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Summary
One of the ways to spend the summer holidays is to do something useful with
your academic study. Doing a so-called Capita Selecta assignment fits into
this line of thought. Doing a subject without prior knowledge is even a bigger
challenge and encourages a lot. This report is about a Capita Selecta Virtual
Reality assignment under supervision of Martijn Tideman.

The assignment was to summarize all possible sensors in ADAS specifically
in the Sense part of the systems. The sensors in the Think and Act part are
not reviewed. This summary is needed for Martijn Tideman and Loose Goose,
who are cooperating to build a Virtual Reality Simulation Environment.

In the first chapter the ADAS are mentioned and reviewed. A clear boundary
is set around the reviewed systems: the ADASE 2 cluster is used as base.

The following chapter covers a short general explanation about sensors and
their specifications. The different functions of ADAS are also shortly reviewed.
After that an explanation is made why the communication is important, but not
put into this report.

The result of this report is a summary of the systems and their possible
sensors and parameters. A second summary describes all the sensors with all
their different types and parameters along in which ADAS they are used.

In the conclusion/ end result a retrospect is made to see if the assignment
goals are reached. The first goal of summarizing possible sensors in the
different ADAS is reached. The second goal, which was summarizing the
sensors according to physical working principle, is not reached. The summary
is only done on sensor type and not specifically on physical working principle.
Since it is a good summary, the results are still useful for Martijn Tideman.
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1 Introduction
During the end of the college year 2004/ 2005 I felt I needed to do an extra
subject, the so called Capita Selecta. When I talked to Marten Toxopeus
about this and he redirected me to Martijn Tideman to do some Virtual Reality
(VR) subject. Since he was in a need of having some literature research about
sensors for a VR simulator I came at the right time with a request for an extra
subject. He explained what he needed and told me to ask around a lot.
Because I did that and a lot of people replied to me and gave all kinds of
information I would like to thank the following persons for the following
reasons:

Martijn Tideman

-

for giving me this subject and his support during the time I
did this assignment

Maarten Bonnema

-

for giving me a very nice article about sensors for the
automotive industry and the explanation he did when I
talked to him

Stefano Stramigioli

-

for redirecting me to dhr Paul Regtien and some general
advices

Bart van Arem

-

for giving me some general advice and giving links where I
found a lot of information which is included in this report

Paul Regtien

-

for giving me some general sensor advice, some thoughts
about how to structure the report and for giving 2 very useful
documents: a course book about mechatronics sensors and
a proceedings about the Internation Symposium on
Advanced Vehicle Control

Loose Goose

-

for providing some insight what my report was meant for

Marten Toxopeus

-

for putting my attention on this kind of Capita Selecta subject

To all the persons, I listed above: thanks a lot for all your support!

Martijn Pijpers
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2 Assignment
Summarize which sensors can be available in ADAS for automobiles (the
driver is present in the loop of the system). State their parameters and the
mutual differences and equalities. The parameters are to be used in the
modeling of a virtual world.
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3 Goal
To make a summary of 2 kinds: one according to possible availability of
sensors in ADAS and the other with all sensors split by physical working
principle.
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4 ADAS to be reviewed
There are many similar systems in different parts of the world, all with a
slightly different name. In this research only the systems from Europe are
reviewed; in particular the systems from the ADASE2 cluster.

The

systems

mentioned

on

the

website

of

the

ADASE2

cluster

(http://www.adase2.net/) are listed below:

1. Night vision
2. Lane departure warning
3. Near field collision warning
4. Curve & speed limit info
5. ACC/Stop & Go + Foresight
6. Lane Keeping Assistant
7. Local Hazard Warning
8. Lane Change Assistant
9. Automatic Parking
10. Pre-Crash collision and Mitigation System
11. Obstacle & Collision Warning
12. Rural Drive Assistance
13. Intersection Support
14. Obstacle and Collision Avoidance
15. Platooning
16. Autonomous Driving

It has to be mentioned, that this ADASE2 list is from a research related
roadmap. The order of the shown systems is established regarding the
research stages. The last shown systems (Obstacle and Collision Avoidance,
Platooning and Autonomous Driving) are visions, which cannot surely be
realized in the future on normal roads. The listed sensor systems are ideas
and thoughts for those systems.
-4/4-
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Some of the listed systems are already implemented some are ready to be
implemented and some systems are part of research to be done onto. Some
systems are mentioned in chapter 2.6 ‘New Functionalities’ of Saroldi [1] so
these are included as well.

A short description is giving for each system, since a lot of systems have
some similarities or consist of multiple other systems.

4.1 Night Vision
Based on camera techniques like near or far infrared it is possible to enhance
the perception of the driver in dark light conditions. The picture of the camera
will be shown to the driver by monitors or head up displays. One of the major
issues is to solve the HMI (=Human Machine Interface) task of presenting the
right picture at the right position, in order not to distract the driver.

4.2 Lane departure warning
If certain thresholds (like distance, time to lane crossing) allow a prediction of
a lane departure this system warns the driver by means of acoustic, optic or
haptic feedback. The detection of the lane markings results from e.g. video
image processing. In order to have a robust lane marking detection two needs
can be identified:
•

Good visible lane markings have to be provided by the infrastructure;

•

A robust lane detection sensing system has to be implemented in the
vehicles;

Both aspects are influencing the complexity of the system on the roadside and
the technical level. This system intends to prevent involuntary lane departure,
that constitutes a relevant cause of road accidents.
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4.3 Collision warning
There are multiple collision warning systems mentioned on the ADASE2
website. They are listed below. All have their specific properties and functions.

4.3.1 Nearfield collision warning
The near field collision warning includes the detection of especially vehicles in
the near field like in the blind spot area. The detection area is very close
limited to the vehicle. Suitable sensor systems for the detection of other cars
are radar, lidar or vision based sensors. The warning can be acoustical,
haptical or optical. In this case frequency allocation is very necessary as in
some cases 24 GHz sensor systems are particularly suitable.

4.3.2 Forward Collision Warning
The first step in the introduction on the market of Advanced Driver Assistance
Systems (ADAS) can be considered to be the Collision Warning system
developed by EATON-VORAD in the USA for trucks and buses. After some
first releases, started in 1992, the system that is still available today is called
EVT-300; it is based on a forward looking radar operating at 24 GHz, and was
introduced on the USA market in 1995. The system detects front obstacles
that are signaled with optical or acoustical indication to the driver when they
are too close with respect to vehicle speed.

