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1. Introduction
This chapter describes a proposal for a new type of Laser Scanner for use in trafﬁc
management. The chapter begins by outlining current trafﬁc management systems, ongoing
research areas and the perceived failures of present and some proposed implementations.
Though the initial background presentation is long winded this is deemed necessary so the
reader can gain a fuller insight into the new Laser Scanner technology being proposed.
The United Nations on its report “State of world population 2007” (UNFPA, 2007) declared
that:”In 2008, for the first time, more than half of the world’s population will be living in urban areas.
By 2030, towns and cities will be home to almost 5 billion people”. This growth both in cities and
inhabitants is directly proportional to mobility demands and requirements. In this situation,
strategic trafﬁc management is a key factor, even though it also involves different sectors such
as economic (oil dependency), environmental (pollution, noise. . . ), safety (both drivers and
pedestrians) and health (breathing problems, circulation. . . ).
Trafﬁc authorities are encouraged to coordinate trafﬁc management and monitoring focusing
on Road Safety problems. The Intelligent Transport Systems (ITS) is a solution in trafﬁc
management and user mobility thanks to the development and use of different applications
and technologies (Ertico, 2008; ITS, 2008). Intelligent Transport Systems and Services include
a wide variety of sectors and areas that previously did not have a direct connection between
them.
ITS systems increase road safety by incorporating breakthrough technologies in different
levels of management and control. These subsystems (trafﬁc ﬂow information systems,
travelers’ information systems, highways monitoring and management systems, incident
management, pedestrian detection. . . ) rely on the trafﬁc parameters provided by sensors
measuring in real-time the situation on the road. The quality of the metrics received is a
key for a correct network management and monitoring (García, 2000; Martin et al., 2003; Van
Arem et al., 1993). The Utah Trafﬁc Laboratory (UTL) on the report “Detector Technology
Evaluation” carried out in November 2003 speciﬁes that: “The data collected must be plentiful,
diverse, and accurate. These complex data requirements present a challenge to traffic detection
systems”(Martin et al., 2003). This statement demonstrates the importance of the trafﬁc data
and therefore of the sensor systems.
Traditionally, sensors have been used as mere measurement points, isolated from each other,
that send the information to a central node which gathers the intelligence and information
generated by the system (Sepulcres & Gozálvez, 2006). This node supports the applications,
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the processing and analysis of data received and also, in certain cases, executes the required
remedial actions or control strategy.
Since there are a number of sensing technologies relevant to ITS, several studies and reports
comparing them have been published (Fang et al., 2007; Klein et al., 2006; Mimbela & Klein,
2007; Skszek, 2001; Turner & Austin, 2000). Inductive loops and magnetic sensors require
road closure for their installation and maintenance. The video image processor is vulnerable
to weather and light conditions. Ultrasonic and infrared sensors lack stability in noisy
environments. Microwave radars are not suitable for vehicle classiﬁcation (Klein et al., 2006).
Laser scanner sensors installation and maintenance do not require road closure, and are more
robust and less vulnerable to weather conditions and noisy environments, and are thus the
best option for trafﬁc parameter detection.
To solve this situation, a solution is presented to optimize infrastructure sensors already
installed in cities, focusing on the case of laser scanners, tackling the problem in two ways: on
one hand by developing sensors able to provide more accurate and valuable trafﬁc parameters
and on the other by endowing the sensors with “intelligence”. These innovations introduce
an approach geared towards a new generation of sensors able to cooperate and communicate
with the trafﬁc control center (TCC).
The detection system used is a laser scanner, which provides information in real-time about:
detection (presence), ﬂow rate, counting and vehicle classiﬁcation. The classiﬁcation has been
made following statistical methods in eight groups (8+1): powered two-wheels (motorbikes,
. . . ), car, car with trailer, van, truck, truck with trailer, artic, bus + unclassiﬁed. The intention is
to improve trafﬁc management quality by providing supported information about the trafﬁc
parameters on the road network.
1.1 State of the art

