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RE: Petition for Rulemaking to Allow Adaptive High-beam Systems into FMVSS No.108 

Dear Administrator Strickland: 

On behalf of Toyota Motor Corporation, Toyota Motor North America, Inc. (Toyota) 
hereby submits a petition for rulemaking pursuant to 49 U.S.C. § 30162 and 49 CFR Part 552. 
Toyota requests that the National Highway Traffic Safety Administration (NHTSA) initiate 
rulemaking to amend the current 49 CFR Part 571, Federal Motor Vehicle Safety Standard 
(FMVSS) No. 108, Lamps, reflective devices, and associated equipment, to permit manufacturers 
the option of equipping vehicles with an advanced forward lighting design we call Adaptive 
High-beam System (AHS) headlamps 1• . · 

Background 

In April 2011, Toyota met with NHTSA officials- including from the offices of 
ru1emaking, enforcement, research, and chief counsel- to discuss Toyota's system and any 
potential compliance issues. At that time, NHTSA had expressed concerns regarding compliance 
with S6.2.1 of FMVSS No. 108, which prohibits the installation of any "additional lamp, · · 
reflective device or other motor vehicle equipment .... that impairs the effectiveness oflighting 
equipment required. by this standard." Toyota was strongly urged to file a formal request for 
interpretation of the standard. In September 2011, Toyota submitted a formal request for 
interpretation ofFMVSS No. 108 with regards to AHS, which detailed the system function, its 
potential failure modes, as well as preliminary benefit estimations (i.e., number of lives saved). 

After significant consideration, Toyota has come to understand the regulatory challenge 
that our request for interpretation poses to NHTSA and we have determined instead to file the 
present petition for rulemaking requesting an amendment to FMVSS No. 108 to accommodate 
AHS. 

I In Toyota's September 2011 request for interpretation, we referred to the same system as "All Zone Beam" 
headlamps; however, since submission of the request, Toyota has marketed this system in Europe and Japan under 
the name "Adaptive High~beam System" and we have adopted this name for use in this petition as well. 
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Technical Description 

AHS is a form of adaptive driving beams (ADB) similar in concept to the widely-used 
automatic high beam (AHB) headlamps, except that AHS preserves the superior illumination 
benefits of high beams in more cases than AHB can do, while still protecting against undesirable 
glare in the eyes of oncoming drivers or the mirrors of preceding drivers. 

In brief, AHS contains a beam pattern control system that automatically switches among 
three headlamp modes: a low beam mode that emits a low beam pattern that complies fully with 
FMVSS No. 108, a high beam mode that emits a high beam pattern that complies fully with 
FMVSS No. 108 and a third mode that varies the beam pattern to respond to the light sources in 
front of the vehicle (either an oncoming vehicle's headlamps, a preceding vehicle's taillamps, or 
both). The variable beam pattern in the third mode is created through the use of a mechanical 
shade technology that is similar to the one employed in current headlamps. 

When the AHS sensor detects a light source in front of the vehicle, it automatically 
switches to full low beam mode or to the variable beam pattern, depending upon the location of 
the other light source (i.e. whether light is detected in an approaching vehicle in an oncoming 
lane or in a preceding vehicle in front of the AHS-equipped vehicle, or both). A camera senses 
the light source, and an onboard computer processes the necessary information to output a signal 
to the system to return to low beam mode or to shape a variable beam pattern that respects the 
need for glare protection for that other driver, while retaining a substantial portion of the 
visibility benefits associated with the high beam pattern on either the left side or right side of the 
roadway, depending upon the location of the detected light source. The details of how the 
Toyota system works are contained in confidential appendices attached to this petition. 

In all cases, the driver retains control of the headlamp system through the ordinary 
operation of the light control switch. The driver can activate or deactivate tpe AHS system at 
any time, and can manually switch to low beam mode or high beam mode at any time. The 
vehicle does not default to AHS unless the driver has selected that mode. Just as with 
conventional high beam and low beam modes, an ignition of the vehicle will activate the mode 
last selected by the driver, which could be low beam mode, high beam mode, or AHS mode. 

Toyota requests that the requirements of FMVSS No. 108 be amended in order to allow 
the AHS system. As required by the standard, the Toyota design contains a low beam mode that 
complies fully with the photometric and other requirements ofFMVSS No. 108 for the low beam 
headlamp. Likewise, the design contains a high beam mode that complies fully with the 
requirements for the upper beam headlamp. When tested in either of these modes, the headlamp 
will comply with the standard's requirements. The variable beam pattern in the third mode of 
operation is thus an "additional" mode of forward lighting that is subject to 86.2.1 ofFMVSS 
No. 108, as stated previously. Toyota respectfully submits that the AHS headlamp design does 
not impair the effectiveness of the required lighting equipment. 
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Regulatory History 

