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Executive Summary

This report presents the results from the objective tests conducted in Task 11 of the
CICAS-V project. The tests were performed at Virginia Tech Transportation Institute’s
Smart Road test facility during July 15 through July 17, 2008.

The objective tests were developed in Task 7 of the CICAS-V project and were agreed to
by the USDOT prior to conducting the objective tests. The purpose of the task was
two-fold:

e To test whether the system performed according to the specifications and
determine readiness for a large-scale Field Operational Test (FOT). In the
Statement of Work (SOW), the go-ahead decision for continuing with an FOT was
largely based on the outcome of the objective tests.

e To refine the objective test procedures, incorporating lessons learned from the
objective tests.

The objective test consisted of 12 tests and contained multiple runs. The test procedures
are listed in the following table.

Xii
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Table ES-1: Summary of Objective Tests

Name Purpose Section Kind
Signalized Various Test whether warning distance is as 3.1 Objective
Speed Approaches Test | specified for signalized intersections and Requirement
given vehicle speed Warning
Edge of Approach Test whether expected warning is given | 3.2 Obijective
Testing for Warning when vehicle is driven on edge of lane Requirement
Warning
Edge of Approach Test whether nuisance warnings are 3.3 Objective
Testing for Nuisance avoided when vehicle is driven on edge Requirement
Warning of lane Nuisance
Late Lane Shift Test — Test whether expected warning is given | 3.4 Obijective
Warning when shifting from green lane into red Requirement
lane after red lane’s warning distance Warning
passed
Late Lane Shift Test — Test whether nuisance warning is 3.5 Obijective
Nuisance Warning avoided when shifting from red lane into Requirement
green lane before red lane’s warning Nuisance
distance passed
Multiple Intersections Test whether warning appropriate 3.6 Obijective
within 300m Radius: warning is given for approaching Requirement
Warning Case intersection in presence of multiple Warning
nearby intersections
Multiple Intersections Test whether warning is avoided when 3.7 Objective
within 300m Radius: No | approaching intersection in presence of Requirement
Warning Case multiple nearby intersections Warning
Dynamic Signal Change | Test whether warning is avoided on 3.8 Obijective
to Yellow, Too Late to signal change from green to yellow when Requirement
Warn red arrives after the stop bar Nuisance
Dynamic Signal to Red, | Test whether expected warning is given | 3.9 Obijective
In Time for Warning on signal change from green to yellow Requirement
when red occurs before vehicle passes Warning
stop bar.
Dynamic Signal to Test whether warning is avoided when 3.10 Objective
Green, No Warning signal change from red to green before Requirement
Case the warning distance Nuisance
Stop Sign Various Test whether warning distance is as 4.1 Obijective
Approach Speeds Test specified for stop sign intersections and Requirement
given vehicle speed Warning
SPaT Reflection and Tests the system performance / system 3.11 Engineering
Reception limits when line of sight between Test

intersection and vehicle is obscured by
another vehicle

Xiii
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The objective tests were conducted on the Virginia Tech Transportation Institute Smart
Road in Blacksburg, VA. The Smart Road includes a signalized intersection with signal
phases and timing that can be accurately controlled. The intersection had four approach
roads with several approach lanes of which one was used for the tests. The technical team
created a GID for the intersection that was used in all the tests. The vehicles utilized for
conducting the objective tests were VITI’s Cadillac STS test vehicles which were also
used in Task 3.4 for the Pilot FOT. A Tractor-Trailer combination was used as the lead
vehicle in the SPaT Reflection and Reception test.

The conditions for the objective tests were:

e A procedure could contain multiple tests
Each test had to have at least 8 successful runs (intersection approaches)

e A test was judged to have passed if 6 out of 8 runs passed based on the pass/fail
criteria for the individual test, e.g., warning came within the expected range

e A test run was judged successful if the validity criteria were fulfilled (e.g., speed
was within the allowed range, sufficient packets from the alternate intersection
were received at the point where a warning was going to be issued, etc.)

During the objective tests the same set of data was collected as in the Pilot FOT with the
addition of the high precision GPS data and the video images of the icon state. The data
was used to analyze the test results and to determine whether the system passed or failed
the individual test.

The test personnel included:

A driver, not affiliated with the project

An observer to protocol the test and observe the outcome

A government witness from either NHTSA or Volpe

Additional personnel to perform specific tasks in the vehicle such as changing the
signal or determine the distance from a leading vehicle.

The objective tests procedures consisted of 15 individual tests with a pass/fail criteria
(120 valid runs) and one engineering test without a pass/fail criteria (8 valid runs).

The CICAS-V system failed one run at the variable speed signalized intersection
approach test (55 mph approach speed). During the run, the brake pulse did not engage
even though the other DVI modalities performed correctly.

The outcome of the objective tests is that the CICAS-V is performing as well or better
than originally specified and that the system is FOT ready.
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1 Introduction

1.1 Background

This document presents the Task 11 Final Report for the Cooperative Intersection
Collision Avoidance System Limited to Stop Sign and Traffic Signal Violations
(CICAS-V) Project. The period covered by the report is from December 1, 2007 through
September 30, 2008.

1.1.1 Project Description

The CICAS-V Project’s objective was to develop a cooperative intersection collision
avoidance system to assist drivers in avoiding crashes in the intersection by warning the
driver of an impending violation of a traffic signal or a stop sign. Cooperative means that
the system involves both infrastructure and in-vehicle elements working together. The
Vehicle Safety Communications 2 Consortium (VSC2) is executing the project under
Federal Highway Administration (FHWA) Cooperative  Agreement  No.
DTFH61-01-X-00014, Work Order W-05-001. Members of VSC2 are Ford Motor
Company, General Motors Corporation, Honda R & D Americas, Inc., Mercedes-Benz
Research &  Development North  America, Inc. and Toyota Motor
Engineering & Manufacturing North America, Inc. Funding for this project is provided
from the Joint Program Office of the United States Department of Transportation (U.S.
DOT). The project is also supported by Virginia Tech University (Virginia Tech), who
plays a major role in the research to define and evaluate the CICAS-V warning system.
The work at Virginia Tech is being conducted through its research group at the Virginia
Tech Transportation Institute (VTTI).

1.1.2 Purpose for Implementing the System

The purpose of implementing CICAS-V s to reduce crashes due to violation of traffic
control devices (both traffic signals and stop signs).

When deployed, this system is intended to:
e Reduce fatalities at controlled intersections
e Reduce the number of injuries at controlled intersections
e Reduce the severity of injuries at controlled intersections
e Reduce property damage associated with collisions at controlled intersections

e Create an enabling environment that additional technologies can leverage to further
extend safety benefits

Each year about 5,000 fatal crashes occur in intersections with traffic signals or stop signs
(National Highway Traffic Safety Administration, 2005 [1]). About 44% occur at traffic
signals and 56% at stop signs. About 400,000 injury crashes occur at those intersections
each year. About 600,000 property damage crashes also occur at those intersections
annually.

An initial analysis of relevant National Highway Traffic Safety Administration (NHTSA)
crash databases shows that violation crashes have a variety of causal factors. The
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CICAS-V system is intended to address the causal factors that include driver distraction
(a frequent factor cited by Campbell, Smith and Najm, 2004, p. 65 [2]), obstructed/limited
visibility due to weather or intersection geometry or other vehicles, the presence of a new
control device not previously known to the driver, and driver judgment errors. Driver
warnings, such as those planned for CICAS-V, may prevent many violation-related
crashes by alerting the distracted driver, thus increasing the likelihood that the driver will
stop the vehicle and avoid the crash.

1.1.3 System Goals and Objectives

CICAS-V is intended to provide a cooperative vehicle and infrastructure system that
prevents crashes at intersections by warning the vehicle driver that a violation, at an
intersection controlled by a stop sign or by traffic signal, is about to occur. The basic
concept of CICAS-V is illustrated at a high level in Figure 1 for a signalized intersection.
In the figure, a CICAS-V equipped vehicle approaching a CICAS-V equipped
intersection receives messages about the intersection geometry and status of the traffic
signal. The driver is issued a warning if the equipment in the vehicle determines that,
given current operating conditions, the driver is predicted to violate the signal in a manner
which is likely to result in the vehicle entering the intersection. While the system may not
prevent all crashes through such warnings, it is expected that, with an effective warning,
the number of traffic control device violations will decrease, and result in a decrease in
the number and severity of crashes at controlled intersections.
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Figure 1: Basic Concept of the CICAS-V System at a Signalized Intersection

Specific goals of CICAS-V include the establishment of:

e A warning system that will be effective at reducing the number of fatal crashes,
the severity of injuries and property damage at CICAS-V intersections

e A warning system that is acceptable to users

e A vehicle-infrastructure cooperative system that helps vehicle drivers avoid
crashes due to violations of a traffic signal or stop sign

e A system that is deployable throughout the United States

1.2 Purpose

In Task 11 the objective test procedures defined in Task 7 [5] were executed and the
results were evaluated. The purpose of the objective tests was to determine if the
CICAS-V system is ready for a Field Operational Test (FOT). The observations during
the objective tests were also used to improve the test procedures to come to a final set of
objective test procedures that can be used to reliably evaluate future CICAS-V systems.

1.3 Scope

The testing is performed according to CICAS-V objective test procedures [5]. The
objective test procedures present the test conditions, test results, and the evaluation of
those results.

1.4 Organization

Section 2 collects all the test conditions common to all tests. Any deviations from these
conditions are noted in the test-specific sections.

Section 3 covers the testing performed at signalized intersections. It is composed of
eleven subsections, each of which is devoted to one test of the CICAS-V system
operation at signalized intersections. Each subsection briefly summarizes the main
intention and the approach of the test (in Subsection 3.x.1), while the test set-up and
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procedures are described in detail in [5]. Subsection 3.x.2 notes any deviations in test
conditions from Section 2. The validity of the test is analyzed in Subsection 3.x.4. The
pass/fail evaluation is performed in Subsection 3.x.5. Any improvements to the test
procedure of the subsection’s test are detailed in Subsection 3.X.6.

Section 4 covers the testing performed at the stop-sign-controlled intersections. There is
only one test in the section covered by Subsection 4.1. The subsection is organized like
the subsections of Section 3.

2 General Test Conditions

The test conditions for all tests were recorded by test observers in [6]. That document was
transcribed into [7]. The following subsections summarize the recorded conditions and
highlights conditions that remained constant throughout testing. Any conditions that
differ from those described here are addressed in the sections devoted to specific tests.

2.1 Location and Conditions

All testing reported in this document was performed at the Virginia Tech Transportation
Institute’s Smart Road test facility [8], [9]. The Smart Road contains a four-way,
signalized intersection with multiple approach lanes for the main direction that was used
for the tests. The testing started on July 15 and ended on July 17, 2008. All tests were
performed during daylight hours. Weather conditions were sunny and dry for all the tests.

2.2 Driver

The same driver was used for all the tests. The driver was not affiliated with the project
and was briefed on the operation of the CICAS-V system and instructed to follow the
instructions given by [5].

2.3 Difficulties with Test Procedure
2.3.1 GID Inaccuracies

Preparatory testing found that GID maps for the test site were inaccurate. These
inaccuracies manifested themselves in the differences between the position data reported
relative to GID defined lanes and the vehicle video data, visual observations, and manual
measurements of vehicle position relative to the actual painted lane markings. Laterally,
inaccuracies were found in the order of 00.65 m where the GID is shifted to the
Northeast.. There is also note about this condition in the test procedures [5]. This includes
a decision to use visual observations by test observers and cameras instead of the
GID-relative position data in tests where the distance to the lane edge is a test validity
criteria (as in Subsections 3.2 and 3.3 in this report).
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3 Signalized Intersections Tests, Conditions and
Results

This subsection details tests performed at the signalized intersection. It consists of one
subsection for each test performed. Tests performed at the stop-sign intersection are
covered by Section 4.

3.1 Various Speed Approaches Test

3.1.1 Scenario Overview

In this test for each test run, the test vehicle travels down the middle lane at a constant
speed toward the intersection which is signaling red to all approaches (Figure 2). The
main aim is to test the warning operation of the CICAS-V system in a simple scenario
across a range of vehicle speeds. The test set-up and procedure are specified in detail in
[5] under the corresponding test heading. It calls for eight test runs at each of 55 mi/h, 35
mi/h, and 25 mi/h. The green area in Figure 2 shows the interval between the yellow flag
and the checkered flag where an alert has to be issued for the test to pass. If an alert is
issued outside this interval (red area), the system will not pass the test.

\

Checkered Flag
Yellow Flag

Figure 2: Various Speed Approaches, Test Setup

3.1.2 Conditions
There were no deviations from the general test conditions detailed in Section 2.

Although 8 runs are specified for each test speed in this test, sometimes more than 8 runs
were performed per test speed in order to reduce the chance of having to return to this test
in case of some invalid test runs. Since none of the test runs in this test were found to be
invalid, only the first 8 runs are needed for official pass/fail determination for the overall
test and any additional test runs are shown here only for reference.

3.1.3 Results
The data collected during this test was stored in the files listed in Table 1.
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Table 1: Test Data Files for Signalized Various Speed Approaches Test

Speed (mi/h) Result File Name

Description

Created By

55

35

25

ACI4_0301_0000_AA_080716_1410.txt
ACI4_0301_0000_AA_080716_1410.avi
ACI4_0302_0000_AA_080716_1429.txt
ACI4_0302_0000_AA_080716_1429.avi
ACI4_0303_0000_AA_080716_1449.txt
ACI4_0303_0000_AA_080716_1449.avi

signal values
video
signal values
video
signal values
video

DAS
DAS
DAS
DAS
DAS
DAS

This data was analyzed to determine test validity (Subsection 3.1.4) and pass/fail
evaluation (Subsection 3.1.5).

3.1.4 Validity

All the values relevant in validity determinations, and the results of those determinations,
are presented via Table 2 through Table 4. The validity limits used in those tables (orange
columns excluding the first four columns) are taken from [5]. The relevant sections from
[5] are noted in the table headings.

Table 2: Validity Check Table, Various Speed Approaches Test, 55 mph

Fun Extents Speed (2.6.1) I55T_Error_Ellipse {(2.6.1 PDOP (2.6.1) Satellites (2.6.1)
Start Enil Walid Rec. Eval. |valid__ Rec. FEval. |Valid Rec. Eval. |Valid Rec. Eval.
{Equip.) (Warn.) Min. Nom. Max. [Min. Max. [Min. Max. |Valid? |Max. Min. Max. Valid? [Max. Max. Valid? |[Min. Min. Valid?
frame frame frame mih kmh kimh m m m m m

1 136182 136335 136338] 528 540 A7A| 845 Q24| 876 882 |walid 1.8 1.1 1.2 walid a0 2.4 walid i Twalid
2140034 140193 14083] 528 550 4745|845 Q25| 87.8 884 walid 1.8 1.1 1.1 walid a0 2.3 walid 5 T walid
3 143733 143892 143592 525 550 &57.5| 845 92.5| 87.0 87.7 (walid 1.5 1.1 1.1 walid 5.0 2.3 walid 5 Twalid
4 147054 147210 147210] 525 550 574|845 Q25| 877 853 walid 1.5 1.1 1.1 walid A0 2.3 walid 5 Twalid
5 151707 151872 151872| 524 550 A74| 845 Q24| 860 868 [walid 1.8 1.1 1.1 walid a0 2.2 walid i Twalid
G 154509 154962 154962 524 550 4745|845 9245|891 89 4 valid 1.8 1.1 1.1 walid a0 2.2 walid 5 T walid
T 158370 158529 158529 525 55.0 &57.5| 845 92.5| 87.6 984 jwalid 1.5 1.1 1.2 alid 5.0 2.1 walid 5 6walid
8 151511 161670 161670] 525 S50 &A7A| 845 Q25| 883 89.0 walid 15 1 1.1 jwalid A0 21 walid 5 Towalid
9 164814 164973 164973] 525 550 574|845 Q24| 87.3 88.0 [walid 1.4 1 1.1 alid a0 21 walid a5 6 walid

Table 3: Validity Check Table, Various Speed Approaches Test, 35 mph

Run Extents Speed (2.6.1) I5S5T_Error_Ellipse {2.6.1 PDOP (2.6.1) Satellites (2.6.1)
Start  WMid End Walid Rec. BEval. |valid Rec. FEval. |Valid Rec. Eval. |Valid Rec. Eval.
{Equip.} (Warn.) (Equip.y{Min. Nom. Max. [Min. Max. |Min. Max. |Valid? [Max. Min. Max. Valid? |Max. Max. Valid? [Min. Min. Valid?
frame frame frame mih kmh kimh m m m

1 170844 171177 171327 328 350 375|523 BO.3| 99.5 59.9 walid 1.5 0.5 0.5 walid a.0 2 walid 5 6 walid
2 174282 174645 1747as| 325 350 375|523 BO.3| 861 56.9 walid 1.5 0.4 0.4 walid 5.0 2 wvalid 5 6walid
3 177540 177912 qya0s2| 324 350 3TA| 523 BO3| 551 459 [walid 15 0.3 0.3 walid A0 2 wvalid 5 B walid
4 180864 181230 181380] 324 3480 374|523 BO3| 855 463 [walid 1.8 0.3 0.3 walid a0 2.2 walid a8 6 walid
5 1583564 184224 184374 325 350 375|523 BO.3| 6.1 47.0 walid 1.5 0.3 0.3 walid 5.0 2.2 walid 5 6 walid
6 186867 187227 187377| 324 350 375|523 BO.3| 564 456.9 walid 1.5 0.2 0.2 walid 5.0 2.2 walid 5 Gwalid
7 189900 190275 190425] 324 340 374|523 BO3| 546 454 (walid 148 0.2 0.2 pwalid a0 2.2 walid A 6 walid
8 193014 193377 183524 324 3480 374|523 BO.3| 552 466 [walid 1.8 0.2 0.2 pwalid a0 2.2 walid a5 6 walid
Y 196122 196432 196632 325 350 375|523 BO.3| 95.5 496.8 [Walid 1.5 0.2 0.2 pwalid 5.0 2.2 walid 5 G walid
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Table 4: Validity Check Table, Various Speed Approaches Test, 25 mph

Run Extents Speed (5. 2.6.1) GST_Error_Ellipse (2.6.1 POOP {2.6.1) Satellites (2.6.1)
Start End Valid Rec. Eval. |Valid Rec. FEval. |Valid Rec. Eval. |Valid Rec. Eval.
{Equip.} (Warn.) (Equip.yMin. Nom. Max. |Min. Max. [Min. Max. |Valid? [Max. Min. Max. Valid? |Max. Max. Valid? |[Min. Min. Valid?
frame frame frame mih kmh kimh m m m

1 207204 2077E2 2072| 225 2560 274|362 4472|404 40.9|valid 1.5 09 1.1 wald 5.0 2.2wald 5  6walid
2 210795 211359 211509 225 250 27.45| 36.2 44.2| 38,7 405 walid 1.5 0.7 0.7 walid 5.0 2.2 walid 5 6walid
3 214593 25184 215334 225 250 2TA| 362 4472 3845 393 |vald 148 048 0.4 wald 8.0 2.2 wald 5  Bwalid
4 218148 218733 218883| 225 250 274|362 4472|385 35.3|vald 1.5 04 0.4 walid 5.0 2.2wvald 5  6walid
5 221456 222045 222195 225 250 2745|362 44.2| 391 39.8 walid 1.5 0.4 0.4 walid 5.0 2.2 walid 5 Gwalid
G 2248058 2253834 225531| 225 2560 274|362 4472|388 30.6|vald 148 03 0.3 wald 8.0 2.2 wald 5 G walid
7 228645 229224 229374 225 250 274|362 442|391 397 |valid 1.5 0.3 0.3walid 5.0 2.2wvald 5  6walid
8 231954 232533 232683| 225 250 27A| 367 442|391 357 |valid 148 0.3 0.3 walid 5.0 1.8wald 5 G walid

Parts of those tables are manually entered based on inspecting the test results data while
otherwise those tables are automatically filled by scripts running on the test results data.
The manual entry is typically marked in this report by orange background and automatic
calculation by blue foreground.