Road safety became a global concern with the release of the, “World Report on Road Trafﬁc
Injury Prevention” (Peden et al., 2004). This report declares that, “Of all the systems with which
people have to deal every day, road traffic systems are the most complex and the most dangerous.
Worldwide, an estimated 1.2 million people are killed in road crashes each year and as many as 50
million are injured. Projections indicate that these figures will increase by about 65% over the next
20 years unless there is new commitment to prevention”. Some important mistakes were detected,
“Insufﬁcient attention to the design of trafﬁc systems” (Peden et al., 2004). This statement
conﬁrms the reason to develop and design trafﬁc monitoring systems to help reduce the actual
trafﬁc accident rate.
In April 2004, the General Assembly of the United Nations (UN) approved a resolution urging
the improvement of road safety in the world (UN, 2004). This assembly invited the World
Health Organization (WHO) to coordinate the safety activities within UN organizations. This
was the beginning of the, “Road Safety Collaboration Group” with representatives of more
than 42 organizations. Key provisions of the UN resolutions related with “Road Safety” are
summarized in:
• May 2003 - UN General Assembly: Global Road Safety crisis. Called on governments and
civil society to raise awareness and enforce existing road safety legislation (UN, 2003b).
• November 2003 - UN General Assembly: Global Road Safety crisis. Formalized,
“Improving road safety” as an agenda item for the 60t̂h General Assembly Session (UN,
2003a).
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• May 2004 - UN General Assembly: Improving Road Safety. Acknowledged the release of
the World Report on Road Trafﬁc Injury Prevention (UN, 2004).
• May 2004 - World Health Assembly: Road Safety and Health. Requested to encourage
research to support evidence-based approaches for prevention of road trafﬁc injuries and
mitigation of their consequences (WHA, 2004).
• October 2005 - UN General Assembly: Improving Global Road Safety. Encouraged
international community to lead ﬁnancial, technical and political support to improve road
safety (UN, 2005).
• March 2008 - UN General Assembly: Improving Global Road Safety. Encouraged private
and public sector to implement policies to reduce crash risk for occupants and other road
users (UN, 2008).
In this situation, strategic trafﬁc management is a key factor in Intelligent Transport Systems
applications. In urban areas, the trafﬁc control center gathers parameters and information
about real time trafﬁc which are used to implement trafﬁc policies and legislation.
1.2 Review of related work: Laser Scanner in ITS systems

In the literature, three main research lines are the most important: sensor development,
applications and improvement of time-of-ﬂight (ToF) techniques. Today, most of the effort
is focused on development of the applications. The group of authors working on sensor
development focuses on laser optical systems and laser telemetry. In the University of
California-Davis, Cheng et al.(Cheng et al., 2005; 2001) developed a laser-based detector using
a laser line projected on the ground and the reﬂected beam is collected and focused onto a
photodiode array. Even though this sensor can provide information at speed, it uses two
lasers. The weakness of the system is sensor costs are increased by using two transmitters and
receivers. A slight error in the laser beam alignment during the installation of the sensors can
result in signiﬁcant errors and further, only one lane can be monitored at a time. The range
sensor presented by the University of Central Florida cannot be applied in real-time (Hussain
& Moussa, 2005).
Other research avenues consider it more important to use well designed and highly reliable
commercial products than to work on the development of new sensors and work on
improving acquisition and signal treatment without going into sensor technology. This group
focuses on the application and represents the majority of the current research (Abdelbaki et al.,
2001; Fuerstenberg & Dietmayer, 2004; Gallego et al., 2007; Harlow, 2001; Hussain & Moussa,
2005). Fuerstenberg and Dietmayer (Fuerstenberg & Dietmayer, 2004) investigate sensors
installed in vehicles in order to detect moving pedestrians. Hussain and Moussa (Hussain
& Moussa, 2005) develop a vehicle classiﬁcation system called AVCSLII. The classiﬁcation
algorithm was produced by training neural networks and experimental results present ﬁve
classes based on a database of 4995 vehicles. Harlow and Peng (Harlow, 2001) propose a
solution to vehicle detection by processing range imagery. The solution produces different
classiﬁcation methods generated by two laser scan lines separated by 10◦ .
The authors do not take advantage of the two sweeping laser scan lines to exploit all the
potential information, nor do they use the laser scans to measure vehicle speed. The proposal
lacks in-depth analysis of speed, requires a larger database and further study under different
weather conditions. Lastly, scientists have made a breakthrough in circuit design. It is worth
mentioning the research of J. Kostamovaara of the University of Oulu in Helsinki (Palojarvi
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et al., 2005; Pehkonen et al., 2006), who investigated and optimized the receiver channel for a
pulsed, ToF, laser range ﬁnder using BiCMOS technology.

