
Self-driving carS offer many advantageS 
over often-diStracted human driverS. 

although the emergence of a truly 
autonomouS car iS Several yearS in the 

future, currently available radar, lidar, and 
viSion-baSed SyStemS are coaleScing into 

an automotive-SenSor platform that pointS 
the way toward tomorrow’S robocar.
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available from Velodyne’s HDL (high-
definition LIDAR)-64D laser-sensor 
system, which uses 64 spinning lasers 
and then gathers 1.3 million points/sec 
to create a virtual model of its surround-
ings. One reason to use LIDAR rather 
than radar is that the laser’s higher-
energy, shorter-wavelength laser light 
better reflects nonmetallic surfaces, 
such as humans and wooden power 
poles. Google combines the LIDAR 
system with vision cameras and algo-
rithmic vision-processing systems to 
construct and react to a 3-D view of 
the world through which it is driving 
(Reference 2).

The enabling sensor hardware in the 
vehicles enables the cars to see every-
thing around them and make decisions 
about every aspect of driving, according 
to Thrun. Although we are not close yet 
to a fully autonomous vehicle, the tech-
nology, including the sensor platform of 
radar, ultrasonic sensors, and cameras, is 
available in today’s intelligent vehicle. 
It remains only to standardize the car’s 
hardware platform and develop the soft-
ware. Cars are approaching the point 
that smartphone platforms had reached 
just before the introduction of the Apple 

iPhone and the Motorola Android.
As sensors decrease in price and 

increase in integration, they will 
become ubiquitous in all cars. Once 
users accept them as normal parts of a 
car, then automotive-OEM companies 
can integrate more intelligence into 
them until they achieve the goal of an 
autonomous car. Today’s intelligent 
automobile can perform many driver-
assistance tasks, such as avoiding and 
preventing accidents and reducing the 

severity of accidents. To perform these 
tasks, the vehicles have passive safety 
systems, such as air bags and seat belts; 
active safety systems, such as electronic 
stability control, adaptive suspension, 
and yaw and roll control; and driver-
assistance systems, including adaptive 
cruise control, blind-spot detection, 
lane-departure warning, drowsy-driver 
alert, and parking assistance. These sys-
tems require many of the same sensors 
that the autonomous car requires: ultra-
sonic sensors, radar, LIDAR systems, 
and vision-imaging cameras.

Cars now use ultrasonic sensors to pro-
vide proximity detection for low-speed 
events, such as parallel parking and low-
speed collision avoidance. Ultrasonic 
detection works only at low speeds 
because it senses acoustic waves; when 
the car is moving faster than a person can 
walk, the ultrasonic sensor is blind. 

Although ultrasonic-sensor technol-
ogy is more mature and less expensive 
than radar, car designers who care about 
the aesthetics of the car’s appearance are 
reluctant to have too many sensor aper-
tures visible on the car’s exterior. As a 
more powerful and more flexible technol-
ogy, radar should begin to replace ultra-

At A glAnce
↘ Although self-driving cars are  
still five to 10 years in the future, 
they offer many benefits in traffic 
and fuel efficiency, safety, and time  
saving.

↘ Self-driving cars will require  
relatively few infrastructure changes, 
with cars relying on sensors and 
processors to “see” and react to 
their surroundings.

↘ Some of the key sensors will  
be radar or LIDAR (light-detection-
and-ranging) and vision systems, 
such as visible light and IR (infrared) 
cameras.

Figure 1 Google’s fleet of specially equipped cars has logged more than 140,000 miles of daytime and nighttime driving in 
California, including traversing San Francisco’s famously crooked Lombard Street and the Los Angeles freeways.
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sonic sensors in future designs (Figure 2).
Radar works in any type of weather 

and has short-, medium-, and long-
range characteristics. For example, 
adaptive cruise control works in the 
long range, looking 200m in front of 
the car, tracking the car, and accelerat-
ing or braking the car to maintain a 
certain distance. Radar also provides 
blind-spot detection and lane-departure 
warning. Early versions of these systems 
audibly warned the driver of an impend-
ing problem, but some implementations 
now take control of the car to avoid the 
problem. For example, the 2011 Infiniti 
M56 has an optional blind-spot-warn-

ing/intervention system that relies on 
radar scans from the left and the right 
rear quadrant of a car. If the radar system 
detects a car in the driver’s blind spot, 
a light comes on. If the driver activates 
the turn signal, an audible beep comes 
on. If the driver persists and starts to 
move into another lane, the car gently 
applies brakes on the opposite side of 
the car, moving the car back into the 
center of the lane (Reference 3). 

