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The attached report is from the NHTSA sponsored program, “IVHS Countermeasures for Rear-End Collisions,”
contract #DTNH22-93-C-07326.  The program’s primary objective is to develop practical performance guidelines or
specifications for rear-end collision avoidance systems. The program consists of three Phases: Phase one: “Laying
the Foundation” (Tasks l-4), Phase two: “Understanding the state-of-the-art” (Tasks 5 & 6), and Phase three:
“Testing and Reporting” (Tasks 7-9). This work focuses on light (primarily passenger) vehicles and emphasizes
autonomous in-vehicle based equipment (as opposed to cooperative infrastructure-based equipment.)

Phase I of this contract, Laying the Foundation, consisted of 4 Tasks: Task 1: a detailed analysis of the rear-end
crash problem, Task 2: development of system-level functional goals, Task 3: hardware testing of existing
technologies, and Task 4: development of preliminary performance specifications or guidelines. The goals of Tasks
1, 2 and 3 were to develop the background needed to write the preliminary performance guidelines (Task 4).

Task 1, a detailed analysis of the rear-end Crash Problem, consisted of analysis, both clinical and statistical, of
available mass accident data bases, some of which include the pre-crash variables, and an initial human factors study.
The goal here was to identify, determine the nature of, and quantify the causes of rear-end type crashes. A report
volume was written for each of these areas.

The Task 1 Interim Report consists of six volumes. This Volume, Volume V, “1985 NASS Analysis, ” presents the
results of the analysis of the 1985 NASS crash data. Data from 1985 was selected for analysis because it provided
more insight into roadway variables that are no longer available in the current CDS or GES databases. This report
(all volumes) forms the foundation for the work in the later stages of the contract. Descriptions of Volumes I - IV, VI
are as follows:
a. Volume I, “Summary,” presents background information, an overview of the framework used to analyze the

rear-end collision problem, an overview of the initial human factors studies, and summarizes the clinical
conclusions found in other volumes.

b. Volume II, “Statistical Analysis,” presents the statistical analysis of rear-end collision accident data that
characterizes the accidents with respect to their frequency, severity, time and place of occurrence, the vehicle,.
and the involved drivers. Data for this Volume includes NHTSA’s Fatal Accident Reporting System (FARS),
NHTSA’s General Estimates System (GES), and some state accident data files for recent years.

c. Volume III “1991 NASS CDS Clinical Case Analysis,” presents the results of the detailed analysis of cases from
NHTSA’s 1991 National Accident Sampling System (NASS) Crashworthiness Data System (CDS) crash data.

d. Volume IV, “1992 NASS CDS Clinical Case Analysis,” presents the results of the detailed analysis of 200 cases
from the 1992 NASS CDS crash data including the new pre-crash variables.

e. Volume VI, “Human Factors,” presents the results of the initial human factors literature review and study.

From this detailed analysis of the accident databases a framework of the dynamic situations of rear-end collisions
was developed and used to analyze the rear-end collision problem. From an in-depth analysis of the dynamic
situations it was discovered that most rear-end collisions occur with the following vehicle traveling at a constant
velocity and the lead vehicle decelerating to a stop, i.e. the close-following or platooning situation. It was determined
that the primary causal factors for rear-end collisions were inattention and following too closely. Also determined
was a list of preliminary specification information.

The results presented during Phase I, including the Preliminary Performance Guidelines or Specifications,
are based on work carried out with limited interactions with the academic, research, and industry
communities, any conclusions drawn from the results presented must bear this in mind.

Phase II goals include a detailed state-of-the-art review of technologies related to rear-end collision avoidance
systems and the design of a test bed system. Phase II will complete in June 1996. Phase III goals include the
construction and test of the test bed system, the generation of the final performance guidelines or specifications, and
the final reporting on all aspects of the project. Phase III will finish in early 1998. Work continues throughout Phase
II and III to add to, and to refine, these preliminary performance guidelines or specifications. Numerous items still
need to be determined (TBD)  throughout the remainder of the research.