2. System description
Present Laser Scanners are not designed speciﬁcally for trafﬁc control applications, though the
few which are do not provide the software needed for signal acquisition and treatment thus
none of the actual systems can provide information in real time.
The proposed Laser Scanner System provides a set of sensor (laser scanner), communications
and software modules able to detect and classify vehicles in real-time, acquiring and storing
their silhouette and 3D image in addition to required trafﬁc parameters.
2.1 Technical requirements

Laser Scanners measure the ToF of the coherent light coming from an emitter laser, and
reﬂected by the vehicle for its detection. By means of the laser technology, parallel and
coherent beams can be generated. A pulsed laser beam is emitted by the laser scanner and
reﬂected by the vehicle. The reﬂection is registered by the scanner receiver. The time elapsed
between the emission and reception of the pulse is directly proportional to the distance
between the scanner and the object. For correct vehicle detections the minimum number of
readings to identify a vehicle is 20 measurements. Laser scanners measure the time-of-ﬂight
of the laser pulse reﬂected by the vehicle. The laser works in the infrared range, approximate
wavelength 0,9 um, which is outside the visible range thus avoiding possible distraction to
road users. Furthermore the chosen laser frequency also lies outside the bandwidth of sunlight
thereby minimizing this source of interference.
The laser scanner is located at a suitable height above the road to cover all lanes. Therefore the
system must be located vertically above of the road with a minimum height of 5 meters, Fig.
1(a). In order to provide the required cross-sectional readings on each vehicle, it is advised to
work with angular steps of 1◦ , Fig. 1(b). This angle can be increased as long as direct vision to
the lanes is guaranteed.

(a) Laser Scanner Positioning

(b) Operation Principle

Fig. 1. Operation Principle
The communications between sensor and control unit included in the laser scanner system
will be done via RS232 using a proprietary protocol. This communication can be implemented
using the Ethernet protocol. By means of these speciﬁcations, the laser system should be able
to detect and classify vehicles; as well as, acquire and store their silhouette.
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After the preliminary studies carried out laser scanner system requirements for its use are
shown in Table 1.
System Requirements
General
located vertically above of the road (m)
Maximum Consumption (W)
Laser Class
Emitter type

5
40
I (safe)
IR Laser diode

Communications
Interface
Baudrate (KBd)
High speed option (MBd)

RS232 optional RS485/422
9,6 - 500
1,5

Scanner
Scanning frequency (HZ)
Response time (ms)
Scanning angle (◦ )
Angular resolution (◦ )
Resolution (mm)

15 - 100
53 - 10
100 - 180
0,25 - 1
10

Functional
The laser scanner system should be able to detect and classify vehicles
The laser scanner system should be able to allow the acquisition and storage of
silhouette of vehicles
The laser scanner system should be located in the vertical of the road to a minimum
altitude of 5 meters
The laser scanner system must have direct vision to the lanes
The laser scanner system should be able to communicate to the local trafﬁc control
center using Ethernet Communication
Table 1. Technical Requirements
2.2 Laser Scanner measurement and data principle

Laser scanner is used in measuring mode (of the distance values). This means that the
laser scanner outputs each distance value in two data bytes. In the standard measuring
conﬁguration, data bits 0 to 12 are used to represent the distance, while data bits 13 to 15
are not used. These 13 data bits enable 213-1= 8191 coding options to be represented. As we
have selected a measured value resolution of 1 mm, this will result in a maximum measuring
distance of 8191 mm.
The communications with the laser scanner are done through commands. Commands are a
set of predeﬁned instructions which carry out different operations like the conﬁguration of the
system. The following remarks are important to know how the laser scanner communicates,
thus it is also important to understand the hardware developed:
• Data format is set as follows: 1 start bit, 8 data bits and 1 stop bit (8N1).
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• Laser scanner outputs data in ascending angular steps. The angular values themselves are
not transmitted; instead, the data ﬁeld only comprises distance values.
• Laser scanner is conﬁgured by means of commands called telegrams. A send telegram
always contains only one control command, and a response telegram contains only one
response from the laser scanner.
The next instructions set must be followed in order to conﬁgure the laser scanner: baudrate
conﬁguration (9600, 38400 or 500K), range conﬁguration (100◦ , 180◦ ), resolution (1◦ , 0.5◦ ,
0.25◦ ) and measurement units (mm, cm).
2.3 Architecture hardware

The detector is divided into three parts: the sensor, the control unit, and the software
classiﬁcation program (Gallego et al., 2009). The sensor is installed in the pole of the trafﬁc
light. The control unit comprises the hardware and communications module. And lastly, the
classiﬁcation program running on a computer.
The communications between the sensor and the control unit is via RS422. At high speed
baudrate communication it is not possible to use serial communication between the control
unit and the computer, therefore we have chosen standard USB. This way connection to the
computer would be effected using the USB port.
The control unit must: establish communication with the laser scanner, modify the
conﬁguration settings and carry out the signal pre-treatment using DSP microcontrollers
(Digital Signal Processor). The signal processing is done in two stages which are in different
physical locations. The vehicle detection is done on the control unit and the vehicle
classiﬁcation is done on the computer. The ﬁnal control unit designed is shown in Fig. 2.

