Crash Avoidance Research


Advanced Technologies Research
The focus of NHTSA’s research on advanced technologies is to evaluate potential benefits of new and existing in-vehicle technologies. This research supports Federal Motor Vehicle Safety Standards and safety defects investigations, advances knowledge about driver behavior, and assists in the development of new vehicle technologies. The advanced technologies that are the subject of NHTSA’s research program can be grouped into two categories: vehicle-based systems, such as radar-based collision warning systems; and cooperative vehicle safety systems that use vehicle-to-vehicle communication systems.
Vehicle-Based Safety Systems
The automotive industry has made significant progress in the development of advanced technologies intended to prevent crashes and their consequences. Advanced vehicle-based technologies that include sensing, computing, positioning, and communications may have the ability to help drivers avoid immi‑
nent crashes or events that often lead to crashes and to reduce the severity of crashes that do occur. For example, some of these technologies address goals such as preventing forward collisions, lane departures, and head-on collisions.
A major emphasis of the NHTSA Crash Avoidance Research program is to understand the effectiveness of advanced technology safety systems in reducing crashes. NHTSA seeks to answer the following questions:
1. What emerging or foreseeable advanced technology applications may help drivers avoid a crash, or may reduce crash severity and prevent injuries when one occurs?
2. How effective will the selected technologies be in preventing crashes and reducing their severity and protecting vehicle occupants?
3. Can performance specifications be defined based on the crash situations in which these technologies work?
4. Can test procedures be developed that objectively measure conformance with the performance specification?
For the past 15 years NHTSA has been engaged in research related to on-board crash warning systems that detect potential crash situations and warn the driver to take appropriate action. Such systems include forward collision warning (FCW); lane departure warning (LDW); and blind spot monitoring (BSM). Past research has included evaluations of prototype systems in both controlled settings (test track and simulators), and through field testing. For example, in 2010 NHTSA concluded an Integrated Vehicle Based Safety Systems (IVBSS) study that included all of these warning technologies (FCW, LDW and BSM). The results of the study, which included 16 vehicles and 108 drivers, showed such technologies offer significant promise for enhancing vehicle safety.



Crash Warning Systems
NHTSA’s work in crash warning systems continues, and the agency recently launched a large, 2,800 vehicle field study involving production crash warning systems from leading vehicle manufacturers. These vehicles are equipped with both FCW and LDW systems—and with varying driver warning methodologies (or modalities). NHTSA will monitor the operation and driver use of these systems for a 1-year period to help better understand safety potential, driver acceptance, possible adaptation and reliance behavior, and overall technology reliability issues. NHTSA has also recently launched a smaller companion field study of production-level crash warning systems using very highly instrumented vehicles (including video recording of driver and their surroundings) to augment the larger field study.
NHTSA is also evaluating Blind Spot Monitoring (BSM) systems being implemented in some production vehicles. We are testing such systems under controlled test track conditions to determine performance under a variety of kinematic conditions.
NHTSA recognizes that the safety benefits of such warning systems is directly related to the effectiveness of the crash warning interface to draw the attention of the driver to the crash- imminent situation, and to illicit the appropriate response. NHTSA is therefore engaged in considerable research related to evaluating effectiveness of alterative collision warning interface designs and implementations, as well as procedures for gauging such effectiveness. This work is collectively referred to as the Collision Warning Interface Metrics (CWIM) program, and is discussed in more detail in the Human Factor Research section.

Active Braking Technologies
Crash Avoidance technology has continued to progress, and NHTSA is aggressively pursuing research related to technologies that, in addition to warning drivers of a collision threat, can take active control of the vehicle to help mitigate or avoid the crash (if warnings are not heeded by the driver, or the driver’s reaction is insufficient to avoid the crash). In particular, NHTSA is focusing its efforts on dynamic brake system (DBS) and collision imminent braking (CIB) technologies being offered by light vehicle OEMs. Such systems employ radar, camera, lidar and other sensor technologies to detect and track vehicles, pedestrians or objects in the forward path.
DBS technology serves to increase braking effort initiated by the driver during collision-imminent situations if the driver’s response is determined (by the system) to be insufficient to avoid the collision. CIB systems will operate to automatically energize the brakes in crash imminent situation if the driver does not respond at all to the warnings. NHTSA is currently evaluating the performance of such systems in a variety of crash scenarios and under controlled test conditions. We are also developing objective test procedures and associated test equipment including a strike- able “surrogate” target vehicle to simulate an actual in-path lead vehicle.
In July 2012, the agency published a Request for Comments seeking feedback on our observations about DBS and CIB technologies, as well as consideration of test protocols that could be used to test their effectiveness.
NHTSA is in the process of evaluating industry and public feedback
while advancing our research
related to safety benefits
analysis, test procedures,
and overall reliability and
operation of automatic
braking systems.

