
New Optics 
for Cars

Headlight and display technologies promise brighter 
views of the road and of driver controls but also 
raise challenges in automotive safety.
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A 
new generation of automotive optics is 
emerging in the 2020s—and it has noth-
ing to do with lidar. Look on the inside 
of a shiny new Mercedes-Benz EQ, for 
example, and you will see a glass display 

screen sweeping from driver dashboard to passenger 
door, and incorporating a speedometer, a map display, 
front-passenger entertainment and much more. While 
the use and size of automotive flat-panel displays have 
been growing for years, Mercedes’ “MBUX Hyper-
screen” display is the first to stretch across the car’s 
entire width.

Meanwhile, on the outside of the vehicle, Audi’s R8 
LMX comes with high-resolution adaptive headlights 
that protect other drivers from glare and illuminate 
clear parts of the road with lasers. The use of adap-
tive headlights—first introduced by Audi without 
lasers—has been growing in Europe, and this past 
February the US National Highway Traffic Safety 
Administration (NHTSA) issued new regulations lift-
ing a previous ban on their use in the United States. 
These new optics for cars, both inside and outside, 
offer a range of capabilities. But they also inevitably 
bring challenges.

Early automotive optics
Optics were an afterthought in horseless carriages. 
Initially, drivers going out at night would hang a lan-
tern on the front. Early headlights were so faint that 
a car carrying the young Edwin Land couldn’t see a 
team of horses on the road until the car nearly hit it. 
Yet Land soon learned that much brighter lights could 
dangerously blind oncoming drivers. In late 1926, the 
future OSA president had a brainstorm while walking 
the bright streets of New York: crossed polarizers could 

block bright headlight glare from obstructing the vision 
of oncoming drivers (see “Broadway Lights Inspire 
Innovation,” OPN, February 2016, p. 30). 

Land’s idea was to cover both car headlights and 
windshields with polarizing film oriented 45 degrees 
from the horizontal. Light reflected back to the car 
would retain the same polarization and pass through 
the polarizer. But light from the headlights of oncom-
ing cars would be polarized at a 90-degree angle and 
blocked by the crossed polarizer in the windshield. That 
inspired Land to found Polaroid, where he invented the 
first inexpensive sheet polarizer. 

Eastman Kodak Company became his first major 
customer, buying Polaroid sheets for photographic fil-
ters in 1934. American Optical licensed polarizers for 
sunglasses, which it introduced in 1936. Despite initial 
interest, however, the auto industry chose a different 
technology to reduce glare, introducing sealed-beam 
incandescent lamps with separate high and low beams 
that drivers could switch between manually when other 
cars came into view.  

Brighter (and maybe better) headlights
Incandescent headlamps continued to improve thereafter. 
Only in 2003 did BMW introduce the first alternative: the 
high-intensity-discharge (HID) xenon lamp. Applying 
a high voltage ignites a discharge through the xenon, 
which drops in voltage and produces a bright arc. HID 
lamps last much longer than ordinary arc lamps, and 
drivers like their brightness and bluish color, which is 
similar to the peak of human night vision. 

Next came LED headlights, first introduced by Audi 
in its 2010 model R8. Like LED street lights, Audi’s blue 
LED activates phosphors that emit strongly in the red; 
the overall result is white light with a hint of blue—again, 

1047-6938/22/05/34/8-$15.00 ©Optica

Audi R8 
LMX

Audi

36        OPTICS & PHOTONICS NEWS  MAY 2022



approaching human night vision. But it can produce 
harsh glare, which has led to warmer whites both in 
indoor lighting and for some street lighting.