(a) HW front

(b) HW back

(c) HW connectors

Fig. 2. Hardware Design
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The ﬁrst task was to establish communication with the laser scanner sensor. The sensor sends
data using the communication standard RS422; it provides a service for data transmission,
using balanced or differential signaling. Therefore the ﬁrst requirement was to develop
hardware able to read this information using the computer serial port. For this purpose the
hardware unit designed included differential drivers and converters. The differential driver
and receiver pair was designed for balanced transmission-line and it is used to convert from
RS422-TTL. Later on, another converter from TTL to RS232 level is needed to communicate
using the serial port of the computer. The communication was established successfully
with the laser scanner sensor. The bidirectional communication required for setting the
conﬁguration was facilitated by means of the sensor commands.
DSP microcontroller is the only solution, because the sensor sends 361 measurements per scan
each 13 ms. The DSP ﬁrmware was developed for:
• signal pre-treatment,
• laser scanner conﬁguration,
• and data conﬁguration.

3. Data normalization
The signal processing is done in two stages which are in different physical locations. The
vehicle detection is done on the DSP and the vehicle classiﬁcation is done on the computer,
using decision trees. Prior to vehicle classiﬁcation data detected by the laser scanner needs
to be pre-treated. This pre-treatment consist of geometric corrections and detection and
elimination of static objects on the road. The goal of data normalization is obtain a 3D matrix
representing detected vehicle.
Data received from the laser scanner must be normalized in three steps:
• Geometric corrections, due to data measure by laser scanner.
• Elimination of static objects on the road.
• Lost reﬂections.
3.1 Geometric corrections

Data sent by laser scanner is the distance between the sensor and the vehicle or the detected
object. This distance is not perpendicular to the road and is related with the angle, α, at which
the measurement is taken. Several authors refer to this consideration as geometric correction
(Harlow, 2001). Graphically, in Fig. 3, value measured is A, whilst the information needed
is the height h and the position x. By simple mathematics the height of the object h and the
position x can be calculated.
3.2 Static objects

Detection and elimination of static objects on the road is easily implemented by storing an
offset vector in absence of vehicles, Fig. 4. This offset vector is subtracted from the laser
scanner data thus ensuring permanent ﬁxtures and road anomalies are eliminated.
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Fig. 3. Geometric Corrections

Fig. 4. Offset Vector
3.3 Lost reflections

The intensity of reﬂected sunlight from the road is a critical parameter that affects sensor
measurements. Clouds blocking the sun are the most important cause for fast and/or large
changes in intensity.
As explained previously, the laser scanner principle of operation is based on the measurement
of the ToF. The changes in light intensity produce reﬂections too weak thus they are not
received within the maximum detection time set by the sensor. These changes generate false
measurements that can cause the sensor to report misleading data.
This effect is a characteristic of the vehicles most reﬂective parts i.e. the front and back
windows. The light of the laser pulse emitted undergoes a reﬂection at an angle that does not
agree with the detector position, thus the diffuse reﬂection does not take place in a direction
that is advantageous to the detector. Fig. 5 shows the image of a vehicle with lost reﬂections
that can be seen in the front and lateral windows because they show height values among 0
and 200 mm, corresponding to the blue color. In the case of the front window, it is possible to
verify the data as the expected received pulse values should be between 1.000 and 1.400 mm,
while what it is actually received are lower values due to the lost reﬂections.
In order to be able to correct these errors due to the intrinsic nature of the operation of the
sensor it is necessary to do a depth revision of the detected values. After several studies, we
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conclude that in this situation all the erroneous values had a typical characteristic of height
lower than one meter. Therefore, by ﬁltering the information the erroneous data, so called lost
reﬂections, are eliminated.
The following algorithm was used to eliminate the lost reﬂections:
• For each of the rows of the vehicle matrix:
– Step one: If there are unknown values between well known values, these known values
are copied instead of each of the unknown values.
– Step two: If there are unknown values between two data sets with well known values,
the greater values are copied instead of each of the unknown values.
– If there is a row in the matrix containing only unknown data, the row is left as it is.
• The matrix is transposed.
• For each row repeat steps one and two.
This algorithm is programmed in the DSP ﬁrmware. To reduce the processing time only the
valid vehicle detection data is sent to the computer.
The corrections after executing the algorithm are shown in Fig. 5.

