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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: 

 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. 

 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. 
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Table ES-1: Summary of Objective Tests 

Name Purpose Section Kind 

Signalized Various 

Speed Approaches Test 

Test whether warning distance is as 

specified for signalized intersections and 

given vehicle speed 

3.1 Objective 

Requirement 

Warning 

Edge of Approach 

Testing for Warning 

Test whether expected warning is given 

when vehicle is driven on edge of lane 

3.2 Objective 

Requirement 

Warning 

Edge of Approach 

Testing for Nuisance 

Warning 

Test whether nuisance warnings are 

avoided when vehicle is driven on edge 

of lane 

3.3 Objective 

Requirement 

Nuisance 

Late Lane Shift Test – 

Warning 

Test whether expected warning is given 

when shifting from green lane into red 

lane after red lane’s warning distance 

passed 

3.4 Objective 

Requirement 

Warning 

Late Lane Shift Test – 

Nuisance Warning 

Test whether nuisance warning is 

avoided when shifting from red lane into 

green lane before red lane’s warning 

distance passed 

3.5 Objective 

Requirement 

Nuisance 

Multiple Intersections 

within 300m Radius: 

Warning Case 

Test whether warning appropriate 

warning is given for approaching 

intersection in presence of multiple 

nearby intersections 

3.6 Objective 

Requirement 

Warning 

Multiple Intersections 

within 300m Radius: No 

Warning Case 

Test whether warning is avoided when 

approaching intersection in presence of 

multiple nearby intersections 

3.7 Objective 

Requirement 

Warning 

Dynamic Signal Change 

to Yellow, Too Late to 

Warn 

Test whether warning is avoided on 

signal change from green to yellow when 

red arrives after the stop bar 

3.8 Objective 

Requirement 

Nuisance 

Dynamic Signal to Red, 

In Time for Warning 

Test whether expected warning is given 

on signal change from green to yellow 

when red occurs before vehicle passes 

stop bar. 

3.9 Objective 

Requirement 

Warning 

Dynamic Signal to 

Green, No Warning 

Case 

Test whether warning is avoided when 

signal change from red to green before 

the warning distance 

3.10 Objective 

Requirement 

Nuisance 

Stop Sign Various 

Approach Speeds Test 

Test whether warning distance is as 

specified for stop sign intersections and 

given vehicle speed 

4.1 Objective 

Requirement 

Warning 

SPaT Reflection and 

Reception 

Tests the system performance / system 

limits when line of sight between 

intersection and vehicle is obscured by 

another vehicle 

3.11 Engineering 

Test 

 



CICAS-V           

For USDOT Internal Use Only - Not for Publication 

CAMP – Vehicle Safety Communications 2 Consortium Proprietary 
xiv 

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 VTTI’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: 

 A procedure could contain multiple tests 

 Each test had to have at least 8 successful runs (intersection approaches) 

 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 

 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 is to reduce crashes due to violation of traffic 

control devices (both traffic signals and stop signs). 

When deployed, this system is intended to: 

 Reduce fatalities at controlled intersections 

 Reduce the number of injuries at controlled intersections 

 Reduce the severity of injuries at controlled intersections 

 Reduce property damage associated with collisions at controlled intersections 

 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: 

 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 

 A warning system that is acceptable to users 

 A vehicle-infrastructure cooperative system that helps vehicle drivers avoid 

crashes due to violations of a traffic signal or stop sign 

 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 

Intersection 

Equipment

Signal about to 

turn red for car

Driver warned if signal 

violation will occur

Messages  to vehicle

Intersection 

Equipment

Signal about to 

turn red for car

Driver warned if signal 

violation will occur

Messages  to vehicle
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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.  

 
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 ACI4_0301_0000_AA_080716_1410.txt signal values DAS 

 ACI4_0301_0000_AA_080716_1410.avi video DAS 

35 ACI4_0302_0000_AA_080716_1429.txt signal values DAS 

 ACI4_0302_0000_AA_080716_1429.avi video DAS 

25 ACI4_0303_0000_AA_080716_1449.txt signal values DAS 

 ACI4_0303_0000_AA_080716_1449.avi video 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 

 

 

Table 3: Validity Check Table, Various Speed Approaches Test, 35 mph 
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Table 4: Validity Check Table, Various Speed Approaches Test, 25 mph 

 

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_Icon_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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Figure 3: Various Speed Approaches Test, 55 mph, Run 1, Evaluation Plot 

The frame at which DVIN_Icon_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.  