In the tables, “Rec.” stands for “as recorded during testing” and is to be compared against
the valid limits from [5] which appear in the corresponding “Valid” column. The
abbreviations “Min.,” “Nom.,” and “Max.” take their usual meaning of “Minimum,”
“Nominal,” and “Maximum.” “Eval” stands for “Pass/fail evaluation.”

Signals  “OBE-Communication.Distance_to_Stop_Bar  (meters)” and  “OBE-
Communication.DVIN_Icon_States (None),” from the DAS .txt results file are used to
identify the limits of each test run’s extents (the first set of three orange background
columns in each table). Figure 3 is a graphical representation containing those signals for
an example test run plotted against the video frame number (a larger version of it appears
in 8.1.1 along with similar plots for all test runs in this test). At the start of each test run
as the test vehicle starts toward the intersection, the vehicle is outside the range of the
intersection. During that time Distance_to_Stop_Bar remains 0. When the vehicle enters
the DSRC communication range, and the vehicle receives all the necessary messages,
Distance_to_Stop_Bar changes from 0 to the current distance to the stop bar. At the same
time DVIN_lIcon_States changes from 0 (Standby) to 1 (Equipped). This point is
considered to be the start of the range in which the test run validity is examined. The
minimum extreme of the Figure 3 is determined by video frame at that moment. This
frame number for all runs is presented in the second column of Table 2 through Table 4.
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300 1 OBE-Communication.Vehicle_Speed (kilometers/hour) |- Data Zoom 6
—=—— OBE-Communication.Distance_to_Stop_Bar (meters)
——— Output of Table 641-11 (m) at Current Speed
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——— OBE-Communication.Algorithm_Status (None) B A
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Figure 3: Various Speed Approaches Test, 55 mph, Run 1, Evaluation Plot

The frame at which DVIN_lcon_States changes from 3 (Warning) to 1 (Equipped),
marked in Figure 3 as “A,” is considered the end of validity checking range for all
validity criteria except speed. This is the fourth column in the tables.

s -10|

Since the speed is expected to change from specified after the warning, the change from 1
(Equipped) to 3 (Warning), marked in Figure 3 as B, is taken as the end of validity
checking range for speed. This is the third column in the tables.

In each table, for each of the validity criteria, and for each test run within the validity
checking range just described, the minimum and maximum values of the signals
corresponding to the validity criteria are found and compared against the specified valid
limits. If the signal remains within the limit, then the cell in the corresponding “Eval.”
column for the criterion, in the row for that particular test run, is marked as “valid,” and
otherwise as “invalid.”

For this test, as Table 2 through Table 4 show, all test runs were found to be valid.
3.1.5 Evaluation

In this test a warning is expected. The pass evaluation for a test run is given for the
presence of the warning, in all its modalities, within the expected distance-from-the-
intersection interval. The evaluation process and its conclusions are presented via Table 5
through Table 7. Table 5 is accompanied with notes explaining the derivation of columns
comprising it. The same notes apply to the other two tables, but are omitted for brevity.
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Table 5: Evaluation Table, Various Speed Approaches Test, 55 mph

Run Warning as Recorded Spead Distance Run
lcon Brake®|Audio*|Recorded Trune.” |Accept.|Room |Optimum|Tol. (s)¥|RecordedRoom  [Accept. |Eval. [Fval.
Video!| State®| (yes/ | (yes/ |at Warn. [to Table |Min. [To Min®|from 641-14 0.200 |at Warn. |To Max®[Max.® |(pass{pass/
{frame}|{frame}| no} | noj {km/h) {km/h) {m} {m} {m} {mj} {m} {m} {mj}| fail} | fail)
1[136337 136338 yes | yes a7.a6 ar.00| 9343 732 93,26 4,83 10075 2.34[ 103.050 |pass | pass
2140193140193 | yes | yes a7 76 B7.00| 9343 4.44 48 26 4.83 a7 87 522 103.09|pass | pass
3|143893|1438492 | yes | yes ar.ay B7.00| 9343 5.06 48 26 4.83 48.449 4 60| 103.09 |pass | pass
4(147210 14?210“ yes a7.a6 ar.00| 9343 7.83 93,26 483 101.26 1.83[ 103.05 |pass

(191871151872 yes | yes 26,149 26,00 91.21 4,13 95,99 478 945,34 4.43[ 100.77 |pass | pass
B|154863[154962 | yes | yes 8911 8900 9794 5.54 10288 494 10349 4 33| 107 .82 |pass | pass
T|158529|1585249| yes | yes a7 62 B7.00| 9343 f.22 48 26 4.83 49 B4 3.44| 103.09 |pass | pass
B{161669161670] yes | yes aa8.27 aa.00| 9567 1.98 100.96 4,89 a7 65 7.80[ 105 45|pass | pass
Q(164873|16497 3| yes | yes a7 .62 ar.00| 9343 4,66 93,26 4.83 93.09 5.00( 103.05 |pass | pass

'Determined by watching the corresponding DAS video file frame-by-frame. The noted frame is the frame at which the

camera pointed at the icon first shows the increase from the equipped level of brightness to the warning level of brightness,
for this particular test run.

Determined by analyzing the DAS signal "OBE-Communication.DVIN_Icon_States". The noted frame is the frame at which
the signal first reaches the value of 3 ("warning"), for this particular test run.

®Determined by analyzing the DAS signal "OBE-Communication.Longitudinal_Acceleration". The value of "yes" is given for
presence of two dips in acceleration for this particular test run: one short coinciding with the video warning, and the other

longer, after a short reaction delay, which slows the car down to a stop.
“Determined by listening to the corresponding DAS video file frame-by-frame. The value of "yes" is given for an audio

warning that seems to coincide with the video warning. Analysis of the audio signal to determine exact timing was not
performed.

*The warning algorithm truncates the fractional part of the vehicle speed before using it to look up the warning distance in
the table.

®Calculated by adding/subtracting the tolerance distance from the optimum distance.
"This is the distance read from the 641-11 table for the truncated speed.
®The tolerance distance is determined by multiplying the noted tolerance time by the speed recorded at the warning.

®The difference between the recorded distance and the allowable maximum/minimum distance.
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Figure 4: Distance at Warning, Various Speed Approaches Test, 55 mph

There are two columns showing different pass/fail conclusions in each table. The
conclusion in the second-to-last column is for the location of the warning only. The
location of the warning is the value of “OBE-Communication.Distance_to_Stop Bar
(meters)” when “OBE-Communication.DVIN_Icon_States (None)” becomes 3. These
signals, along with other critical signals, are shown in Figure 3 for an example run and for
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all runs in “8.1”. The columns “Acceptable Min.” and “Acceptable Max.” are created by
adding the 0.200 s tolerance converted to distance based on the actual vehicle speed. If
the warning location is within the expected interval defined by values in “Acceptable
Min.” and “Acceptable Max.” columns, then the location of the warning is considered
acceptable and the cell in the “Distance Eval.” column is marked as “pass,” or otherwise
marked as “fail.” The actual warning distance with respect to the expected range is
illustrated in Figure 4 through Figure 6. The conclusion in the last column takes four
factors into consideration. The pass in that column requires that: 1) there is a value in
“Icon Video” column, which indicates the visual warning modality was verified; 2) there
is “yes” in “Brake” column, indicating that the brake warning modality was verified; 3)
there is “yes” in the “Audio” column, indicating that the audio warning modality was
verified; and 4) the warning distance evaluation, as in “Dist. Eval.” column, is “pass.”
The said columns are determined as described in the aforementioned table notes. There is
sometimes a difference between the “Icon Video” and “Icon State” frames, but it is very
small, being at most 2 frames across all the runs, which, based on the 30 frames/s video
rate, is 66 ms. This difference could be due to sampling mis-synchronization between the
video signal and other signals, in conjunction with the delay between the algorithm state
change and the corresponding video output change.

Table 5 shows that out of the first 8 valid test runs, 7 runs passed and 1 failed. According
to Subsection 2.7 of [5], 6 passing runs out of 8 is sufficient to consider an overall test as
passed. Thus, the overall test at this test speed of 55 mi/h passed.

The one test run failure is due to the missing brake modality warning in Run 4. This was
determined based on Figure 31 where the double peak typical of the haptic brake
functioning is missing. It is not known why the brake modality failed in this case. This is
the only recorded failure of the brake modality. The cause behind this failure is to be
investigated. It should be noted, though, that the other warning modalities came on at the
correct distance from the intersection.

Table 6 and Table 7 show that for the remaining test speeds of 35 and 25 mi/h all test runs
passed.

Table 6: Evaluation Table, Various Speed Approaches Test, 35 mph

Run Warning as Recorded Speed Distance Run
lcon Brake® |Audio®|Recorded [Trunc.’ [Accept]Room |Optimum’ [Tol. (s)*|Recorded{Room  |Accept.|Eval. |Eval.
Video'| State®| (ves/ | {ves/ [atWarn. [to Table|Min.® |[To Min®|fromE41-11 0.200|atWarn. |[To Max’|Max.® {passijpass/
{frame}| {frame}| no) noj {km/h}| {km/h} {m} {m} {m} {mj} {mj} {mj} {m}| fail} | fail}

1 1T1TT 171177 | yes | yes a9.47 59.00] 41.43 3492 44 71 3.28 44535 2.64| 47 94|pass |pass
2 174644 174645 yes | yes aE.85 AR.00| 37.10 3.09 4021 311 40149 313 4332 [pass |pass
17T 17TE12] yes | wes 98,62 54.00] 35700 310 3876 306 3880 3.02| 41.82[pass |pass
41 181228] 181230 yes | yes 55,89 55.00] 35.70] 434 3876 306 40,04 1.78| 41.82[pass |pass
A 184223 184224 yes | yes AE.07| A6.00) 3710 314 4021 311 40.25 3.07| 43 37|pass |pass
Bl 187226] 187227 yes | yes @37 SB.00) 37.10] 336 40,21 311 4046 2.86| 43.32[pass |pass
Tl 190273 190275] yes | yes 58.03| 54.00] 35.70] 310 3876 306 3880 3.02| 41.82[pass |pass
B 193376 193377 yes | yes a6.07| 5600 3710] 343 40.21 311 40583 2.79| 43.32[pass |pass
9] 196484 | 196482 yes | yes aE 49 5600 3710 3.43 4021 311 4053 2749 4337|pass |pass

10
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Figure 5: Distance at Warning, Various Speed Approaches Test, 35 mph
Table 7: Evaluation Table, Various Speed Approaches Test, 25 mph
Fun ‘Warning as Recorded Speei Distance Run
Icon Brake® | Audio® [RecordedTrunc.’ |Accept/Room |Optimum|Tol. (s)°|RecordedRoom |Accept| Eval. | Eval.
Video!| State®| (yes/ (yes/ |atWarn. [to Table|Min [To Mindfrom 641-11 0.200|at Warn. [To Max®|Max.® |(pass/|ipass/
{frame}| (frame) noj {kmh}| {km/h} {mj} {m} {m} {mj} {m} {mj} fail} | fail}
1]207761[ 207762 4046 40.00) 17.97] 205 2019 222 2002 234
2(211358|2113458 4007 40.00) 1797 213 20149 227 2010 el
3215183214184 38.83| 38.00] 16.08] 3.25 18.16 211 19.30 0.a7
4218732 3902 39.00] 1699 2.44 1916] 217 19,43 1.490
al222044 3932 39.00) 16.99] 175 1916 217 1874 258
A|225332 3882 3B.00] 168.08] 3J45 18.16 211 19.50 nry
7229225 39.14] 35.00] 16.99) 1.90 1916] 217 18.89] 244
8232534 39.30] 39.00] 16.99] 217 1916) 217 1916) 217
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Figure 6: Distance at Warning, Various Speed Approaches Test, 25 mph
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Since the test suites for each individual test speed passed, according to Subsection 2.7 of
[5], this overall test is also considered passed.

3.1.6 Suggested Improvements

There are no suggestions for test procedure improvements for this test. However, it is
desirable to investigate the cause of the brake modality warning failure presented in
Subsection 3.1.5.

3.2 Edge of Approach Testing for Warning
3.2.1 Scenario Overview

In this test, the test vehicle is driven down the leftmost lane (Figure 7) toward the
intersection, but along the right edge of the lane. The intersection is signaling red to the
leftmost lane and green to its neighboring lanes.

Checkered Flag
Yellow Flag

Figure 7: Edge of Approach Testing for Warning, Test Setup

The purpose of this test, and the test described in Subsection 3.3, is to check fidelity of
the lane matching algorithm by driving the vehicle along the edge of the lane. In this test,
the driven red lane is neighbored by a green lane indicating a warning is expected. While
in Subsection 3.3, the signal phasing is reversed and so no warning is expected.

The procedure for this test is fully specified in [5] under the corresponding test heading.
3.2.2 Conditions
There were no deviations from the general test conditions detailed in Section 2.

Although 8 runs are specified for this test, more than 8 runs were performed in order to
reduce the chance of having to return to this test in case of some invalid test runs. Since
none of the test runs in this test were found to be invalid, only the first 8 runs are needed
for official pass/fail determination for the overall test and any additional test runs are
shown here only for reference.

3.2.3 Results
The data collected during this test was stored in the files listed in Table 8.

12



CICAS-V

Table 8: Test Data Files for Edge of Approach Testing for Warning

Result File Name Description Created By
ACI4 0304 0000 _AA 080716 1536.txt  signal values  DAS
ACl4_0304_0000_AA_080716_1536.avi  video DAS

This data was analyzed to determine test validity (Subsection 3.2.4) and pass/fail
evaluation (Subsection 3.2.5).

3.2.4 Validity

The validity of runs for this test is partially analyzed as described earlier in Subsection
3.1.4. The results of this validity analysis are presented in Table 9. There are valid/invalid
evaluations for each of the four criteria. Compared to tables in Subsection 3.1.4, Table 9
also has a summary column - the “Overall” column. That column shows “valid” for a
particular row when all individual validity criteria for that row also show “valid.” As the
table shows, all test runs performed for this test were valid with respect to those four
criteria. Only the first 8 runs are needed for the official evaluation of this test.