Key words: Collision Avoidance, Rear-end Collision, Crash Analysis, Performance Specifications, Causal Factors,
Dynamic Situations, Human Factors.
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SECTION 1
INTRODUCTION

This volume of the Task 1 Interim Report for NHS Countermeasures for Rear-End
Collisions, Contract DTNH22-93-C-07326, deliverable item 5, contains an overview and
summary of the analysis of rear-end collision cases from the 1992 National Accident
Sampling System Crashworthiness Data System (NASS CDS).

NHTSA previously analyzed rear-end collisions as reported in “Rear-End Crashes: Problem
Size Assessment and Statistical Description” and “Assessment of IVHS Countermeasures for
Collision Avoidance: Rear-End Crashes” both by Ronald R. Knipling,  et al, May, 1993.

The purpose of this analysis was to determine the specific nature of each rear-end collision in
order to help identify valid collision countermeasures for each dynamic situation and system
type. The different types of dynamic situations are described in detail in Volume I of this
report. By analyzing in detail each accident based on the dynamic situation the occurrence of
each type of dynamic situation can be determined. This allows estimation of the occurrence
of dynamic situations within the entire population of rear-end collisions. Once the population
of dynamic situations has been estimated, functional goals can be developed that are
qualitative descriptions of the data processing algorithms which will drive the processing
function of countermeasure systems. Functional goals will be unique to each dynamic
situation and possibly unique to each system type ( i.e., headway maintenance, driver warning,
automatic control). The clinical analysis performed on the 1992 NASS CDS is also being
used to provide inputs to the simulation effort (Task 4).

The method used to select cases to analyze is described in Section 2. A summary of the
results of the analysis of cases selected from the 1992 NASS CDS is contained in Section 3.
The raw data from the cases listed is contained in Appendix A. A summary of this analysis is
in Section 4.
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SECTION 2
SELECTION CRITERIA

The case selection criteria for the 1992 NASS CDS was as follows:

l Rear-end collision
l Two and only two vehicles involved
l Delta-V computed for both vehicles
l Attempted avoidance maneuver coded for both vehicles

Delta-V and attempted avoidance maneuver were selection criteria because cases having this
information usually have enough detail to allow extraction of the desired information. In
addition, this information allows a determination to be made of some of the parameters of the
event. Only cases involving two vehicles were selected since these cases were thought to
have a more accurate determination of the Delta-V for both vehicles.

A search of the 1992 NASS CDS database using the above criteria found 144 cases of two-
vehicle, rear-end collisions with reported attempted avoidance maneuver that were listed with
Delta-V calculated. The hard copy case files of the 144 cases were reviewed at Zimmerman,
Associates Inc., in Arlington Virginia.

Of the 144 cases reviewed, nine cases were considered unusable:

l Two involved vehicular problems (striking (following) vehicle brake failure).
l One was caused by encroachment and spin-out of a vehicle from another traffic lane

but was coded as a rear-end collision.
l Three were not used because the Delta-V’s calculated, as well as other factors, were

representative of a secondary collision with a fixed object.
l Three were not used because the accidents were caused by spin-out of the struck (lead)

vehicle.

The 135 cases left were analyzed as described in the following sections. Table 2-l is a listing
of the cases analyzed. Three cases were left in the analysis even though the Delta-V for one of
the vehicles in each case was not computed. It was felt that these cases were useful for
determining the accident causal factor and dynamic situation even though they could not be
used for simulation purposes.
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Table 2-l 1992 NASS CDS Cases Analyzed

Case # Case # Case # Case # Case #
2-058G 2-109D 2-138F 4-040F 4-067J
4-074D 4-079E 4-080G 4-124E 5-055G
5-101H 5-126E 5-135E 5-181E 6-064E
6-076D 6-080K 8-063H 8-137F 8-178E
8-218H 8-244F 9-035H 9-039C 11-001E
1 l-073E 11-089J 11-141H 11-170F 11-175F
11-183G 12-007H 12-091G 12-111D 12-121G
12-133H 12-154E 12-187E 12-192E 12-254G
12-259F 13-008H 13-074H 13-143D 13-158G
13-187G 13-234G 41-008C 41-060C 43-035D
43-036E 43-0750 43-095G 43-098C 43-103G
43-155G 43-192K 45-029F 45-031H 45-064E
45-l19H 45-129E 45-139G 45-182C 45-189G
45-198J 45-230G 45-243H 48-164C 48-215D
48-218D 48-220D 48-244J 48-257C 48-264K
49-006H 49-031E 49-064J 49-0736 49-l07F
49-140F 72-117H 72-213E 72-241J 72-246G
73-132E 74-002F 74-013G 74-025H 74-085G
74-l 14K 74-l 17H 74-131E 74-144G 74-179F
75-028F 75-041F 75-061H 75-087C 75-100J
75-109J 75-129G 75-130C 75-134C 75-136E
75-169E 75-178E 76-035E 76-095F 76-l33F
78-028H 78-122G 78-159E 78-170F 79-033F
79-073K 79-l18F 79-145B 79-146E 79-166F
81-009H 81-021H 81-058J 81-070D 81-083K
82-121F 82-167G 82-179F 82-l 82G 82-200H