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 

 

 

 

 

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 

1
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.
2
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.
3
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.
4
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.
5
The warning algorithm truncates the fractional part of the vehicle speed before using it to look up the warning distance in 

the table.
6
Calculated by adding/subtracting the tolerance distance from the optimum distance.

7
This is the distance read from the 641-11 table for the truncated speed.

8
The tolerance distance is determined by multiplying the noted tolerance time by the speed recorded at the warning.

9
The difference between the recorded distance and the allowable maximum/minimum distance. 
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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 
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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 

 

 

 

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.  

 
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. 
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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 

ACI4_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 

 

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. 



CICAS-V           

For USDOT Internal Use Only - Not for Publication 

CAMP – Vehicle Safety Communications 2 Consortium Proprietary 
14 

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 

 

 

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 

 

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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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 

 

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 
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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 

 
Figure 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.” 
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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 

 

 

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 
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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.  

 
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 

ACI4_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 

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) 

rad_402_20080717_smartrd_2.log DSRC reception log 

for Run 2 

rad_402_20080717_smartrd_3.log DSRC reception log 

for Run 3 

rad_402_20080717_smartrd_4.log DSRC reception log 

for Run 4 

rad_402_20080717_smartrd_5.log DSRC reception log 

for Run 5 

rad_402_20080717_smartrd_6.log DSRC reception log 

for Run 6 

rad_402_20080717_smartrd_7.log DSRC reception log 

for Run 7 

rad_402_20080717_smartrd_8.log DSRC reception log 

for Run 8 

rad_402_20080717_smartrd_9.log DSRC reception log 

for Run 9 

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 

 

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 

 

 

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. 

 
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 DSRC reception log 

for Run 1 

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) 

rad_404_20080717_smartrd_2.log DSRC reception log 

for Run 2 

rad_404_20080717_smartrd_3.log DSRC reception log 

for Run 3 

rad_404_20080717_smartrd_4.log DSRC reception log 

for Run 4 

rad_404_20080717_smartrd_5.log DSRC reception log 

for Run 5 

rad_404_20080717_smartrd_6.log DSRC reception log 

for Run 6 

rad_404_20080717_smartrd_7.log DSRC reception log 

for Run 7 

rad_404_20080717_smartrd_8.log DSRC reception log 

for Run 8 

rad_404_20080717_smartrd_9.log DSRC reception log 

for Run 9 

rad_404_20080717_smartrd_10.log DSRC reception log 

for Run 10 

rad_404_20080717_smartrd_11.log DSRC reception log 

for Run 11 

rad_404_20080717_smartrd_12.log DSRC reception log 

for Run 12 

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 

 

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]. 

 
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 
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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 

 

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]. 

 
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 

ACI4_0309_0000_AA_080716_2119.txt signal values DAS 

ACI4_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 

 

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 

 

 

Figure 19: Distance at Warning, Dynamic Signal to Red, In Time for Warning 
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3.10 Dynamic 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]. 

 
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 
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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 

 

 

3.11 SPaT 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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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).  

4.5m
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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 

 

 

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  
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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 ACI4_0203_0000_AA_080715_2032.txt signal values DAS 

 ACI4_0203_0000_AA_080715_2032.avi video DAS 

35 ACI4_0201_0000_AA_080715_1952.txt signal values DAS 

 ACI4_0201_0000_AA_080715_1952.avi video DAS 

25 ACI4_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 

 

 

Table 38: Validity Check Table, Stop-Sign Various Approach Speeds Test, 35 mph 

 

 

Table 39: Validity Check Table, Stop-Sign Various Approach Speeds Test, 55 mph 

 

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 

 

 

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 
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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 
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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. 
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8 Appendix  