Table 9: Validity Check Table, Edge of Approach Testing for Warning

Run Extents Speed (5. 2.6.1) IGST_Error_Ellipsel POOP Satellites Dveral
Start Endl Walid Rec. | BEval [ValidRec. Eval. |ValidRec. Eval. |ValidRec. Eval.
Equip. Warn. Equip.|Min. NHom. Max.[Min. Max.|Min. Max.|Valid?|Max. Max. Valid?|Max. Max. Min. Min. Valid?] Vahid?
frame frame frame mih kmh kmh m m
1 291693 292053 292203 33 35 38|52.3 603|551 oS58 walid| 1.5 0.1 [walid| 5.0 1.5 wvalid 3 G valid | walid
2 294921 295281 295428| 33 35  38|52.3 603|555 561 | walid| 1.5 0.1 [walid| 5.0 1.5 valid 3 G valid | walid
3 297951 298308 298458| 33 35  38|62.3 603|554 S559fwalid| 1.5 01 [walid| 5.0 1.7 walid 3 A valid | walid
4 300978 301335 30M485] 33 35 38|52.3 603|553 S5.8|walid| 1.5 01 [walid| 5.0 1.5 valid 3 G valid | walid
5 303963 304320 304470) 33 35 38|523 603|553 S549|walid| 1.5 01 [walid| 50 1.7 valid 3 & valid | wvalid
G 306924 307281 307431| 33 35 38|52.3 603|551 S5.9)walid| 1.5 0.1 [walid| 5.0 1.6 wvalid 3 G valid | walid
7 308912 310269 048] 33 35 38523 603|553 S5.9)walid| 1.5 0.1 [walid| 5.0 1.6 wvalid 3 G valid | walid
B 33077 313437 33587 33 35 38| 523 603|553 S5.8|walid| 1.5 0.1 [walid| 5.0 1.6 wvalid 3 G valid | walid
9 36149 316509 HEE59] 33 35 38| 623 603|653 S6.0walid| 1.5 0.1 [walid| 5.0 1.5 wvalid 3 G valid | walid
10 319146 319509 319659] 33 35 38| 523 603|552 559\ valid| 1.5 01 walid| 5.0 1.6 valid 3 G valid | walid
11 322182 322542 322692 33 35 38| 523 603|553 5509\ valid| 1.5 01 walid]| 5.0 1.6 walid 3 A valid | walid
12 325173 325533 3256683| 33 35 38| 523 603|554 559\ valid| 1.5 01 walid] 5.0 1.6 walid 3 5 wvalid | walid
13 328164 328524 328674] 33 35 38| 523 603|553 56.0|valid| 1.5 01 walid] 5.0 1.5 walid 3 5 wvalid | wvalid
14 331149 331509 331658] 33 35 38| 523 603|552 559\ valid| 1.5 01 walid] 5.0 1.5 walid 3 5 wvalid | wvalid
15 334203 334563 334713| 33 35 38| 523 603|552 55.9|vald| 1.5 01 walid]| 5.0 1.5 walid 3 5 valid | wvalid
16 337347 337707 337857| 33 35 38| 523 603|551 55.6|wald| 1.5 0.1 walid] 5.0 1.5 walid 3 5 valid | valid

In addition to validity criteria in Table 9, the test procedures [5] require verification of
positioning relative to the lane edge as another validity criterion. As Subsection 2.3.1
already introduced, the originally intended reliance on GID point locations as
representations of the lane edge locations proved unreliable and visual observations by
test observers and test vehicle cameras were taken as an adequate substitute. The existing
video record of the test appears as a difficult source for this judgment, but based on
verification by the test observers, one of which was the author of this report, the test
vehicle remained sufficiently close (as specified in [5]) to the painted lane edges.
Furthermore, the additional number of test runs taken (16 versus the specified 8), all of
which evaluated to pass (Subsection 3.2.5), provides additional confidence. Thus, the
position relative to the lane edges is also considered valid for this test.

In conclusion, the test runs for this test are considered valid according to criteria specified
by [5] and test data analysis presented here.

13
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3.2.5 Evaluation

The runs in this test are evaluated for the location/timing of the warning as earlier
described in Subsection 3.2.5. The warning was expected in each run. As Table 10 shows,
all runs demonstrated appropriated warnings. The location of the warning within the
tolerance window is shown in Figure 8. Only the first 8 runs are needed and considered
for the official evaluation of this test. Each of the runs passed thus this test passes also.

Table 10: Evaluation Table, Edge of Approach Testing for Warning

Run Warning as Recorded Speead Distance Fun
Icon Brake®|AudioRecorded Trunc.’|Accept)Room |Optimum’ (Tol. (s)jRecorded|Room |Accept.|Eval. |Eval.

Video!| State®| {yes/ | (ves/ [at Warn. [to TabldMin.® [To Minifrom 641-11| 0.200(at Warn. |[To Max{Max.® [(pass/|(pass/

{frame}| {frame}| no) | noj {km/h} | {(km/hj} {m} {m} {mj) {m} {m} {m} {m}| fail} | fail)
1| 252052 292053 yes | yes 8554 5500 3570 3496 3876 308 3966 216] 41.82|pass |pass
2| 295279( 295231 | yes | yes 55.82| 5500 3570| 363 38.76| 3.06 3933 2.48] 41 82| pass | pass
3| 293309{ 293308] yes | yes 65.60| A5.00{ 3570] 390 3876 3.06 39,60 2.22] 41.82|pass |pass
4| 301337 301 335] yes | yes 85.64] 5500 3570 356 3876 308 3906 246 41.82|pass |pass
A| 304321( 304320| yes | yes A5.67| 6500 35.70] 342 3876 3.06 3912 2.70] 41.82|pass | pass
Bl 307282{ 307281| yes | yes 55.49| 45.00{ 3570] 4.24 3876 3.06 39.95 1.87] 41.82|pass |pass
T| 310271| 310269| yes | yes 5544 5500 3570 417 3876 3.06 3987 1.95] 41.82|pass |pass
8| 313436( 313437 | yes | yes 55.66| 5500 35.70] 369 3876 3.06 39,39 2,43 41.82|pass |pass

9] 316509) 316509 yes | yes 55.58| 55.00) 3570f 369 38.76| 3.06 3938 243 41.32|pass |pass
10] 319508( 319509 yes | yes 55.66| 65.00) 3570{ 3.08 38.76| 3.06 3878 3.04] 41.32|pass|pass
11] 322541 322542 yes | yes 55.37] 45.00] 3570 3N 3876 3.06 3891 2.91] 41.82|pass | pass
12| 325533 325533[ yes | yes 55.62| 85.00] 3570 3N 38.76| 3.06 38.91 2.91] 41.82|pass |pass
13] 328524 328524 yes | yes 55.64| 65.00) 3570f 342 38.76| 3.06 3912 Z.70] 41.32|pass |pass
141 331508[ 331509 yes | yes 55.46[ 65.00) 3570f 3456 3876 306 3926  Z.86) 41.82|pass |pass
15] 334563 334563 [ yes | yes 55.758 55.00) 3570{ 3.98 38.76| 306 3068 214 41.82|pass |pass
16| 337707[ 337707 [ yes | yes 55.64] 55.00) 35.70{ 3.96 3876 3.06 3966  Z2.16]) 41.32|pass |pass
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Figure 8: Distance at Warning, Edge of Approach Testing for Warning
3.2.6 Suggested Test Procedure Improvements

Since the reliability of judging the vehicle position with respect to the lane markings is
uncertain, it is suggested here that downward facing side cameras be used for this purpose
instead. The cameras should have the view of at least both front vehicle wheels and the
lane markings to accurately and repeatedly verify distance to the lane edge under all test
conditions.

Test procedures indicate that the lane offset to the right is positive and lane offset to the
left is negative. This will enhance the data collection procedure and make it easier to
determine which side of center the vehicle is deviating.
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3.3 Edge of Approach Testing for Nuisance Warning
3.3.1 Scenario Overview

As in the previous test (Subsection 3.2.1), the test vehicle is driven down the middle lane
toward the intersection close to left lane boundary (Figure 9). In this case however, the
middle lane receives a green signal while its neighboring lanes receive red.

Figure 9: Edge of Approach Testing for Nuisance Warning, Test Setup

The purpose of this test, as for the test described in Subsection 3.2, is to check the fidelity
of the lane matching algorithm by driving the vehicle along the edge of a lane with signal
phasing different from its neighboring lanes. In this test, the driven lane is green so no
warning is expected.

The procedure for this test is fully specified in [5] under the corresponding test heading.
3.3.2 Conditions
There were no deviations from the general test conditions detailed in Section 2.

Although 8 runs are specified for this test, more than 8 runs were performed in order to
reduce the chance of having to return to this test in case of some invalid test runs. Since
none of the test runs in this test were found to be invalid, only the first 8 runs are needed
for official pass/fail determination for the overall test and any additional test runs are
shown here only for reference.

3.3.3 Results

The data collected during this test was stored in the files listed in Table 11.
Table 11: Test Data Files for Edge of Approach Testing for Nuisance Warning

Result File Name Description Created By
ACI4_0305 0000 _AA 080716 1616.txt  signal values DAS
ACI4_0305_0000_AA_080716_1616.avi video DAS

This data was analyzed to determine test validity (Subsection 3.3.4) and pass/fail
evaluation (Subsection 3.3.5).
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3.3.4 Validity

The validity of the runs in this test is determined as in the related test of Subsection 3.2.4.
Table 11 shows that all test runs performed for this test were valid with respect to the four
validation criteria. Only the first 8 runs are needed for the official evaluation of this test.

Table 12: Validity Check Table, Edge of Approach Testing for Nuisance Warning

Run Extents Speed GST_Error_Ellipse PDOP Satellites Overall
Start End Valid Rec. |Bval. |Valid Rec. Bval. [Valid Rec. Eval. |Valid Rec. Eval.
{Equip.} (Stand.{Min. Nom. Max.|Min. Max.|Min. Max. [Valid? [Max. Max. Valid?|Max. Max. Valid?|Min. Min. Valid?]| Valid?
frame frame mih km/h km/h m m indvalic
1 361839 362304| 33 35 38|52.3 603|551 S59fwald | 1.5 005 wahd| 5.0 1.5 walid]| 5 f walid | walid
2 365304 3E57R9| 33 34 38|52.3 603|546 S5 T|wald | 1.5 005 wahd| 5.0 1.8 walid]| 5 5 walid | walid
3 368313 3687FE| 33 34 38|52.3 603|553 Sa9fwald | 1.5 005 wahd | 5.0 1.8 walid]| 5 f walid | walid
4 371535 372000| 33 348 38|52.3 603|553 Sc0|wald | 1.5 005 wahd | 5.0 1.6 walid]| 5 7 walid | walid
5 374571 37a036| 33 348 38|52.3 603|554 Sc0fwald | 1.5 005 wahd| 5.0 1.4 walid]| 5 7 walid | walid
G a7r7ad Srs4o| 33 348 38|52.3 603|554 Sa9fwald | 1.5 005 wahd | 5.0 1.6 walid]| 5 7 walid | walid
7 380826 381288| 33 348 38|52.3 603|553 Sc0fwald | 1.5 005 wahd| 5.0 1.4 walid]| 5 7 walid | walid
8 353940 384405| 33 35 38|52.3 603|555 S6|wald | 1.5 005 wahd| 5.0 1.4 walid]| 5 7 walid | walid
9 387015 387480 33 35 38|52.3 603|554 Sc0fwald | 1.5 005 wahd| 5.0 1.4 walid]| 5 7 walid | walid
10 390123 3a0585| 33 35 38(52.3 603|554 s60|walid| 1.5 0.05 walid| 5.0 1.4/ wvalid]| 5 7 walid | walid
11 393483 393945| 33 35  38(52.3 60.3|55.3 s60|walid | 1.5 0.05 walid| 5.0 1.4/ wvalid]| 5 7 walid | walid
12 396894 397359 33 35 38(52.3 60.3|55.3 s60|walid| 1.5 0.05 walid| 5.0 1.4/ wvalid]| 5 7 walid | walid
13 400110 400569 33 35 38(52.3 603|554 S61 | walid| 1.5 0.05 walid| 5.0 1.4/ wvalid]| 5 7 walid | walid
14 403347 403312| 33 35 38(52.3 603|553 sa9|walid | 1.5 0.05 walid| 5.0 1.4/ wvalid]| 5 7 walid | walid
15 408527 406992 33 35 38(52.3 603|554 S61|walid| 1.5 0.05 walid| 5.0 1.4/ valid]| 5 7 walid | walid
16 409707 HMmea| 33 35 38(52.3 603|555 561 | walid| 1.5 0.05 walid| 5.0 1.6 valid]| 5 7 walid | walid

For this test, as for the other lane edge test (Subsection 3.2.4), test vehicle position
relative to the lane edge is an additional validity criteria. As detailed in Subsection 3.2.4,
the validation of this criterion was performed visually by test observers. The position
relative to the lane edges is considered valid for this test.

In conclusion, the test runs for this test are considered valid according to criteria specified
by [5] and test data analysis presented here.

3.3.5 Evaluation
No warnings occurred, as expected. Thus, all test runs passed and this entire test passed.
3.3.6 Suggested Test Procedure Improvements

The suggested test procedure improvements for this test are as the same as those for the
related Edge of Approach Testing for Warning. They are described in Subsection 3.2.6.

3.4 Late Lane Shift Test — Warning
3.4.1 Scenario Overview

In this test procedure the test vehicle approaches the intersection in the middle lane
(Figure 10). The middle lane is receiving a green signal. The test vehicle shifts into the
left lane, which is receiving a red signal. The lane shift occurs after the ideal warning
distance for the new lane with the red signal.

The purpose of the test is to verify whether the CICAS-V system still generates a warning
for this type of late lane change.

The procedure for this test is fully specified in [5] under the corresponding test heading.
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--- ToaLane
Expecting a Warning

---- Vehicle Shifts from Lane Not
> Expecting a Warning
Figure 10: Late Lane Shift Test — Warning, Test Setup

3.4.2 Conditions
There were no deviations from the general test conditions detailed in Section 2.

Although 8 runs are specified for this test, more than 8 runs were performed in order to
reduce the chance of having to return to this test in case of some invalid test runs.

3.4.3 Results

The data collected during this test was stored in the files listed in Table 13.
Table 13: Test Data Files for Late Lane Shift Test - Warning

Result File Name Description Created By
ACI4_0306_0000_AA_080716_1917.txt  signal values  DAS
ACI4_0306_0000_AA _080716_1917.avi video DAS

This data was analyzed to determine test validity (Subsection 3.4.4) and pass/fail
evaluation (Subsection 3.4.5).
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3.4.4 Validity

The validity analysis for this test is performed using Table 14. In addition to the four
already familiar validity criteria from Subsection 3.3.4 (speed, GST error, PDOP,
satellites), there is an additional analysis of the lane change maneuver in the “Lane
Change, Distance from Stopbar” section of the Table 14. The columns in this section
analyze whether the lane change, as indicated by the signal “OBE-
Communication.Present_Approach,” is within the parameters specified by the test
procedures in [5]. The test procedures provide a window of -1.5 s and +2.5 s around the
optimum warning distance from Warning Table 641-11. The optimum warning distance
based on the specified test speed of 35 mi/h and the Warning Table 641-11 is in the
“Warn” column. The advance portion (-1.5 s) of the lane change window is converted
from time (“Start Adv. s” column) into distance (“Start Adv. m”) column, using the
specified test speed. This distance is added to the optimal warning distance to arrive at
column “Valid Max. m.” Similarly, the delay portion (+ 2.5 s) of the lane change window
is converted from time (“End Delay s” column) into distance (“End Delay m” column)
and subtracted from the optimum distance to arrive at the “Valid Min. m” column. The
recorded distance from the intersection at the moment of change of the
“Present_Approach” signal from 6 to 4 (in “Rec. Change m” column) is compared with
the said valid maximum and minimum distances. If the recorded distance is within those
limits, it is considered and marked “valid” and otherwise as “invalid.”

As Table 14 shows, all runs performed for this test were valid. Only the first 8 are needed
and considered for the official test evaluation.
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Table 14: Validity Check Table, Late Lane Shift Test - Warning

Run Speed (S, 2.6.1) Lane Change, Distance from Stophar (S, 4.5.7) ST_Error_Ellips PDOP
Valid Rec. Eval. | Warn |Start| Start | Valid | Rec. |End | End | Valid | Bval. |Valid Rec. PBval. |Valid Rec. Bval. \alid Rec. Bval
Min. Nom. Max. |Min. Nom. Max. [Min. Max. [Valid?|641-11 | Adv. [ Adv. | Max. [Change| Del. | Delay | Min. |Valid?[Max. Max. Valid? |Max. Max. Valid? [Max. Min. Valid?| Valid?
mih kimh kimh m s m m m s m m m m
11325 35 37A[523 AR3 RO3[550 AR0 4021 14 2348 B3IRT 4248 25 3811 110 16 010 A0 1H ] B8
2| 325 35 37A[523 563 603550 a6.0 4021 1.8 3346 B3IBT 4546 25 3811 110 1.5 010 ] 1.6 a g
3| 325 35 37A[523 BRI BOZ[552 G6.0 4021 1.5 2346 B3BET 43498 25 3011 110 1.5 010 5 1.6 ) g
4] 3256 35 37A[523 563 603551 a6.0 40,21 1.8 3346 BIBT 4442 25 3811 110 1.5 010 ] 1.6 ] g
5| 325 35 375523 563 603|552 561 4021 1.5 2346 B3IET 4655 25 3811 110 15 010 5 21 ) g
Bl 325 35 3TA[AZ3 AR3 BD3| 551 561 4021 1.8 2346 B3IET 4442 25 3911 110 1.4 010 ] 21 a g
7l 325 35 375523 563 603|553 561 40,21 1.8 2346 B3IBT 4442 25 3811 110 1.5 010 5 21 ) g
8| 325 35 3TA[523 AR3 RO3[553 554 4021 14 2348 B3IRT 4442 25 3811 110 16 010 5 19 ] g
9] 325 35 37A[523 563 603552 a6.0 4021 1.8 3346 B3IBT 4463 25 3811 110 1.5 010 ] 1.4 a g
101 325 35 374|523 563 603|549 560 4021 1.5 2346 B3IET 4442 25 3811 1.10 1.5 0.05 5 1.9 5 g
3.4.5 Evaluation
The pass/fail evaluation for the test runs in this test is presented via Table 15 and Figure 11.
Table 15: Evaluation Table, Late Lane Shift Test - Warning
Fun Warning as Recorded Speed Distance Run
lcon Brake® |Audio*| Hom. | Hom. |Trune.’ [Accept.|[Room  |[Optimum’ |Tol. (s)® Rec. at Difference |[Room |Accept| Eval.
Video'| State® to Table|Min.® |To Min®|from 641-11 2.500|Ln. ChangeWarning | Ln. To Warn |To Max®
(frame) [(frame) (mih} [kmvhi} | {(kmvh) {m} {my} {m} {my} {my} {m} {my} (s} {m}
1| 56673| 56679 35 |56.32| 96.00 1.10| 33250 40211 3811 42449 3460 7.39] 0504 a.61
2| 620580( 62052 35 |86.32( 46.00 1.32| 36.38 40,21 38.89 445 4k 3TT0l T.TE| 0496 2.81
3| 65281 65283 35 |86.32( 496.00 1.32] 3486 4021 38.89 4389 3618 7.81] 0,499 403
4| 6R2845| BE286 35 |56.32 96.00 1.32| 35.48 40.21| 38.89 44.42 3680 T.682| 0487 3.41
al 711483 711484 35 |86.32( 46.00 1.32] 3596 40,21 38.89 46,55 3728 9.27| 0593 2.83
B 74296 74288 35 |86.32( 496.00 1.32] 3534 4021 38.89 44 .42 J6.66E| V.76 0496 .85
7| ¥736a| ¥Y36ET 35 |46.32| 96.00 1.32] 3534 40.21| 38.89 4442 3666 T.76| 0496 .85
2| end149f a041 35 |86.32( 56.00 1.32] 3534 40,21 38.89 4442 J6.66| T.TE| 0496 3.65
9 83440( 83442 35 |86.32( 46.00 1.32] 35.48 4021 38.89 44 63 3E.e00 7.83] 045 3.41
10| 862745| BE3TE 35 |6G6.32 56.00 1.32] 3524 40,21 38.849 4442 3666 T.7E| 0496 2.85
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Figure 11: Distance at Warning, Late Lane Shift Test - Warning

The test procedure [5] specifies that the warning in this test is to occur after the lane
change is completed, but it does not specify the range of acceptable latencies relative to
the completed lane change: “a late warning should be issued up until the stop bar” ([5],
page 38). Since no latency is specified, the method of Table 15 was to consider any
warning that occurs after the optimum warning (“Optimum” column) and within the 2.5 s
lane change delay provision (“Tol” column which gives “Accept. Min” column) as
passed.