Pedestrian Detection Systems
While the majority of our research efforts to date have been focused on DBS and CIB systems that detect and react to other vehicles and objects, NHTSA is also pursuing research related to advanced systems that are also capable of pedestrian detection, warning and automatic emergency braking. We are currently working with several industry partners (principally through the Collision Avoidance Metric Partnership, CAMP) to evaluate a variety of leading-edge pedestrian detection technologies that can both warn and automatically apply the brakes if the system detects a pedestrian collision is imminent. Our work first focused on a detailed analysis and profile of pedestrian crash scenarios using both existing crash databases as well as information collected through a real-world field study coordinated by CAMP. We then developed a variety of test procedures to parallel (or represent) high frequency crash scenarios observed from the earlier study. We also have been working with industry partners to develop standardized pedestrian test dummies and movement apparatus to improve the accuracy and repeatability of our testing. Next steps will include the development of objective test procedures for pedestrian detection
systems.
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Estimating Safety Benefits of New Technologies
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Rather than waiting for years of crash data to accumulate, estimating the safety benefits of new crash avoidance systems is an important ongoing research area for NHTSA. NHTSA has been working with industry partners to develop leading-edge modeling and analytical techniques to help estimate and forecast how changes in system performance attributes may affect safety benefits. In 2009 NHTSA completed four projects with teams led by automobile manufacturers which focused on estimating the safety benefits of
technologies that address frontal crash mitigation (primarily rear-end crashes), backover prevention, and lane departure warning. In June 2011, NHTSA completed two remaining projects with teams led by automobile manufacturers, which focused on technologies that address head-on crash mitigation, lane departure prevention, and blind spot detection. We are currently assessing these different approaches to determine advantages and disadvantages, relationship to real world field experience, and planning next steps.



