify that the FEY8tem does not given a warning
when the SV passes between two slower moving P@Atsotcupy two adjacent lanes to
the right and left of the SV respectively.

6.4.1 Test concept and initial and final conditions

Figure 29 shows the initial and no-warn condititarsan FCW test in which the SV
passes between two slower moving POVs that ateeicenter of adjacent lanes.

Initial conditions—Initial conditions—Constant speed SV approaches from long range two
slower-constant speed POV1 and POV2. POV1 and POV2 have the same speed. POVl is
in the center of the adjacent lane to the left of the SV. POV2 is in the center of the adjacent
lane to the right of the SV. The closing rate between the SV and POVs is greater than 8.9 m/

s (20 mph)
POV1 VSV > VPDVl
——:—Eji—__——————___—‘VPO\A:VPOVZ
(C1J Jrove

[T Jrowa
~ H I
(CIJ Jrov2
Constant speed

Subject vehicle sV

Principal other vehicle Pov

Lateral movement Attempted lat. movement

right left right left
— — e

Figure 29. Test concept for a no-warn test when a faster moving SV passes between
two slower moving POVs
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6.4.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititéal and transitional conditions for
that run must be satisfied. These conditions arengin Table 61. The table shows the
target steady-state initial conditions for the.teBhe notes below the table give the rules
for evaluating if the initial and transitional catidns have been satisfied along with
other criteria that if not followed invalidate then.

For evaluation purposes the following time winddvas'e been defined:

» Steady-state: the time from the start of the rum artransitional action, a
warning or the end of the run as determined byekperimenter and as
applicable in the no-warn scenarios or procedurasare aborted due to
concern of the SV driver or experimenter.

Table 61. Run validity criteria for a no-warn test when a faster SV passes between two POVsin
adjacent lanes.

Steady-state variables Target Value + Tolerance
Vsy, M/s 24.6 (55 mph) 1.0
Vpovi, M/s 13.4 (30 mph) 1.0
Vpovz2, M/s 13.4 (30 mph) 1.0
Rdotpo\/1, m -11.2 15
Initial Rpovi, M 150 10.0

» Steady-state: The minimum and maximum valuesgyf Vpovi, Vpovz and
Rdokoy over a 2 second window ending at the time thaSt¥idront
bumper reaches the rear of either POV.

» Steady-state: The initial sensing range is grehter 140 m

* The SV and POV drivers do not touch the brake pfedahe entire run.

» Both the SV and POV(s) remains in the center ofigggnated lane the
end of the run.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopaance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Tests

6.4.3 Exceptionstothe standard test conditions

There are no exceptions to the default conditi@dedailed in the section Definitions
and Standard Test Conditions.
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6.4.4 Test site preparation and special equipment

This is strictly a longitudinal conflict, straigpith test requiring a site large enough
for the establishment of steady-state initial ctods, adequate distance for the conflict
to occur, and sufficient room for the conflict te kesolved safely. The test shall be
conducted with two passenger cars as the POVsuths&d in section 7 and shown in
Figure 36, this test will be conducted at the Desatrack using Set-up S2. The initial
conditions for the test will be staged using acetones. See section 7 for a more
explicit explanation including detailed figureshaiw these tests will be staged. Section 7
also includes tables for estimating the time asthdice needed to stage the test given the
constraints of the facility chosen. The placemdrthe cones, relative to the start of the
straight section of track given in S1, for thistmandar test is shown below in Table 62 (a
negative distance means the cone is placed bdfergtitaight section of track). The cones
are labeled to indicate their purpose. The gersgehario for executing the test is:

» SV travels around the track at the desired testdpethe center of the designated
lane.

* Both POVs are stopped at cone 2.

* When the SV passes cone 1 the driver or experimargigucts the POVs to start.

« The POV drivers accelerates at the nominally coistte of 1.5 mfs(the POVs
driver is assisted by a windshield mounted acceleter) for 9 seconds to reach
the desired speed in the space between cones2while staying in the center of
the designated lane.

» If staged correctly the POVs will reach cone 3 dtameously with the SV
entering the straight section of the track withdlesired initial conditions.

Table 62. Cone location for no-warn when SV passes between two adjacent POVs

Cone Distance, m Label/Purpose
1 -220 SV commands POVs to start
2 90 From a stop the POVs accelerates at 1.5 m/s’
3 150 POVs at specified speed in 9 seconds

6.4.5 Drivinginstructions
Subject vehicle driver:

1. The driver accelerates, in the center of thectetl lane, to the desired speed
and engages the cruise control. If necessary,rttieragshould use the cruise-
control speed-adjustment buttons to attain therel@speed.

2. At the specified speed, and upon passing cotieHriver (or accompanied
experimenter) commands the POV drivers to stavirdyi
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3. The SV driver then continues along the centeéhefselected lane at the
commanded speed closing on the POVs in a straggiios of the test track.

4. Upon passing the POVs the test is ended aneiterimenter tells the POV
drivers that the test is over.

Principal other vehicle drivers:

1. From a stopped position located at cone 2 (either adjacent to selected
lane) the driver waits for the experimenter in $\éto give the start
command.

2. The POV driver then accelerates steadily tal#®red speed using cone 3, a
window mounted accelerometer, and an estimatedwimaow.

3. At the desired speed the POV engages the arargeol and makes small
adjustments to speed if necessary while stayiigarcenter of the designated
lane.

4. Upon theabort command from the SV experimenter, the POV drigérs to
a stop

6.5 NW-5. No LDW with poor lane keeping and a barrier o n the left
(Required Test)

The purpose of this test is to verify that the NBSystem does not give LDW when
the SV driver wanders in a lane that is adjacenatbarrier.