8.1 : Test Results, Plots 

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

 

Figure 26: Signalized Various Speed Approaches Test, 55 mi/h, Run 1 
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Figure 27: Signalized Various Speed Approaches Test, 55 mi/h, Run 2 
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Figure 28: Signalized Various Speed Approaches Test, 55 mi/h, Run 3 
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Figure 29: Signalized Various Speed Approaches Test, 55 mph, Run 4 
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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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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 

 

Figure 34: Signalized Various Speed Approaches Test, 35 mi/h, Run 1 

 

Data Zoom

0

50

100

150

200

250

300

170800.0 170900.0 171000.0 171100.0 171200.0 171300.0HEL_CAN_Port.Video_Frame (None)

-1

-0.5

0

0.5

1

1.5

2

2.5

3

3.5OBE-Communication.Vehicle_Speed (kilometers/hour)
OBE-Communication.Distance_to_Stop_Bar (meters)
Output of Table 641-11 (m) at Current Speed

OBE-Communication.Algorithm_Status (None)
OBE-Communication.DVIN_Icon_States (None)
OBE-Communication.Longitudinal_Acceleration (meters/second/second)



CICAS-V                                                                                                                     

For USDOT Internal Use Only - Not for Publication 

CAMP – Vehicle Safety Communications 2 Consortium Proprietary 
63 

 

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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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 

 

Data Zoom

0

50

100

150

200

250

300

186814.0 186914.0 187014.0 187114.0 187214.0 187314.0 187414.0HEL_CAN_Port.Video_Frame (None)

-1

-0.5

0

0.5

1

1.5

2

2.5

3

3.5OBE-Communication.Vehicle_Speed (kilometers/hour)
OBE-Communication.Distance_to_Stop_Bar (meters)
Output of Table 641-11 (m) at Current Speed

OBE-Communication.Algorithm_Status (None)
OBE-Communication.DVIN_Icon_States (None)
Crossbow .X_Accel (g)



CICAS-V                                                                                                                     

For USDOT Internal Use Only - Not for Publication 

CAMP – Vehicle Safety Communications 2 Consortium Proprietary 
68 

 

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 

 

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 
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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 

 

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 
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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 

 

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 

 

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

 

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 

 

Figure 82: Multiple Intersections within 300m Radius: Warning Case, Run 1 

 

Data Zoom

0

50

100

150

200

250

300

154401.0 154501.0 154601.0 154701.0 154801.0 154901.0HEL_CAN_Port.Video_Frame (None)

-1

0

1

2

3

4

5OBE-Communication.Vehicle_Speed (kilometers/hour)

OBE-Communication.Distance_to_Stop_Bar (meters)

Output of Table 641-11 (m) at Current Speed

OBE-Communication.Current_Signal_Phase (None)

OBE-Communication.Algorithm_Status (None)

OBE-Communication.DVIN_Icon_States (None)

Crossbow .X_Accel (g)



CICAS-V                                                                                                                     

For USDOT Internal Use Only - Not for Publication 

CAMP – Vehicle Safety Communications 2 Consortium Proprietary 
111 

 

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 
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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 

 

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 
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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 

 

Data Zoom

0

50

100

150

200

250

300

169794.0 169894.0 169994.0 170094.0 170194.0 170294.0HEL_CAN_Port.Video_Frame (None)

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2OBE-Communication.Vehicle_Speed (kilometers/hour)

OBE-Communication.Distance_to_Stop_Bar (meters)

Output of Table 641-11 (m) at Current Speed

OBE-Communication.Current_Signal_Phase (None)

OBE-Communication.Algorithm_Status (None)

OBE-Communication.DVIN_Icon_States (None)

Crossbow .X_Accel (g)



CICAS-V                                                                                                                     

For USDOT Internal Use Only - Not for Publication 

CAMP – Vehicle Safety Communications 2 Consortium Proprietary 
122 

 

Figure 94: Multiple Intersections within 300m Radius: No Warning Case, Run 8 

 

Data Zoom

0

50

100

150

200

250

300

184428.0 184528.0 184628.0 184728.0 184828.0 184928.0HEL_CAN_Port.Video_Frame (None)