Fig. 5. Lost Reﬂections
3.4 Data anomalies

Laser scanner sensors that are mounted to the side or over a road may experience two types
of data anomalies: lateral views and the effect of the speed (Klein et al., 2006).
Lateral view is an effect that can appear when a large vehicle hides another smaller one. The
effect of tall cars blocking other lanes is shown graphically in Fig. 6. In this case a passenger
car is almost hidden by a taller bus driving in an adjacent lane. The bus covers the passenger
car from the sensor. The sensor detects the car, measurement A, but the next value detected,
measurement B, is for the bus, so both detections overlap and cause an undercounting. In
order to determine overlaps and solve errors, it is necessary to analyze the matrix with the
isolated vehicle information.
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Fig. 6. Data Anomalies: Taller cars blocking angle’s view
Also, the effect of speed has to be eliminated. Not all vehicles travel at the same speed on
the road, so the information we have from each of them varies. This affects the silhouette
obtained. By means of decimation and interpolation techniques, the matrices corresponding
to all the vehicles which determinate their size are standardized. Thus, distortion effects due
to the speed of travel are corrected.
3.5 Detection techniques: string contour

The detector covers not only one lane but four, so that more than one vehicle can be detected
at a time, see Fig. 7(a). It is important to be able to isolate the different vehicles detected even
though they have been detected at the same time. It is easy to reconstruct the vehicle when
only one car crosses over the detection area. In this case all the information received belongs
to the same car, and stream-by-stream the vehicle can be reconstructed. But in general, under
normal circumstances this would not be the situation when several vehicles cross under the
detector at the same time.
We used string contour techniques to isolate and reconstruct vehicles (Wilson, 1997), see Fig.
7(b) and Fig. 7(c). This technique makes it very simple and easy to implement the monitoring
of contours in binary images. The basic function of the algorithm is to search, isolate and store
the information of vehicles in independent ﬁles in a matrix format.
3.6 Conclusions

After a depth data normalization process information gathered by laser scanner can be
isolated in a matrix. This matrix represents the vehicles detected once isolating one from
others. Thus, the software requirements deﬁned are shown in Table 2.

4. Methods
The classiﬁcation algorithm aims to deﬁne a set of standards or group of patterns that allow
the classiﬁcation of the study group into two or more categories (Bishop, 2006; Jain et al.,
2000). It was decided to use statistical recognition of standard systems because, from a set of
numerical measures with well known probability distributions, recognition and classiﬁcation
is possible.
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(a) 3d view of the road

(b) Vehicle detected 1

(c) Vehicle detected 2

Fig. 7. Detection techniques
Software Requirements
Data Acquisition
The system must be able to treat correctly the information sent by the laser scanner.
DSP ﬁrmware must be able to carry data normalization by setting an offset line.
The system, after the correct data normalization, must sent these information to the
computer for its processing via USB port at 1.5MBd.
Data Treatment
Information received must be correctly treat in order to get valuable information
to be sent to the trafﬁc control centers.
After this process the following information is due to obtain: vehicles detection and all
the statistical and values that can be inferred of them: intensity of the trafﬁc (veh/h)
and density mainly.
The processing of the signal must follow the algorithms deﬁned of data normalization
(geometric corrections, static objects and lost reﬂections) and data anomalies
(lateral views and the effect of the speed).
Information provided must be reliable and valuable.
Table 2. Software Requirements
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The classic techniques of patterns recognition and classiﬁcation can be parametric (Bayesian,
linear discriminant, support vector machine. . . ) or nonparametric (histograms, K neighbours,
decision trees . . . ). Since the 90’s it is being use in addition techniques based on artiﬁcial
neuronal networks. In the trafﬁc area the neuronal networks have been used habitually
in the case of artiﬁcial vision, with important congresses of IEEE dedicated to the subject.
For example, the congresses on “Computer vision and Pattern Recognition” has already being
celebrated since 1985. Multinomial pattern matching has been used in the detection of vehicles
(Koch & Malone, 2006) by means of IR or acoustic sensors (Cevher et al., 2007a;b).
After the data recollection, the ﬁrst stage in the pattern recognition is the learning or training
stage. In this phase it is used a group of data which, a priori, the class is known which they
belong and this group serve to train to the system. This strategy denominates supervised
learning, when knowing itself the patterns; if they were not known it would deal with learning
non supervised (Friedman & Kandel, 1999; Ripley, 1997).
In the cases of supervised learning two situations can be given: that the objective is to
assign each value of entrance to one of a ﬁnite number of discreet categories, which is called
classiﬁcation problem; or that the objective is to assign one or more variable continuous, being
then regression. The cases of supervised learning can have different objectives: to detect
groups of similar examples within the data, clustering; to determine the distribution of the
data in the entrance space, density estimation; or to project the data in spaces of smaller
dimension to visualize them (Bishop, 2006).
The group of data known like training group, deﬁnes the patterns corresponding to each one
of the categories that are desired to classify, and allows to determine the function that will be
used for the classiﬁcation (Bishop, 2006). The best the training group would be, the best the
patterns will deﬁne and better discriminations will allow to carry out (Jain et al., 2000).
Once the model has been trained begins the second and last stage that is the classiﬁcation or
recognition of new data. This procedure is realized with the test group. In some practical
applications where data are complex it is needed to pre-process itself to transform them into
a new space of variables, so that the problem of recognition of pattern is easier to solve.
The purpose of this stage of pre-processed (also called extraction of characteristics) is to
ﬁnd useful characteristics that are easy to calculate and that they maintain information for
the discrimination in classes. That is to say, one is in charge to extract a set or vector of
characteristics that will locate the data in points of the n-dimensional space of classiﬁcation
(Bishop, 2006; Sobreira & Rodríguez, 2008). In this case the vector of characteristics is used
like entrance of the algorithm of recognition of landlords. Also the pre-processed is realized if
it is desired to increase the speed of calculation in applications of real time (Bishop, 2006).
4.1 Classification: Decision trees & boostraping