LEDs have several practical advantages. They’re 
mass produced for a variety of applications, helping 
reduce costs. And they can operate at low power levels 
suitable for lighting up the interior of a car, unlike HIDs. 
But the biggest advantage of LEDs over power-hungry 
HID xenon is their high efficiency. “Everybody is 
going toward LEDs,” says David Aylor, manager of 
active safety testing for the Insurance Institute for 
Highway Safety (IIHS), a US-based nonprofit scien-
tific and educational organization that’s funded by 
the auto insurance industry. However, changing the 
light source alone is not enough to solve the problem 
of headlight glare, which remains a serious hazard 
for nighttime driving.

Glare occurs when bright light shines into 
dark-adapted eyes, overwhelming the faint light in the 
surrounding area. It depends both on the direction of 
the light and its brightness. The standard approach was 
long based on installing headlights that could switch 
between a high beam that illuminated the whole road 
when no other cars were present, and a low beam that 
the driver would switch so it pointed down and away 
from oncoming traffic.

The United States stayed with the standard approach 
until 1 February 2022, when the NHTSA decided to 
allow two minor variations. The first was to allow sen-
sors that detect light from other cars and automatically 
switch headlights from high to low beams to protect 
drivers from glare. In countries that permit it, some 
auto companies already use this feature, which Tesla 
calls “auto high beam.”

The second alternative is sensing upcoming curves 
and pivoting the headlights toward them. Cars can 
achieve this by monitoring how the driver turns the 
steering wheel or changes the speed. Companies includ-
ing BMW, General Motors, Mazda and Mercedes-Benz 
offer such “curve-adaptive headlights” to help drivers 
see areas on a curve that a standard headlight might 
miss. This feature wasn’t designed to reduce glare, 
but cars with curve adaptive headlights have lower 
insurance claims for night-time losses than cars with 
standard headlights, according to the Highway Loss 

Data Institute, a US-based nonprofit research orga-
nization, also funded by auto insurance companies.

Adaptive beam headlights
Manual switching between high and low beams was a 
good choice in the 1940s. Yet the balance was far from 
perfect, and the problem grew as more people moved 
to cities and drove more miles at night. Now many 
drivers don’t bother switching on their high beams. 
Only 18% of drivers in areas isolated enough to use 
their high beams do so, according to a 2016 study by 
the University of Michigan Transportation Research 
Institute, USA. (The study was conducted in the region 
surrounding the institute.)

Making matters worse, the United States long mea-
sured headlight safety by testing bulbs in labs, not 
installed in cars—which are far more diverse now 
than in the mid-20th century. Headlights mounted near 
the upper front corners of the hood in large SUVs or 
pickup trucks are so high that even their low beams 
can shine directly into a driver’s eyes in typical sedans 
and hatchbacks. One example, the 2021 Nissan Titan 
pickup, earned a poor headlight safety rating from IIHS.

But other large SUVs now have moved their head-
lights lower to avoid glare, says Aylor, who cites the 
Chevy Trailblazer and Mitsubishi Outlander. At the 

These new optics for cars, both inside and outside, offer a range 
of capabilities. But they also inevitably bring challenges.

Adaptive headlights designed to illuminate the road without 
disturbing oncoming cars.
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37  MAY 2022  OPTICS & PHOTONICS NEWS



same time, headlight safety’s focus is shifting to auto-
matic pointing, with light directed toward dark spots 
where more light is needed and away from the eyes of 
other drivers. “Headlight glare comes down to where 
they are aimed,” says Aylor. “Poorly pointed bulbs can 
cause massive glare.”

Audi first demonstrated the adaptive driving beams 
in 2006 in Europe. Camera sensors placed behind 
the windshield on the back of the rear-view mirror 
detect oncoming vehicles and redirect and reshape 
the headlight beam to direct light away from oncom-
ing traffic and toward empty areas on the driver’s 
side of the road. Audi offered different lighting pat-
terns depending on traffic: junction lights, city lights, 
country lights and motorway lighting, with the last 
for open highway driving.