The other validity considerations in Table 15 are as in previous subsections; for an
example, see Subsection 3.1.4.

According to this evaluation of Table 15, all test runs passed. Only 8 are specified to be
performed and thus only the first 8 are officially considered.

For reference only, the latency between the lane change completion as recorded by the
“Present_Approach” signal and the occurrence of warning is also shown in Table 15 in
terms of distance (“Difference Ln. to Warn (s)”) and time (“Difference Ln. to Warn (s)”).
This latency was consistently around 0.5 s.

3.4.6 Suggested Test Procedure Improvements

The test should specify an allowable latency between a positive lane match and the onset
of the warning. Thus, it is suggested here that the test procedure [5] is to be improved for
any future use by specifying the allowable maximum latency as in Table 15’s column
“Difference Ln. to Warn (s).”

3.5 Late Lane Shift Test — Nuisance Warning

In this test, the test vehicle approaches the intersection in the left lane (Figure 12). The
left lane is receiving a red signal as shown in Figure 12. The test vehicle shifts into the
middle lane, which is receiving a green signal. The lane shift occurs before the ideal
warning distance for the new lane with the green signal.

The purpose of the test is to verify whether the CICAS-V system appropriately avoids a
warning for this type of late lane change.
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The procedure for this test is fully specified in [5] under the corresponding test heading.
3.5.1 Scenario Overview

--. To a Lane Not
Expecting a Warning

- Vehicle Shifts from Lane
‘ Expecting a Warning
Flgure 12: Late Lane Shift Test — Nuisance Warning, Test Setup

3.5.2 Conditions
There were no deviations from the general test conditions detailed in Section 2.
3.5.3 Results

The data collected during this test was stored in the files listed in Table 16.
Table 16: Test Data Files for Late Lane Shift Test — Nuisance Warning

Result File Name Description Created By
ACI4_0307_0000_AA 080716 _1940.txt  signal values  DAS
ACI4_0307_0000_AA _080716_1940.avi video DAS

This data was analyzed to determine test validity (Subsection 3.5.4) and pass/fail
evaluation (Subsection 3.5.5).

3.5.4 Validity

The validity for this test is judged using Table 17. Similar to Subsection 3.4.4, Table 17
considers the four standard criteria and also examines the lane change validity.

The test procedure [5] specifies the lane change as starting 70 m before the Table 641-11
(Appendix B.1) warning distance for the highest valid speed and ending before this
warning distance. In Table 17, the 70 m allowance is in “Start Adv. m” column. It is
converted into time domain using maximum valid speed in the column “Start Adv. S.”

21



CICAS-V

The Table 641-11 warning distance at maximum valid speed (“Warn” column) is added
with 70 m to produce “Valid Max. m” column. The “Valid Min. m” column is simply the
Table 641-11 warning distance. The lane change identified in “OBE-
Communication.Present_Approach” is presented in column “Rec. Change m.” This value
is compared with “Valid Min. m” and “Valid Max. m. If within this range, the lane
change is considered valid and marked “valid,” and, otherwise “invalid.”

As Table 17 shows, all 8 runs in this test are considered valid.
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Table 17: Validity Check Table, Late Lane Shift Test - Nuisance Warning

Run Speed (S, 2.6.1
Valid Rec. | Eval. | Warn |Start |Start| valid Fec.&‘ End | valid
Min. Nom. Max.|Min. Nom. Max. [Min. Max. |Valid?]|641-11 | Adv. [ Adv. | Max. ChangeDelay| Min.
mih kKimh kimh m s m m m s m
113248 35 37¥.5(523 563 B03) 552 A59 4627 418 YO0 1163 2364 0 4627 a
213245 35 345|523 563 6035532 560 4627 418 Y0 1MME3 8293 0O 4627 a
3248 35 3T.4A(52.3 563 BO3| 552 A6 4627 418 YO O MME3 8141 0O 4627 A
413245 35 375|523 563 603|551 559 4627 418 YO 1163 83254 0O 4627 a
al3:a 35 3745|523 563 B03| 552 A60 4627 418 YO 1163 84158 0O 46.27 A
Bl3245 35 3r.5|523 563 603|552 559 4627 418 YO 1MMBE3 8241 0O 4627 a
7326 28 375|823 563 603|553 SAD 4627 418 70 1163 8437 0 4627 3
al3z2.4 35 37.45[52.3 5B.3 603|552 56.0 4627 418 F0 ME3 8459 0 4627 5
3.5.5 Evaluation
The pass/fail evaluation for the test runs in this test is presented in Table 18.
Table 18: Evaluation Table, Late Lane Shift Test - Nuisance Warning
Fun Warning as Recorded Speed Distance Fun
lcon Brake® |Audio* Valid Trune.’ |Accept. [Roem  [Optimum’ |Tol. {(s)%|Recerded [Room  |Accept. |[Eval.  |Eval.
Video!| State®| (yes/ | (ves/ Hom. Max. to Table |Min.®  |To Min®[from 64111 0.000at Warn. |To Max®|Max.®  |{pass/|(pass/
(frame)} |[(frame} Kmih) [ (k) | imih [{knwh) | (knvh) {my} {m} {my} {m} {my} {my} {m}| fail) fail)
1| none| nane 35 | B6.32] 37.80| 6034 E0.00| 4627 FMIA 46,27 OO0 F#MIA FhIA 46,27 #hiA
2| none| naone 38 | 8E.32| 37.40| G034 GBO.O0| 4627 FMIA 46,27 OO0 FMIA FhIA A6 27| #MIA
3| none| naone 38 | 8E.32| 37.40| G034 GBO.O0| 4627 FMIA 46,27 OO0 FMIA FhIA A6 27| #MIA
4| none| nane 38 | 8E.32| 37.40| G034 GBO.O0| 4627 FMIA 46,27 OO0 FMIA FhIA A6 27| #MIA
] none| nane 38 | AE.32] 37.40| G034 GBO.00| 4627 FMIA 46,27 OO0 FMIA FhIA A6 27| #hIA
6| none| naone 38 | AE.32| 37.40| G034 GBO.O0| 4627 FMIA 46,27 OO0 FMIA FhIA A6 27| #MIA
7| none| naone 38 | AE.32| 37.40| G034 GBO.O0| 4627 FMIA 46,27 OO0 FMIA FhIA A6 27| #MIA
8] none| nane 38 | AE.32| 37.40| G034 GBO.O0| 4627 FMIA 46,27 OO0 FMIA FhIA A6 27| #MIA
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The second, third, fourth, and fifth columns of Table 18 show that, as desired, no
warnings occurred. This makes the other columns irrelevant.

Thus, all runs in this test, and so also the test itself, passed.
3.5.6 Suggested Test Procedure Improvements
None

3.6 Multiple Intersections within 300m Radius: Warning Case

3.6.1 Scenario Overview

This test and the test in Subsection 3.7 feature two intersections within the DSRC
transmitting range of 300 m (Figure 13). The purpose of these tests is to verify whether
the CICAS-V system uses only the received information that is appropriate for the
expected identified intersection, despite the presence of other intersections within the
DSRC transmitting range. This test is the warning case where both intersections are all
red. The test in Subsection 3.7 is the no warning case. If the vehicle picked the SPaT
message from the wrong intersection, a warning would not be given at the correct
distance from the stop bar at the main intersection.

Alternate Intersection

Center Point

Main Intersection
Center Point

Figure 13: Multiple Intersections: Warning Case, Test Setup

3.6.2 Conditions
There were no deviations from the general test conditions detailed in Section 2.
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Although 8 runs are specified for this test, more than 8 runs were performed in order to
ensure sufficient number of valid runs. During the test a preliminary evaluation was
conducted to see whether DSRC packets from the alternate intersection (SPaT and GID)
were present at the warning distance for the main intersection. A second CICAS-V
equipped vehicle was used for this purpose. If not enough packets were present at that
distance, the run was judged to be not valid.

3.6.3 Results

The data collected during this test was stored in the files listed in Table 16.
Table 19: Test Data Files for Multiple Intersections: Warning Case

Result File Name Description Created By
ACIl4_0402_0000_AA _080717_1536.txt  signal values DAS
ACI4_0402_0000_AA 080717 _1536.avi  video DAS
rad_402_20080717_smartrd_1.log DSRC reception log

for Run 1
rad_402_20080717_smartrd 2.log DSRC reception log

for Run 2
rad_402_20080717_smartrd_3.log DSRC reception log

for Run 3 radiodemux software
rad_402_20080717_smartrd_4.log DSRC reception log  (logs DSRC

for Run 4 communications)
rad_402_20080717_smartrd 5.log DSRC reception log  running on  test

for Run 5 observer’s laptop in
rad_402_20080717_smartrd 6.log DSRC reception log an additional test

for Run 6 vehicle located
rad 402 20080717 smartrd_7.log DSRC reception log  before the earliest

for Run 7 valid warning
rad 402 20080717 smartrd_8.log DSRC reception log distance

for Run 8 (corresponding  to
rad 402 20080717 _smartrd_9.log DSRC reception log  the highest valid

for Run 9 speed)
rad_402_20080717_smartrd_10.log DSRC reception log

for Run 10
rad_402_20080717_smartrd_11.log DSRC reception log

for Run 11
rad_402_20080717_smartrd_12.log DSRC reception log

for Run 12

This data was analyzed to determine test validity (Subsection 3.6.4) and pass/fail
evaluation (Subsection 3.6.5).

3.6.4 Validity
The validity for this test is judged using Table 20.
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In addition to the recurring validity criteria of speed, the error ellipse, PDOP, and the
number of satellites, Table 20 also contains an analysis of DSRC reception in its “Alt.
Inter. Reception” section. This section counts the sources of DSRC transmissions from
the DSRC log files listed in Table 16. During testing the main intersection carried the
Intersection Id of 5 and the alternate intersection carried the Intersection Id of 6. Within
the “Alt. Inter. Reception” section of the table, the “Main” column contains, for each test
run, the count of messages with Intersection Id of 5 and the “Alt.” column contains the
count of messages with Intersection Id of 6. The “Ratio” column is the alternate
intersection count divided by the sum of the main intersection count and the alternate
intersection count, expressed as percent. The reception “Eval” column gives a “valid”
evaluation when this percentage is greater than or equal to 10 %. The test procedure [5]
does not specify 10 % as a validity requirement, but merely requires a “presence” of
SPaT receptions, so that the 10 % requirement here is a concrete more stringent
expression of that specification. The alternate intersection count was performed while the
vehicle was within the warning zone. In future tests, this should be performed throughout
the approach of the vehicle, once the icon turns blue until the vehicle reaches the stop bar.
There also needs to be a criterion that specifies the allowable gap between alternate
intersection message reception. This gap should not be more than 1 sec.

Table 20 shows that there were 8 valid runs in this test: 1, 2, 4, 6, 8, 9, 10, and 12. These
are the runs which will be considered for the pass/fail evaluation.
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Table 20: Validity Check Table, Multiple Intersections: Warning Case

Run Extents Speead (S, 2.6.1) Alt. Inter. Reception |GST_Error_Ellipse POOP Satellites
Start Enil Valid Rec. Eval. Main Alt. Ratioc PBEval. |Valid Rec. BEval. |Valid Rec. BEval. Malid Rec. BEval.
Equip. Warn., Equip. Stand. |[Min. Nom. Max.|Min. Max.|Min. Max. |Valid? Atmdain Valid? |Max. Max. Valid?|Max. Max. Valid? |[Max. Max. Valid?] Valid?
frame frame frame frame mih km/Mh kimh % 10 m m

1 154429 154790 154940 1553063258 35 375|623 BO.3|55.2 &6.0 44 14 14 145 0148 50 14 g 7
2 157952 158321 158471 158678328 348 375|623 GBO.3| 556 563 81 80 1a&7 145 0148 5 1.9 g 7
3 160952 161318 161468 161654|32.5 35 375|523 603|556 56.2 140 0O 1] 145 0148 q 1.9 g 7
4 169442 169808 169955 170162[32.5 35 375|523 603|556 56.3 84 82 G2 1.4 010 q 1.6 g 7
A 173006 173375 173525 173729[32.8 35 375|623 603|555 562 115 8 7 1.4 010 q 1.9 g 7
B 179075 179444 179594 179846325 35 375523 GB0.3| 595 461 90 47 A2 145 1.148 g 1.9 g 7
7 182300 182666 182516 183047325 35 37.5( 523 603|556 56.3 143 0 1] 14 070 q 1.9 g f
8 188030 188393 183543 188897325 35 37.5( 523 GB0.3| 596 461 3 111 3700 1.4 040 q 1.5 g f
9 191342 191708 191855 192050325 35 37.5( 523 603 55.7 56.3 88 23 26 1.4 0.35 q 1.8 g f
10 195275 195647 195797 195992|=225 35 37.5(52.3 B0.3| 557 &R.2 80 33 H1 14 0.30 q 2.4 q fi
11 198869 199235 199585 200516|32.5 35 37.45[ 523 G0.3| 5595 461 130 1 1 148 024 q 1.8 g f
12 204452 204554 205004 205643|325 35 37.5(52.3 GB0.3| 550 4558 1 127 12700 14 0.20 q 28 g f

3.6.5 Evaluation

The pass/fail evaluation for the test runs in this test is presented in Table 21 and Figure 14. Table 21 and Figure 14 are constructed as
for previous warnings distance evaluations, such as in Subsection 3.4.5. They show that all runs provided an appropriate warning.
However, since only runs 1, 2, 4, 6, 8, 9, 10, and 12 were valid for this test (as determined in Subsection 3.6.4), then only those need
to be considered for evaluation here. They all passed and thus this entire test passed.
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Table 21: Evaluation Table, Multiple Intersections: Warning Case

Distanceto Intersection {m}
iy
o]

Fun Warning as Recorded Speed Distance Fun
lcon Brake®|Audio®|Recorded [Trunc.? |Accept.|Room  [Optimum’ |Tol. {s)’|RecordedRoom |Accept.| Eval. | Eval.

Video'| State’ atWarn. [to Table |Min.® |To Min®|from 641-11| 0.200(at Warn. |To Max®|Max.® /lipass/
{frame}| {frame) {km/Mh}| {km/h} {my) {my) {m) {mj} {my) {m} fail)

1(154790( 154790 859480 a5.00[ 3570 3.84 3876 J.06 39.249 243

2[1588320] 1598321 a6.00| as.00f 37.10 2.8 40,21 31 39493 3.34 .

AMBE13AT| 161318 a9 66| A59.00[ 3570 a.04 3876 J.06 40,74 1.07 #1

4[1698083| 169808 85982 a5.00[ 3570 5.58 3876 J.06 41.248 nadf #1

(173374 173375 95986 A59.00[ 3570 .10 3876 J.06 40.80 1.02f #1

Gl179444( 179444 95986 A59.00[ 3570 4.84 3876 J.06 40.85 1.27 #

7[182664| 132666 95986 A59.00[ 3570 .16 3876 J.06 40.86 04961 41

a[188393( 138393 8962 5500 3570 566 3876 J.06 41.36 046 41

9(191704a| 191708 a9 66| A59.00[ 3570 462 3876 J.06 40,32 1.500 #1

10{195647) 195647 95986 A59.00[ 3570 4.41 3876 J.06 4011 171 #1

11199233 1992345 aa.71 a5.00( 3570 566 3876 J.06 41.36 046 41

12(204853) 204854 85940 a5.00[ 3570 3.048 3876 J.06 3874 307 #
45 Distance Recorded at Warning
44
43 T

10

Figure 14: Distance at Warning, Multiple Intersections

: Warning Case
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3.7 Multiple Intersections within 300m Radius: No Warning Case
3.7.1 Scenario Overview

As the test in Subsection 3.6, this test also verifies whether the CICAS-V system can
identify and react to the appropriate intersection in presence of multiple intersections
within the DSRC range. However, in contrast to the other test, the test scenario in the
main intersection is transmitting green while the alternate intersection is transmitting red
(Figure 15). Thus in this case no warning is expected.

Alternate Intersection

Center Point

Main Intersection
Center Point

Figure 15: Multiple Intersections: No Warning Case, Test Setup
3.7.2 Conditions
There were no deviations from the general test conditions detailed in Section 2.

Although 8 runs are specified for this test, more than 8 runs were performed in order to
ensure sufficient number of valid runs.