6.5.1 Test concept and initial and final conditions

The concept of this no-warn test is shown in FigGeThe figure shows a Jersey
barrier on the left adjacent to a solid boundarg land a dashed boundary on the right of
the SV. The test begins with the SV in the centehe designated lane with a constant
forward speed. The SV driver then does a slowdhthift to the left toward the barrier
while near the center of the lane. This is thelofeéd by a slow lateral drift to the right-
side boundary line. Finally, the driver returnghe center of the lane. The lateral
dithering by the SV shall be at low lateral velgaithile maintaining a lane position of
approximately 0.35 m lateral distance from the eeaf the lane.
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Initial conditions—The SV is traveling at a constant speed in the center of the designated
lane

Jersey barrier
(T T T T T T T

e

Conflict transition—SV moves to the left within the lane with a absolute lateral speed,
LatV,, between 0.2 and 0.4 m/s

T e e e e e e e e e e e e e T T T

Conflict transition—SV moves to the right within the lane with a absolute lateral speed,
LatV,, between 0.2 and 0.4 m/s

No warning condition—The SV returns to the center of the lane and an LCW is not issued

durini the ‘lane wanderini'
T e T T

== s [

Subject vehicle

Lateral Attempted lat.
movement movement
right left right left

Figure 30. Test concept for a no-warn test with poor lane-keeping and a barrier on
the left

6.5.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,itlitgal and transitional conditions for

that run must be satisfied. These conditions arengin Table 63. The table shows the
target steady-state initial conditions for the .tdstsome procedures the initial conditions
are by nature conflict laden and a transitionahév&not necessary, while in other
procedures there maybe more than one transitimealteThe table shows the
performance measure variable, its target value aandptable tolerance. The notes below
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the table give the rules for evaluating if theialiand transitional conditions have been
satisfied along with other criteria that if notltaked invalidate the run.

For evaluation purposes the following time winddvas'e been defined:

» Steady-state: the time from the start of the rum artransitional action, a
warning or the end of the run as determined byekperimenter and as
applicable in the no-warn scenarios or proceduratsdre aborted due to
concern of the SV driver or experimenter.

» Transitional: the time from the start of a trarmfl action to the time of a
warning, the end of the run, or a return to a stesidte condition

Table 63. Run validity criteria for no-warn test with poor lane keeping and a barrier on theleft

Steady-state variables Target Value + Tolerance
Vsy, M/s 15.7 (35 mph) 1.0

Transitional test variables Target Value + Tolerance
LatVsy, m/s 0.3 0.1
LOffsv, m 0.35 0.1

» Steady-state: The minimum and maximum values%fd6 not exceed the
target values for the entire run.

e Transitional: The maximum value of abs(Latyis within the range given
above for both lateral drifts to the left and right

* The SV driver does not touch the brake for theremtin.

* The SV starts the lateral movement toward the &aamd lane boundary
from the center of the designated lane.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Tests

6.5.3 Exceptionsto the standard test conditions

There are no exceptions to the default conditi@dedailed in the section Definitions
and Standard Test Conditions.
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6.5.4 Test site preparation and special equipment

This is a longitudinal and lateral straight-patst teequiring a site large enough for the
establishment of steady-state initial conditiond adequate lateral space to perform the
test without leaving a paved surface. The test &uadl have boundary markers on the
both sides of the lane such that the vision bad@d/Rystem can identify and accurately
measure the lane width distance. The boundarygslagproached by the subject vehicle
shall be solid. As outlined in section 7 and shanvRigure 39, this test will be conducted
at the Dana test track using Set-up S3.

6.5.5 Drivinginstructions
Subject vehicle driver:

» At the desired speed, engage the cruise controireidtain a position in the
center of the designated lane.

» At the start of the barrier section of track dsibwly toward the barrier.

* When instructed by the experimenter change dire@ral begin drifting back
to the center of the lane.

* Wait one second, and slowly drift toward the riglte lane boundary line and
when instructed by the experimenter return to thder of the lane.

6.6 NW-6. No LCW when SV changes lanes in frontofacl ose POV
(Required Test)

This test is designed to verify that the IVBSS systdoes not issue an LCW when
the SV changes lanes in front of a POV that isaatstistance behind the rear bumper of
the SV trailer. In this test both vehicles are élang at the same speed for the duration of
the test.

6.6.1 Test concept and initial and final conditions

Figure 31 shows the initial, transitional, and fioanditions for a lane-change event
in which a LCW should not be issued. The test bewgiith the SV and POV traveling
nominally at the same speed in the center of ttesignated lanes with the front bumper
of the POV a predetermined distance behind thelneaaper of the SV trailer. The no-
warn transition begins when the SV driver signald moves to the left with a lateral
velocity, LatVsy , between 0.1 and 0.4 m/s making a complete Ilaarge in front of the
POV. The test ends when the SV is in the centém®POV lane and an LCW has not
been issued.
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Initial conditions—Both the SV and POV are traveling nominally at the same speed in the
center of their designated lanes with the front bumper of the POV behind the rear bumper of
the SV trailer but is perceived by the rear-looking LCM radar.