Vehicle-to-Vehicle Communications for Safety


Vehicle-to-Vehicle (V2V) Communications for Safety is the dynamic wireless exchange of data between nearby vehicles that offers the opportunity for significant safety improvements. By exchanging anonymous, vehicle-based data regarding position, speed, and location (at a minimum), V2V communications enable a vehicle to: sense threats and hazards with a 360-degree awareness of the position of other vehicles and the threat or hazard they present; calculate risk; issue driver advisories or warnings; and take preemptive action to avoid and mitigate crashes. At the heart of V2V communications is a basic application known as the “Here I Am” data message. This message can be derived using either nonvehicle-based technologies such as GPS to identify a vehicle’s location and speed, or vehicle-based sensor data wherein the location and speed
data is derived from the vehicle’s computer and is combined with other data such as latitude, longitude, or angle to produce a richer, more detailed situational awareness of the position of other vehicles.
Since 2002, USDOT has been conducting research with automotive manufacturers in order to assess the feasibility of developing effective crash avoidance systems that utilize V2V communications. Engineering prototypes have been developed and demonstrated with applications that address critical crash scenarios. The development of these applications was critical to understanding the requirements for the underlying technologies such as positioning and communications. To determine the effectiveness of initial V2V safety applications, the USDOT initiated the Connected Vehicle Safety Pilot program in 2011. The Safety Pilot program began with driver
clinics where motorists were monitored in a controlled environment. A model deployment was launched in 2012 where the safety technology is being tested with volunteer drivers in Ann Arbor, Michigan, as they drive their normal routes for a year. The Safety Pilot program will help determine how ordinary motorists respond to new safety warnings in their vehicles and how accepting they are of this new technology. The program is important to demonstrate real world connected vehicle safety capabilities and provide robust technical data to support benefits assessment required for NHTSA’s agency decision in 2013. NHTSA will evaluate the research and decide on the future of this technology and the potential government role in its deployment.
The vision for V2V is that eventually, each vehicle on the roadway (inclusive of automobiles, trucks, buses, motor
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coaches, and motorcycles) will be able to communicate with other vehicles and that this rich set of data and communications will support a new generation of active safety applications and systems. V2V communications will enable active safety systems that can assist drivers in addressing up to 79 percent of crashes on our Nation’s roadways, thereby reducing injuries and fatalities.
V2V Communications for Safety is a key component in the U.S. Department of Transportation’s (USDOT) Connected Vehicle Program, and is complemented by research programs that support connectivity among vehicles, infrastructure, and consumer devices to deliver safety benefits.
Human Factors Research
The role of human factors research is to provide an understanding of how drivers perform as a system component in the safe operation of vehicles. NHTSA recognizes that driver performance is influenced by many environmental, psychological, and vehicle design factors.
The focus of human factors research is to determine which aspects of vehicle design should be modified to improve driver performance and reduce unsafe behaviors. An additional focus is to evaluate drivers’ capabilities to benefit from new and existing in-vehicle technologies. The research supports Federal Motor Vehicle Safety Standards, safety defects investigations, consumer information, and advancement of knowledge about driver behaviors and performance that can be applied to development of vehicle technologies that are compatible with driver capabilities and limitations.
The main focus areas of the N HTSA Human Factors Research program include: (1) Reducing unsafe driving behaviors by addressing driver distraction and driver impairment (alcohol, drugs, drowsy driving), (2) Improving the driver-interface design of Crash Warning Systems, (3) addressing vulnerable populations, such as blind pedestrians, by developing human
factors requirements for quiet cars, and (4) human factors for connected vehicles.
Driver Distraction
Driving a vehicle is a complex and challenging task, during which drivers often engage in activities that divert their attention away from tasks critical for safe driving. The impact of distraction on driving is determined not just by the type of distraction, but also by the frequency and duration of the activity. NHTSA’s Distraction Plan was developed to minimize fatalities and injuries associated with distracted driving. The plan endeavors to improve the understanding of the problem, reduce workload from a variety of in-vehicle interfaces, maintain driver safety, and increase driver recognition of the risks and consequences associated with distracted driving. NHTSA’s Driver Distraction Guidelines are being produced in three phases. The first phase is dedicated to visual-manual distractions related to equipment built-in to vehicles; the second phase will focus on portable and aftermarket devices; and third phase will deal with voice-based interfaces.
Impaired Driving
Thousands of fatal crashes each year are caused by impaired drivers. The Driver Alcohol Detection System for Safety (DADSS) program is a research partnership between NHTSA and the Automotive Coalition for Traffic Safety to explore the feasibility, potential benefits of, and public policy challenges associated with a more widespread use of non-invasive technology to prevent alcohol-impaired driving. Additional research is underway to develop real-time algorithms to detect multiple types of impairment using vehicle- based sensors: alcohol impairment, drowsiness, and inattention. The project will also explore the effectiveness of different mitigation strategies by examining driver performance based on whether they receive continuous feedback and alerts.
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Crash Warning Interfaces and Connected Vehicle Human Factors
To minimize vehicle collisions associated with driver distraction, human factors and engineering researchers are developing a better understanding of, and principles for, the crash warning interface for these advanced safety systems and Connected Vehicle applications. As part of these efforts, research is being directed at examining the effectiveness of various warning methods; assessing, counteracting, and ultimately eliminating possible driver distraction from the Connected Vehicle technologies; and exploring methods for objectively measuring the performance of interface solutions and Connected Vehicle safety applications. The work involves consideration of the unique driving environments for both light-vehicle and commercial/heavy-vehicle drivers. The program aims to research and implement technology- based solutions that could deter drivers from multitasking and reduce vehicular sources of distraction. The Human Factors Research program is a highly collaborative effort that addresses the effectiveness of safety applications by evaluating any potential issues around driver distraction. The program is working toward mitigating distraction caused by in-vehicle information systems and portable devices, and developing technology-based solutions.
Quiet Cars
Hybrid electric and electric vehicles operating at low speeds may be a hazard to pedestrians and bicyclists. While these vehicles emit less air and noise pollution than conventional vehicles, they are quieter at low speeds, and thus present a safety concern for pedestrians, particularly the visually impaired. NHTSA recently announced proposed minimum sound specifications for these vehicles as part of the Pedestrian Safety Enhancement Act of 2010. This proposed motor vehicle safety standard is intended to improve the ability

of pedestrians and bicyclists to detect these vehicles. The development of these proposed standards was informed, in part, by a body of NHTSA research about vehicle acoustic characteristics and auditory detectability, conducted over the past few years.
Heavy Vehicle Safety Research
Heavy vehicles include trucks and buses with a Gross Vehicle Weight (GVW) rating of 10,000 pounds or more. The vehicles represent a significant safety challenge for NHTSA, the commercial vehicle industry, and for our Nation—with an average1 of 4,000 fatalities and over 400,000 police-reported crashes involving heavy vehicles occurring each year. NHTSA is aggressively pursuing research related to crash avoidance technologies as well as crash mitigation solutions.
For example, NHTSA is currently working with industry partners to test and evaluate “next generation” forward collision warning and automatic braking systems that combine radar and camera sensor systems to improve vehicle/object detection, reduce “nuisance” warnings and provide for enhanced ability to address complex vehicle conflict scenarios.
NHTSA is also developing objective testing procedures for measuring the performance of heavy vehicle forward collision warning (FCW) systems—along with research into the absolute and relative effectiveness of various types of driver warning mechanisms including visual, audio and haptic warning schemes.
In addition to FCW, NHTSA is investigating other crash avoidance technologies for heavy vehicles including lane departure warning (LDW) and side object detection (SOD) systems. For example, NHTSA achieved a significant milestone this past year with the conclusion of the Integrated Vehicle Based Safety System (IVBSS) program including the evaluation of an integrated crash warning system (employing FCW, LDW and SOD technologies). In the coming year, NHTSA will continue its research in these areas.
NHTSA has substantially increased heavy-vehicle research and involvement in DSRC-based V2V communications to enhance and enable collision avoidance applications tailored for the commercial motor vehicle environment. NHTSA is sponsoring research, for example, to address the special crash warning interface needs of commercial drivers— including the need for such systems to operate in an environment in which the operator’s “workload” is arguably much higher than for average passenger car drivers. NHTSA is also conducting interoperability and performance requirements research to determine if/how V2V applications (that were pioneered in light-duty vehicles) must be modified to
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recognize the particular performance, size and other configuration peculiarities implicit in a complex medium- and heavy-duty market.
NHTSA is also continuing to conduct research into the application of electronic stability control (ESC) systems for both medium- and heavy-duty vehicles. Such research is focused on developing objective test produces and performance criteria that exhibit high accuracy and repeatability in evaluating ESC characteristics. NHTSA continues to research the cost and benefits of such systems for specific market segments.