Most automotive radar systems cur-
rently are not highly integrated, tak-
ing up significant space, and are costly. 
Analog Devices’ recently introduced 
AD8283 integrated automotive-radar-

receiver analog front end represents the 
increasing integration that decreases 
the size and cost of automotive radar 
(Figure 3). It will sell for about 50% less 
than a discrete design for an automotive 
analog front end and fits into a 10×10-
mm package. “The market is moving 
toward putting radar into nonluxury 
vehicles—cars for the rest of us,” says 
Sam Weinstein, product manager for 
the Precision Linear Group at Analog 
Devices. The sample price for a six-
channel AD8283 is $12.44 (1000).

IR (infrared) LEDs and photosen-
sors find use in automotive applications, 
such as rain sensing/wiper activation on 
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Figure 2 Several driver-assistance systems are currently using radar technology to provide blind-spot detection, parking assistance, 
collision avoidance, and other driver aids (courtesy Analog Devices).
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Figure 3 The Analog Devices AD8283 radar analog front end comprises trans-
mitter-channel-signal-generation, power-supply, host-CPU, receiver-channel-
signal-processing, and monolithic-microwave-IC blocks.

the BMW 7 series and the Ford Edge. 
Sophisticated IR cameras enable safety 
applications, such as drowsy-driver 
sensing, which is also an option in the 
Mercedes E550 sedan. Drowsy-driver 

sensing uses an IR camera to watch the 
driver’s eyelids to tell whether they are 
blinking rapidly, indicating that the 
driver is alert, or blinking slowly or 
even closing. The car emits an audible  

warning or vibrates the driver’s seat.
Out-of-position sensing similarly 

uses IR cameras. Today’s passenger seats 
must have pressure sensors to determine 
the weight of the passenger and use the 
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information to deploy the passenger’s 
air bags. The air bags deploy at differ-
ent speeds, depending on the weight 
of the passenger. This sensor does not 
know, however, whether the passenger 
is leaning on the dashboard, reclining 
in the seat, or moving to the left or 
the right. The closer the passenger is 
to the deploying air bag, the greater 
the impact. The camera monitors the 
passenger’s position, and, upon impact, 
deploys the air bag appropriately to the 
passenger’s size and position.

These cameras use IR LEDs rath-
er than those in the visible spectrum 
because they must be able to work at 
night. It would be distracting to illu-
minate the driver or the passenger with 
visible light for the camera to sense. 
The human eye detects light as visible 
at distances as great as approximately 
700 nm, whereas IR cameras detect 850- 
to 900-nm-distant light.

IR imaging also has a place outside 
the car for crash avoidance, and these 
applications require IR illumination. 
According to Sevugan Nagappan, mar-
keting manager of the infrared business 

unit at Osram Opto Semiconductors, 
IR cameras can help in collision avoid-
ance by seeing beyond what the high 
beams illuminate. “IR-LED illumina-
tion allows you to see when you can’t 
have your high beams on to see past 
your headlamps, for example, allowing 
the system to see beyond the headlights 
to see and avoid a deer entering the 
road,” he says.

IR LEDs’ primary use has so far been 
in remote controls. However, these 
inexpensive LEDs use 10 mW or less of 
power. Automotive applications require 
output power of greater than 1W to 
illuminate the subject. In addition, the 
IR LED must be small enough to fit next 
to the IR camera and be inconspicuous. 
Nagappan estimates that the camera 
needs to measure less than 10 mm2, 
and illuminating the IR LED requires 
5 mm2. He says that manufacturers can 
make LEDs in small packages that can 
provide 3.5W and that these devices 
are enabling new applications. Osram’s 
3.5W SFH 4236 IR LED has an integral 
lens with a narrow beam angle to focus 
the IR light, increase the beam inten-
sity, and focus the beam into the eye box 
to watch the driver’s eyes. 

Innovation is also driving down the 
cost of the cameras. The Fraunhofer 
Institute expects to bring to market a 
camera as small as a grain of salt and 
costing only a few euros. The resolu-
tion currently is 250×250 pixels. These 
cameras could replace side-view mirrors, 
reducing airflow drag (Figure 4).EDN
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hard compounds used by most 
other manufacturers can cause 
stresses that can potentially 
damage the reed switch and 
degrade contact resistance 
stability and life expectation. Go 
to www.pickeringrelay.com to 
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Pickering Electronics is 
a Manufacturer of high 
quality Reed Relays for:
  Instrumentation

  Automatic Test 
Equipment (ATE)

  High voltage switching
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  RF switching and other 
specialist applications.

Free samples available on 
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Figure 4 The Fraunhofer Institute expects 
to bring to market a camera as small as 
a grain of salt, which could replace side-
view mirrors, reducing airflow drag.
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