POV LatVy, = 0.0 m/s

—_————— — == — — — laV,,=00ms ————— — — —
Conflict transition—SV driver signals and moves to the left with a lateral velocity, LatV
between 0.1 and 0.4 m/s

sV

Constant speed
Subject vehicle ‘ sv
Principal other vehicle POV
Lateral movement Attempted lat. movement
right left right left

Figure 31. Test concept for a no-warn test when the SV changeslanesin front of the
POV

6.6.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,ititéal and transitional conditions for
the run must be satisfied. These conditions arergin Table 64. The table shows the
target steady-state initial conditions for the .téssome procedures the initial conditions
are by nature conflict laden and a transitionahév&not necessary, while in other
procedures there maybe more than one transitimealteThe table shows the
performance measure variable, its target value aandptable tolerance. The notes below
the table give the rules for evaluating if theialiand transitional conditions have been
satisfied along with other criteria that if notltaked invalidate the run.

For evaluation purposes the following time winddvas’e been defined:

» Steady-state: the time from the start of the rum artransitional action, a
warning or the end of the run as determined byekperimenter and as
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applicable in the no-warn scenarios or proceduratsare aborted due to
concern of the SV driver or experimenter.

» Transitional: the time from the start of a trarfl action to the time of a
warning, the end of the run, or a return to a stesidte condition. Note: there
may be more than one transitional event in procegitivat involve multiple
threats and multiple POVs.

Table 64. Run validity criteriafor a no-warn test in which the SV changeslanesin front of the POV.

Steady-state variables Target Value + Tolerance
Vsy, M/s 20.1 (45 mph) 1.0
Vpovi, M/s 20.1(45 mph) 1.0
Rsy, m 10 5.0

Transitional test variables Target Value + Tolerance
LatVsy, m/s 0.25 0.15

» Steady-state: The minimum and maximum valuesgyf Vpovi, and Ry
do not exceed the target values and their assddialierances over a 2
second window ending at the start of the transiéeent by the SV.

* The POV is positioned at the desired range beliadadar bumper of the
SV during the time of the lane change. If instruteendata collected from
the POV is used to verify this condition. If nosirumented, best judgment
of the POV driver is used.

» Transitional: The lateral velocity of the SV, Laty reaches a peak value
as shown above during the SV lane change.

* Transitional: The minimum and maximum values @f,¥nd \boyiremain
within the desired range from the start of the lelh@nge to the end to the
run.

* The SV and POV drivers do not touch the brake pedahg the run.

* The POV remains in the center of the designategl daming the entire test.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Tests

6.6.3 Exceptionsto the standard test conditions

There are no exceptions to the default conditi@detailed in the section Definitions
and Standard Test Conditions.
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6.6.4 Test site preparation and special equipment

This is longitudinal conflict, straight-path teevolving a lane-change maneuver by
the SV and requiring a site large enough for thabéishment of steady-state initial
conditions, adequate distance for the transitiooctur, and sufficient room for the re-
establishment of a steady-state condition. As mediin section 7 and shown in Figure
36, this test will be conducted at the Dana testktiusing Set-up S2.

6.6.5 Drivinginstructions

Subject vehicle driver:

1. Accelerate in the center of the center laneaataXo the desired speed and
engages the cruise control. If necessary, the dsiveuld use the cruise-
control speed-adjustment buttons to attain therel@sipeed.

2. On a straight section of track and when ins&uidty the experimenter, turn on
the left directional signal, wait one second anden@ modest lane change to

the left in front of the POV.

3. Inthe new lane, maintain a steady lateral disgrhent in the center of the
lane until the experimenter informs you the rufingshed.

Principal other vehicle driver:

1. Follow the SV in the center of the adjacent lemthe left matching the SV
speed. Engage the cruise control or drive mant@ligatch as closely as
possible the speed of the SV.

2. When positioned at the desired distance betiad®l/, instruct the
experimenter that you are in position.

3. Maintain speed, center position in the lane, disthnce behind the SV until
the experimenter instructs you that the run ifsin@d.

6.7 NW-7. No LCW when SV changes lanes while a POV ist wo lanes
over (Required Test)

The intent of this test is show that he LCW systlras not give a warning when the
SV changes lanes into an unoccupied center lanle wiare is a POV two lanes over in a

blind spot.
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6.7.1 Test concept and initial and final conditions

Figure 32 shows initial, transitional and no-waomditions for this test. The test
starts with both the SV and POV traveling at thmaapeed in the center of their
designated lanes. Between the SV and POV lanes itharthird unoccupied lane. The
transition event begins when the SV driver sigtalhe left and makes a moderate lane
change maneuver into the center lane while the REPAIns in the center or its lane and
aligned longitudinally in what would be considegetlind spot relative to the SV driver.
Once the lateral centerline of the SV has passedtbe lane boundary marker the SV
driver cancels the turn indicator and finishesléme change maneuvering to the center of
the new lane.

Initial conditions—The SV and POV have the same speed and are in the center of their

designated lanes with an unoccupied lane between them. The POV is on the left of the SV.
The front bumper of the POV is aligned longitudinally with the center of the SV trailer.

Transition event—SV driver signals and moves to the left with a lateral velocity, LatV g, ,
between 0.1 and 0.4 m/s into the center of the center lane.

No Warning conditions—The SV and POV continue in the center of their lanes for a length
of time and during the entire sequence of events there was no LCW issued by the LCM
system.

Constant speed
SV

Subject vehicle

Principal other vehicle POV
Lateral movement Attempted lat. movement
right left right left

Figure 32. Test concept for a no-warn when the SV changes laneswhilea POV is
two lanes over in a blind spot.

6.7.2 Performance measuresand criteriafor pass/fail determination

For a run of this test to be considered valid,itiitéal and transitional conditions for
that run must be satisfied. These conditions arergin Table 65. The table is separated
into two sections; the top section shows the tastgeidy-state initial conditions for the
test, while the bottom sections shows transitisma@matics that induce a conflict. In
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some procedures the initial conditions are by matanflict laden and a transitional event
is not necessary, while in other procedures thexgbe more than one transitional event.
The table shows the performance measure variabl@grget value, and acceptable
tolerance. The notes below the table give the f@lesvaluating if the initial and
transitional conditions have been satisfied aloitg wther criteria that if not followed
invalidate the run.