3.7.3 Results
The data collected during this test was stored in the files listed in Table 22.
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Table 22: Test Data Files for Multiple Intersections: No Warning Case

Result File Name Description Created By
ACI4_0404_0000_AA 080717_1859.txt  signal values DAS
ACI4_0404_0000_AA 080717_1859.avi video DAS

rad_404_20080717_smartrd_1.log

rad_404_20080717_smartrd_2.log
rad_404_20080717_smartrd_3.log
rad_404 20080717 _smartrd_4.log
rad_404 20080717 _smartrd 5.log
rad_404 20080717 smartrd_6.log
rad_404 20080717 _smartrd 7.log
rad_404 20080717 smartrd 8.log
rad_404 20080717 _smartrd 9.log
rad_404 20080717 _smartrd_10.log
rad_404 20080717 _smartrd_11.log

rad_404 20080717 _smartrd_12.log

DSRC reception log
for Run 1

DSRC reception log
for Run 2

DSRC reception log
for Run 3

DSRC reception log
for Run 4

DSRC reception log
for Run 5

DSRC reception log
for Run 6

DSRC reception log
for Run 7

DSRC reception log
for Run 8

DSRC reception log
for Run 9

DSRC reception log
for Run 10

DSRC reception log
for Run 11

DSRC reception log
for Run 12

radiodemux software

(logs DSRC
communications)
running on  test

observer’s laptop in
an additional test
vehicle located
before the earliest
valid warning
distance

(corresponding  to
the highest valid
speed)

This data was analyzed to determine test validity (Subsection 3.7.4) and pass/fail

evaluation (Subsection 3.7.5).
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3.7.4 Validity

The validity for this test is judged using Table 23. Table 23 is constructed as detailed previously in Subsection 3.6.4 but using the data
resulting from this test. According to the table there were 8 valid runs: 1, 2, 3, 5, 8, 9, 10, and 12.

Table 23: Validity Check Table, Multiple Intersections: No Warning Case

Run Extents Speed (5. 2.6.1) GST_Error_Ellipse PDOP Satellites
Start Endl Valid Rec. . i . i . [Valid Rec. BEval. |Valid Rec. BEval. Malid Rec. EBval.
Equip. Warn. Equip. Stand.|Min. Nom. Max.Min. Max. |[Min. Max. |Valid? Attiain Valid? [Max. Masx. Valid? |[Max. Max. Valid? [Max. Max. Valid?| Valid?
frame frame frame frame mih kmh kmh m

1 154679 none none 155144)32.5 35 37.48( 523 G023 556 564 A a.0 1.4 a ]
2 158114 none none 1SESTE| 325 25 3T7.48[ 523 B0.3| 558 464 1.4 g 1.4 A ]
3 161510 none  none 161972324 35 37484523 BO3| 6558 GRS A il 14 il 4
4 165011 none  none 1654733248 35 37484523 BO3| 558 aRA A il 16 il 4
A 168814 none none 1F027A)324 35 374|523 BO3| 556 aE4S A il 16 il 4
f 173348 none none 17300324 35 374523 G033 558 a6d A il 16 il 4
FATTIT25 none  none 1781&7|32.5 35 375|523 B0.3| 558 565 ] il 1.6 il 9
8 154448 none none 184937325 35 375|523 BO.3| 559 A6.6 ] il 21 il 9
8 187895 none none 1883600325 35 375|523 BO.3| 554 562 ] 5 1.6 5 4
10 191126 none none 191585)32.5 35 375|523 B0.3| 559 565 ] 5 21 5 4
11 194375 none none 194834) 325 35 375|523 B0.3|56.0 56.5 ] 5 21 5 4
12 197838 none none  193314) 325 35 375|523 B0.3| 559 565 ] 5 21 5 4

3.7.5 Evaluation

There were no warnings expected in this test, and as the second and third columns of Table 23 demonstrate (automatically generated
based on test data), none were received. This means that all the valid runs identified in Subsection 3.7.4 passed and thus this entire test
also passed.
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3.8 Dynamic Signal Change to Yellow, Too Late to Warn
3.8.1 Scenario Overview

In this test, as the test vehicle drives toward the intersection, the signal changes from
green to yellow before the earliest warning distance and stays yellow until after the stop
bar when it changes to red. The purpose of the test is to verify whether the CICAS-V
system will appropriately avoid issuing a warning for a yellow signal that changes to red
only after the stop bar. The test procedure for this test is specified in detail in [5].

Proper Warning Distance
for Vehicle Speed

Acceptable Distance for Phase Change
Yellow Flag

Figure 16: Dynamic Signal Change to Yellow, Too Late to Warn, Test Setup
3.8.2 Conditions
There were no deviations from the general test conditions detailed in Section 2.

Although 8 runs are specified for this test, more than 8 runs were performed in order to
ensure sufficient number of valid runs.

3.8.3 Results

The data collected during this test was stored in the files listed in Table 24.

Table 24: Test Data Files for Dynamic Signal Change to Yellow,
Too Late to Warn

Result File Name Description Created By
ACI4_0308_0000_AA _080716_2053.txt  signal values  DAS
ACI4_0308_0000_AA_080716_2053.avi  video DAS

This data was analyzed to determine test validity (Subsection 3.8.4) and pass/fail
evaluation (Subsection 3.8.5).

3.8.4 Validity
The validity of the runs in this test is analyzed and presented using Table 25.

Table 25 analyzes the validity criteria of speed, GST error ellipse, PDOP, and number of
satellites as done in the previously described tests and with methodology detailed in
Subsection 3.1.4. In addition, Table 25 also analyzes the validity of the phase change
timing in its section “Phase Change.” At that point, the moment of change from green to
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yellow is expressed in terms of distance to stop bar (in column “Rec. Yellow Dist. m”)
and in terms of time to intersection (in column “Rec. Yellow TTI s”). These
were  determined  based on  analyzing the changes in @ “OBE-
Communication.Current_Signal_Phase (None)” signal versus the changes in the distance
and time signals. Figures, such as Figure 17, were created for each run and analyzed to
identify transitions in the “Current Signal Phase” signal. The same was done for the
change from yellow to red. The change from green to yellow is considered as valid in the
table if it meets the requirements of the corresponding test procedure in [5] expressed in
terms of available measurements: the distance at the change (“Rec. Yellow Dist. m®) is
greater than earliest warning distance (“Warn 641-11 m”) and the time to intersection
(“Rec. Yellow TTI s is less than the yellow duration of 3.6 s. Similarly, the change from
yellow to red is considered as valid in the table if at the time of the change both the
distance to intersection (“Rec. Red Dist. m”) is not greater than 0 (vehicle past the stop
bar) and the time to intersection (“Rec. Red TTI s”) is not greater than 0. The entire
“Phase Change” section of the table is marked as “valid” in its “Eval” column if both the
green-to-yellow and yellow-to-red changes are found to be valid.

Table 25 shows that all runs executed for this test were valid.
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Table 25: Validity Check Table, Dynamic Signal Change to Yellow, Too Late to Warn

alidRec. BEval.

Satellites

Crverall

Mad. Valid? |Max. Max. Valid?| Min. Min. Valid?| Valid?

Run Speed (5. 2.6.1) Phase Change (5. 4.9.7) GST_FError_Ellipse PDOP
Valid Rec. | Eval. |Warn |Rec. Yellow| Rec.Red | Eval. |Valid Rec. Eval. |Valid Rec. Eval.
Min. Nom. Maec(Min. Max. |[Min. Max. [Valid?|s41-11 Dist. TT1 Dist. TTl Valid? |Max.
mih kmMh kmh m m = m = m m
11326 35 374|523 603|548 556 46.3 4Y1 3.0 none none 1.5 010 5.0 .8
21325 35 374|623 603|552 857 46.3 480 31 00 0.0 14 010 ] A
al322a 35 374|623 603|551 A58 463 513 33 00 0.0 14 010 ] A
4l325 35 374|523 603|551 657 46.3 484 31 00 0.0 14 010 ] A
alaz2a 35 374|523 B03| 552 654 46.3 486 31 00 0.0 14 010 ] A
Gla2Aa 35 374|623 BO3| 550 A58 46.3 488 31 none naone 1.5 005 ] A
7la2a 35 374|623 BO3| 552 A58 463 4845 31 00 0.0 1.5 005 ] 3
glaza 35 3¥A|A23 603|550 A549 463 481 32 00 0.0 14 005 ] 3
glaza 35 37A| 623 603|552 A58 463 4845 32 00 0.0 14 005 ] 3
100328 35 374|423 603|552 558 463 483 32 00 0.0 14 005 ] 3

g
]
]
5
5
5
5
]
]
5

[Cu R Cu B Cw i L B L R C i L B Lo R S L}
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300 DataZoom — | —+— OBE-Communication v ehicle_Speed (kilometers/hour) 45
| - —s— OBE-Communication Distance_to_Stop_Bar {meters)
] —+— Qutput of Tahble 641-11 {m) at Current Speed
] —=—TTI(5) 4 14
| —a— OBE-Communic ation.Current_Signal_Phase (Mone)
—— OBE-Cammunic ation A lgarthrm_Status (Mane)
230 4 —#— OBE-Communic ation. DV IN_Icon_States (Mone) 135
1 ; —a— Crosshow X_Accel {d)
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1580 4
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1 4 1
100 <
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]
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-1

41664.0 41764.0 41 HEL_CAN_Port.Video_Fram e {None}! 42064.0 42164.0

Figure 17: Evaluation Plot, Dynamic Change to Yellow, Too Late to Warn, Run 2
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3.8.5 Evaluation

There were no warnings expected in this test. The signal “OBE-
Communication.DVIN_Icon_States (None),” as well as video/audio file and the
acceleration signal (“Crossbow.X_Accel (g)”), were analyzed to check whether any
warning modalities were issued and none were found. Table 26 is the result of analysis of
“DVIN_Icon_States” and shows that no warnings were found.

Thus all test runs in this test, out of which only the first 8 are needed, are found to have
passed and so the entire test also passed.

Table 26: Warning Analysis, Dynamic Change to Yellow, Too Late to Warn
Fun Extents
Start Endl
Equip. “Warn. Equip. 5tand.

frame Fframe Fframe Fframe
38681  none none 39149
41684  none none 42152
44543  none none 45011
47543 none none 45011
20535 none none 51023
53711 none none 54176
56744 none none 57212
589729 none none  B0200
B2807  none none  B3275
BS9EE  none none 66434

[ R L R R B 4 R R R L

——

3.9 Dynamic Signal to Red, In Time for Warning
3.9.1 Scenario Overview

In this test, as the test vehicle drives toward the intersection, the signal changes from
yellow to red after the proper warning distance but before the stop bar. The purpose of
the test is to verify whether the CICAS-V system will appropriately issue a warning in
this scenario. The test procedure for this test is specified in detail in [5].

Proper Warning Distance ()
for Vehicle Speed

Transition from yellow to red
Transition from green to yellow state

Figure 18: Dynamic Signal to Red, In Time for Warning, Test Setup
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3.9.2 Conditions
There were no deviations from the general test conditions detailed in Section 2.

Although 8 runs are specified for this test, more than 8 runs were performed in order to
ensure sufficient number of valid runs.

3.9.3 Results
The data collected during this test was stored in the files listed in Table 27.

Table 27: Test Data Files for Dynamic Signal to Red, In Time for Warning

Result File Name Description Created By
ACIl4_0309_0000_AA_080716_2119.txt  signal values  DAS
ACIl4_0309_0000_AA 080716 2119.avi video DAS

This data was analyzed to determine test validity (Subsection 3.9.4) and pass/fail
evaluation (Subsection 3.9.5).
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3.9.4 Validity

The validity for this test was judged using Table 28. This table was constructed similar to
the description in Subsection 3.8.4, with the difference being the requirements for the
validity of the phase change. In this test, the change to yellow is also expected before the
warning distance (yellow “Dist.” greater than the warning distance) but the change to red
is expected after the warning distance and before the stop bar (yellow “Dist” greater than
the yellow duration of 3.6 s, red “Dist” and “TTI” greater than zero).

As Table 28 shows, all runs in this test satisfy all their validity criteria.
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Table 28: Validity Check Table, Dynamic Signal to Red, In Time for Warning

Run Speed (S, 2.6.1) Phase Change (5. 4.9.7) GST_Error_Ellipse PDOP Satellites overall
Valid Rec. | Eval. | Warn |[Rec. Yellow| Rec.Red | Eval. |valid Rec. Eval. |Valid Rec. Eval. [alid Rec. Eval.
Min. Hom. Max.Min. Max. |[Min. Max.|Valid?|641-11 Dist. TT1 Dist. TT Valid?|Max. Max. Valid? |[Max. Max. Valid? [Max. Max. Valid?| Valid?
mih kmh kmh m m = m = m m

11325 35 375|523 B0.2[ 4851 447 463 581 38 &80 049 1.5 0.04 4.0 K] 5
21325 35 3745|4523 BO3[A49 AAT 463 &80 38 Y3 07 1.5 0.04 b 2 b
Al325 35 37TA| 523 BO3[A52 A58 463 &T8 3T7 BE 1.1 1.5 0.04 b 28 b
41325 35 3745|523 BO.3[551 A58 463 595 39 Y9 04 1.5 0.04 5 28 g
al325 35 3745|523 BO3[55.2 A58 463 5949 39 Y8 08 1.5 0.04 5 2 g
Gl325 35 374|523 BO3[552 559 463 &Ts5 3T T2 08 1.5 0.04 A 2 A
Tl325 35 374|523 BO3[550 A58 463 &BY9 3T T2 07 1.5 0.04 A 2 A
al3z5 35 374|423 BO.3[A51 4549 463 B30 37 87 1.1 1.5 0.04 i 2 il
913245 35 374|523 BO.3[A50 A58 463 5838 38 88 1.1 1.5 0.04 i 2 il
1013245 35 3746|4523 BO.3| 451 4549 463 594 38 &84 1.0 1.5 0.04 i 1.8 A

3.9.5 Evaluation

The pass/fail evaluation for the test runs in this test is presented in Table 29 and Figure 19. Table 29 and Figure 19 are constructed as
for previous warnings distance evaluations, such as in Subsection 3.4.5. They show that all runs provided an appropriate warning.

Thus all test runs in this test, out of which only the first 8 are needed, are found to have passed and so the entire test also passed.
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Table 29: Evaluation Table, Dynamic Signal to Red, In Time for Warning

Run

Fun Warning as Recorded Speed Distance Fun
lcon Brake®|Audio® |Recorded |Trunc.! [Accept.|Room |Optimum’ |Tol. (s)’|RecordedRoom |Accept.| Eval. | Eval.
Video'| State® / at Warn. [to Table [Min.®  |[To Min®|from 641-11( 0.200|at Warn. |To Max®|Max.®
{frame}| (frame) {(km/h}| {km/Mh) {mj} {m) {mj} {m} {m) {mj}
1| 840581| 84050 8539 S5.00f 3570 222 JBY6E| 306 ar.ez|  3.80( 41.82
2 93746 H3T4A a5.44| 5500 3570 214 3876 3.06 a7.84 3.88| 41.82
3 9RTR3| HETE4 ah.46 495.00] 3570 3.45 3876 3.06 3914 267 41.82
4] 99593 G49593 85421 &5.00] 3570 366 3876 3.06 39.36 246 41.82
21102424 102425 85401 5500 3570 4.M 3876 3.06 39.71 211 41.82
Gl105283| 105293 8557 5500 3570 318 JBY6E| 306 3888 294 4182
TI108267) 108266 8518 45500 3570 24a7 3876 3.06 3827 .85 41.82
211111048] 111104 ah.71 A5.00f 3470 3.45 3876 3.06 3914 267 41.82
Q114128 114128 A543 S5.00] 3570 2, 3876 3.06 38.61 321 41.82
101117080) 1170450 854491 5500 3570 3.59 3876 3.06 39.29 2853 41.82
45 Distance Recorded at Warning
44
T 43
5 42 — — — — — — = — — —
8 a1
o
g 40 i 7 |
¢ ?
% 39 hd Py
© 38 g
8
0 37
a
36 T T T T 1 1 5 T T T
35 T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11

Figure 19: Distance at Warning, Dynamic Signal to Red, In Time for Warning
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3.10Dynamic Signal to Green, No Warning Case
3.10.1 Scenario Overview

Here, for the test vehicle traveling toward the intersection, the light changes from red to
green before the earliest warning distance and remains green until the vehicle passes the
stop bar. The purpose of this test is to check whether the CICAS-V system will
appropriately avoid giving a warning in this scenario. The test procedure for this test is
specified in detail in [5].

Proper Warning Distance
for Vehicle Speed

Yellow Flag
Transition from red to green states

Figure 20: Dynamic Signal to Green, No Warning Case, Test Setup

3.10.2 Conditions
There were no deviations from the general test conditions detailed in Section 2.

3.10.3 Results
The data collected during this test was stored in the files listed in Table 30.

Table 30: Test Data Files for Dynamic Signal to Red, In Time for Warning

Result File Name Description Created By
ACI4_0401_0000_AA 080717_1426.txt  signal values  DAS
ACI4_0401_0000_AA 080717_1426.avi  video DAS

This data was analyzed to determine test validity (Subsection 3.10.4) and pass/fail
evaluation (Subsection 3.10.5).

3.10.4 Validity

The validity in this test is analyzed and presented using Table 31. This table is similar to
tables described in Subsections 3.8.4 and 3.9.4. The difference is the phase change
analysis. Here, in the phase change analysis, only the timing of the change from red to
green is relevant and that green remains at least until the vehicle reaches the stop bar.
Table 31 shows that the change to green in every case occurs before the warning distance
is reached. Additional analysis ensures that the green remains until the stop bar for all
runs.