NHTSA has explained that the purpose of its photometry requirements for forward 
lighting is "both to ensure adequate illumination of the roadway and overhead signs and to avoid 
unnecessary glare to other drivers." See Interpretation to Mr. Hyodo of Koito Manufacturing 
Company, February 10, 2006. Toyota's AHS design respects these dual objectives and takes 
advantage of the strengths of each conventional mode (low beams to reduce glare; high beams to. 
improve illumination) and combines them into an optimized beam pattern that is tailored to the 
immediate driving situation and the presence (or absence) of light sources from other vehicles, 
either oncoming or preceding. NHTSA has also explained that "[g]enerally, we interpret 'make 
inoperative' to equate to 'impair the effectiveness.'" See Interpretation to Mr. T. Barron, May 
16, 1996. In this case, as both the conventional low beam mode and conventional high beam 
mode remain fully operational and available for selection by the driver at any time, there is no 
basis to conclude that AHS has "made inoperative" the required for\vard lighting equipment. 

NHTSA has also offered this explanation of the obligation to avoid impairment of 
effectiveness: '"[e]ffectiveness may be impaired ifthe device creates a noncompliance in the 
existing lighting equipment or confusion with the signal sent by another lamp, or functionally 
interferes with it, or modifies its candlepower to either below the minima or above the maxima 
permitted by the standard.'" See Interpretation to Mr. Wallach of Air Chex Corporation, 
October 17, 2006. The AHS headlamp design is consistent with these admonitions: it does not 
create any noncompliance with FMVSS No. 108 when the lamp is in the conventional low beam 
mode or conventional high beam mode; it does not have the potential for confusion with a signal 
sent by another lamp; it does not functionally interfere with another lamp, nor. does it modify the 
lamp's candlepower below the minima or above the maxima permitted by the standard in the 
relevant visibility zones. While the variable beam pattern mode does occasionally emit 
asymmetric candlepower that is above the maxima or below the minima at certain FMVSS No. 
1 08 test points, these differences are always designed to be consistent with satisfying the dual 
goals of minimizing glare to oncoming and preceding drivers and enhancing the forward and 
sideways illumination for the benefit of the driver in the AHS-equipped vehicle .. For example, 
the variable beam pattern mode in the presence of an oncoming driver is shaped to have a left­
side beam pattern (the side emitting light closer to the oncoming driver on U.S. roads) that 
remains within the specified minima and maxima candlepower, while the right-side beam pattern 
(the side that is away from the oncoming driver on U.S. roads) provides some candlepower 
above the low beam maxima at a few test points to improve the forward and sideways 
illumination. Details of the variable beam patterns, including specifics about candlepower at each 
regulated test point, are included in the confidential Appendices· A and B attached to this 
petition. , 

Benefits 

Toyota submits that the AHS headlamp design offers potentially significant safety 
benefits in avoiding collisions with pedestrians, pedal cyclists and objects on the side ofthe road 
in unlit or low lit environments. Research published by UMTRI identifies a target population of 
about 2,334 pedestrian deaths per year in the U.S. that can be attributed to the effects of 
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darkness. This estimate excludes other nighttime risk factors, such as alcohol and fatigue. 
UMTRI's research, Preliminary Assessment of the Potential Benefits of Adaptive Driving Beams, 
UMTRI-2011-37, concludes that low-beam headlamps do not adequately support driver vision at 
higher speeds at night, and that improved headlighting systems- especially those like Toyota's 
AHS headlamp design that can be successful in controlling unwanted glare - could potentially 
"offer substantial improvements in safety" over current low-beam headlamps, particularly for 
reducing the risk of nighttime pedestrian crashes. 

UMTRI's research and conclusions about the limitations of low-beam headlighting are 
consistent with NHTSA's own conclusions about the limitations of low-beam headlamps. 
NHTSA's publication, Driving at Night Can Be Deadly ... , cautions drivers that the distance 
illuminated by low-beam headlamps is less than the stopping distance of a vehiCle traveling 40 
mph or more, whereas the distance illuminated by high-beam headlamps is longer than the 
stopping distance of a vehicle traveling more than 50 mph. Because Toyota's AHS headlamp 
design would allow drivers to have the improved visibility benefits of high-beam headlamps 
without the glare-inducing disbenefits of conventional high-beam headlamps, the AHS 
headlamps offer the potential for substantial benefits in reducing the risks of nighttime pedestrian 
crashes. A copy of the NHTSA publication is enclosed. In addition, Toyota has annotated the 
publication to illustrate the potential benefits of the AHS headlamp design, and has enclosed a 
copy of this annotation in Appendix C. 

To further quantify the benefits of the AHS system, Toyota has analyzed the F ARS 
database for fatal pedestrian and pedal cyclist crashes that were a result of the pedestrian or pedal 
cyclist not being visible. The results of the PARS analysis were combined with the benefits of 
adaptive driving beams over traditional low beam headlamps calculated by UMTRI to estimate a 
potential benefit of the AHS system to save approximately 9 lives per year. Refer to Appendix D 
for a comprehensive overview of the benefit calculations. 