For evaluation purposes the following time winddvese been defined:

» Steady-state: the time from the start of the rutil artransitional action, a
warning or the end of the run as determined byetpeerimenter and as
applicable in the no-warn scenarios or procedurasare aborted due to
concern of the SV driver or experimenter.

* Transitional: the time from the start of a tramsifl action to the time of a
warning, the end of the run, or a return to a Stestdte condition.

Table 65. Run validity criteriafor SV changeslaneswhile a POV istwo lanesover in a blind
spot.

Steady-state variables Target Value + Tolerance
Vsy, M/s 20.1 (45 mph) 1.0
Vpovi, M/s 20.1 (45 mph) 1.0

Transitional test variables Target Value + Tolerance
LatVsy, m/s 0.25 0.15

» Steady-state: The minimum and maximum valuesgfand \boy1 do not
exceed the target values and their associateciues over a 2 second
window ending at the start of the transition eugnthe SV.

» Transitional: The SV driver performs a modest lanange with a target
lateral speed given above.

* The turn signal of the SV is cancelled only aftexr 8V has reached the
center of the new lane.

» The SV driver does not touch the brake pedal duhegest.

» All standard test-conditions, test-settings anttsés criteria for this run
are followed.

The criteria for passingRequiredtest involves successfully executing the test
multiple times and thus ensuring that the systerfopeance is repeatable and robust.
The criteria for passing the test as a whole arergin Section 1.€riteria for Passing
the Required Tests
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6.7.3 Exceptionstothe standard test conditions

There are no exceptions to the default conditi@dedailed in the section Definitions
and Standard Test Conditions.

6.7.4 Test site preparation and special equipment

The test will be conducted on the Skid Pad facdity RC. This facility is shown in
Figure 41. The test will be conduced in lanes 4l 6. The test will be conducted while
traveling in the northern direction only with th¥ 8itially in lane 6 and the POV in lane
4. The SV then makes a lane change to the leftia@enter of lane 5 while the POV
remains in lane 4 for the entire test. No changebe existing boundary markers are
required for this test.

6.7.5 Drivinginstructions

Subject vehicle driver:

1. Accelerate in the center of the center laneaatato the desired speed and
engages the cruise control. If necessary, the dsiveuld use the cruise-
control speed-adjustment buttons to attain therel@speed.

2. On a straight section of track and when insadidty the experimenter, turn on
the left directional signal, wait at least one setand make a modest lane
change to the left into the unoccupied center lane.

3. When in the new lane, cancel the turn signardlte SV has reached the
center of the new lane and maintain a steady ladesplacement in the center
of the lane until the experimenter informs you e is finished.

Principal other vehicle driver:

1. Accelerate to the desired speed in the centireoflesired lane and engage the
cruise control or drive manually to match as clpsal possible the speed of
the SV and the desired test speed.

2. When at the desired longitudinal position refatio the SV trailer, instruct the
experimenter that you are in position.

3. Maintain speed, center position in the lane,landitudinal position relative
to the SV until the experimenter instructs you thatrun is finished.
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7 Test sites and lane boundary marker drawings

This section details where each of the test praesdwill be conducted showing the
facility used as well as the location on the triorkthe test. The drawings also illustrate
how the track is currently stripped and how it ied changed to accommodate the tests
outlined above. A majority of these tests will lmnducted at the Dana facility in Ottawa
Lake Michigan. The remaining tests will be conddciéthe Transportation Research
Center, in East Liberty, Ohio.

7.1 Dana Test Track in Ottawa Lake, Michigan

Dana's Technical Resource Park (TRP) facilitietunhe a test track and proving
grounds of 330 acres and a wide range of testsfaFor these procedures the oval test
track will be used. A picture of the track is showmrFigure 33. The track is a 3-lane, 1
3/4-mile test track with 14 to 15 ft. lane widthfsRortland concrete with asphalt berm.

Figure 33. Satellite view of the Dana test-track (scaleislocated near the northern
straight section).

The current boundary and pavement type layouti®mana test track is shown in
Figure 34. The figures shows a clear shoulder enrtside of the track that is 3.4 m (10
ft) wide and is bounded by a with continuous 4 itick around the entire oval. In the
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straight section of track the lane widths are aimmim of 4.15 m (13.6 ft) but do seem to
get larger in the center and outer lanes. In tleesuthis trend is even more pronounced
and the outer lane on average can be as wide as 8.6.4 ft). The outer boundary of the
outside lane is also a 4 inch continuous white direund the entire track. A shoulder that
is 0.91 m (2.9 ft) bounds the outside of the olztee and is made of asphalt. Both the
eastern and western curves also have a continuetad guard rail outside of the
shoulder.

Straight section of Dana track is approx. 500 m 1‘

—

= 100.00 >

f all dimensions in meters unless indicated |

Figure 34. Boundary and pavement type drawing for the Dana Test track.