SECTION 3
SUMMARY OF RESULTS

Cases from the 1992 NASS CDS include the five new pre-crash variables: Pre-Event
Movement (GV64), Critical Pre-crash Event (GV65), Attempted Avoidance Maneuver
(GV14), Pre-crash Stability After Avoidance Maneuver (GV66) and Pre-crash Directional
Consequences of Avoidance Maneuver (GV67). This analysis used the five pre-crash
variables, the accident type, scene diagram, slides of the accident scene and police accident
reports to make a determination of the dynamic situation for each of the accidents examined in
detail. A definition of dynamic situations is contained in the summary volume, Volume I, of
the Task 1 Interim Report. As part of this analysis a determination of the accident causal
factor was performed. Rather than find the specific cause of the accident, which had been
done in previous NHTSA reports, the accident causal factor was selected from the following
broad categories:

- Inattention
- Alcohol/Drug Involvement
- Inattention/following too closely
- External Distraction
- Poor Judgment (False Assumption)
- Driver’s Vision Obscured
- Too fast for conditions
- Internal Distraction
- Encroachment of another vehicle
- Disability
- Inattention/too fast for conditions

In order to determine the dynamic situation from an accident, the following guidelines were
established. A dynamic situation refers to the motion of the two vehicles with respect to each
other prior to either driver recognizing a potential collision problem. Consequently, those
collisions that involved striking drivers that “panic braked” were included in the constant
velocity category instead of the decelerating category. A distinction had to be made between
lead vehicle stopped and lead vehicle decelerating and stopped. There are no variables in
either the NASS CDS or GES to make a accurate determination between lead vehicle stopped
and lead vehicle decelerating and stopped; this had to be estimated as part of this analysis. If a
lead vehicle was decelerating to a stop due to a traffic control device or in order to make a
turn on a straight roadway, the dynamic situation was listed as lead vehicle decelerating and
stopped. This is because it is believed that a forward looking sensor would have the lead

4



vehicle within plain view. On the other hand, if the same conditions occurred on a curved
roadway it was coded as lead vehicle stopped because it is believed that a forward looking
sensor would not have the lead vehicle in view until the lead vehicle came to a complete stop.
Table 3-l shows the weighted and unweighted distributions of the dynamic situation from the
1992 NASS CDS.

All of the data presented within this report has been derived from the 135 cases studied in
detail from the 1992 NASS CDS.

Individual summary sheets were not created for the 1992 NASS CDS cases analyzed, because
of the large number of cases reviewed.
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Lead Lead
Vehicle Vehicle

Stationary Moving

Figure 3-2 Percent of Rear-End Collisions vs. Lead Vehicle Moving or Stationary,
Weighted and Unweighted (92 CDS)

Table 3-2 shows the distribution of rear-end collisions versus estimated travel speed for both
the lead (struck) and following (striking) vehicles. The estimated travel speed has been
rounded to the nearest 5 mph increment. As can be seen there were no lead vehicle estimated
travel speeds above 60 mph and there were no following vehicle estimated travel speeds
above 70 mph. This places the relative speed between the two vehicles within the range of 5
70 mph. An anomaly in Figure 3-3 should be noted. In some cases, the lead (struck) vehicle
has a travel speed higher than the following (striking) vehicle. These anomalies are probably
the result of data being entered into the database incorrectly.
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Table 3-2 Table of Rear-End Collisions vs. Estimated Travel Speed,
Weighted (92 CDS)

As can be seen in Figure 3-3 the most common striking (following) vehicle pre-event
movement is going straight. There were two cases where the striking vehicle was slowing or
stopping and seven cases where the striking vehicle was changing lanes or merging. The most
commonly coded dynamic situation is with the following vehicle constant velocity versus
accelerating or decelerating.