While the focus of NHTSA’s heavy vehicle research is on technologies to avoid crashes in the first place, we are also addressing crash mitigation solutions. NHTSA is currently completing a detailed investigation of tractor trailer crashes in which a light-duty vehicle striking the real of the trailer “underrides” the trailer guards, potentially exacerbating crash severity. NHTSA is working to fully describe the extent of the crash underride problem, pinpoint the kinematic scenarios leading to such crashes, and determine how underride guard designs impact the outcome. Based on the results from this study, NHTSA will outline next steps in underride research to determine if opportunities exist for cost-effective enhancements to heavy-vehicle underride guards.
Automated Vehicles
Motor vehicle automation can potentially improve highway safety by providing early detection of unsafe conditions, initiating precise vehicle control during normal driving, and maintaining appropriate driver attention to traffic and roadway conditions. It is likely that in the near-term, automation in motor vehicles will involve a driving experience that transitions between automated and manual control of the vehicle in complex and rapidly changing environments.
NHTSA believes that automation runs across a continuum, which runs from vehicles with no active control systems to vehicles that are capable of completely self-driving with no human intervention. Our emphasis initially is on determining whether crash avoidance and mitigation technologies that are currently available (or soon to be available) are not only safe, but effective. Because these same technologies are the building blocks
for what may lead to a driverless vehicle, we have also begun research focused on safety principles that may apply to even higher levels of automation, such as driver behavior in the context of highly automated vehicle safety systems. NHTSA’s research approach will define the requirements for automation as a vehicle safety subsystem, which promotes safety by continuously optimizing vehicle and driver responses.Crash Avoidance Research • 21

In the near term, our research program will focus on the following activities: (1) Investigate human factor principles that are both supportive of the driver and would help ensure a safe transition between automated and manual driving modes, (2) Investigate performance requirements and test procedure development for automated assisted driving systems, and (3) Investigate requirements for the vehicle’s electronic control systems which will be the underpinning of highly automated vehicles with a focus on reliability (hardware and software), diagnostics, prognostics, and cybersecurity.
Electronic Systems Safety
Increased use of electronic controls and connectivity is enhancing transportation safety and efficiency. These new technologies may result in new failure mechanisms and cyber vulnerability that are emerging challenges for auto safety. NHTSA recognizes these new challenges and in 2011, electronic systems safety was added as a new area of vehicle safety research at NHTSA.
We believe electronic control systems in vehicles raise concerns for driver safety in the areas of system reliability, cyber security, and automated vehicle functions. These areas encompass approaches that address functional safety, fail- safe operations, diagnostics, software reliability, hardware validation, on-board tamper-proofing, hacking, and malicious external control. As such, NHTSA has developed and is conducting new research in the area of electronics reliability and cybersecurity. The programs are closely related and intertwined. The agency believes that a motor vehicle cannot be safe if it not secure. Similarly, a motor vehicle cannot be secure if it is not safe. The goal of the electronics reliability research is to enhance the functional safety of emerging safety-critical electronic control systems; the goal of the cybersecurity research is simply to harden motor vehicles against potential cyber threats and vulnerabilities. In the short term, the Research program will seek to (1) Define and prioritize automotive electronic control system safety issues, (2) Assess functional safety requirements, (3) Evaluate the use of prognostics and diagnostics, and (4) Identify fail-safe/ fail operational mechanisms. The Cybersecurity program seeks to (1) Identify the potential cyber threats and vulnerabilities, (2) Conduct a security assessment, and (3) Develop a Threat Model and Matrix.