Figure 35 to Figure 40 shows the direction of tr@areund the track and the areas on
the track where each test scenarios will be cordudthe test type and kinematics of the
test determine the number of lanes used. Genenadlgt tests will be conducted on both
the northern and southern straight sections ok$rasing the middle and inside lanes.
The most comprehensive lane boundary tacking b EN& system occurs when the SV
is in the inside lane, hence the direction of ttavel staging of the scenarios that depend
on boundary tracking dictates the direction of étaround the track.

i‘ 500 m >
|

< 100.00 |

Figure 35. Danatrack set-up S1: Lane boundary markings (both Northern and
Southern straight sectionswill be used)
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‘4 sw m -

|

|

Figure 36. Danatrack set-up S2: Lane boundary markings (both Northern and
Southern straight sectionswill be used)

< 100.00 |

I

r Straight section of Dana track is approx. 500 m >
i‘ 100.00

Set-up S4: Dana track lane boundary markings with cone locations (southern section of track)

Figure 38. Danatrack set-up $4: Lane boundary markings and conelocation for a
500 m radius curve (Southern straight only)
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Table 66. Conelocation for RE-7; Stopped vehiclein a curve

Longitudinal Lateral Distance, m
Cone set Distance, m Inside Cone Outside Cone

1 0.0 0.0 3.6
2 20.0 3.0 6.6
3 40.0 7.1 10.8
4 60.0 10.2 13.9
5 80.0 12.2 15.9
6 100.0 13.2 16.8
7 120.0 13.1 16.8
8 140.0 12.0 15.6
9 160.0 9.8 13.4
10 180.0 6.5 10.2
11 200.0 2.2 5.9

Inside lane only
applicable tests: RD-4

Note: all lanes have a cross-slope
Temporary boundary line

of approx. 7 deg in turns width: 4"

Clear shoulder .”:'::-:.::__

all dimensions in meters unless indicated

Set-up C1: Dana track lane boundary markings (eastern curve)

Figure 39. Danatrack set-up C1: Lane boundary markings (Eastern curve)
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Note: all lanes have a cross-

slope of approx. 7 deg in turns

Inside lane only applicable test: RE-8
Inside and middle lane applicable tests: LC-3, NW-2

Clear shoulder

|| Direction of
: travel ; . . "
all dimensions in meters unless indicated

Set-up C2: Dana track lane boundary markings (western and eastern curve)

Figure 40. Danatrack set-up C2: Lane boundary markings (Eastern and Western
curve)

7.2 Transportation Research Center

Only two facilities of the TRC are included in thecedures given above, namely,
the Skid Pad and Vehicle Dynamics Area.

7.2.1 Skid Pad at the Transportation Research Center

m. GONGRETE BROOMED SURFAGE \
1 LAP = APFROXIMATELY 4 MILES (4 KLOMETERS)

f 8000 & »
a3 m

6300 A
920 m
800
1097 m

SPRINKLER
it m_t/_svsw [t e

N\
H ] ‘13 m) Wik -
16 1 {5 m) wde fane 16 1 (5 mi} wide Lne
14% ar 25% super-elevaton 14% ar 25% superdraton
Neutral spred $4 mph (55 kph] Meutal speed $4 mph (55 kph)

P — ——
T
‘1

Figure4l. The TRC Multi-Lane Skid Pad Course
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7.2.2 Vehicle Dynamics Area at the Transportation Research Center

Track Marking Details for Morthern Curve of the Vehicle
Dynamics Area

A R A

R}

12 fest
The newling iswhite, 4
inches wide and 12 . outside
ofthe exigting solid white
boundary line that separates
the inzide lane and shoulder

atart the 4 inch solid white line at the pointwhere
the interior access road first meets the shoulder

bhefore after

End the 4 inch solid white line at the point where new pavement cuts into
the shoulder. Mote: the overall length of the new line is approx: 400 m

Figure42. The TRC Vehicle Dynamics Test Area (VDA)
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7.3 Distance calculations to establish SV and POV initi al Conditions

Table 67. Start and end cone placement assuming a constant acceleration a O mph range-rate

POV Ax Delta V

1.5
SV Speed POV Speed POV to speed est. SV 'Go' Cone
mph m/s mph m/s Time, s Dist, m Location, m

35 15.7 35 15.7 104 81.7 -163.3

40 17.9 40 17.9 11.9 106.7 -213.3

45 20.1 45 20.1 134 135.0 -270.0

50 224 50 22.4 14.9 166.7 -333.3

55 24.6 55 24.6 16.4 201.7, -403.3

60 26.8 60 26.8 17.9 240.0, -480.0

65 29.1 65 29.1 19.4 281.7] -563.4

POV start cone location, m
Desired initial range between SV and POV, m

SV Speed 40 60 80 100 120 140 160 180
35 -41.7 -21.7 -1.7 18.3 383 58.3 78.3 98.3

40 -66.7 -46.7 -26.7 -6.7 13.3 33.3 53.3 73.3

45 -95.0 -75.0 -55.0 -35.0 -15.0 5.0 25.0 45.0

50 -126.7 -106.7 -86.7 -66.7 -46.7 -26.7 -6.7 13.3

55 -161.7 -141.7 -121.7 -101.7 -81.7 -61.7 -41.7 -21.7

60 -200.0 -180.0 -160.0 -140.0 -120.0 -100.0 -80.0 -60.0

65 -241.7 -221.7 -201.7 -181.7 -161.7 -141.7 -121.7 -101.7

SV Speed Initial Htm, s

35 2.6 3.8 5.1 6.4 7.7 8.9 10.2 115

40 2.2 34 45 5.6 6.7 7.8 8.9 10.1

45 2.0 3.0 4.0 5.0 6.0 7.0 8.0 8.9

50 1.8 2.7 3.6 45 54 6.3 7.2 8.0

55 1.6 2.4 33 4.1 49 5.7 6.5 7.3

60 15 2.2 3.0 3.7 45 5.2 6.0 6.7

65 1.4 2.1 2.8 3.4 4.1 4.8 5.5 6.2

POV at speed cone location = desired initial range

Table 68. Start and end cone placement assuming a constant acceleration a 5 mph closing range-rate