Given a collection of records they are divided into two subgroups: a training group and a test
group (Bishop, 2006). The classiﬁcation algorithm is designed used decision trees. These trees
are constructed beginning with the root of the tree and proceeding down to its leaves. Using
decision trees we developed a model for each class attributes as a function of the values of
other attributes (Matlab, 2009; Teknomo, 2009). Therefore future and unseen records could be
assigned a category or class as accurately as possible. The test set is used to determine the
accuracy of the model.
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The construction of decision trees is the method of supervised inductive learning more used.
Its dominion of application is not restricted to a concrete scope but they can be used in diverse
areas, from applications of medical diagnosis to games like the chess or systems of weather
forecast (Díaz, 2007).
The decision trees adjust perfectly, as anticipated, to the data of the learning group, but they
can realize predictions not very right in the case of new values. The branches inferiors,
especially, can be seen strongly affected by atypical values. Simpler trees can offer often better
results avoiding overﬁtting it (Matlab, 2009).
The technique of bootstrap is a resampling method that was proposed by Bradley Efron in
1979. It is used to approximate the distribution in the sampling of a statistical one. We used
Boostraping techniques since boosting is a general method for improving the accuracy of
any given learning algorithm (Michien et al., 1994). The concept of boosting, i.e. adaptive
resampling, applies to many learning methods (Correa, 2004; Schapire & Singer, 1999).
However, resampling is particularly advantageous when used in conjunction with decision
trees, because of two key reasons; decision tree algorithms are relatively efﬁcient in high
dimensions, and decision trees tend to have a bigger component of variance than other
methods like nearest neighbors or neural nets (Apte et al., 1998).
4.2 Classification standards