Together, this makes all runs in this test valid.
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Table 31: Validity Check Table, Dynamic Signal to Green, No Warning Case

Run Speed (S, 2.6.1) Phase Change (5. 4.9.7) | GST_Error_Ellipse PDOP
Valid Rec. Eval. | Warn |[Rec. Green| Eval. |Valid Rec. Bval. |Valid Rec. BEval.
Min. Hom. MaxMin. Max. |Min. Max. |Valid?]641-11 Dist.  TT1 Vahid? |Max. Max. Valid? |Max. Max. Valid? [Max. Max. Valid?| Valid?
mih kmh kimh m m s m m
11325 35 3745|4523 BO3| 546 552 463 512 334 1.4 0.10 5.0 2 5 a
21325 35 374|423 BO3| 544 553 463 A03 328 1.4 010 A 2 A a
a|3za 35 374|523 BO3[A44 545 463 811 332 1.4 010 A 2 A a
41325 35 374|523 BO3|A4T A45 463 492 320 1.4 010 A 1.8 A a
al3z5 35 374|523 BO3|A46 454 463 A05 330 1.4 010 A 2.2 A a
G325 35 374|423 BO3|[ A48 543 463 4927 3 1.4 010 Gl 22 Gl a
Tl3z2za 35 374|523 BO3[548 554 463 A1.8 338 1.4 010 G 2.2 G a
gl3za 35 374|523 BO3| 546 554 463 491 320 1.4 010 G 2.2 G a
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3.10.5 Evaluation

In this test no warning is expected. The results of analysis of test data files from
Subsection 3.10.3 for occurrences of any warning modalities are presented in Table 32.
As Table 32 shows there were no warnings. Thus, all test runs passed and this entire test
passed.

Table 32: Warning Analysis, Dynamic Signal to Green, No Warning Case

Fan Warning as Recorded
lcon Brake®|Audio*
Video!| State®| (yves/ | {yves/
{frame}| {frame}| no) no)
1|none |none no no
2|none  |none no no
3|none  |none no no
4|none  |none no no
Alnone  |none no no
Glnone |none no no
T|none |none no no
Z|none  |none no no

3.11SPaT Reflection and Reception — Engineering Test
3.11.1 Scenario Overview

In this scenario, the test vehicle is closely following a large vehicle while driving toward
the intersection which is transmitting red (Figure 21). The purpose of this test is to
examine the performance of the CICAS-V system when DSRC reception is poor. The
large lead vehicle is intended to create an obstruction that reduces DSRC reception. The
test procedure for this test is specified in detail in [5].

This test was designed for characterizing CICAS-V system performance under wireless
obstructions. It does not evaluate the system’s ability to meet a functional requirement.
As such, this test does not have pass/fail criteria and does not count in the evaluation of
overall objective testing pass/fail conclusion. This document and the test procedures [5]
call such tests as “engineering tests.”
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----Test vehicle follows with4.5m headway

Figure 21: SPaT Reflection and Reception — Engineering Test, Test Setup

3.11.2 Conditions

There were no deviations from the general test conditions detailed in Section 2.
3.11.3 Results

The data collected during this test was stored in the files listed in Table 33.

Table 33: Test Data Files for SPaT Reflection and Reception — Engineering Test

Result File Name Description Created By
ACI4_0403_0000_AA 080717_1809.txt  signal values  DAS
ACI4_0403_0000_AA 080717_1809.avi video DAS

This data was analyzed to determine test validity in Subsection 3.11.4. The performance
of the CICAS-V system under these adverse wireless conditions was analyzed in
Subsection 3.11.5.

3.11.4 Validity

Table 34 analyzes the four validity criteria familiar from previous tests (speed, GST
error, PDOP, number of satellites) and the validity criteria specific for this test (SPaT
reception). The four standard criteria are analyzed and presented as before (for
description see Subsection 3.1.4).
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The validity criteria specific for this test are analyzed and presented within the “Dropped
SPaT Packets” section of the table. This section is based on the analysis of the signal
“OBE-Communication.SPAT_Counter (cycles).” The analysis is made under the
assumption that the count of SPaT reception is expected to increase by one during every
cycle, or conversely, that intervals of constant count are intervals where DSRC reception
is absent. The “Total” columns contain counts for each run of the cycles during which
DSRC reception was found to be missing, expressed as number of packets dropped and
as percentage of packets dropped when compared to the expected number of packets. The
“Contiguous” columns are characterizations of blocks of consecutive drop outs. The
“Num” column is the number of such blocks within the test run and the “Duration”
columns are statistics for the duration of such blocks in cycles, or equivalently, packets.

Since this is an engineering test, there are no valid bounds specified for the reception
measures in [5]. The test procedures in [5] only specify that “the number of dropped
packets, and especially the number of consecutively dropped packets,” be considered,
which is done here. They are useful here as an indication of reception quality, in the light
of which the performance of the CICAS-V system can be judged in Subsection 3.11.5.

The test procedures [5] also specify the following distance of 3 to 6 m as one of the
validity criteria. This distance was ensured using a hand-held laser range-finder and can
be considered valid for all test runs.

Table 34 reveals that, using the analysis methodology of previous sections, there are 7
valid runs and one invalid run due to the size of the error ellipse. Since this is only an
engineering test, there is no requirement for a number of valid runs. The fact that there is
a proper warning issued for this run (as shown in Subsection 3.11.5) in spite of the
increased error is a testament to the robustness of the system.
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Table 34: Validity Check Table, SPaT Reflection and Reception — Engineering Test

Run Speed (5. 2.6.1) Dropped SPaT Packets GST_Error_Ellipse PDOP Satellites
Valid Rec. Eval. | Total Comtiguous alid Rec. Eval. |Valid Rec. Eval. \alid Rec. BEval.
Min. Nom. Max.|Min. Max. |Min. Max. [Valid? Num. [Duration (pkts.)JMax. Min. Avo. Max. Valid?|Max. Min. Awvg. Max. Valid? [Max. Min. Avg. Max. Valid?| Vahid?
mih kmmh km/h pkts.| % |blks. [Min. Avg. Max)] m m
11300 35 400|483 B4.4| 86T a8 3R 7 2 B 18148 0895 104 18 18 18 ] T 7 T
21300 35 400|483 644|864 (SR 4 1 2 l1a 120 1.37 18 18 18 ] B TE a
3300 35 400|483 644|574 46 41 ] 1 g 29115 1.05 1.049 1.7 1.7 17 5 T 15 a
41300 35 400483 64.4| 567 40 36 a] 4 g 19 1.5 0495 1.00 1.9 1.7 1.7 a] a g g
Al300 35 400|483 F4.4| 554 42 34 7 1 g 27168 108 111 18 18 18 ] 8 87 g
Bl300 35 400|483 B64.4| 567 46 34 4 1 12 37115 110 1.23 14 1.4 1.4 5 T 8.2 g
7|00 35 400|423 64.4| 569 18 a] 1 4 9l 1.4 1.00 1.08 14 14 14 a] g 8.8 ]
gl300 35 400|483 B4.4| AT 4 M 24 ] 2 4 1A 1058 117 13 13 14 ] T T4 8
3.11.5 Performance

The performance of the CICAS-V system under the conditions of this test is presented in Table 35 and Figure 22.

Table 35: Performance Table, SPaT Reflection and Reception — Engineering Test

Fun Warning as Recorded | Speed Distance
lcon Brake®|Audio*|Recorded [Trunc.? |Accept.|Room  [Optimum’|Tol. (s)’|Recorded Room

Video'!| State® {ves/ [at Warn. [to Table [Min.® |To Min®|from 641-11 0.200(at Warn. |To Max®

(frame}| {frame) {kmvh}| (kmh} {m} {m} {my} {m} {my} {m}
1| BEANY| BEA03 a6.65) a6.000 3710 4.38 40241 211 41.48 1.84
2| ThR3IEG| TE333 ar.41 ar.00) 38491 352 41 68 317 4203 2.82
A 84Y02| 8&aT03 av.ae|  avy.00| 3851 476 41.68 3T 4327 1.58
4 95274 948276 aE.6al aE6.00| 3710 a.64 40.21 311 4274 .58
(103643 103643 aad4| 5500 3870 a.64 3876 3.06 41.34 .43
B(112073] 112073 a7 ar.o0of 38481 3.87 41 .68 3T 4238 247
T(120781| 120782 a7.78[ AY.00| 38.51 4.41 41 .68 3T 4292 1.93
a(12a7a86| 129738 a7.58( av.00| 38.51 a.24 41 .68 3T 4374 1.10
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Figure 22: Distance at Warning, SPaT Reflection and Reception — Engineering Test
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Table 35 and Figure 22 shows that there was an appropriate warning in all 8 runs, despite
the SPaT reception drop-outs ranging from 8 to 41% (Table 34). This is a vote of
confidence for the performance of the system in adverse DSRC reception conditions.

3.11.6 Suggested Test Procedure Improvements

The measurements of reception quality and CICAS-V performance can in the future be
used to define reception validity bounds and replace this engineering-type test with a
pass/fail test.

Measuring the distance between the truck and the vehicle can be improved by placing a
reflector on the rear of the truck that the following vehicle’s front radar can consistently
track. If the radar can consistently track the rear of the truck, the data collected from the
radar can be used to verify the distance between the vehicle and the truck and be used to
validate each run avoiding the need for methods without record generation capabilities,
such as hand-held range-finders.

4  Stop Sign Intersections, Test Conditions and
Results

4.1 Various Approach Speeds Test
4.1.1 Test Scenario Overview

In this suite of tests the test vehicle travels toward a stop-sign controlled intersection at
one of the test speeds. The warning is expected to be generated at the appropriate
distance. This test verifies the operation of the CICAS-V system at the stop-controlled
intersections. The test procedure for this test is specified in detail in [5].

4.1.2 Conditions
There were no deviations from the general test conditions detailed in Section 2.
4.1.3 Results

The data collected during this test was stored in the files listed in Table 36.
Table 36: Test Data Files for Stop-Sign Various Speed Approaches Test

Speed (mi/h) Result File Name Description Created By

55 ACIl4_0203_0000_AA_080715_2032.txt  signal values  DAS
ACI4_0203_0000_AA _080715_2032.avi video DAS

35 ACIl4_0201_0000_AA_080715_1952.txt  signal values  DAS
ACI4_0201_0000_AA 080715 _1952.avi video DAS

25 ACIl4_0202_0000_AA_080715_2010.txt  signal values  DAS
ACI4_0202_0000_AA 080715 _2010.avi video DAS

This data was analyzed to determine test validity (Subsection 4.1.4) and pass/fail
evaluation (Subsection 4.1.5).
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4.1.4 Validity

The validity for this test is analyzed and presented using Table 37 through Table 39. The
analysis method is described in Subsection 3.1.4. The tables show that all runs, across all

test speeds, were valid.

Table 37: Validity Check Table, Stop-Sign Various Approach Speeds Test, 25 mph

Run Speed (S, 2.6.1) GST_Error_Ellipse PDOP Satellites
Valid Rec. . |[Valid Rec. Eval. |Valid Rec. Eval. (Walid Rec. Eval.
Min. Nom. Max.|Min. Max. [Min. Max.|Valid? |Max. Max. Valid? [Max. Max. Valid? [Max. Max. Valid?| Valid?
mih km/h km/h
11226 25 275|362 442393 401 1. . . 1.7 5 £]
2226 25 2TA|362 4472395 403 . . 1.7 il ]
A|2eh A 2TA|362 4472390 3596 . . 1.4 il ]
dl2ih 24 YA 362 442390 3596 . . 1.6 q 10
al2245 24 Y5362 4421405 410 . . 1.6 ] 10
G225 26 275|362 44721398 404 . . 1.7 ] 10
Fl225 24 275|362 44721391 39049 . . 1.7 ] 10
Bl225 24 2Y5|362 4421387 398 . . 1.7 ] 10

Run Speed (S, 2.6.1) GST_FError_Ellipse POOP Satellites
Valid Rec. . |Valid Rec. BEval |Valid Rec. Eval. (Valid Rec. BEval.
Min. Hom. Max.|Min. Max. |Min. Max [Valid? |Max. Max. Valid? |]Max. Max. Valid? |Max. Max. Valid?] Valid?
mih kmh kimh
1326 35 375|523 B03| 550 556 1, . . 1.8 ] 10
21326 35 375|523 B0O3| 553 860 . . 1.8 ] 10
A|326 35 375|523 BO3|AT.3 5TE . . 1.8 ] 10
4324 35 375|523 B0O3| 553 A6.1 . . 1.8 ] 10
Al325 35 375|523 B0O3| 541 5449 . . 1.8 ] 10
G325 35 375|523 BO3| 562 57.0 . . 1.6 ] 10
7l325 35 375|523 BO3| 560 566 . . 1.6 ] 10
Bl324 35 375|523 BO3| 557 G864 . . 1.7 ] 10

Valid
Min. Nom. Max.|Min. Max.
mih kmh

Fun Speed (S, 2.6.1)
Rec.

Min.

kmh

Satellites

5245 55 5745|8445 524
5245 55 575|845 5824
5245 55 575|845 5824
5245 A5 ATH| 8445 924
5245 A5 ATH| 8445 924
5245 65 ATH| 8445 924
5245 A5 ATAH| 8445 524
5245 65 ATH| 8445 524

00 = O N e O] b —

863
861
863
862
a7.2
859
B6.4
a7.4

87.0
0.6
8.8
86.7
87.8
867
87.0
g8.0

RS [ I [N U U S

RN U T [ U U ()
000D 00 00 00 = =]

MM (M R (h O Gh

PDOP
. i . . |Valid Rec. Bval. (alid Rec. BEval.
Max. | Valid? |Max. Max. Valid? [Max. Max. Valid? |Max. Max. Valid?] Valid?
1. . . .

(LRl in R {w Rl In Rl iR Cu R Iu il {u]

4.1.5 Evaluation

The pass/fail evaluation for this test is performed using Table 40 through Table 42 and
Figure 23 through Figure 25. The analysis method is described in Subsection 3.1.5. The
tables show, and figures illustrate, that all test runs passed for this test.
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Table 40: Evaluation Table, Stop-Sign Various Approach Speeds Test,

25 mph
Run Warning as Recorded Speed Distance Run
lcon Brake® |Audio® |Recorded |Trunc.’ |Accept.|Room |Optimum’|Tol. {s)°|RecordedRoom |Accept.| Eval. | Eval.
Video'| State?| {yes/ | {ves/ |at Warn. [to Table [Min.® [To Min®|from 741-3[ 0.200[at Warn. [To Max*|Max.® [(pass/|(pass/
{frame}| (frame}| no} noj {km/h}| {km/h} {m} {m} {m} {m} {m} {mj} {mj}| fail} | fail}
1(147993( 147992 | yes | yes 3975 3900 11745 211 1382 27 1386 223 16.09|pass | pass
2|151861] 151862 | yes | yes 39.78] 3a9.00f 1175 307 1392 217 1482 1.27] 16.09|pass | pass
3|155428| 155429| yes | yes 39.08| 39.00] 11745 1.497 1382 27 1372 2.37| 16.09|pass | pass
4|158894| 155900| yes | yes 39170 3a9.00f 1175 163 1392 217 13.38] 2.71| 16.09|pass | pass
(162444 162443| yes | yes 40,49 4000| 1260 287 1482 222 1817 1.87| 17.04|pass | pass
G|166137| 166136) yes | yes 40,100 4000f 1260f 257 1482 222 1617  1.87] 17.04|pass | pass
7169947 169949| yes | yes 3954 39.00] 11745 232 1382 27 1407 2.02| 16.09|pass | pass
8|173463] 173465| yes | yes 38.71] 3800f 10495( 168 13.06] 211 1263  2.584] 15.17|pass |pass
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Figure 23: Distance at Warning, Stop-Sign Var. Approach Speeds Test,
25 mph
Table 41: Evaluation Table, Stop-Sign Various Approach Speeds Test,
35 mph
Run Warning as Recorded Speed Distance Run
lcon Brake® |Audio® |Recorded |Trunc.’ |Accept.|Room |Optimum’|Tol. (s)*|RecordedRoom |Accept.| Eval. | Eval.
Video'| State®| (ves/ | (yes/ [at Warn. [to Table [Min.* |To Min®|from 741-3 0.200(at Warn. [To Ma®|Max.® [(pass/|(pass/
{frame}| (frame}| noj noj {km/h}| {km/h} {m} {m} {m} {m} {m} {mj} {mj}| fail} | fail}
111140345( 114035| yes | yes 5512 5500 3042 282 3348 3.06 3324 3.30| 36.54|pass |pass
2117273 117275 yes | yes a5.46| 55.00| 3042 4.34 33,48 3.06 3476 1.78| 26.54|pass |pass
3(120441( 120443 yes | yes A7.32| &T.00| 3360 252 3677 317 3612 3.82| 39.54|pass |pass
41123840( 123842| yes | yes 5,69 54.00| 3042 h.84 33,48 3.06 36,26 0.28| 26.54|pass |pass
A(1270048( 127004| yes | yes 5439 &4.00] 28491 22T 3191 3.00 3118 373 34.51|pass |pass
6130194 120193| yes | yes aE.89) A6.00] 31.4949 311 3510 311 3610 311 38.21|pass | pass
TI133117| 133115| yes | yes AF.45| A6.00] 31.99 3.80 3510 311 35749 242 38.21|pass |pass
B136087| 126085| yes | yes ag.21 a6.00] 31,99 373 3510 311 36,72 2.49| 38.21|pass |pass
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Figure 24: Distance at Warning, Stop-Sign Var. Approach Speeds Test,
35 mph
Table 42: Evaluation Table, Stop-Sign Various Approach Speeds Test,
55 mph
Run Warning as Recorded Speed Distance Run
lcon Brake®|Audio*|Recorded |Trunc.’ |Accept.|Room |[Optimum’|Tol. (s)?|RecordedRoom |Accept.| Eval. | Eval.
Video'| State® atWarn. [to Table [Min.®  [To Min®|from 741-9| 0.200|at Warn. |To Max®|Max.® lipass/
{frame}| {frame) {km/h}| {km/h) {mj} {m} {mj} {m} {m} {mj} fail)
1|186981| 186980 AE.73| 8E.00]105.249 4.50 11007 478 109749 5 06| 11484
21191018] 191018 B6.46| 86.00[105.29 581 110.07 478 11110 3.75(114.85
3|194444| 194444 AE.70| 8E.00]105.249 4.32 11007 478 10961 5.24| 11484
41197749] 1977450 86.50| 86.00[{105.29 467 11007 4.78] 10996 4.891114.85
a(201040( 201041 a7 B2 870010873 4.24 11356 4831 11287 5.42|1118.349
G|204053] 204056 B5.85] 85.00[{101.94 6.15] 10666 472 10809 3.290111.38
T|206891| 206894 AE.85| 8E00]105.249 4.54 11007 4. 78] 10983 5.02|114.84
8|209795) 208745 A7.50| &Y.00[108.73 4.10] 11356 483 11283 5.6 118.39
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Figure 25: Distance at Warning, Stop-Sign Var. Approach Speeds Test,
55 mph

5 Suggested Test Procedure Improvements

During the execution of some tests specified by [5], as well as during the analysis of the
results of those tests, difficulties and unexpected conditions were encountered.
Suggestions for improving the procedures to avoid those problems for particular tests are
detailed within the sections dealing with those particular tests. This section here instead
details overall or general suggested improvements, and suggestions for new tests. A table
with the suggested improvements can be found in Appendix D.