POV Ax  DeltaV

SV Speed POV Speed POV to speed est. SV 'Go' Cone
mph m/s mph m/s Time, s Dist, m Location, m
35 15.7 30 13.4 8.9 60.0 -140.0
40 17.9] 35 15.7 10.4 81.7 -186.7
45 20.1 40 17.9 119 106.7 -240.0
50 22.4 45 20.1 134 135.0 -300.0
55 24.6 50 22.4] 14.9 166.7 -366.7
60 26.8 55 24.6 16.4 201.7 -440.0
65 29.1 60 26.8 17.9 240.0 -520.0
POV start cone location, m
Desired initial range between SV and POV, m
SV Speed 30 50 70 90 110 130 150 170
35 -30.0 -10.0 10.0 30.0 50.0 70.0 90.0 110.0
40 -51.7 -31.7 -11.7 8.3 28.3 48.3 68.3 88.3
45 -76.7 -56.7 -36.7 -16.7 33 23.3 43.3 63.3
50 -105.0 -85.0 -65.0 -45.0 -25.0 -5.0 15.0 35.0
55 -136.7 -116.7 -96.7 -76.7 -56.7 -36.7 -16.7 33
60| -171.7 -151.7 -131.7 -111.7 -91.7 -71.7 -51.7 -31.7
65 -210.0 -190.0 -170.0 -150.0 -130.0 -110.0 -90.0 -70.0
SV Speed Initial Htm, s
35 1.9 3.2 45 57 7.0 8.3 9.6 10.9
40 1.7 2.8 3.9 5.0 6.1 7.3 8.4 9.5
45 1.5 25 35 45 55 6.5 75 8.4
50 1.3 2.2 31 4.0 4.9 5.8 6.7 7.6
55 1.2 2.0 2.8 3.7 45 53 6.1 6.9
60 1.1 1.9 2.6 34 4.1 4.8 5.6 6.3
65 1.0 1.7 2.4 3.1 3.8 4.5 5.2 5.8

POV at speed cone location = desired initial range
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Table69. Start and end cone placement assuming a constant acceleration a 10 mph closing range-

rate
POV Ax  Delta V
SV Speed POV Speed POV to speed est. SV 'Go' Con¢
mph m/s mph m/s Time, s Dist, m Location, m
35 15.7 25 11.2 7.5 41.7 -116.7
40 17.9 30 13.4 8.9 60.0 -160.0
45 20.1] 35 15.7 10.4 81.7 -210.0!
50 22.4 40 17.9 11.9 106.7 -266.7
55 24.6 45 20.1 134 135.0 -330.0
60 26.8 50 22.4 14.9 166.7 -400.0
65 29.1] 55 24.6) 16.4 201.7 -476.7!
POV start cone location, m
Desired initial range between SV and POV, m
SV Speed 40 60 80 100 120 140 160 180!
35 -1.7 18.3 38.3 58.3 78.3 98.3 118.3 138.3
40 -20.0 0.0 20.0 40.0 60.0 80.0 100.0 120.0
45 -41.7 -21.7 -1.7 18.3 38.3 58.3 78.3 98.3
50 -66.7 -46.7 -26.7 -6.7 13.3 33.3 53.3 73.3
55 -95.0 -75.0 -55.0 -35.0 -15.0 5.0 25.0 45.0]
60 -126.7 -106.7 -86.7 -66.7 -46.7 -26.7 -6.7 13.3
65| -161.7 -141.7 -121.7 -101.7 -81.7 -61.7 -41.7 -21.7
SV Speed Initial Htm, s
35 2.6 3.8 51 6.4 7.7 8.9 10.2 115
40 2.2 3.4 4.5 5.6 6.7 7.8 89 10.1
45 2.0 3.0 4.0 5.0 6.0 7.0 8.0 8.9
50 1.8 2.7 3.6 45 5.4 6.3 7.2 8.0
55 1.6 2.4 33 4.1 4.9 5.7 6.5 7.3
60 1.5 2.2 3.0 3.7 4.5 5.2 6.0 6.7
65| 1.4 2.1 2.8 3.4 4.1 4.8 5.5 6.2

POV at speed cone location = desired initial range

Table 70. Start and end cone placement assuming a constant acceleration a 15 mph closing range-

rate
POV Ax DeltaV
SV Speed POV Speed POV to speed est. SV 'Go' Cone
mph m/s mph m/s Time, s Dist, m Location, m
35 15.7 20 8.9 6.0 26.7 -93.3
40 17.9 25 11.2 75 41.7 -133.3]
45 20.1 30 13.4 8.9 60.0 -180.0]
50 22.4 35 15.7 10.4 81.7 -233.3]
55 24.6 40 17.9 11.9 106.7 -293.3]
60 26.8 45 20.1 134 135.0 -360.0]
65 29.1 50 22.4] 14.9 166.7 -433.4
POV start cone location, m
Desired initial range between SV and POV, m
SV Speed 40 50 70 90 100 120 130 150
35 13.3 23.3 43.3 63.3 73.3 93.3 103.3 123.3
40 -1.7 8.3 28.3 48.3 58.3 78.3 88.3 108.3
45 -20.0 -10.0 10.0 30.0 40.0 60.0 70.0 90.0
50, -41.7 -31.7 -11.7 8.3 18.3 38.3 48.3 68.3
55 -66.7 -56.7 -36.7 -16.7 -6.7 13.3 23.3 43.3
60 -95.0 -85.0 -65.0 -45.0 -35.0 -15.0 -5.0 15.0
65) -126.7 -116.7 -96.7 -76.7 -66.7 -46.7 -36.7 -16.7,
SV Speed Initial Htm, s
35 2.6 3.2 45 5.7 6.4 7.7 8.3 9.6
40 2.2 2.8 3.9 5.0 5.6 6.7 7.3 8.4
45 2.0 2.5 3.5 45 5.0 6.0 6.5 75
50 1.8 2.2 3.1 4.0 45 5.4 5.8 6.7
55 1.6 2.0 2.8 3.7 41 4.9 53 6.1
60 15 1.9 2.6 3.4 3.7 45 4.8 5.6
65) 1.4 1.7 2.4 3.1 3.4 4.1 4.5 5.2