4.3.3 Side Obstacle Detection
As optional, the EVT-330 system includes also a side looking short range
radar also operating at 24 GHz. This sensor detects side obstacles that are
signaled with a proper display. As a further option, the system can also be
connected to engine control in order to control speed and follow a slower front
obstacle. This function is called “Smart Cruise”. The EATON-VORAD system
was firstly sold as after market, and now is available as optional from some
truck manufacturers in USA. More recently, the side obstacle detection
-6/6-
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system has been introduced also on Volvo cars based on camera sensor and
image processing.

4.4 Curve & Speed Limit Info
These systems inform the driver about speed limits and the recommended
speed in curves by e.g. an optic or haptic (at the accelerator pedal) feedback.
Possibly the necessary information can be taken from digital maps, image
processing or communication systems between vehicles and infrastructure.
The drivers have to be always aware of the problems arising from the actuality
of the information e.g. from digital maps. Providing the up to date data is an
important task, which only can be solved together with the road authorities.
Additionally the appropriate speed – as the major problem - can only be
chosen if some unforeseen events like partly low friction are taken into
consideration. Taking these concerns into account, the question who will be
responsible for a wrong decision (e. g. driver, information provider, road
authorities) has to be solved, if the information becomes mandatory.

4.5 ACC/Stop & Go + Foresight
In this chapter the systems are first reviewed per system apart. After that the
combination of systems are reviewed.

4.5.1 Adaptive Cruise Control (ACC)
This system was introduced firstly inside Japan, and then in Europe for the car
market. ACC systems are based on a front looking sensor based on
laserradar (lidar) or microwave radar with a maximum detection range of
around 100 m. The microwave radar sensors operates in the 76- 77 GHz
band that has been reserved for automotive obstacle detection applications.
Based on front vehicle information, mainly distance and speed, the ACC
system regulates own vehicle speed by acting on engine control and braking
system. This way, the ACC is an extension of the standard Cruise Control
system, with the extra capability to adapt the speed of the vehicle to the speed
-7/7-

Capita Selecta Virtual Reality

– 285080 –

M.Pijpers - 8-1-2007

of the preceding one. This function was firstly introduced in Japan on 1995
based on lidar technology, and in the following years was extended to Europe
and to microwave technology. The first introduction in Europe was done by
Mercedes cars in 1999. The functionality was introduced firstly on luxury cars,
and it is now being extended to medium segment cars. Since 2002 the ACC
system is available on trucks also in Europe, starting with Mercedes Benz
heavy truck. This system is the most present on the market, being now
available on car and truck models by around 20 manufacturers in Europe,
Japan and USA.

Moreover, from some manufacturers ACC is given in combination with lane
warning system, showing another trend that is the integration of functionalities
and systems.

4.5.2 Stop&Go
The Stop&Go system, is giving support to the driver for the longitudinal control
in queues, will probably be the next system introduced on the market.

4.5.3 ACC/Stop & Go
During stop & go traffic situation the longitudinal control of a vehicle will be
partly carried out by a system. Therefore it is necessary to detect the traffic in
front even in the near field. In extension to an ACC the detection of this area is
necessary to react on other cars swerving into the near field. The ACC/Stop &
Go system will be used in more complex situations than the series production
ACC. This influences the complexity of all aspects. It has to be stated, that
frequency allocation for 24 GHz sensors is a precondition for a fast market
introduction. Thus not only technical boundaries have to be considered.

4.5.4 ACC/Stop & Go + Foresight
The ACC and Stop & Go function can be extended to a traffic related system
by the means of communication. Far away driving vehicles will be involved
-8/8-
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into the longitudinal control. Thus, an end of a traffic jam can be included into
the longitudinal control, before a driver is able to see it e.g. in a curve. Thus
the traffic flow and the safety can be increased. Additionally to the described
aspects of ACC/Stop & Go the communication systems have to be build up
and frequencies for these systems have to be allocated.

4.6 Lane Keeping Assistant
The function of a lane keeping assistant system includes the lane detection
and the feedback to the driver if he is leaving a defined trajectory within the
lane. An active steering wheel can help the driver with a force feedback to
keep on this trajectory. The lane is detected by a video image processing
system. Additionally to the lane departure warning aspects especially
regarding the infrastructure, the HMI becomes more important. As the driver is
directly connected to the controller by the means of haptics, the direct
feedback makes high demands on controller quality as well as on the other
aspects.

4.7 Local Hazard Warning
If a hazard occurs far away in front of the vehicle, so that the driver cannot
see it, this system will warn him. By the means of communication it is
possible, to transfer this information over long distances. Ad-hoc networks can
be used. In this context some analysis of the necessary fleet penetration has
to be done. An usable frequency has to be allocated. As in case of the Curve
& Speed Limit Information the responsibility of the driver has to be clarified.

4.8 Lane Change Assistant
Before and during a dangerous lane change process, the lane change
assistant will warn the driver. Several stages of such a system are possible
from pure warning systems to even haptic feedback at the steering wheel to
help the driver following a lane change trajectory. The detection of all vehicles
-9/9-
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around the own car is necessary as well as the detection of the lane. As the
lane detection is used, the system makes the same requirements on the
infrastructure as the Lane Departure Warning. Additionally the detection and
analysis of the surrounding traffic has to be made. The situation becomes
more complex compared to longitudinal systems, because the lateral
movement has to be taken into account. Further on, the driver has to be
aware of functional limits as fast approaching vehicles. Lane Change
Assistant systems consist of several combined systems like Lane Departure
Warning and Blind Spot Detection systems.

4.9 Automatic Parking
The automatic parking is a function that helps the driver entering into a
parking slot in a parallel maneuver by automatically acting on the steering
wheel and engine control.

4.10 Pre-Crash Collision and Mitigation System
The pre-crash systems that have been introduced by Toyota and Honda have
the goal to reduce the damages of an accident by acting on the pretensioner
of the safety belts before the accident occurs and to automatically braking in
case the sensor detects an imminent collision that cannot be avoided. This
last system also reinforces the tendency on introducing functions more directly
related to safety than to comfort, such as ACC.

4.11 Obstacle & Collision Warning
The driver will be warned if a potential collision is detected with e.g. another
car or obstacle. This warning can be for example acoustic or visual. Complex
scenarios like evading can be included as well as warn breaking, which is a
very short brake in order to give a kinesthetic feedback. The functional limits
of these systems have to be clearly pointed out. Therefore the addressed –

- 10 / 10 -

Capita Selecta Virtual Reality

– 285080 –

M.Pijpers - 8-1-2007

complex - scenarios have to be defined in detail. The liability problem of these
systems grows with the complexity of the scenarios.