Adaptive headlights are now widely used around the 
world, also going under other names—such as adaptive 
front-driving systems and dynamic beams—and with 
features that may differ, depending on the auto maker. 
Audi’s original version used xenon headlights, but 
LEDs are now virtually universal. These days, cameras 
detect vehicles driving in the same direction ahead of 
the car and divert the beam around them. The systems 
are programmed to project beams designed for many 
specific situations, such as blocking light directed to the 
oncoming lane when a car is coming and extending the 
light further to the side on a curve. 

In its A8, Audi has introduced new “matrix beam” 
LED headlights that modulate groups of LEDs sepa-
rately to distribute light in a wider variety of patterns. 
With this approach, a single headlight can deliver 
elements of both high and low beams, ranging from 
a full high beam on an empty highway to a low beam 
on busy city streets. Current versions contain an 
impressive 1.3 million micromirrors directing light, 
and can project images on the road or spot pedes-
trians. If the car detects other vehicles in the area, 
it can shut down the LEDs in the part of the head-
light that would otherwise illuminate that region. 
Tests by IIHS showed that an Audi A8 with adaptive 
driving matrix-beam LED headlights caused less 
glare on a test track than other cars with low beam 
HID headlights.  

Adaptive headlights also can project patterns on the 
road to alert drivers to conditions ahead, such as the end 
of one lane or patches of glare ice. In the future, they 
might be able to switch more complex patterns on or 
off, like highway video projectors. Austria-based ams 
Osram is developing a new type of headlight technology 

More than photography

Cameras already play an important role in helping 
drivers drive better with features including lane 

keeping and automatic cruise control. The cameras 
keep track of how well the car is staying in lane or 
how far away other cars are, and either warn the 
driver or steer the car to a safe position. They also 
provide information for the artificial-intelligence 
systems used in autonomous vehicles, although 
most current systems still require active human 
monitoring for safety.

Those vehicular cameras differ in important ways 
from photographic ones. Most do not use standard 
Bayer red-green-blue filters to record colors with 
silicon sensors. Instead, they use sets of four filters 
chosen for specific purposes. One widely used filter, 
RCCC (red-clear-clear-clear), is designed to collect 
as much light across the visible spectrum as possible, 
but also to sense red where it exists by itself, vital for 
spotting red tail lights and traffic signals. Another, 
RCCB (red-clear-clear-blue), picks up a different 
range of colors with better blue response, as does 
RYYCy (red-yellow-yellow-cyan). Silicon sensors 
also can collect near-infrared information with 
RCC-IR (red-clear-clear-infrared).

Cameras also can record images of blind spots, 
particularly those at the back of the car, and display 
them on the dashboard screen to inform drivers if 
it’s safe to back up. A more controversial idea is to 
replace side-view mirrors looking toward the back of 
the car with cameras that could transmit real-time 
images to a screen easily visible by the driver. The 
controversy centers on whether the change would 
enhance driving safety or just be a cosmetic alteration 
of no value. NHTSA announced a review of the idea in 
2019, but hasn’t come to a decision. 

Bayer RGB filter RCCC filter RCCB filter
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called Eviyos with more than 25,000 pixels that can be 
addressed individually to change light distribution or 
write patterns. The company plans to debut the first 
Eviyos headlights in 2023.

Laser headlights
Laser headlights were born in Germany, where autobahn 
speed limits are only advisory outside of urban areas. 
Cars at autobahn speeds need some 600 meters to stop 
safely when they hit the brakes, and only using lasers in 
the headlights can illuminate the road to that distance, 
says Josip Kovacevic of US-based Kyocera-SLDlaser. 
The first cars with headlights based on blue diode 
lasers pumping phosphors hit the road around 2015, 
and generated a combined narrow beam of white light 
illuminating the highway up to 600 m ahead. 

Kyocera-SLDlaser started with a different approach, 
with a separate blue laser delivering light through an 
optical fiber to a small spot of phosphors at the head-
light. The headlight could produce either a bright, tiny 

spot and a narrow beam, or a longer-range beam simi-
lar to a normal high beam. More recently, the company 
shifted to a surface-mounted 7-mm laser package that 
is paired with phosphors for use in both high and low 
beams. Laser headlights have caught on with off-road 
driving enthusiasts because they illuminate the distant 
landscape well, so enthusiasts buy aftermarket laser 
headlights and use them only off-road.