POV at speed cone location = desired initial range
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Table 71. Start and end cone placement assuming a constant acceleration a 20 mph closing range-

rate
POV Ax  Delta V
15
SV Speed POV Speed POV to speed est. SV 'Go' Con¢
mph m/s mph m/s Time, s Dist, m Location, m
35 15.7 15 6.7 45 15.0 -70.0
40 17.9 20 8.9 6.0 26.7 -106.7]
45 20.1 25 11.2 75 41.7 -150.0]
50 22.4 30 13.4 8.9 60.0 -200.0]
55 246 35 15.7 10.4 81.7 -256.7]
60 26.8 40 17.9 11.9 106.7 -320.0]
65 29.1 45 20.1 13.4 135.0 -390.0]
POV start cone location, m
Desired initial range between SV and POV, m
SV Speed 40 60 80 100 120 140 160 180
35 25.0 45.0 65.0 85.0 105.0 125.0 145.0 165.0
40 13.3 33.3 53.3 73.3 93.3 113.3 133.3 153.3
45 -1.7 18.3 38.3 58.3 78.3 98.3 118.3 138.3
50 -20.0 0.0 20.0 40.0 60.0 80.0 100.0 120.0
55 -41.7 -21.7 -1.7 18.3 38.3 58.3 78.3 98.3
60 -66.7 -46.7 -26.7 -6.7 13.3 33.3 53.3 73.3
65) -95.0 -75.0 -55.0 -35.0 -15.0 5.0 25.0 45.0
SV Speed Initial Htm, s
35 2.6 3.8 51 6.4 7.7 8.9 10.2 115
40 2.2 3.4 45 5.6 6.7 7.8 8.9 10.1
45 2.0 3.0 4.0 5.0 6.0 7.0 8.0 8.9
50, 1.8 2.7 3.6 45 54 6.3 7.2 8.0
55 1.6 2.4 3.3 4.1 49 5.7 6.5 7.3
60 15 2.2 3.0 3.7 45 52 6.0 6.7
65) 1.4 2.1 2.8 3.4 4.1 4.8 5.5 6.2

POV at speed cone location = desired initial range

Table 72. Start and end cone placement assuming a constant acceleration a 25 mph closing range-

rate
POV Ax  Delta V
SV Speed POV Speed POV to speed est. SV 'Go' Con¢
mph m/s mph m/s Time, s Dist, m Location, m
35 15.7 10 45 3.0 6.7 -46.7
40 17.9 15 6.7 45 15.0 -80.0
45 20.1 20 8.9 6.0 26.7 -120.0]
50 22.4 25 11.2 75 41.7 -166.7]
55 24.6 30 13.4 8.9 60.0 -220.0
60 26.8 35 15.7 10.4 81.7 -280.0
65 29.1 40 17.9 11.9 106.7 -346.7]
POV start cone location, m
Desired initial range between SV and POV, m
SV Speed 40 60 80 100 120 140 150 160
35 333 53.3 73.3 93.3 113.3 133.3 143.3 153.3
40 25.0 45.0 65.0 85.0 105.0 125.0 135.0 145.0
45 133 333 53.3 733 93.3 113.3 123.3 133.3
50 -1.7 18.3 38.3 58.3 78.3 98.3 108.3 118.3
55 -20.0 0.0 20.0 40.0 60.0 80.0 90.0 100.0
60 -41.7 -21.7 -1.7 18.3 38.3 58.3 68.3 783
65 -66.7 -46.7 -26.7 -6.7 13.3 33.3 43.3 53.3
SV Speed Initial Htm, s
35 2.6 3.8 51 6.4 7.7 8.9 9.6 10.2
40 2.2 3.4 45 5.6 6.7 7.8 8.4 8.9
45 2.0 3.0 4.0 5.0 6.0 7.0 7.5 8.0
50 1.8 2.7 3.6 45 54 6.3 6.7 7.2
55 1.6 2.4 3.3 4.1 49 5.7 6.1 6.5
60 15 2.2 3.0 3.7 45 52 5.6 6.0
65) 1.4 2.1 2.8 3.4 4.1 4.8 5.2 5.5

POV at speed cone location = desired initial range
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8 Appendix A. Test Conditions Specifics

8.1 Solar Zenith Angle

Solar zenith angle is the angle from vertical ® $kan: O degrees means the sun is
directly overhead; 90 degrees places the sun hedrdrizon. A solar zenith angle of 96
degrees is commonly used as the definition of twilight. For the purpose of these
tests, 90 degrees was used as the threshold betlagkeght and darkness. Lighting
conditions were considered to be “light” for satanith angles less than 90 degrees and
“dark” for angles equal or greater than 90 degrees.