4.12 Rural Drive Assistance
Most of the systems are developed for the use on highways. Between cities a
lot of so-called rural roads exist. The requirements compared to highways are
higher e.g. because of closer curves or sight obstructions in combination with
oncoming traffic. Some existing system functionalities have to be extended for
this system. Combined with this, the overall complexity grows with the
increase of the situations.

4.13 Intersection Support
In an intersection situation especially in cities a driver has to fulfill several
tasks in parallel. Thus the potential for information overload is given. In order
to assist the driver in such situations it is necessary to support certain tasks
like approaching a stop sign/ traffic light or right of way of crossing traffic. Here
only examples could be named because of the early research stage of the
intersection support systems. The complexity of the possible intersection
scenarios leads to the high overall complexity. E.g. the detection and
interpretation of the scenario is very difficult. Furthermore, there are some
requirements on the infrastructure e.g. regarding street markings (for video
detection) or communication with traffic lights. The liability discussion will be
the same as in the case of obstacle warning. Several parties have to work
together on this topic.

4.14 Obstacle and Collision Avoidance
This system has an extended functionality compared to the Obstacle and
Collision Warning. An autonomous intervention takes over the control of the
vehicle in critical situations in order to avoid an accident. Longitudinal and
lateral control will be done by the system during the defined time while the
- 11 / 11 -
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dangerous event takes place. As the system controls the movement of the
car, the scenario interpretation and the controller behavior has to be improved
essentially compared with the warning system. Fault actions of the systems
may have fatal consequences. The liability issue is very critical. As the driver
is not in the loop the HMI is not as important as for other systems. If the
problems will be solved cannot be foreseen up to now.

4.15 Platooning
Several

cars

are

connected

electronically

(e.g.

by

the

means

of

communication) and follow one after the other in a platoon. An example is the
connection of trucks in order to save space, fuel and to increase the traffic
flow. As the following vehicles are driven automatically, the system is complex
concerning all aspects. The takeover of the driver at e.g. gateways has to be
taken into account as well as the behavior in mixed traffic at driveways.

The reviewed system in this report is:
Chauffeur 2 - http://www.floridaits.com/Newsletters/2005/January/01-005.htm

There are many more systems and examples, but within the ADASE 2 cluster,
this is the reviewed system.

4.16 Autonomous Driving
This is the theoretical highest level of driver assistance. The vehicle drives
controlled by an algorithm in each situation. It is predictable that this stage
assistance cannot be reached in the actual roadnet. The complexitiy of
Autonomous Driving is comparable to Obstacle and Collision Avoidance. If the
problems will be solved cannot be foreseen up to now.
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5 Sensors to be reviewed
Before listing all sensors in the different ADAS a few words need to be spent
about sensors in general and which part of the Sense, Think, Act system is
reviewed.

5.1 Sensors in general [3]
It is important for each sensor to describe its performance. This can be
classified into four groups:

1. Static characteristics – describing the performance with respect to very
slow changes;
2. Dynamic characteristics – describing the performance with respect to
variations in time and in the quantity that has to be measured;
3. Environmental characteristics – relating sensor performance after or during
exposure to specified external conditions;
4. Reliability characteristics – describing the sensor life expectancy;

Alongside these performance descriptions, specifications for sensor errors
need to be defined:
•

Sensitivity;

•

Non-linearity and hysteresis;

•

Resolution;

•

Accuracy;

•

Offset and zero drift;

•

Noise;

•

Response time;

•

Frequency response;
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To have such a detailed description about the sensors requires a lot of time,
study and knowledge. Since a lot of detailed information is hidden from the
public, the information provided in this report tries to be as complete as
possible.

5.2 Sense, Think, Act - Sensors in ADAS [4]
A lot of systems are present and the amount of system models is almost
unlimited. In this view the car is seen as the main system. Inside the system
the driver is present. This system interacts with the environment. Three
different functions of the system can be clearly distinguished:

1. Information has to be gathered;
2. Information needs to be evaluated;
3. A safety measure need to be taken;

These functions can be referred to as Sense (1), Think(2), Act(3). In this
report only the Sense sensors are reviewed and only the systems in which the
driver is inside the loop. This means the driver has some overruling power
over the systems.

5.3 Communication in ADAS [5]
The car is a system itself but also part of a larger system: the environment. In
the environment other cars maybe present or some kind of infrastructure.
Communication can be done in several ways. Basically there are 2 kinds [6]:
•

Vehicle to Infrastructure (v2i);

•

Vehicle to Vehicle(v2v);

Communication consists of a technology and an architecture. The technology
can be split into the following different kinds [6]:
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•

Systems that reuse existing infrastructure (GSM/ UMTS);

•

Dedicated Short-Range Communication (DSRC);

•

Global Positioning Systems (GPS/ Galileo);

•

Satellite Digital Service Broadcasting (S-DSB);

The architecture can be split into 3 different systems [6]:
•

Infrastructure dependent;

•

Ad-hoc (WiFi, [14]) ;

•

Mixed (structured and ad-hoc networks);

An architecture based on the infrastructure has the advantage of providing
uniform service all along the equipped road segment. This dependence on
infrastructure is also its limitation; all services stop once the vehicle is out of
range.

With an ad-hoc system, networks are created dynamically depending on the
numbers of equipped vehicles in the surrounding area. On top of providing
traffic and warning function, the system would also be able to support cooperative driving functions such as (lane insertion, overtaking, etc.).

Whereas the structured system used the infrastructure to ensure all
communication, a mixed architecture system uses direct vehicle to vehicle
communication to do the job. To augment the system, fixed transmitters can
be installed directly on the infrastructure (emergency call boxes) enabling a
direct connection with the Traffic Operation Centers.

Since communication systems are advanced and complicated and do not
have a clear distinction between the 3 different functions from Chapter 5.2
(Sense/ Think/ Act), the sensors in the communication systems are not
further reviewed in this report.
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6 Sensors in the different ADAS [7]
This section covers the different sensors present in different ADAS. The
different systems are covered in Chapter 4 and the performance and error
specifications in Chapter 5. This chapter is split into 2 parts: systems which
are already present in automobiles/ trucks and systems which are not
available yet. From some systems, test-configurations are reviewed.