Generally, the standards regarding vehicles classiﬁcation do not have entity by themselves,
but they are part and included in more extensive norms about ITS systems (Middlenton
et al., 2002). The Department of American transport, by means of the family of standards
NTCIP (acronym of National Transportation for Communication ITS Protocol) has deﬁned the
communication protocols and the vocabulary necessary to allow the interoperability between
commercial equipment of trafﬁc control of different manufacturers (NTCIP, 2009). Standard
NTCIP 1209 deals with trafﬁc sensors. It is in this standard where it will be included all
regarding detection, count and classiﬁcation of vehicles. In Europe, different standards for
equipment have been developed from capture of data, but at national level, in countries like:
France, Holland and Germany (Middlenton et al., 2002).
The number of axes of the heavy vehicles is also the base of the American standard deﬁned
by the FHWA (acronym of Federal Highway Administration) member of the American
Department of Transport. The FHWA in its report “Trafﬁc Monitoring Guide’ ’ it states:
“for many of the carried out analyses by the traffic agencies the simple schemes of three groups
(vehicles of passengers, articulated trucks of a unit and trucks) are valid, but other times a more
sophisticated classification is required” (FHWA, 2001). At the moment, from the North American
states are few that completely use the classiﬁcation in 13 groups deﬁned by the FHWA,
although they use variations of the same following the vehicle park that circulates around
each one of the states. In addition, the majority of the American manufacturers of commercial
equipment already provides the classiﬁcation of vehicles in the categories deﬁned by the
FHWA (Metrocount, 2009). The American standard is focused towards a classiﬁcation
centered in trucks, since of the 15 classes that deﬁne 6 of them they base on trucks with and
without trailer and with diverse axes.
Finally, on Europe a great part of the counting equipment and commercial systems of
classiﬁcation are based on German standard TLS (deﬁned by the federal institute of
investigations of highways, Bundesanstalt fur Strassenwesen) (Bundesanstalt, 2008).
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Like in the American case, the most important companies of the sector also have adopted this
standard. An example of it is: Weiss Electronics with models like the MC2024 (Electronic,
2009); Efkon with models like the AE TITAN 3000 (Efkon, 2009); and Xtralis with models like
the DT 350 or TT290 (Xtralis, 2009). Also, European projects of VII Program Frame like project
TRACKSS, use the same standard for applications of vehicle classiﬁcation.
Although these classiﬁcations of vehicles are used by the administration, exist other that are
not based on ITS applications. It is the case of the automobile companies, that use different
classiﬁcations from their models in classes like: microcar, sedan, station wagon, sport cars,
grand tourers . . . They exist, also, the famous classiﬁcations of security Euro NCAP (acronym
of European New Car Assessment Programme) that group among others to the vehicles in:
supermini, family car, executive, MPV, 4x4 . . . (EuroNCAP, 2009).
The classiﬁcation we used is done based on the German standard TLS. The classiﬁcation is
done in eight groups (8+1): powered two-wheels, passenger car, car with trailer, van, truck,
truck with trailer, artic and bus, + unclassiﬁed. See Fig. 8.

Fig. 8. Classiﬁcation Tree

5. Experimental results
5.1 Laboratory tests

The detection and classiﬁcation abilities of the prototype system were tested using a
laboratory model in an environment as similar as possible to the road environment. The
detector was placed 1.5 meters above the road instead of the 6 meters used in real conditions.
Different vehicle prototypes were made on a 1:60 scale to the real ones.
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Initial detection tests were carried out with prototypes crossing the detector area every 2
seconds. In this situation, the vehicle detection worked successfully. The confusion matrix
shows the counts of the actual versus predicted class values. It shows not only how well the
model predicts, but also presents the details needed to see exactly where things may have
gone wrong, and it is represented by:
• TP (True Positive) - number of vehicles detected = 495.
• FN (False Negative) - number of vehicles not detected = 4.
• FP (False Positive) - number of objects different from vehicles that have been detected = 1.
• TN (True Negative) - number of objects different from vehicles that have not been detected
= 0.
Evaluation from laboratory tests
Confusion Matrix
Detection System

D D
D 495 1
D 4 0

Detection Rate: 99.2%
Precision: 99.8%
Accuracy: 99%
Table 3. Laboratory Tests - Vehicle Detection
The system achieved high detection accuracy and precision in the case of vehicle detection
with rates of 99.2% and 99.8%, respectively. When the prototypes speed was increased the
detection was also successfully.
The classiﬁcation tests were done using the following protocol:
• The prototype A crosses the detection area every 10 seconds at a constant speed, for two
minutes.
• Idem for prototype B.
• Prototypes A and B cross the detection area at the same time with similar speed every 10
seconds for two minutes.
The protocol was followed with different prototypes at different positions to verify the correct
classiﬁcation of vehicles. Five detections were not successful due to the fact that two cars were
detected as one. Although this case was solved with modiﬁcations in the signal processing
software, in terms of detection, it has to be considered as an error in the preliminary tests.
When prototypes are used, besides the problems caused by them all having the same scale,
there is also the problem of the discrimination equations having to be modiﬁed proportionally
to the scale used in them. Height and weight should be reduced for the correct use of the
data extraction method therefore the classiﬁcation was tested using a suitable database from
previous projects.
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5.2 Experimental tests