Kyocera is looking to make more than headlights. 
“OEMs [original equipment manufacturers] are looking 
for multifunction headlight devices,” says Kovacevic, 
and the company recently added other features to its 
laser headlight. A pulsed 905-nm near-infrared source 
could double its duty, serving as a flash lidar to mea-
sure distance and a night-vision camera that would 
avoid disturbing other drivers by operating beyond 
the human vision range. Later, Paul Rudy of Kyocera 
says, the laser headlight could add channels for Li-Fi 
wireless optical links connecting the car to other vehi-
cles or local transmitters. 

“Headlight glare comes down to where they are aimed,” says 
Aylor. “Poorly pointed bulbs can cause massive glare.”

Schematic for Audi’s matrix 
beam LED headlights.
Audi

39  MAY 2022  OPTICS & PHOTONICS NEWS



Digital automotive displays
Automotive dashboards have been changing faster and 
more obviously than headlights. A decade ago, they 
were largely mechanical except for the audio system. 
Today, even low-end 2022 cars sport some sort of digital 
color display on their dashboard.

For example, the Chevrolet Spark, which lists for 
US$13,600 and up, has a 7-inch color touchscreen 
in the middle along with Apple Car Play, Bluetooth 
audio-streaming and a Wi-Fi hot spot. Go a bit upscale 
to the 2022 Honda Civic, and one can find the speed-
ometer and tachometer displayed on screens behind 
the steering wheel. Go seriously upscale with the 2022 
Mercedes-EQ, starting at US$103,360, and a buyer can 
get a dazzling three-part screen stretching across the 
car. When Mercedes showed its display at the 2021 
Consumer Electronics Show, Car and Driver magazine 
drooled: “its palatial cabin boasts luxurious appoint-
ments and state-of-the-art features for the all-important 
wow factor. That’s made most obvious by the optional 
glass-covered Hyperscreen dashboard.”

Digital dashboard displays may look flashy, but that 
wasn’t why Tesla picked them in 2017 for its Model 3, 
the 2022 listed price of which is US$46,190. Mechani-
cal speedometers, tachometers, dials, knobs, buttons 
and controls must be made to fit the car and installing 
them takes time and money. Put all that information 
on a mass-produced screen, and software can collect 
and display it quickly, easily and cheaply. 

Liquid crystals reached their maturity and have 
become the dominant technology for car interior dis-
plays, says Chris Chinnock, president of Insight Media, 
a consulting firm based in Norwalk, CT, USA, that spe-
cializes in displays. LCDs provide dashboard displays 
and controls, as well as infotainment and communica-
tion panels in the center of the car—and sometimes a 
third display to entertain front-seat passengers. Touch-
screens offer convenient interfaces for many controls, 
but outside of phone interfaces, speech controls are 
more talked about than used in cars. 

LCDs for automobiles must be specially engineered 
because the vehicle environment is more hostile than a 
temperature-controlled home or office. Cars must endure 
being left outside in freezing winters and scorching 
summers. Auto-industry environmental requirements 
are “pretty close to military,” says Chinnock. So far, 
backlit LCDs have been up to the job.

A key restriction of existing single-layer LCDs is their 
limited 1000-to-1 contrast—not enough for a full dark-light 
range. Direct LED displays offer higher contrast, with 
organic LEDs (OLEDs) already used for indoor screens. 
However, OLEDs face challenges with brightness and 
lifetime that limit their automotive applications, says 
Chinnock. “OLEDs are attractive for screens that are 
primarily used in the dark with little content, so they use 
little power.” That makes them adequate for back-seat 
passengers in the dark watching movies—but not for 
driver control displays in full daylight, which could 
wash out the content as on a smartphone in the mid-
day sun. OLEDs also suffer burn-in when they display 
the same graphics for long periods, such as the dial on 
a speedometer. It’s possible to develop algorithms that 
move graphics around to prevent burn-in, but they are 
not yet in wide use.