6.1 Available systems/ Test systems
In this chapter the systems which are already available, or soon will be, are
listed here together with known info about their sensors and properties. The
difference between mono vs. stereo is the amount of sensors in the system.
Mono means only 1 sensor of that type is present and stereo means at least 2
sensors are in the system.

6.1.1 Night Vision
Table 1. Available sensor and properties in Night Vision systems

Sensor

Property

Comment

Infrared camera

λ = 800 nm

Near InfraRed (NIR), [8]

(CMOS)

λ = 7 – 14 µm

Far InfraRed (FIR), [8]
Both systems are mono-camera,
[9]

6.1.2 Lane Departure Warning
Table 2. Available sensor and properties in Lane Departure Warning systems

Sensor

Property

Comment

Vision CCD Camera

Both mono as stereo, [9]
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6.1.3 Collision Warning

6.1.3.1Near Field Collision Warning
Table 3. Available sensors and properties in Near Field Collision Warning systems

Sensor

Property

Comment

Radar

[9]

Lidar

[9] [11]

Vision Camera

Mono, [9]

6.1.3.2Forward Collision Warning
Table 4. Available sensor and properties in Forward Collision Warning systems

Sensor

Property

Comment

Radar

Frequency: 24 GHz

Forward looking, long range

6.1.3.3Side Obstacle Detection
Table 5. Available sensors and properties in Side Obstacle Detection systems

Sensor

Property

Comment

Radar

Frequency: 24 GHz

Side looking, short range

Frequency: 5.8 GHz

Side looking, short range

Vision Camera

On Volvo cars

6.1.4 Curve & Speed Limit Info
This system only consists of Think and Act components, so therefore no
sensor summary is given. The communication of the vehicle with its
surroundings can be seen as part of the Sense function of a system. In
Chapter 5.3 a remark is made why communication systems are not reviewed.

6.1.5 ACC/Stop & Go + Foresight

6.1.5.1Adaptive Cruise Control (ACC)
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Table 6. Available sensors and properties in Adaptive Cruise Control systems

Sensor

Property

Comment

Lidar

λ : 850 nm

Active sensor, [13]

Radar

Frequency: 76-77 GHz

Long range, Pulse Doppler, [10]

Range: 1 to 200 m

[20] [22]

Resolution: 100 cm

Active sensor, [13]

Search Area: 12°
Speed measurement precision: <
0.2 km/h
Angular Precision: < 0.3°

Frequency: 24.125 Ghz

Short range, [20]

Distance range: 10 m
Velocity range: 60 m/s
Field of view:
•

± 50 0 Horizontal

•

± 0,5 m/s

Accuracy:
•

± 0,05 m

•

± 0,5 m/s

Smallest object: Metal bar 10 mm
diam (vertically placed at 1,5 m)
Dimensions: 90 x 40 x 15 mm
Vision CCD camera

Stereo, [9]

6.1.5.2Stop & Go
Table 7. Available sensors and properties in Stop & Go systems

Sensor

Property

Comment

Lidar
Laser

Active sensor, [11] [13]
Beam deflection: horizontal

[12]

Range: 0.3 – 80 m

[20]

Range: 0.3 – 35 m @ Rr = 5%
Resolution: 20 mm
Accuracy: ± 50 mm
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Frequency: 10 - 40 Hz
Cycle time: 25 - 100 ms
Vertical opening angle: ~ 3,5°
Horizontal angular field: +- 180°
Lateral resolution: 0,25° - 1°

6.1.5.3ACC/Stop & Go
Table 8. Available sensors and properties in ACC/ Stop & Go systems

Sensor

Property

Comment

Radar

Frequency: 24.125 Ghz

Short range, [20]

Distance range: 10 m
Velocity range: 60 m/s
Field of view:
•

± 50 0 Horizontal

•

± 0,5 m/s

Accuracy:
•

± 0,05 m

•

± 0,5 m/s

Smallest object: Metal bar 10 mm
diam (vertically placed at 1,5 m)
Dimensions: 90 x 40 x 15 mm
Laser

Beam deflection: horizontal

[12]

Range: 0.3 – 80 m

[20]

Range: 0.3 – 35 m @ Rr = 5%
Resolution: 20 mm
Accuracy: ± 50 mm
Frequency: 10 - 40 Hz
Cycle time: 25 - 100 ms
Vertical opening angle: ~ 3,5°
Horizontal angular field: +- 180°
Lateral resolution: 0,25° - 1°
Vision CCD camera

Stereo, [9]
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6.1.5.4ACC/Stop & Go + Foresight
Table 9. Available sensors and properties in ACC/Stop & Go + Foresight systems

Sensor

Property

Comment

Lidar
Radar

Active sensor, [11] [13]
Frequency: 24.125 Ghz

Short range, [20]

Distance range: 10 m
Velocity range: 60 m/s
Field of view:
•

± 50 0 Horizontal

•

± 0,5 m/s

Accuracy:
•

± 0,05 m

•

± 0,5 m/s

Smallest object: Metal bar 10 mm
diam (vertically placed at 1,5 m)
Dimensions: 90 x 40 x 15 mm
Laser

Beam deflection: horizontal

[12]

Range: 0.3 – 80 m

[20]

Range: 0.3 – 35 m @ Rr = 5%
Resolution: 20 mm
Accuracy: ± 50 mm
Frequency: 10 - 40 Hz
Cycle time: 25 - 100 ms
Vertical opening angle: ~ 3,5°
Horizontal angular field: +- 180°
Lateral resolution: 0,25° - 1°
Vision CCD camera

Stereo, [9]

6.1.6 Lane Keeping Assistant
Table 10. Available sensors and properties in Lane Keeping Assistant systems

Sensor

Property

Comment

Vision CCD camera

Both mono as stereo, [9] [11]
Passive sensor, [13]
Resolution: 640 x 480 pixels
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Opening angle:
•

Horizontal: 45°

•

Vertical: 22°

Greyvalue: 12 bit
Range: 50 – 70 m
Resolution (d: 50m; f: 5.7mm):
0.07 m
Cycle time: 40 ms

Radar

Active sensor, [11] [13]

Lidar

Active sensor, [11] [13]

6.1.7 Local Hazard Warning
This system consists of Communication and speed&curve info, so not the
Sense part. That is the reason this system is not dealt with in this report.