5.1 GID Accuracy

A new general requirement procedure needs to be added to test the accuracy of the test
GIDs in relation to the markings on the test intersection. Accuracy tests need to be
conducted on the placement of the stop bar and the lateral lane markings. The
determination of the accuracy of the GID needs to be used to adjust test set-up procedures
for the placement of flags and test script that instruct how the drive should position the
vehicle for certain tests.

6  Conclusion
This document described objective testing of the CICAS-V system. All 12 tests passed.

52



CICAS-V

v

References

[1] NHTSA. (2005). Traffic Safety Facts 2005. Report No. DOT HS 810 631. Washington,
DC: National Highway Traffic Safety Administration. Available on the Web at:
http://www-nrd.nhtsa.dot.gov/pdf/nrd-30/NCSA/TSFANn/TSF2005.pdf

[2] Campbell, B., Smith, J., & Najm, W. (2004). Analysis of Fatal Crashes Due to Signal and
Stop Sign Violations. Report No. DOT HS 809 779. Washington, DC: National Highway
Traffic Safety Administration. Available on the Web at: http://www-
nrd.nhtsa.dot.gov/departments/nrd-12/809-779/pages/TOC.htm

[3] CICAS-V Template for USDOT Reports.
[<SVN Repository CICAS-V>\Report Templates\CICAS-V Template for USDOT Reports.doc].
[4] CICAS-V Concept of Operations. Interim release v1.03 on June 29, 2007.

[Task 04 - Concept of Operations &System Requirements\CICAS-V Concept of Operations\ConOps Interim
Release v1.03 06-29-07\ CICAS-V_ConOps_v0103.pdf]

[5] CICAS-V Task 7, Objective Test Procedures. [v1.2b]. Last changed on August 29, 2008.

[6] various test observers. CICAS-V Objective Testing Observation Forms, Filled by Hand
by Test Observers.

[<SVN Repository CICAS-V>Task 11 - Vehicle_Intersection Objective Testing\results\observation
form\Objective Testing, Observation Sheets, Original.pdf].

[7] Maile, Michael (Mercedes Benz) (editor and transcriber). CICAS-V Objective Testing
Observation Forms, Filled by Test Observers and Transcribed.

[<SVN Repository CICAS-V>Task 11 - Vehicle_Intersection Objective Testing\results\observation
form\Objective Testing, Observation Sheets, Typed.pdf].

[8] Virginia Tech Transportation Institute, 3500 Transportation Research Plaza, Blacksburg,
VA 24061.

[9] http://www.vtti.vt.edu/virginiasmartroad.html, last accessed September 19, 2008.

53


http://www.vtti.vt.edu/virginiasmartroad.html

CICAS-V

8 Appendix

8.1 : Test Results, Plots
8.1.1 : Signalized Various Speed Approaches Test, 55 mi/h

300 3| —*—— OBE-Communication.Vehicle_Speed (kilometers/hour) - Data Zoom 6
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Figure 26: Signalized Various Speed Approaches Test, 55 mi/h, Run 1
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300 3{ —=—— OBE-Communication.Vehicle_Speed (kilometers/hour) — Data Zoom 6
—=s—— OBE-Communication.Distance_to_Stop_Bar én‘eters)
——— Output of Table 641-11 (m) at Current Spee
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Figure 27: Signalized Various Speed Approaches Test, 55 mi/h, Run 2
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300 Data Zoom —| —*—— OBE-Communication.Vehicle_Speed (kilometers/hour)
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Figure 28: Signalized Various Speed Approaches Test, 55 mi/h, Run 3
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350 y—| —=—— OBE-Communication.Vehicle_Speed (kilometers/hour) - Data Zoom 6
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Figure 29: Signalized Various Speed Approaches Test, 55 mph, Run 4
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300 y{ —*—— OBE-Communication.Vehicle_Speed (kilometers/hour) | Data Zoom 6
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Figure 30: Signalized Various Speed Approaches Test, 55 mph, Run 5
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Figure 31: Signalized Various Speed Approaches Test, 55 mph, Run 6
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300 y— —=—— OBE-Communication.Vehicle_Speed (kilometers/hour) - Data Zoom 6
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Figure 32: Signalized Various Speed Approaches Test, 55 mph, Run 7
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Figure 33: Signalized Various Speed Approaches Test, 55 mph, Run 8
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8.1.2 : Signalized Various Speed Approaches Test, 35 mi/h
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Figure 34: Signalized Various Speed Approaches Test, 35 mi/h, Run 1
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Figure 35: Signalized Various Speed Approaches Test, 35 mi/h, Run 2
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Figure 36: Signalized Various Speed Approaches Test, 35 mi/h, Run 3
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Figure 37: Signalized Various Speed Approaches Test, 35 mi/h, Run 4
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300 +—| —*— OBE-Communication.Vehicle_Speed (kilometers/hour) - Data Zoom 35
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Figure 38: Signalized Various Speed Approaches Test, 35 mi/h, Run 5
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Figure 39: Signalized Various Speed Approaches Test, 35 mi/h, Run 6
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Figure 40: Signalized Various Speed Approaches Test, 35 mi/h, Run 7
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Figure 41: Signalized Various Speed Approaches Test, 35 mi/h, Run 8
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8.1.3 : Signalized Various Speed Approaches Test, 25 mi/h
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Figure 42: Signalized Various Speed Approaches Test, 25 mi/h, Run 1
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Figure 43: Signalized Various Speed Approaches Test, 25 mi/h, Run 2
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Figure 44: Signalized Various Speed Approaches Test, 25 mi/h, Run 3
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Figure 45: Signalized Various Speed Approaches Test, 25 mi/h, Run 4
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Figure 46: Signalized Various Speed Approaches Test, 25 mi/h, Run 5
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Figure 47: Signalized Various Speed Approaches Test, 25 mi/h, Run 6

75



CICAS-V

300 1

—e&— OBE-Communication.Vehicle_Speed (kilometers/hour) Data Zoom
—=— OBE-Communication.Distance_to_Stop_Bar (meters)
—e&— Qutput of Table 641-11 (m) at Current Speed

—a— OBE-Communication.Algorithm_Status (None)

—— OBE-Communication.DVIN_Icon_States (None)
—x— Crossbow .X_Accel (g)

1

250 1

200 "o,

150 \

100 s

50

[ v v v v

228625.0 228725.0 228825.0 228(HEL_CAN_Port.Video_Frame (None)

229125.0 229225.0

229325.0

F 2.5

r 1.5

3.5

0.5

Figure 48: Signalized Various Speed Approaches Test, 25 mi/h, Run 7
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Figure 49: Signalized Various Speed Approaches Test, 25 mi/h, Run 8
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8.1.4 : Edge of Approach Testing for Warning
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Figure 50: Edge of Approach Testing for Warning, Run 1
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Figure 51: Edge of Approach Testing for Warning, Run 2
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Figure 52: Edge of Approach Testing for Warning, Run 3
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Figure 53: Edge of Approach Testing for Warning, Run 4
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Figure 54: Edge of Approach Testing for Warning, Run 5

82



CICAS-V

300 3| —*— OBE-Communication.Vehicle_Speed (kilometers/hour)
—s— OBE-Communication.Distance_to_Stop_Bar (meters)
—&— Qutput of Table 641-11 (m) at Current Speed

—a— OBE-Communication.Algorithm_Status (None)

—e— OBE-Communication.DVIN_Icon_States (None)

Data Zoom

250 4| —*— Crossbow .X_Accel (g)

F 2.5

r 1.5

200 .\\M bl b kb A b
150 U
T T [ | Llessdesssslessssas
WS SSE ==
50
0
306904.0 307004.0 307104./HEL_CAN_Port.Video_Frame (None) 307304.0 307404.0

3.5

0.5

Figure 55: Edge of Approach Testing for Warning, Run 6
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Figure 56: Edge of Approach Testing for Warning, Run 7
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Figure 57: Edge of Approach Testing for Warning, Run 8
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8.1.5 : Edge of Approach Testing for Nuisance Warning
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Figure 58: Edge of Approach Testing for Nuisance Warning, Run 1
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Figure 59: Edge of Approach Testing for Nuisance Warning, Run 2
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Figure 60: Edge of Approach Testing for Nuisance Warning, Run 3
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Figure 61: Edge of Approach Testing for Nuisance Warning, Run 4
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Figure 62: Edge of Approach Testing for Nuisance Warning, Run 5
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Figure 63: Edge of Approach Testing for Nuisance Warning, Run 6
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Figure 64: Edge of Approach Testing for Nuisance Warning, Run 7
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Figure 65: Edge of Approach Testing for Nuisance Warning, Run 8
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8.1.6 : Late Lane Shift Test — Warning
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Figure 66: Late Lane Shift Test — Warning, Run 1
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Figure 67: Late Lane Shift Test — Warning, Run 2
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Figure 68: Late Lane Shift Test — Warning, Run 3

96



CICAS-V

300 Data Zoom —=— OBE-Communication.Vehicle_Speed (kilometers/hour) 9
- —=a— OBE-Communication.Distance_to_Stop_Bar (meters)
—a— OBE-Communication.Present_Lane (lane)
—=— Qutput of Table 641-11 (m) at Current Speed lg
—&— OBE-Communication.Present_Approach (approach)
—*— OBE-Communication.Algorithm_Status (None)
250 —8— OBE-Communication.DVIN_Icon_States (None)
—+— Crossbow .X_Accel (g) T7
L
AAAAAMAAAAAAAAAAAALAAADAdddddddddddddddddildiddidhdddddddddddiddiddidddddddddiddddddddddddddd = 6
200
15
AAAAAADAALAAA A Al Al AdlAddAll ANl A Al A Al A Al Al ANl alaaladAldaddalds 4
150
1"‘-.. 1,
T2
100 ™ \\
u —
50 880y oa,_ Md;l—n—n—n—n—H—l—i*""‘.’f 0
g ) AT
e
T-1
0 W T3 R S 2
67891.0 67991.0 68091.0 HEL_CAN_ Port.Video_Frame (None) 68291.0 68391.0

Figure 69: Late Lane Shift Test — Warning, Run 4

97



CICAS-V

300 Data Zoom —=— OBE-Communication.Vehicle_Speed (kilometers/hour)
- —=a— OBE-Communication.Distance_to_Stop_Bar (meters)
—a— OBE-Communication.Present_Lane (lane)
—=— Qutput of Table 641-11 (m) at Current Speed i
—&— OBE-Communication.Present_Approach (approach)
—*— OBE-Communication.Algorithm_Status (None)
250 —8— OBE-Communication.DVIN_Icon_States (None)
—+— Crossbow .X_Accel (g) 1
200
150 -....-'i
100 ﬂu’ l
50 — N II('-PF i
0 i TPR
70759.0 70859.0 70959.0 HEL_CAN_ Port.Video_Frame (None) 71159.0 71259.0

Figure 70: Late Lane Shift Test — Warning, Run 5
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Figure 71: Late Lane Shift Test — Warning, Run 6
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Figure 72: Late Lane Shift Test — Warning, Run 7
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Figure 73: Late Lane Shift Test — Warning, Run 8
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8.1.7 : Late Lane Shift Test — Nuisance Warning
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Figure 74: Late Lane Shift Test — Nuisance Warning, Run 1
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Figure 75: Late Lane Shift Test — Nuisance Warning, Run 2
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Figure 76: Late Lane Shift Test — Nuisance Warning, Run 3
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Figure 77: Late Lane Shift Test — Nuisance Warning, Run 4
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Figure 78: Late Lane Shift Test — Nuisance Warning, Run 5
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Figure 79: Late Lane Shift Test — Nuisance Warning, Run 6
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Figure 80: Late Lane Shift Test — Nuisance Warning, Run 7
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Figure 81: Late Lane Shift Test — Nuisance Warning, Run 8
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8.1.8 : Multiple Intersections within 300m Radius: Warning Case
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Figure 82: Multiple Intersections within 300m Radius: Warning Case, Run 1
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Figure 83: Multiple Intersections within 300m Radius: Warning Case, Run 2
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Figure 84: Multiple Intersections within 300m Radius: Warning Case, Run 4
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Figure 85: Multiple Intersections within 300m Radius: Warning Case, Run 6
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Figure 86: Multiple Intersections within 300m Radius: Warning Case, Run 8
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Figure 87: Multiple Intersections within 300m Radius: Warning Case, Run 9
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Figure 88: Multiple Intersections within 300m Radius: Warning Case, Run 10

116



CICAS-V

300 —e&— OBE-Communication.Vehicle_Speed (kilometers/hour) |—Data Zoom
—s— OBE-Communication.Distance_to_Stop_Bar (meters)
—+— Output of Table 641-11 (m) at Current Speed
—a— OBE-Communication.Current_Signal_Phase (None)
—— OBE-Communication.Algorithm_Status (None)
250 AAAAAA +OBE‘COrTmniCation.DVlN_lCOn_StateS(None) AMAAAAAAMAAAAAAAAAAA AM A AL AL A0 A A0 04 AN A AL A4 A0 A0 NAA A A A0 AAAAAANAAALA AN ANAAAAAAAAAAAAALAd A0 a0 alaaalaanad
—@— Crossbow .X_Accel (g)
™
200 -....Q
150 -......
100
50 A
0 o
204462.0 204562.0 204662.0 HEL_CAN_Port.Video_Frame (None) 204862.0 204962.0

Figure 89: Multiple Intersections within 300m Radius: Warning Case, Run 12
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8.1.9 : Multiple Intersections within 300m Radius: No Warning Case
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Figure 90: Multiple Intersections within 300m Radius: No Warning Case, Run 1
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Figure 91: Multiple Intersections within 300m Radius: No Warning Case, Run 2

119



CICAS-V

300 —=— OBE-Communication.Vehicle_Speed (kilometers/hour) [—— Data Zoom 1.2
—s— OBE-Communication.Distance_to_Stop_Bar (meters)
—+— Output of Table 641-11 (m) at Current Speed
; —a— OBE-Communication.Current_Signal_Phase (None) dq
—— OBE-Communication.Algorithm_Status (None)
250 —*— OBE-Communication.DVIN_Icon_States (None)
—8— Crossbow .X_Accel (g)
-f'\ + 0.8
200 1..“-.‘ 0.6
T 0.4
150
R 102
100 { -.....'... % 0
T -0.2]
50
A E—— st g e e g g g i e
T -0.4
0 -0.6
161490.0 161590.0 16 HEL_CAN Port.Video_Frame (None)).0 161890.0 161990.0

Figure 92: Multiple Intersections within 300m Radius: No Warning Case, Run 3
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Figure 93: Multiple Intersections within 300m Radius: No Warning Case, Run 5
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Figure 94: Multiple Intersections within 300m Radius: No Warning Case, Run 8
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Figure 95: Multiple Intersections within 300m Radius: No Warning Case, Run 9
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Figure 96: Multiple Intersections within 300m Radius: No Warning Case, Run 10
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Figure 97: Multiple Intersections within 300m Radius: No Warning Case, Run 12
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8.1.10: Dynamic Signal Change to Yellow, Too Late to Warn
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Figure 98: Dynamic Signal Change to Yellow, Too Late to Warn, Run 1
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Figure 99: Dynamic Signal Change to Yellow, Too Late to Warn, Run 2
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Figure 100: Dynamic Signal Change to Yellow, Too Late to Warn, Run 3
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Figure 101: Dynamic Signal Change to Yellow, Too Late to Warn, Run 4
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Figure 102: Dynamic Signal Change to Yellow, Too Late to Warn, Run 5
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Figure 103: Dynamic Signal Change to Yellow, Too Late to Warn, Run 6
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Figure 104: Dynamic Signal Change to Yellow, Too Late to Warn, Run 7
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Figure 105: Dynamic Signal Change to Yellow, Too Late to Warn, Run 8
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8.1.11: Dynamic Signal to Red, In Time for Warning
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Figure 106: Dynamic Signal to Red, In Time for Warning, Run 1
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Figure 107: Dynamic Signal to Red, In Time for Warning, Run 2
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Figure 108: Dynamic Signal to Red, In Time for Warning, Run 3
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Figure 109: Dynamic Signal to Red, In Time for Warning, Run 4
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Figure 110: Dynamic Signal to Red, In Time for Warning, Run 5
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Figure 111: Dynamic Signal to Red, In Time for Warning, Run 6
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Figure 112: Dynamic Signal to Red, In Time for Warning, Run 7
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Figure 113: Dynamic Signal to Red, In Time for Warning, Run 8
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8.1.12: Dynamic Signal to Green, No Warning Case
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Figure 114: Dynamic Signal to Green, No Warning Case, Run 1
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Figure 115: Dynamic Signal to Green, No Warning Case, Run 2
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Figure 116: Dynamic Signal to Green, No Warning Case, Run 3
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Figure 117: Dynamic Signal to Green, No Warning Case, Run 4
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Figure 118: Dynamic Signal to Green, No Warning Case, Run 5
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Figure 119: Dynamic Signal to Green, No Warning Case, Run 6

147



CICAS-V

300

—&— OBE-Communication.Vehicle_Speed (kilometers/hour)
—=a— OBE-Communication.Distance_to_Stop_Bar (meters)
—+— Output of Table 641-11 (m) at Current Speed