The solar zenith angle is calculated from latitudegitude, and universal time, using
formulae obtained from the National Oceanic and @dpheric Administration at
http://www.srrb.noaa.gov/highlights/sunrise/sola®&DF. Figure A-1 plots the
calculated solar zenith angle as a function ofllaoge for the Northern Indiana region of
the U.S. The spread of the band of data pointdtessam (1) the influence of the time of
the year, (2) the influence of the range of lagtudl the region, and (3) the influence of
the east-west location of the region relative iteetizone.
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Figure A-1. Solar zenith angle
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8.2 Environment and pavement types

The test shall be performed on good quality pavezbacrete surfaces with the
following general descriptions to guide the tesémgironment:

“Daytime” illumination is defined as the naturaltdaors illumination that occurs
when the solar zenith angle is at least less tBate§rees.

“Good” atmospheric visibility conditions are defohas a visibility of at least 5 miles
as recorded by the nearest FAA weather station.

“Calm conditions” exist if sustained wind speeds lass than 15 mph and wind gusts
are less than 25 mph.

8.3 Subject vehicle

The subject vehicle is a Class 8 tractor and ab8dry-cargo van trailer.

8.4 Subject vehicle Instrumentation

The subject vehicle shall include a data acquisisigstem to record data from the
IVBSS system and other primary kinematic and fuoral measures of the vehicle.
These include the vehicle state measures, warairgdd, and any intermediate measures
necessary to fully understand how the system fanstiThe SV instrumentation shall
also include at least a video recording of the tohvscene at a sampling frequency of 10
Hz or greater.

8.5 Primary and Secondary other vehicles

The POV and secondary POV shall be one of thevitig as specified for a given
test.

“Passenger car” is defined as a mid-sized sedan.

“A truck” is defined as a Class 8 tractor and daygo van trailer at least 40 ft in
length.

“Motorcycle” is defined as a commercially availali25cc to 650cc-class motorcycle
without alterations to its reflectors, lights, entlers, and without after-market add-ons
that might affect its visibility to countermeasisensors.

8.6 Primary and secondary other vehicle instrumentation

Generally, no instrumentation other than a stoglvat manual accelerometer is
needed by the driver of a primary or secondaryrotbbicle. However, when possible
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the POV shall be equipped with conventional craisetrol to minimize speed deviations
during a test.

8.7 Road geometry

“Straight” road is tentatively set at a horizontalvature of less than 0.1° per 100
meters.

“Curved” road is tentatively set at a horizontah@iure of more than 0.1° per 100
meters.

“Flat road” is set at a vertical curvature of gegghan 600-m per percent change in
grade.

“Dry” conditions describe any surface that has msible evidence of water including
discoloration of the pavement due to wetness.

“Wet” conditions describe any surface that has istble dry areas and has been
doused with water to the point that running watas\wresent on the surface in the prior
30 minutes.

“Smoothly paved” conditions describe any pavedkisurface with pavement in
relatively good condition.

8.8 Lane geometry and boundary types
Boundaries are classified as “good quality” if thee markings having the following:
* The lane markings must be parallel to the cent¢éhefoad

* The painted lane markings must be either single $obntinuous) lines or
single dashed lines. Neither side of any lane uséuk test can be marked
with double-solid lines nor a combination of paghiolid and dashed lines,
such as the markings found on a two-way, two-la@el r with no passing in
one direction.

* The painted lane markings must be either yellowluite.
» The painted lane markings must be between 3.5 &nthéhes wide.
» If a painted lane marker is dashed, the followingstrhold:

a. The length of all dashes must be between twdl@ndeters.

b. The space between two dashes may not be lassiltte the length of
either dash or greater than four times the leng#itber dash, where the
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length of each dash is its “ideal” length, whicln&t reduced by wear or
torn off sections of marker.

» Raised pavement markers are acceptable but natedqu

9 Appendix B. The NIST Independent Measurement Syst em

This appendix describes physical aspects of thepeddent Measurement System
(IMS) that the National Institute of Standards dmedhnology (NIST) will use to collect
data during IVBSS track and on-road verificatiost$e The IMS components are shown
in Figure B-1, B-2, and B-3.

A clamp-on roof rack mounts to the hood of a veh{ttft side of Figure B-1) and
carries three cameras and two laser scannersrodheack and its dimensions are shown
in Figure B-2.

The majority of the remaining IMS electronics resid an enclosure depicted in
Figure B-3. We are evaluating a wheel speed measant device that attaches by
suction cups to the fender adjacent to the reaelvhEhe device, an emitter-detector
switch, senses wheel rotation from reflective tapehe tire.

The IMS power consumption is listed in Table BIlhe peak power is
approximately 240 watts, or 20 amps at 12 voltside® and front view of the IMS as
installed on the Eaton/International Test Vehidel¥BSS is shown in Figure B-4
below.

Laser scanners
GPS Time and Position

usB

[ Laser data A Fused range data

IBEO ECU

Forward + side
cameras

NTSC
vide

dash camera

Quad GPS Timestamp
Multiplexer Overlay

Recorded Quad Image

# audio
—
-ab microphone

audio
_ audo )

IVBSS additions

GPS->Audio
Inserter

Figure B-1. Thelndependent M easurement System data flow diagram
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432 mm (17 inches)

229 mm
5 (9inches)

381 mm
(15 inches)

Roof Rack Detail:

. . [@inches)
)17 adjustable 1448 mm - 1143 mm 4-{

(57 inches - 45 inches)

NIST IMS - IBEO Senor System - Approximate Dimensions

Figure B-2. Independent Measurement System sensor roof rack

USB Converter |

38.1cm (15 in)

DVR Power
30.5cm (12 in)
61.0 cm (24 in)

Figure B-3. Independent M easur ement System enclosure

-

Figure B-4. Front and side view of I VBSS heavy-truck with the M Sinstalled

140