6.1.8 Lane Change Assistant
Table 11. Available sensors and properties in Lane Change Assistance systems

Sensor

Property

Comment

Lidar
Vision camera

Active sensor, [11] [13]
Monochrome:

[23]

Full image: 240 x 320 pixel
ROI: 129 x 213 pixel

ROI = Range Of Interest

Range: 70 m

Stereo Panoramic:

[24]

Surface view:
•

Horizontal: 360°

•

Vertical: 180°

Angular estimate: 2°

@ actual position, [24]

Angular estimate: 4°

@ 5 m, [24]

Standard deviation: <0.6°
Radar

Frequency: 76-77 GHz
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Range: 1 to 200 m
Search Area: 12°
Speed measurement precision: <
0.2 km/h
Angular Precision: < 0.3°

Frequency: 24.125 Ghz

Short range, [20] [26]

Distance range: 10 m
Velocity range: 60 m/s
Field of view:
•

± 50 0 Horizontal

•

± 0,5 m/s

Accuracy:
•

± 0,05 m

•

± 0,5 m/s

Smallest object: Metal bar 10 mm
diam (vertically placed at 1,5 m)
Dimensions: 90 x 40 x 15 mm
Laser

Range: 60 m

[25]

6.1.9 Automatic Parking
Table 12. Available sensors and properties in Automatic Parking systems

Sensor

Property

Comment

Laser

Beam deflection: horizontal

[12]

Range: 0 – 80 m
Range: 0 – 35 m @ Rr = 5%
Resolution: 20 mm
Accuracy: ± 50 mm
Frequency: 10 - 40 Hz
Cycle time: 25 - 100 ms
Vertical opening angle: ~ 3,5°
Horizontal angular field: +- 120°
Lateral resolution: 0,25° - 1°
Radar

Frequency: 24.125 Ghz
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Distance range: 10 m
Velocity range: 60 m/s
Field of view:
•

± 50 0 Horizontal

•

± 0,5 m/s

Accuracy:
•

± 0,05 m

•

± 0,5 m/s

Smallest object: Metal bar 10 mm
diam (vertically placed at 1,5 m)
Dimensions: 90 x 40 x 15 mm

6.1.10 Pre-Crash Collision and Mitigation System
Table 13. Available sensors and properties in Lane Change Assistance systems

Sensor

Property

Comment

Radar

Frequency: 24 GHz

Short range, [10]

UWD (Ultra Wide Band)

Active sensor, [13]

Resolution = 3 cm
Bandwidth = 5 GHz
Range: 0.3 – 30 m
Transmission Power = -41.3 dBm/
MHz
Laser

Beam deflection: horizontal

[12]

Range: 0 – 80 m
Range: 0 – 35 m @ Rr = 5%
Resolution: 20 mm
Accuracy: ± 50 mm
Frequency: 10 - 40 Hz
Cycle time: 25 - 100 ms
Vertical opening angle: ~ 3,5°
Horizontal angular field: +- 120°
Lateral resolution: 0,25° - 1°
Scan Angle: max. 240°

ALASCA, [16]

# of scan planes (vertical layers):

ALASCA, [16]
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4
IBEO, [20]
Viewing angle: up to 270°
Angular beam separation: 0,25°
Beam divergence: 5 mrad (beam
diameter: 50 cm in 100 m)
Scan frequency: 10 Hz
•

Distance range reflecting
targets: up to 250 m

•

dark targets (reflectivity 5 %):
up to approx. 40 m

Standard deviation of a single shot
measured distance: +/- 5 cm (1
sigma)
Eye-safe laser (laser class 1)
Vision camera

Monochrome CMOS:

Forward detection, short range,

Focus depth: 5 m

[17] [20]

Full aperture
•

Horizontal: 40°

•

Vertical: 40°

Spectral range: 400 - 800 nm
Resolution: 512 x 512 pixels
Image size: 6,4 x 6,4 mm2
Frame rate: 20 Hz
Logarithmic response: > 100 dB
Primary data output: 12 bit
4 pairs of LVDS signals
Pixel transmission clock: 20 MHz
Dimensions: 140 x 50 x 50 mm3
Temperature range
•

Operating: -20…+55 °C

•

Storage: -20…+70 °C

Stereovision

Forward detection, long range,
[17]

Infrared radar

Near InfraRed (NIR), [17]
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Far InfraRed (FIR), [17]
Ultrasonic

Frequency: 40 kHz

In adverse weather conditions,

Distance range : 0 to 3 meter

[19]

Distance accuracy : 10 cm
Angular range : 120°
Angular accuracy : +/- 5°
Response time: 60 ms

6.1.11 Intersection Support
Table 14. Available sensors and properties in Intersection Support systems

Sensor

Property

Comment

Laser

Scan angle = 150°

Two laserscanners (ALASCA) for
obstacle detection [15]

Vision camera

One video camera for road
marking detection [15]

6.2 Future Systems
In this chapter systems which are not available are listed. This list is surely not
sufficient since a lot of systems will undergo a lot of research and
development. Some problems are not related to technical problems, but to
legal problems. An example of that is liability issues when an accident
happens. Who is to blame? The driver, the car manufacturer, local
government are all possible answers.

6.2.1 Obstacle and Collision Warning
Table 15. Needed sensors and properties in Obstacle and Collision Warning systems

Sensor

Property

Comment

Vision camera

Mono, Passive sensor, [9] [13]

Lidar

Active sensor, [9] [13]

Radar

Active sensor, [9] [13]

Ultrasonic

Frequency: 40 kHz

In adverse weather conditions,

Distance range : 0 to 3 meter

[19]
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Distance accuracy : 10 cm
Angular range : 120°
Angular accuracy : +/- 5°
Response time: 60 ms

6.2.2 Rural Drive Assistance
Table 16. Needed sensors and properties in Rural Drive Assistance systems

Sensor

Property

Comment

Vision camera

Mono, Passive sensor, [9] [13]

Lidar

Active sensor, [9] [13]

Radar

Active sensor, [9] [13]

6.2.3 Obstacle and Collision Avoidance
Table 17. Needed sensors and properties in Obstacle and Collision Avoidance systems

Sensor

Property

Comment

Vision camera

Mono, Passive sensor, [9] [13]

Lidar

Active sensor, [9] [13]

Radar

Active sensor, [9] [13]

6.2.4 Platooning
Table 18. Needed sensors and properties in Platooning systems

Sensor

Property

Comment

Infrared camera

[18]

Vision camera

Capture images from left side and
rear view, [18]
Also used for LDWS, [18]

6.2.5 Autonomous Driving
Since this system is not existing anywhere besides in testlabs, no sensor
information is mentioned here. A lot of non-technical problems have to be
tackled first before any real-life system is even to be considered about putting
- 26 / 25 -

Capita Selecta Virtual Reality

– 285080 –

M.Pijpers - 8-1-2007

onto the market. The legal and social problems are of more importance to
solve first then the technical problems.
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7 Total list of sensors
In this chapter all the sensors reviewed in this report are listed with all their
parameters. In each chapter a short description is given what the sensor is
and how it generally works. It is also stated in which systems the sensors are
present. Many documentation is vague or incomplete about what properties
the different sensor systems contain, so therefore a summary table is made
per sensor type, together with the system it is built into and a reference in
which document number the particular sensor type can be found.