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2OBE-Communication.Vehicle_Speed (kilometers/hour)

OBE-Communication.Distance_to_Stop_Bar (meters)

Output of Table 641-11 (m) at Current Speed

OBE-Communication.Current_Signal_Phase (None)

OBE-Communication.Algorithm_Status (None)

OBE-Communication.DVIN_Icon_States (None)

Crossbow .X_Accel (g)



CICAS-V                                                                                                                     

For USDOT Internal Use Only - Not for Publication 

CAMP – Vehicle Safety Communications 2 Consortium Proprietary 
123 

 

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 

 

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 

 

Data Zoom

0

50

100

150

200

250

300

44523.0 44623.0 44723.0 44823.0 44923.0 45023.0HEL_CAN_Port.Video_Frame (None)

-1

-0.5

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5OBE-Communication.Vehicle_Speed (kilometers/hour)

OBE-Communication.Distance_to_Stop_Bar (meters)

Output of Table 641-11 (m) at Current Speed

OBE-Communication.Current_Signal_Phase (None)

OBE-Communication.Algorithm_Status (None)

OBE-Communication.DVIN_Icon_States (None)

Crossbow .X_Accel (g)



CICAS-V                                                                                                                     

For USDOT Internal Use Only - Not for Publication 

CAMP – Vehicle Safety Communications 2 Consortium Proprietary 
129 

 

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 

 

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 

 

 

Data Zoom

0

50

100

150

200

250

300

110715.0 110815.0 110915.0 111015.0 111115.0 111215.0HEL_CAN_Port.Video_Frame (None)

-1

0

1

2

3

4

5OBE-Communication.Vehicle_Speed (kilometers/hour)

OBE-Communication.Distance_to_Stop_Bar (meters)

Output of Table 641-11 (m) at Current Speed

OBE-Communication.Current_Signal_Phase (None)

OBE-Communication.Algorithm_Status (None)

OBE-Communication.DVIN_Icon_States (None)

Crossbow .X_Accel (g)



CICAS-V                                                                                                                     

For USDOT Internal Use Only - Not for Publication 

CAMP – Vehicle Safety Communications 2 Consortium Proprietary 
142 

8.1.12 : Dynamic Signal to Green, No Warning Case 

 

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 
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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 

 

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 
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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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8.1.14 : Stop-Sign Various Approach Speeds Test, 55 mi/h 

 

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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8.1.15 : Stop-Sign Various Approach Speeds Test, 35 mi/h 

 

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 

 

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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Figure 151: Stop-Sign Various Approach Speeds Test, 25 mi/h, Run 6 
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Figure 152: Stop-Sign Various Approach Speeds Test, 25 mi/h, Run 7 
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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 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 

13 0 

14 0 

15 0 

16 0 

17 0 

18 0 

19 0 

20 0 

21 0 

22 0 

23 0 
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Speed 

(km/h) 

DistanceToWarn 

(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 

(km/h) 

DistanceToWarn 

(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 

(km/h) 

DistanceToWarn 

(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 

(km/h) 

DistanceToWarn 

(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 

(km/h) 

DistanceToWarn 

(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 

(km/h) 

DistanceToWarn 

(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 

(km/h) 

DistanceToWarn 

(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 

(km/h) 

DistanceToWarn 

(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 

(km/h) 

DistanceToWarn 

(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 

(km/h) 

DistanceToWarn 

(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 

(km/h) 

DistanceToWarn 

(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 

(km/h) 

DistanceToWarn 

(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 

(km/h) 

DistanceToWarn 

(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 

(km/h) 

DistanceToWarn 

(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 

(km/h) 

DistanceToWarn 

(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 

 



 

 

 

 

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. 

 

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.  

 

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. 

 

 
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. 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

U.S. Department of Transportation 
ITS Joint Program Office-HOIT 
1200 New Jersey Avenue, SE 

Washington, DC 20590 
 

Toll-Free “Help Line” 866-367-7487 

www.its.dot.gov 

 
FHWA-JPO-10-068 

 

 

 

http://www.its.dot.gov/