“A direct LED would be the ideal solution for cars,” 
says Chinnock. He thinks micro LEDs would be the most 
likely candidate because of their small size. Another 
option is transparent displays, but that technology is 
still in development. 

For now, the best approach may be dual-layer LCDs, 
a technology that can reach million-to-one contrast. 
It could not match OLEDs’ quality for television, but 
can withstand automotive conditions. Consultant Bob 
Raikes reported in Display Daily that auto supplier 

Visteon microZone Display Technology based on LCDs.
Visteon

Bringing more optics into cars is a sobering reminder how 
difficult the visual environment can be in automobiles. 
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Visteon, based in Van Buren Township, MI, USA, is 
working on the technology, and has said that a North 
American automaker has plans to use it in 2024 models.  

Looking away from a problem
For all their usefulness, screens pose the same risk that 
mobile phones brought to cars—distracting the driver’s 
eyes and mind away from the road. The NHTSA esti-
mates distracted driving kills 3,000 people and causes 
920,000 traffic accidents annually in the United States. 
Although phones account for much of the toll, adjust-
ing radios or audio streams on a touch screen also can 
steal the driver’s attention. Indeed, without the tactile 
feedback of the knobs and pushbuttons on dashboard 
controls, touchscreens can be worse distractions. “I 
prefer analog knobs,” says Chinnock. “It is distracting 
to look over to find the right icon.”

IIHS is looking at the safety issues of screens and 
of features like that partially automate cars, such as 
automatic cruise control and lane keeping. “We want 
to make sure they are looking forward, and are work-
ing on protocols and procedures to do that,” Aylor says. 
Without full autonomy, “we need cooperation between 
the driver and the car,” and that requires keeping the 
driver engaged. 

Some technologies offer haptic feedback so drivers 
can feel if their hands are on the right point, reducing 
the need to look away from the road. Another option 
is a head-up display (HUD) that projects key informa-
tion, such as vehicle speed and upcoming intersection, 
onto the windshield directly in front of the driver. First 
developed for military pilots, HUDs have been used 

commercial aircraft, and now in cars. CY Vision, based 
in San Jose, CA, USA, uses the buzzword augmented 
reality to describe its 3D HUD that displays speed, 
upcoming turns and other information on the wind-
shield in front of the driver. Chinnock says CY Vision’s 
system exploits computational holography and writes 
images with lasers and spatial light modulators.    

Projecting augmented reality onto a windshield 
can present information in the drivers’ field of view, 
but also into full sun on a clear day, which can wash 
out the image. Casting onto a slanted and curved 
windshield also can cause distortion, requiring careful 
design to give the driver 10- by 5-degree field of view. 
Even projecting light into a cowl-like hood on top of the 
dashboard shielded from the sun can be problematic 
because drivers are not all the same size. 

Indeed, bringing more optics into cars is a sobering 
reminder how difficult the visual environment can be 
in automobiles. Sunglasses protect human eyes from 
intense sunlight, but render the speedometer unread-
able. Mirrors require adjustments to bring the sides and 
rear of the car into proper view when a different driver 
takes the wheel. Labels on some displays and controls 
are not readable without refocusing one’s eyes after 
turning away from the wheel. There’s more room for 
optics in the automobile. OPN

Jeff Hecht (jeff@jeffhecht.com) is an Optica Fellow and free-
lance writer who covers science and technology.

For references and resources, go online: 
optica-opn.org/link/optics-for-cars.

The automotive-technology firm Continental AG has demonstrated a head-up display based the holographic waveguide 
projection technology of the Silicon Valley firm DigiLens.
Continental AG
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