The sensors are split into 2 sections: sensors in available/ test systems and
sensors in future systems.

7.1 Sensors in available/ test systems
7.1.1 Radar
Radar is an acronym for Radio Detection And Ranging or Radio Angle
Detection And Ranging. It is a system used to detect, range (determine the
distance of) and map objects such as aircraft and rain. Strong radio waves are
transmitted, and a receiver listens for any echoes. By analyzing the reflected
signal, the reflector can be located, and sometimes identified. Although the
amount of signal returned is tiny, radio signals can easily be detected and
amplified. Radar radio waves can be easily generated at any desired strength,
detected at even tiny powers, and then amplified many times. Thus radar is
suited to detecting objects at very large ranges where other reflections, like
sound or visible light, would be too weak to detect [28].

In the current ADAS the Pulse-doppler is the most frequent used Radar
variant. Pulse-doppler is a radar system that functions by sending short pulses
of radio energy and simultaneously listens for the echo from objects using the
same antenna. The time delay between pulse transmission and echo
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reception gives the range to an object. Pulse-doppler radar uses the doppler
shift principle to determine the relative velocity of objects. The Doppler effect
is the change in frequency of any signal due to the finite speed at which the
signal travels compared to the motion of the object. The major use of pulsedoppler is to separate moving objects from clutter. Clutter refers to actual
radio frequency (RF) echos returned from targets which are by definition
uninteresting to the radar operators in general.

The advantage of the radar sensor is that it can be used for long and short
ranges. The difference is that a different frequency is used: 76-77 GHz for
long range and 24.125 GHz for short range. An example of the application of
these two is given in Figure 1 [26].

Figure 1. 2 different applications of radar systems: short range (Side Radar) and long rage
(Far Radar) [26]

The summary table of the radar sensor is as followed (see Table 19).
Table 19. Summary table of the properties of a radar sensor in certain ADAS

Property

Present in systems

Comment

Frequency: 76-77 GHz

•

Adaptive Cruise Control

Long range, Pulse

Range: 1 to 200 m

•

Lane Change Assistant

Doppler, [10] [20] [22]

Search Area: 12°

[23] [25] [26]

Speed measurement precision: <

Active sensor, [13]

0.2 km/h
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Angular Precision: < 0.3°
Frequency: 24.125 Ghz

•

Adaptive Cruise Control

Distance range: 10 m

•

ACC/Stop & Go

Velocity range: 60 m/s

•

ACC/Stop & Go + Foresight

Field of view:

•

Lane Change Assistant

•

± 50 0 Horizontal

•

Automatic Parking

•

± 0,5 m/s

•

Forward Collision Warning

Short range, [20] [26]

Accuracy:
•

± 0,05 m

•

± 0,5 m/s

Smallest object: Metal bar 10 mm
diam (vertically placed at 1,5 m)
Dimensions: 90 x 40 x 15 mm
Frequency: 24 GHz

Forward looking, long
range

Frequency: 24 GHz

•

Side Obstacle Detection

Frequency: 5.8 GHz

Side looking, short
range
Side looking, short
range

F = 76.5 GHz

Long range, Pulse

Resolution = 100 cm

Doppler, [10]

Bandwidth = 100 – 500 MHz

Active sensor, [13]

Range = 7 – 150 m

Radar

•

Near field Collision Warning

Active sensor, [9] [11]

•

Lane Keeping Assistant

[13]

•

Obstacle & Collision Warning

•

Rural Drive Assistance

•

Obstacle and Collision
Avoidance

Frequency: 24 GHz
UWD (Ultra Wide Band)

•

Pre-Crash Collision and

Short range, [10]

Mitigation System

Active sensor, [13]

Resolution = 3 cm
Bandwidth = 5 GHz
Range: 0.3 – 30 m
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Transmission Power = -41.3
dBm/ MHz
Infrared Radar

•

Pre-Crash Collision and

Near InfraRed (NIR),

Mitigation System

[17]
Far InfraRed (FIR),
[17]

7.1.2 Lidar
LIDAR (Light Detection and Ranging; or Laser Imaging Detection and
Ranging) is a technology that determines distance to an object or surface
using laser pulses. Like the similar radar technology, which uses radio waves
instead of light, the range to an object is determined by measuring the time
delay between transmission of a pulse and detection of the reflected signal.

The primary difference between lidar and radar is that much shorter
wavelengths of the electromagnetic spectrum are used, typically in the
ultraviolet, visible, or near infrared. In general it is possible to image a feature
or object only about the same size as the wavelength, or larger.
An object needs to produce a dielectric discontinuity in order to reflect the
transmitted wave. At radar (microwave or radio) frequencies a metallic object
produces a significant reflection. However non-metallic objects, such as rain
and rocks produce weaker reflections and some materials may produce no
detectable reflection at all, meaning some objects or features are effectively
invisible at radar frequencies.
Lasers provide one solution to these problem. The beam densities and
coherency are excellent. Moreover the wavelengths are much smaller than
can be achieved with radio systems, and range from about 10 micrometers to
the UV (ca. 250 nm). At these sorts of wavelengths, a lidar system can offer
much higher resolution than radar.
One situation where lidar has notable non-scientific application is for vehicle
speed measurement. The technology for this application is small enough to be
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mounted in a hand held camera "gun" and permits a particular vehicle's speed
to be determined from a stream of traffic. Unlike RADAR which relies on
doppler shifts to directly measure speed, police lidar relies on the principle of
time-of-flight to calculate speed. The equivalent radar based systems are
often not able to isolate particular vehicles from the traffic stream and are
generally too large to be hand held [29].