250

+— OBE-Communication.Current_Signal_Phase (None)
—— OBE-Communication.Algorithm_Status (None)
—*— OBE-Communication.DVIN_Icon_States (None)
—8— Crosshow .X_Accel (g)

——Data Zoom

F 3.5

r 2.5

r 1.5

r 0.5

lf'\
200 pac
150 ]
100 f ] H
....... D T B R B s I o o o e B o e L B e L o g L B L e L L B L L LB I
0
44619.0 44719.0 44¢HEL_CAN_Port.Video_Frame (None) 45019.0 45119.0

4.5

Figure 120: Dynamic Signal to Green, No Warning Case, Run 7
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Figure 121: Dynamic Signal to Green, No Warning Case, Run 8
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8.1.13: SPaT Reflection and Reception — Engineering Test
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Figure 122: SPaT Reflection and Reception — Engineering Test, Run 1
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Figure 123: SPaT Reflection and Reception — Engineering Test, Run 2
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Figure 124: SPaT Reflection and Reception — Engineering Test, Run 3

152



CICAS-V

300 Data Zoom —— —*— OBE-Communication.Vehicle_Speed (kilometers/hour) 4.5
—a— OBE-Communication.Distance_to_Stop_Bar (meters)
—+— Output of Table 641-11 (m) at Current Speed
Ahhdhk AhhdAk bbb ddobbbchd dodch b hbchdck dchhachddad) . OBE-Communication.Current_Signal _Phase (None) Ahdhdhdhdr 4
—— OBE-Communication.Algorithm_Status (None)
250 —*— OBE-Communication.DVIN_Icon_States (None) 135
—8— Crossbow .X_Accel (g) ’
T3
200
T 25
ﬂ:::l *0-00-000-0-09-0-0000-0 ¢¢¢¢¢¢¢¢¢¢T T2
150
e~
‘*1.,\ 115
fe g
...... SR XKKHK KKK KKK KKK KK KKK KKK KKK K L e 1
100 g [
+ 05
.’::MW — T TR g %eei g
50 ey
1%%%%%%% ".w
T -0.5
O % - 3
95076.0 95126.0 95176.0 ¢HEL_CAN_Port.Video_Frame (None) 95326.0 95376.0 95426.0

Figure 125: SPaT Reflection and Reception — Engineering Test, Run 4
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Figure 126: SPaT Reflection and Reception — Engineering Test, Run 5
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Figure 127: SPaT Reflection and Reception — Engineering Test, Run 6
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Figure 128: SPaT Reflection and Reception — Engineering Test, Run 7
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Figure 129: SPaT Reflection and Reception — Engineering Test, Run 8
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Figure 130: Stop-Sign Various Approach Speeds Test, 55 mi/h, Run 1
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Figure 131: Stop-Sign Various Approach Speeds Test, 55 mi/h, Run 2
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Figure 132: Stop-Sign Various Approach Speeds Test, 55 mi/h, Run 3
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Figure 133: Stop-Sign Various Approach Speeds Test, 55 mi/h, Run 4
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Figure 134: Stop-Sign Various Approach Speeds Test, 55 mi/h, Run 5
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Figure 135: Stop-Sign Various Approach Speeds Test, 55 mi/h, Run 6
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Figure 136: Stop-Sign Various Approach Speeds Test, 55 mi/h, Run 7
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Figure 137: Stop-Sign Various Approach Speeds Test, 55 mi/h, Run 8
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Figure 138: Stop-Sign Various Approach Speeds Test, 35 mi/h, Run 1
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Figure 139: Stop-Sign Various Approach Speeds Test, 35 mi/h, Run 2
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Figure 140: Stop-Sign Various Approach Speeds Test, 35 mi/h, Run 3
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Figure 141: Stop-Sign Various Approach Speeds Test, 35 mi/h, Run 4
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Figure 142: Stop-Sign Various Approach Speeds Test, 35 mi/h, Run 5
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Figure 143: Stop-Sign Various Approach Speeds Test, 35 mi/h, Run 6
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Figure 144: Stop-Sign Various Approach Speeds Test, 35 mi/h, Run 7
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Figure 145: Stop-Sign Various Approach Speeds Test, 35 mi/h, Run 8
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8.1.16 : Stop-Sign Various Approach Speeds Test, 25 mi/h
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Figure 146: Stop-Sign Various Approach Speeds Test, 25 mi/h, Run 1
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Figure 147: Stop-Sign Various Approach Speeds Test, 25 mi/h, Run 2
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Figure 148: Stop-Sign Various Approach Speeds Test, 25 mi/h, Run 3
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Figure 149: Stop-Sign Various Approach Speeds Test, 25 mi/h, Run 4
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Figure 150: Stop-Sign Various Approach Speeds Test, 25 mi/h, Run 5
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250 —*— OBE-Communication.DVIN_Icon_States (None)
—8— Crossbow .X_Accel (g)
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Figure 151: Stop-Sign Various Approach Speeds Test, 25 mi/h, Run 6
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300 —e&— OBE-Communication.Vehicle_Speed (kilometers/hour) Data Zoom 35
—s— OBE-Communication.Distance_to_Stop_Bar (meters)
—+— Output of Table 741-9 (m) at Current Speed
—a— OBE-Communication.Current_Signal_Phase (None) 13
—— OBE-Communication.Algorithm_Status (None)
250 —*— OBE-Communication.DVIN_Icon_States (None)
—8— Crossbow .X_Accel (g)
IP\‘\ 1
200 ' 90099 2
115
150 i
di s
100 \ 05
0 -1
169353.0 169453.0 169553.0 169 HEL_CAN_Port.Video_Frame (None) 169853.0 169953.0 170053.0

Figure 152: Stop-Sign Various Approach Speeds Test, 25 mi/h, Run 7
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300

250

—e&— OBE-Communication.Vehicle_Speed (kilometers/hour)
—s— OBE-Communication.Distance_to_Stop_Bar (meters)
—+— Output of Table 741-9 (m) at Current Speed

—a— OBE-Communication.Current_Signal_Phase (None)
—— OBE-Communication.Algorithm_Status (None)

—*— OBE-Communication.DVIN_Icon_States (None)

—8— Crossbow .X_Accel (g)

Data Zoom
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Figure 153: Stop-Sign Various Approach Speeds Test, 25 mi/h, Run 8
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8.2 : Warning Tables

8.2.1 : Warning Table 641-11 for Signalized Intersection Approaches

Speed
(km/h)

DistanceToWarn

(m)

0

o

ONO|OTHDWINF-

OO 0|0 |0O|0O|0|0O|0|0|0O|0|0|0O|0O|0|0|0|0o|o|0o|O0|Oo
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Speed DistanceToWarn
(km/h) (m)
24 0

25 0

26 0

27 0

28 0

29 0

30 0

31 0

32 12.71
33 13.55
34 14.42
35 15.32
36 16.24
37 17.19
38 18.16
39 19.16
40 20.19
41 21.24
42 22.32
43 23.43
44 24.56
45 25.72
46 26.91
47 28.12
48 29.35
49 30.62
50 31.91
51 33.23
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Speed DistanceToWarn
(km/h) (m)
52 34.57
53 35.94
54 37.34
55 38.76
56 40.21
57 41.68
58 43.19
59 44,71
60 46.27
61 47.85
62 49.46
63 51.09
64 52.75
65 54.44
66 56.15
67 57.89
68 59.66
69 61.45
70 63.27
71 65.12
72 66.99
73 68.89
74 70.82
75 72.77
76 74.75
77 76.75
78 78.78
79 80.84
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Speed DistanceToWarn
(km/h) (m)

80 82.93
81 85.04
82 87.18
83 89.34
84 91.53
85 93.75
86 95.99
87 98.26
88 100.56
89 102.88
90 105.24
91 107.61
92 110.02
93 112.45
94 114.9
95 117.39
96 119.9
97 122.43
98 125

99 127.59
100 130.2
101 132.84
102 135.51
103 138.21
104 140.93
105 143.68
106 146.46
107 149.26
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Speed DistanceToWarn
(km/h) (m)
108 152.09
109 154.95
110 157.83
111 160.74
112 163.68
113 166.64
114 169.63
115 172.64
116 175.69
117 178.75
118 181.85
119 184.97
120 188.12
121 191.3
122 194.5
123 197.73
124 200.99
125 204.27
126 207.58
127 210.91
128 214.28
129 217.67
130 221.08
131 224.53
132 227.99
133 231.49
134 235.01
135 238.56
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Speed DistanceToWarn
(km/h) (m)
136 242.14
137 245.74
138 249.37
139 253.03
140 256.71
141 260.42
142 264.16
143 267.92
144 271.71
145 275.53
146 279.37
147 283.24
148 287.14
149 291.06
150 295.01
151 298.99
152 303
153 307.03
154 311.08
155 315.17
156 319.28
157 323.42
158 327.58
159 331.77
160 335.99
161 340.24
162 344.51
163 348.81
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Speed DistanceToWarn
(km/h) (m)
164 353.13
165 357.48
166 361.86
167 366.27
168 370.7
169 375.16
170 379.64
171 384.16
172 388.7
173 393.26
174 397.86
175 402.48
176 407.12
177 411.8
178 416.5
179 421.22
180 425.98
181 430.76
182 435.56
183 440.4
184 445.26
185 450.15
186 455.06
187 460
188 464.97
189 469.97
190 474.99
191 480.04
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Speed DistanceToWarn
(km/h) (m)
192 485.11
193 490.22
194 495.34
195 500.5
196 505.68
197 510.89
198 516.13
199 521.39
200 526.68

8.2.2 : Warning Table 741-9 for Stop-Controlled Intersection Approaches

Speed DistanceToWarn
(km/h) (m)
0 0

1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 0

9 0
10 0
11 0
12 0
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Speed DistanceToWarn
(km/h) (m)
13 0

14 0

15 0

16 0

17 0

18 0

19 0

20 0

21 0

22 0

23 0

24 0

25 0

26 0

27 0

28 0

29 0

30 0

31 0

32 8.67
33 9.31
34 9.99
35 10.7
36 11.45
37 12.23
38 13.06
39 13.92
40 14.82
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Speed DistanceToWarn
(km/h) (m)
41 15.76
42 16.74
43 17.76
44 18.82
45 19.93
46 21.08
47 22.27
48 23.51
49 24.79
50 26.12
51 27.5
52 28.92
53 30.39
54 31.91
55 33.48
56 35.1
57 36.77
58 38.49
59 40.26
60 42.08
61 43.96
62 45.9
63 47.88
64 49.93
65 52.02
66 54.18
67 56.39
68 58.66
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Speed DistanceToWarn
(km/h) (m)

69 60.99
70 63.37
71 65.82
72 68.33
73 70.89
74 73.52
75 76.21
76 78.97
77 81.78
78 84.66
79 87.61
80 90.62
81 93.69
82 96.83
83 100.04
84 103.32
85 106.66
86 110.07
87 113.56
88 117.11
89 120.73
90 124.42
91 128.19
92 132.02
93 135.93
94 139.91
95 143.97
96 148.1
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Speed DistanceToWarn
(km/h) (m)

97 152.3
98 156.59
99 160.94
100 165.38
101 169.89
102 174.47
103 179.14
104 183.89
105 188.71
106 193.62
107 198.6
108 203.67
109 208.81
110 214.04
111 219.36
112 224.75
113 230.23
114 235.8
115 241.45
116 247.18
117 253
118 258.91
119 264.9
120 270.98
121 277.15
122 283.41
123 289.76
124 296.2
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Speed DistanceToWarn
(km/h) (m)
125 302.72
126 309.34
127 316.05
128 322.85
129 329.74
130 336.73
131 343.81
132 350.98
133 358.25
134 365.61
135 373.07
136 380.63
137 388.28
138 396.02
139 403.87
140 411.81
141 419.85
142 428
143 436.24
144 444.58
145 453.02
146 461.56
147 470.2
148 478.95
149 487.8
150 496.75
151 505.8
152 514.96
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Speed DistanceToWarn
(km/h) (m)
153 524.22
154 533.59
155 543.07
156 552.65
157 562.33
158 572.13
159 582.03
160 592.04
161 602.16
162 612.38
163 622.72
164 633.17
165 643.72
166 654.39
167 665.17
168 676.06
169 687.07
170 698.18
171 709.41
172 720.76
173 732.22
174 743.79
175 755.48
176 767.28
177 779.21
178 791.24
179 803.4
180 815.67
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Speed DistanceToWarn
(km/h) (m)
181 828.06
182 840.57
183 853.2
184 865.95
185 878.82
186 891.81
187 904.92
188 918.15
189 931.51
190 944.98
191 958.58
192 972.3
193 986.15
194 1000.1
195 1014.2
196 1028.4
197 1042.8
198 1057.3
199 1071.9
200 1086.6
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9  Appendix C: Analysis of GID Error

During the Edge of Lane approach tests it was found that the GID had errors but the exact
magnitude of the errors was not known at the time of testing. For this test, the lateral
offset is the most important to determine the validity of the test. To evaluate the amount
of lateral offset in the GID relative to the lane boundaries, the collected GPS traces from
the objective tests were analyzed. For the analysis, the data collected from the edge of
approach test was used, since the position of the car relative to the lane edge was the most
consistent due to the test design. Lanes A3 and A4 were used for the Edge of Lane
Approach Tests, see Figure 154.

.\(

A

Figure 154: Smart Road GID with Lane Labels

In this analysis the distance of the vehicle from the GPS points used for developing the
GID were used. Those points can be seen in Figure 155. The two lanes in question are
Lane A3 and Lane A4. The intersection is at the upper left corner of the plot. As can be
seen, there is a slight curve in the roadway.
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Figure 155: GPS points for Lanes A3 and A4 in GID 003
Figure 156 shows the GPS traces that were collected with the GPS system that was used
for the CICAS-V system.
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Figure 156: GPS traces for the Edge of Approach — Warning test
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For all eight runs, the minimum distance from the GID points of Lane A3 and Lane A4
was calculated and then the numerical average was taken, For Lane A3 those distances
were 1.26201, 1.3008, 1.35862, 1.21279, 1.28267, 1.29729, 1.20574, 1.27084, 1.28328
[m]. The average over these values is 1.28 m, The distances for Lane A4 were 2.39798,
2.37792, 2.33717, 2.22415, 2.27204, 2.32373, 2.42539, 2.38988, 2.42999, 2.33261 [m]
with an average of 2.35 m.

The design of the test called for the vehicle to be driven within 50 cm of the lane edge
and from observation, the distance between the outer edge of the tire and the lane was
around 30 cm. Since the GPS antenna was placed on the long axis of the vehicle and the
vehicle width was 1.8 m, the distance of the antenna from the outer edge of the tire was
90 cm.

The geometry of the test is shown in Figure 157.

d3

h 4

Figure 157: Geometry of the Test

As can be seen from Figure 157, the vehicle center is a distance d1 from the lane
boundary. The distance between the lane center and the center axis of the vehicle is d2.
The distance between the center axis of the vehicle and the lane center of the neighboring
lane (Lane A4) is d3The lane width of the smart road is 3.6 m. Assuming 30 cm distance
between the tire and the lane boundary, d1 =120 cm, d2 = 60 cm and d3 = 300 cm. As
can be seen from the data above, d1= 128 cm and d2 = 235cm. This means that the GID
is shifted to the left in Figure XZ by approximately 60-70 cm.
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This means that in the Edge of Lane Approach Test - Warning, the vehicle was driving
approx. 30 cm over the lane boundary of the GID and in the Edge of Lane Approach Test
— Nuisance, the vehicle was driven approx. 90 cm from the lane boundary.
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10 Appendix D: Test Procedure Improvements

Test Procedure

Improvement

Edge of Lane Approach Test - Warning

Since the reliability of judging the vehicle
position with respect to the lane markings
is uncertain, it is suggested here that
downward facing side cameras be used for
this purpose instead. The cameras should
have the view of at least both front vehicle
wheels and the lane markings to accurately
and repeatedly verify distance to the lane
edge under all test conditions.

Test procedures indicate that the lane offset
to the right is positive and lane offset to the
left is negative. This will enhance the data
collection procedure and make it easier to
determine which side of center the vehicle
is deviating.

Edge of Lane Approach Test - Nuisance

Since the reliability of judging the vehicle
position with respect to the lane markings
is uncertain, it is suggested here that
downward facing side cameras be used for
this purpose instead. The cameras should
have the view of at least both front vehicle
wheels and the lane markings to accurately
and repeatedly verify distance to the lane
edge under all test conditions.

Test procedures indicate that the lane offset
to the right is positive and lane offset to the
left is negative. This will enhance the data
collection procedure and make it easier to
determine which side of center the vehicle
is deviating.

Late Lane Shift Test - Warning

The test should specify an allowable
latency between a positive lane match and
the onset of the warning. Thus, it is
suggested here that the test procedure is to
be improved for any future use by
specifying the allowable maximum latency
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Test Procedure

Improvement

as in Table 15’s column “Difference Ln. to
Warn (s).”

Multiple Intersections within 300 m Radius
— Warning Case

The alternate intersection count was
performed while the vehicle was within the
warning zone. In future tests, this should be
performed throughout the approach of the
vehicle, once the icon turns blue until the
vehicle reaches the stop bar. There also
needs to be a criterion that specifies the
allowable gap between alternate
intersection message reception. This gap
should not be more than 1 sec.

SPaT Reflection and Reception —
Engineering test

The measurements of reception quality and
CICAS-V performance can in the future be
used to define reception validity bounds
and replace this engineering-type test with
a pass/fail test.

Measuring the distance between the truck
and the vehicle can be improved by placing
a reflector on the rear of the truck that the
following vehicle’s front radar can
consistently track. If the radar can
consistently track the rear of the truck, the
data collected from the radar can be used to
verify the distance between the vehicle and
the truck and be used to validate each run
avoiding the need for methods without
record generation capabilities, such as
hand-held range-finders.
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