 100.00% 92.76% 89.63%

Going
Straight

7.24% 10.37%

1 ,
Other

Figure 3-3 Percent of Rear-End Collisions vs. Striking Vehicle Pre-Event Movement (GV64),
Weighted and Unweighted (92 CDS)
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For the 1992 NASS CDS clinical analysis, more than ninety-six percent of the accidents
reviewed coded the struck (lead) vehicle critical pre-crash event (GV65) as “Other motor
vehicle in lane traveling in same direction with higher speed”. Over ninety percent of the
accidents reviewed in the 1992 NASS CDS had attempted avoidance maneuver (GV14) coded
as struck (lead) vehicle no avoidance action. As a result, the coding of the pre-crash stability
after avoidance maneuver (GV66) and the pre-crash directional consequences of avoidance
maneuver (GV67) were “No avoidance maneuver”.
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SECTION 4
SUMMARY

One hundred thirty-five hard-copy rear-end accident case files from the 1992 NASS CDS
were analyzed in detail. This analysis included review of the police accident reports, driver
and witness interviews, and pictures of the accident scene. The following paragraphs
summarize the results of the analysis.

An important classification within the rear-end crash category is the dynamic situation. The
dynamic situation further defines the events leading to a rear-end collision. For the purpose of
this analysis, a dynamic situation is defined as referring to the motion of the two vehicles with
respect to each other prior to either driver recognizing a potential collision problem and prior
to the critical pre-crash event. Consequently, those collisions that involved striking drivers
that “panic braked” were included in the constant velocity category instead of the decelerating
category.

A distinction had to be made between lead vehicle stopped and lead vehicle decelerating and
stopped. There are no variables in either the CDS or GES that allow complete separation of
these two dynamic situations. For the 1992 NASS CDS clinical analysis, if a lead vehicle was
decelerated to a stop due to a traffic control device or in order to make a turn on a straight
roadway, the dynamic situation was coded as lead vehicle decelerating and stopped. This is
because it is believed that a forward looking sensor would have the lead vehicle within its
view. On the other hand, if the same conditions occurred on a curved roadway it was coded as
lead vehicle stopped because it is believed that a forward looking sensor would not have the
lead vehicle in its view until the lead vehicle came to a complete stop. This determination
could only be made by review of the scene diagram and pictures of the accident scene.

By classifying the rear-end collisions into dynamic situations, more insight can be gained into
the nature of rear-end collisions. By combining the common dynamic situations with the type
of rear-end collision avoidance systems, functional goals can be established as they relate to a
dynamic situation occurring for a specific system type. This will be done as the part of
defining the functional goals (Task 2).
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Table 5-l again shows the breakdown of the 1992 NASS CDS cases reviewed by dynamic
situation.

Table 5-1 Percent of Rear-End Collisions vs. Dynamic Situations,
Weighted/Unweighted (92 CDS)

Lead Vehicle

In conjunction of the review of the 1992 NASS CDS to determine the dynamic situations, an
estimation of the accident causal factor was performed and the results are shown in Table 5-2.
Rather than find the specific cause of the accident, which had been done in previous NHTSA
reports, the accident causal factor was selected from the categories presented in Section 3.
The results of this analysis indicate that most rear-end collisions are not due to some external
factor such as something wrong with the road, but are due to inattention by the striking
(following) vehicle’s driver. This confirms the results of the NHTSA reports cited previously.
One major difference between the findings of the NHTSA report and this report is that this
report found a much higher incidence of alcohol involvement.
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Table 5-2 Percent of Rear-End Collisions vs. Estimated Accident Causal Factor, Weighted
and Unweighted (92 CDS)

t Based on the total findings from “Assessment of IVHS Countermeasures for Collision Avoidance: REAR-END CRASHES”, May 1993.

Table 3-l: Rear-End Crash Causal Factor Analysis, pp3-7.

Again this report confirms the accident causal factor that was presented in the NHTSA report
cited previously. This report also presents a good estimation of the dynamic situations.
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1992 NASS CDS RAW DATA
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