The summary table of the lidar sensor is as followed (see Table 20).
Table 20. Summary table of the properties of a lidar sensor in certain ADAS

Property, [27]

Present in systems

Comment

λ : 850 - 905 nm

•

Near field Collision Warning

[9] [11] [27]

No. of beams: -8/ +8 (total 16

•

Adaptive Cruise Control

Active sensor, [13]

Beam aperture azimuth: 1° (total

•

Stop & Go

[11]

16°)

•

ACC/ Stop & Go + Foresight

Active sensor, [13]

Beam aperture elevation: 4°

•

Lane Keeping Assistant

[11]

Range: 150 m

•

Lange Change Assistant

Active sensor, [13]

Resolution: 0.1 m

•

Obstacle and Collision Warning

[11]

Rel. velocity resolution: 0.1 km/h

•

Rural Driving Assistance

Cycle time: 60 ms

•

Obstacle and Collision
Avoidance

Active sensor, [13]
[11]
Active sensor, [13] [9]
Active sensor, [13] [9]
Active sensor, [13] [9]

7.1.3 Laser
A LASER (Light Amplification by Stimulated Emission of Radiation) is an
optical source that emits photons in a coherent beam. Laser light is typically
near-monochromatic, i.e. consisting of a single wavelength or hue, and
emitted in a narrow beam. This is in contrast to common light sources, such
as the incandescent light bulb, which emit incoherent photons in almost all
directions, usually over a wide spectrum of wavelengths.
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The laser sensor as such is used in the LIDAR system. In some
documentation the laser sensor is specifically is mentioned and in other
documents they speak about the whole system, i.e. LIDAR. In this report
these 2 items (lidar vs. laser) are mentioned as 2 different systems, while in
fact the lidar system consists of a laser sensor. To keep the distinction
between these 2 terms, while they are in fact the same sensor, the trend set in
the documentation is followed.

The summary table of the laser sensor is as followed (see Table 21).
Table 21. Summary table of the properties of a laser sensor in certain ADAS

Property

Present in Systems

Comment

Beam deflection: horizontal

•

Stop & Go

[12] [20]

Range: 0.3 – 80 m

•

ACC/Stop & Go

[12] [20]

Range: 0.3 – 35 m @ Rr = 5%

•

ACC/Stop & Go + Foresight

[12] [20]

Resolution: 20 mm

•

Automatic Parking

[12]

Accuracy: ± 50 mm

•

Pre-Crash Collision & Mitigation

[12]

Frequency: 10 - 40 Hz

System

Cycle time: 25 - 100 ms
Vertical opening angle: ~ 3,5°
Horizontal angular field: +- 180°
Lateral resolution: 0,25° - 1°

Scan Angle: max. 240°

•

# of scan planes (vertical layers):

Pre-Crash Collision & Mitigation

ALASCA, [16]

System

4
Viewing angle: up to 270°
Angular beam separation: 0,25°

•

Pre-Crash Collision & Mitigation
System

Beam divergence: 5 mrad (beam
diameter: 50 cm in 100 m)
Scan frequency: 10 Hz
•

Distance range reflecting
targets: up to 250 m

•

dark targets (reflectivity 5 %):
up to approx. 40 m
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Standard deviation of a single
shot measured distance: +/- 5 cm
(1 sigma)
Eye-safe laser (laser class 1)
Range: 60 m

•

Lane Change Assistant

[25]

Scan angle = 150°

•

Intersection Support

Two laserscanners
(ALASCA) for
obstacle detection
[15]

7.1.4 Infrared camera
The infrared (IR) camera consists of several components. It is important to
distinquish 2 different versions of the IR camera:
1. Near InfraRed (NIR);
2. Far InfraRed (FIR);

In both systems a camera is used which is sensitive to heat radiation of
objects. The difference is that systems using NIR technology include extra
illumination by IR-headlights while the FIR systems do not have those special
headlights. This means NIR systems pick up the extra radiated objects while
FIR only picks up the regular radiation of objects. This is made clear in Figure
2.

- 34 / 34 -

Capita Selecta Virtual Reality

– 285080 –

M.Pijpers - 8-1-2007

Figure 2. Explanation of NIR and FIR systems and their components

The used sensors can be mounted in the vehicle in pairs (stereo) or as a
single device (mono) [9].

No further sensor information can be found in the documentation, so the
summary table is short, see Table 23.
Table 22. Summary table of the properties of an infrared camera sensor in certain ADAS

Property

Present in systems

Comment

λ : 800 nm

•

Near InfraRed (NIR),

Night Vision

[8]

λ : 7 – 14 µm

•

Night Vision

Far InfraRed (FIR),
[8]
Both systems are
mono-camera, [9]

-

•

Platooning

[18]

-

•

Pre-Crash Collision and

Near InfraRed (NIR),

Mitigation System

[17]
Far InfraRed (FIR),
[17]
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7.1.5 Vision
A vision sensor is a device which collects light on a light sensitive backplate.
This backplate can have different properties and purposes. Think about a
none moving plate like used in photography or a moving backplate like in
analogue cameras (then it is called film, not backplate). Since the introduction
of digital cameras, the backplate can consist roughly of 2 different version:
CMOS and CCD.

CCD stands for Charge Coupled Device. CCDs containing grids of pixels are
used in digital cameras, optical scanners and video cameras as light-sensing
devices. They commonly respond to 70% of the incident light (meaning a
quantum efficiency of about 70%,) making them more efficient than
photographic film, which captures only about 2% of the incident light. As a
result CCDs were rapidly adopted by astronomers.
An image is projected by a lens on the capacitor array, causing each capacitor
to accumulate an electric charge proportional to the light intensity at that
location. A one-dimensional array, used in line-scan cameras, captures a
single slice of the image, while a two-dimensional array, used in video and still
cameras, captures the whole image or a rectangular portion of it. Once the
array has been exposed to the image, a control circuit causes each capacitor
to transfer its contents to its neighbour. The last capacitor in the array dumps
its charge into an amplifier that converts the charge into a voltage. By
repeating this process, the control circuit converts the entire contents of the
array to a varying voltage, which it samples, digitizes and stores in memory.
Stored images can be transferred to a printer, storage device or video display
[30].
The big difference between a CMOS and a CCD chip is the fact that within a
CCD chip the whole array of capacitors needs to be powered for obtaining
results from the pixels. In a CMOS chip it is possible to retrieve information
from each pixel individually [31]. Besides that, CMOS image sensors draw
much less power than CCDs. This allows the finished digital camera system to
run longer on batteries—a major advantage in hand-held products. Since
CMOS

sensors

use

the

same

manufacturing
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microprocessors and memory chips, they are easier to produce and more
cost-effective than CCDs. By combining all camera functions on-chip—from
the capture of photons to the output of digital bits—CMOS image sensors
reduce the part-count of a digital camera system, which in turn boosts
reliability, eases miniaturization, and enables on-chip programming of frame
size, windowing, exposure, and other camera parameters [32].