The system was installed in the city of Valencia, Spain, on an urban road with two lanes of
trafﬁc in both directions. Thus, the system was tested with real urban trafﬁc conditions. Also
installed was a ﬁxed camera next to the sensor to verify the information received and also
to provide video images. The sensor is located on a post exclusively for this purpose. After
the installation, minor adjustments were made to adapt the system to the characteristics of
the road and the detection zone was delimited. The sensor was calibrated to correct possible
misalignments during the installation. The system was installed outdoors for a period of six
months. This period allowed testing the system in sunny conditions and at different times of
the day.
First experiments were conducted at two different times of the day, early morning time
between 8am and 11:30am, for “normal light value”, and early afternoon period between
12noon and 2pm, for “high light intensity”. The early morning is used for a reference when the
sensor is known to be accurate. The early afternoon is used for testing the signal pre-treatment
algorithm.
Several tests were carried out both in the “in the early morning” and “early afternoon” . All
tests were successful at the communication level together with the signal acquisition and
treatment software. Therefore, we can conclude that the detector work as expected in both
light conditions.
The results of the experimental detection tests are shown in Table 4. The indicators employed
to evaluate each classiﬁcation group are the standard evaluation metrics in case of detection
given by: detection rate 97.9% (probability of vehicles from a particular group classiﬁed as
such), precision 99.7% (probability of vehicles classiﬁed from a particular group that belong
indeed to this group) and accuracy 97.6% (probability of vehicles classiﬁed correctly). The
indicator precision penalizes false positive, it is to say 3 detections of irrelevant items in this
case. Meanwhile detection rate penalizes the false negative of the system; that is, 21 vehicles
not detected.
Confusion Matrix
Detection System

D D
D 976 3
D 21 0

Detection Rate: 97.9%
Precision: 99.7%
Accuracy: 97.6%
Table 4. Experimental Tests - Vehicle Detection
Even though several experiments were carried out for classiﬁcation, the results present are
based on 972 vehicles detected: 51 powered two-wheels (2W), 675 passenger cars (PC), 178
vans (V), 37 trucks (T), 7 trucks with trailer (TT) and 24buses (B). The results in Table 5 show
high accuracy in the case of vehicle classiﬁcation with a rate of 94.24%. Analysing the results
one can conclude:
• The powered two-wheels are always classify correctly: 100% recall and precision.
• The best detection ratio, after powered two-wheels, is the passenger car vehicles. Thus,
97.6% of the vehicles from this group have been detected correctly.
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• Errors in classiﬁcation in the case of passenger car and van categories are due to the
similarity between minivans and some passenger cars, mainly crossovers or category
equivalent to the EuroNCAP class “Small Off-Roaders”.
• The precision rate in the case of bus category is low, 81.5% due to the lack of sufﬁcient
samples.
• Because of the misclassiﬁcations of buses and trucks the recall rate in truck category is
relatively low, 73.0%.
• There were no car and trailer combinations in the tests.
Evaluation from experimental tests
Confusion Matrix
2W
PC
V
T
TT
B

2W
51
0
0
0
0
0

PC
0
659
15
1
0
0

V T TT
0
0
0
15 0
0
151 4
0
12 27 0
0
2
6
0
4
1

B
0
0
1
1
0
22

Accuracy: 94.2%
Classes
Recall(%)
Precision(%)

based on 972 vehicles detected
2W PC V T TT
B
100 97.6 84.8 73.0 85.7 91.7
100 97.8 88.3 65.8 75.0 81.5

Table 5. Experimental Tests - Vehicle Classiﬁcation

6. Conclusion
Current Trafﬁc Monitoring relies on information provided by the sensors installed in the road.
This information is used both in real-time, to know what is happening on the roads, and in
logs stored over long periods to have a global vision of the trafﬁc over periods: of months or
even years. The important aspects of the sensors is not only the parameters measured but also
their reliability.
A laser scanner system for vehicle detection and classiﬁcation, with high reliability, has been
developed with a ﬁeld of view able to cover up to 4 lanes. An original methodology for the
treatment of the problem has been developed, with statistical rigor, from the normalization of
the signals to silhouette generation. Preliminary tests presented good results with precision
rate in detection of 97.9% and accuracy rate in classiﬁcation of 94.2%.
The system and method developed presents a valid option which is both simple and with
a reduced computational cost. The system offers the possibility of using sensors that use
the vehicles area detection principle with high accuracy in both detection and classiﬁcation.
Although the laboratory and ﬁeld results validate the design, further tests will be performed
to assess the impact of different weather conditions i.e. snow or rain. Meanwhile, a prototype
is working at the Trafﬁc Control Center of Valencia (Spain) to use in different trafﬁc control
applications such as cooperation between Laser Scanner and trafﬁc lights for a better trafﬁc
distribution or restriction of vehicles to the city center.
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