This estimate of potential safety benefits from AHS headlamps are also consistent with 
the potential benefits identified in published NHTSA research into the possible safety benefits of 
advanced forward-lighting concepts. This report, Investigation of Safety-Based Advanced 
Forward-Lighting Concepts to Reduce Glare, DOT HS 811 033, September 2008, noted that 
FMVSS No. 108 and other standards for headlamps assume the presence of two beam patterns: 
"a high beam for driving at relatively high speeds and in conditions of little adjacent traffic, and 
a low beam for driving at lower speeds and when there are many other vehicles in proximity." 
Refer to the report at page 38. · 

The report focuses on an advanced forward lighting system which "involves using a 
'prime beam' optimized for forward visibility as the main beam pattern, subtracting portions of 
light when needed to reduce glare to oncoming or preceding drivers" (page 38). The report 
concludes that "[t]he prime beam approach appears to be a promising one for ensuring adequate 
forward visibility under a wide range of conditions while controlling glare to other drivers and 
for studying characteristics of lighting as they pertain to visual performance and safety" (page 
38). The lighting system evaluated in this research used a shielding system to change the beam 
pattern in the presence of oncoming or preceding drivers, similar to the concept for Toyota's 
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AHS headlamps. Additional benefits of adaptive driving beams are explicitly cited in the 
various other technical reports listed in the attached page of references. 

System Quality 

Toyota recognizes that the potential benefits of the AHS headlamps would be illusory if 
the system is not robust enough to ensure satisfactory performance in reasonably foreseeable 
conditions. To document the robustness of the design under various assumptions, Toyota is 
enclosing information about its failure modes analysis in confidential Appendix A. 

In order to quantify the real-world benefits of the AHS system, Toyota examined the 
penetration of this system into the markets of Europe and Japan. Currently, the Lexus LS is the 
only available vehicle with AHS headlamps as an option in Europe. Sales data for the LS in 
Europe shows that approximately 1,600 customers have opted for the AHS system since its 
introduction in 2012. Additionally, AHS is available in the Japanese market as an option on the 
Lexus LS as well as the Toyota Crown. Sales numbers for these two vehicles indicate 
approximately 7,000 LS vehicles and approximately 8,000 Crown vehicles equipped with AHS 
have been sold since the system's introduction in Japan in 2012. Thus there are currently 
approximately 15,000 vehicle equipped with AHS headlamps in Japan for a worldwide presence 
of approximately 16,600 vehicles. 

At the time of this writing, Toyota is not aware of AHS system malfunctions or 
complaints. Specifically, a search of Toyota's internal warranty claim database does not produce 
a single result showing a warrantied repair to any component of AHS for any of the 16,600 
vehicles currently on the road since their introduction into the market. Additionally, Toyota is 
not aware of any customer complaints.received as a result of AHS. In fact, the only feedback that 
Toyota has received has been overwhelmingly positive. Subjective customer feedback has noted 
the substantial improvement in available light relative to AHB, AHS's effectiveness in poor­
visibility conditions, the system's ease of use, and its convenience. Lastly, Toyota has neither 
received, nor is aware of any complaints from other drivers of other vehicles towards undue glare 
fromAHS. 

Although Toyota does not have access to other manufacturers' warranty databases, 
Toyota is not aware of any other vehicle equipped with substantially similar technology that has 
ever suffered a warrantable defect in its shaded adaptive driving beam system; nor is Toyota 
aware of any complaints from customers of other manufacturers' vehicles stemming from their 
proprietary systems. 

Conclusion 

In light of the aforementioned benefits to pedestrian safety and the robustness ofToyota~s 
Adaptive High-beam System, we recommend amendment of FMVSS No. 108 to explicitly allow 
such technology within the standard. Specifically, Toyota provides the following amendments to 
the language of S4 and S9.4 by way of example: 
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S4 Definitions. 
Adaptive driving beam means a forward lighting beam pattern that automatically 

adjusts to the presence of other vehicles by. eliminating the UDDer beam lighting 
intensity in the immediate vicinity of said other vehicles. 

S9.4 Head/amp beam switching device. 
!!l..Each vehicle must have a means of switching between lower and upper beams 

designed and located so that it may be operated conveniently by a simple movement of the 
driver's hand or foot. The switch must have no dead point and, except as provided by 
subsection (b) or in 86.1.5 .2, the lower and upper beam must not be energized 
simultaneously except momentarily for temporary signaling purposes or during switching 
between beams. 

(b) A vehicle may have a means of switching to an adaptive driving beam system 
which may produce different beam patterns on the left side and right side of the vehicle 
in order to maintain upper beam intensity in all areas except those occupied by another 
vehicle. 

We stand ready to respond to any additional questions you or your staff may have about 
the AHS headlamp system, its operation and its projected benefits. Thank you for your 
consideration. Should you or your staff have any questions regarding this petition, please contact 
me or Mr. Kevin Ro of my staff at (202) 463-6831. · 

~s~ 
Tom Stricker 
Vice President 
Technical and Regulatory Affairs 

CC: Mr. Christopher J. Bonanti, Rulemaking 
Mr. 0. Kevin Vincent, Esq., ChiefCounsel 
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