As said in the description of the IR camera vision sensors can be installed
with only one sensor. Then it is called a mono setup. When two or more
sensors are used it is called a stereo setup. For a simple overview of this
property, see Figure 3.

Figure 3. A sensor installed in mono setup (blue) and a sensor installed in stereo setup (red)

There are many installations that use the vision sensors. A summary table of
those systems is given in Table 23.
Table 23. Summary table of the properties of a vision sensor in certain ADAS
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Property

Present in systems

Comment

Monochrome:

•

Both mono as stereo,

Lane Change Assistant

Full image: 240 x 320 pixel

[9]

ROI: 129 x 213 pixel

ROI = Range Of

Range: 70 m

Interest

Stereo Panoramic:

•

Lane Change Assistant

[24]

Surface view:
•

Horizontal: 360°

•

Vertical: 180°

Angular estimate: 2°

@ actual position,

Angular estimate: 4°

[24]

Standard deviation: <0.6°

@ 5 m, [24]

Monochrome CMOS:

•

Focus depth: 5 m

Pre-Crash Collision and
Mitigation System

Full aperture
•

Horizontal: 40°

•

Vertical: 40°

Spectral range: 400 - 800 nm
Resolution: 512 x 512 pixels
Image size: 6,4 x 6,4 mm2
Frame rate: 20 Hz
Logarithmic response: > 100 dB
Primary data output: 12 bit
4 pairs of LVDS signals
Pixel transmission clock: 20 MHz
Dimensions: 140 x 50 x 50 mm3
Temperature range
•

Operating: -20…+55 °C

•

Storage: -20…+70 °C

Resolution: 640 x 480 pixels

•

Lane Keeping Assistant

Opening angle:
•

Horizontal: 45°

•

Vertical: 22°

Greyvalue: 12 bit
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Range: 50 – 70 m
Resolution (d:50m;f:5.7mm): 0.07
m
Cycle time: 40 ms
-

•

Near Field Collision Warning

Mono, [9]

-

•

Side Obstacle Detection

On Volvo cars

-

•

Adaptive Cruise Control

Stereo, [9]

•

ACC/Stop & Go

•

ACC/Stop & Go + Foresight

•

Lane Departure Warning

Both mono as stereo,

•

Lane Keeping Assistant

[9] [11]

-

Passive sensor, [13]
-

•

Intersection Support

One video camera for
road marking
detection [15]

-

•

Obstacle & Collision Warning

Mono, [9]

•

Rural Drive Assistance

Passive sensor, [13]

•

Obstacle and Collision
Avoidance

-

•

Platooning

Capture images from
left side and rear
view, [18]
Also used for LDWS,
[18]

7.2 Sensors in future systems
7.2.1 Ultrasonic
Ultra sonic sensors are today largely spread in automotive industry for the
short distance obstacle detection, most of the time to assist the driver for back
manoeuvres. Based on a 40 kHz sound pressure wavelength, the sensor
cover a range of 1 to 3 meters detecting objects in an horizontal beam width
of maximum 100° and 60° vertical. They suffer of insufficient information on
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the objects angular position so that echo cancellation, mainly on the road
surface, is impossible to filter.

New development of beam-forming technology brings the ability to measure
targets angles. Beam-forming is a "software only" control of delays introduced
in the reception (and/or emission) of ultra sounds on a set of several sensors,
offering wider angles of detection.

The summary of the properties for the ultrasonic sensor is in Table 24.
Table 24. Summary table of the properties of an ultrasonic sensor in certain ADAS

Property

Present in systems

Comment

F = 40 kHz

•

Pre-Crash Collision and

In adverse weather

Mitigation System

conditions, [19]

Distance range : 0 to 3 meter
Distance accuracy : 10 cm

•

Obstacle & Collision Warning

Angular range : 120°
Angular accuracy : +/- 5°
Response time: 60 ms

7.3 Pros and cons of separate sensors
Table 25. Pros and cons of different sensors

Sensor

Pro

Con

Radar

•

Suitable in environment with

•

Beam blockage

reflections

•

Bad lane detection

•

Accurate speed detection

•

Big size

•

Send out wave is not affected

•

Bad vehicle, pedestrian

by obstacles as bumpers
•

Good distance detection

•

Possible for short and long

detection

range detection
Lidar/ Laser

•

Small obstacles detectable
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•

Good obstacle detection

•

Big size

•

Good distance/ speed detection

•

Bad vehicle, pedestrian
detection

•

Smaller range than Radar

•

Traffic signs show very poor

Infrared

•

Usable under night conditions

Camera

•

Good lane detection

Vision

•

Showing images of ‘reality’

•

Good lane detection

•

Small sizes

•

Bad obstacle detection

•

Good vehicle, pedestrian

•

Bad speed/ distance

contrast
•

needed for data processing

detection

detection
Ultrasonic

Difficult electronic system

•

Short range detection

•

High angular range

•

Easily distorted by reflections
of the road

•

No angular position

•

No echo cancellation

The pros and cons of the lidar and laser sensor are combined since a lidar
system consists of a laser sensor. As can be seen in Table 25 there is no
sensor with a perfect combination of properties. Therefore the power in a
modern ADAS system will be in the combination of sensors so the most
suitable combination can be used. An example of that is given in Figure 4 [9].
This is surely not the only combination as many other examples can be given
with different outcomes.
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Figure 4. Example of a combined sensor approach which combines the best properties of
different sensors [9]
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8 Conclusion/ End result
A summary of 2 kinds is given. The first is a full list of sensors available in the
mentioned ADAS. Some tables may seem to be incomplete, but because the
documentation is not always clear about which type of sensor is used, the list
summarizes what is mentioned in the literature.

In the second list all the sensors are listed. The same distinction is made as in
the first list between already used systems and future systems. With each
sensor a short description is done how the sensor works together with a
summary table of all the properties mentioned in the report of that particular
sensor.

After these listings a short table is put in to show the pros and cons of different
sensors. As already mentioned there, there is no perfect sensor which can do
it all. The power lies in the combinations of different kinds of sensors for a
successful implementation of different ADAS systems.
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