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Abstract. FLC (Front Looking Camera) Project is a partnership between FCA 
(FIAT CHRYSLER AUTOMOBILES) and UTFPR-PG (Federal Technological 
University of Paraná - Ponta Grossa), that has been performed in 24 months 
consisting in activities of research, development and innovation in the field of 
Advanced Driver Assistance Systems with focus on the Safety and Comfort for 
vehicle, driver and environment for the passenger cars considering to address 
specific problems found in the Brazilian traffic structure. This system must be 
able to guide the driver on his position on the track, including warning and 
assistance in case of unintentionally track invasion. It is an initiative aiming to 
developing a vehicular security platform that provides the design of smart cars 
that can thus offer users options for more assertive direction in terms of safety 
and to inhibit and prevent road accidents. In essence, the project will increase 
the security of the vehicle and its occupants and also the surrounding traffic 
environment making use of high-tech technologies in embedded electronics. 
The project has been leaded by professors and students from the side of the 
UTFPR-PG and by engineers from the side of FCA that were defined 5 stages 
in 24 months of performing. Firstly, a hierarchical division in team has been 
adopted without success, taking the management team looking for the another 
methodology of project management that could fits more our specific case of 
the complex project. Then, the Agile methodology was defined to be employed 
for the project management in face that had mixed activities since, 
development and tests with different characteristics which demanded a small 
time slot of control of the involved parts. FCA and UTFPR-PG had a 
relationship such OEM and supplier which the communications in both parts 
should be clear.     

1. Introduction 

This project consists of a partnership between FCA (FIAT CHRYSLER 
AUTOMOBILES) and UTFPR-PG (Federal Technological University of Paraná - 
Ponta Grossa), lasting for 24 months and consisting of a research and 
development of a project called Front Looking Camera - FLC which aims to 
develop a vehicle security system in cars focusing to address specific problems 
found in the Brazilian traffic structure. This system must be able to guide the 
driver on his position on the track, including warning and assistance in case of 
unintentionally track invasion. It is an initiative aiming to developing a vehicular 
security platform that provides the design of smart cars that can thus offer users 
options for more assertive direction in terms of safety and to inhibit and prevent 
road accidents. In essence, the project will increase the security of the vehicle 
and its occupants and also the surrounding traffic environment making use of 
high-tech technologies in embedded electronics. 



 

Implementation of the R&D project called Front Looking Camera - FLC 
which aims to develop and enter a security system car in car focused on 
Brazilian traffic structure, able to guide the driver on his position on the track, 
including warning and assistance in case of involuntarily tracks invasion. It is an 
initiative aiming to developing a vehicular security platform that provides the 
design of smart cars that can thus offer users options for more assertive 
direction in terms of safety and to inhibit and prevent highway accidents. In 
essence, the project will increase the personal safety of the vehicle and its 
occupants and the surrounding traffic environment and inserted with the 
development of high-tech technologies in embedded electronics in the vehicle. 

 

 

Figure 1. ADAS Decoupled Project – FLC (Front Looking Camera).. 

1.1. Motivation 

Due to the specificities of the Brazilian relief, it is necessary to study the 
behavior and performance of these evaluation systems in terms of their 
functionality and precision. With this, we expect a better performance and, in 
fact, the fulfillment of the real systemic objective, either through new parameters 
considering new specific conditions of direction of our market or even the 
development of a new algorithm that will better classify the Brazilian scenario , 
guaranteeing the correct performance when necessary. 

In Europe and the US, major regulatory agencies have continuously 
required new security solutions, creating technological trends and opportunities 
in this field. In addition to such bodies there are private associations, such as 
GlobalNCAP, that evaluate the car in the security question in several aspects, 
providing detailed information for consumers. Currently, the classification of the 
vehicles in levels of safety provided to the driver and the passengers are factors 
of weight evaluated by the final customer when purchasing a vehicle. 

In essence, the project has as a technical motivation to: 

 Provide technical conditions to avoid accidents or minimize their 
consequences; 

 Increase the individual safety of the vehicle and its occupants and the 
environment in the traffic based on the conditions of the Brazilian 
highways; 

 Provide the FCA customer with an up-to-date product with global trends 
in active safety; 



 

 To introduce in Brazil, FCA Engineering and in science and technology 
institute, conditions for the development of products that are compatible 
with the conditions of the national road structure; 

 Development of a database of scenarios of Brazilian highways defined 
by their characteristics, as well as the information of the vehicular 
network. Extensive information on Brazilian roads that can be used as a 
basis for future systems and projects; 

 Analysis of the Lane Departure Warning function, already developed with 
a focus on foreign markets, in order to better understand the limitations 
of the system in the scenarios of Brazilian highways: Find the root cause 
of system failures in the Brazilian scenario in order to improve the 
function; 

 Develop software strategies to make track band recognition more robust 
in specific situations such as low bandwidth quality, near lines, transit 
situations, low lightness, or curb time: Define new algorithms or 
improvements to the processing strategy of image mitigating the 
limitations of the system; 

 Software strategies to detect driver fatigue / distraction at the time of 
trackway avoidance: Define a mathematical model for fatigue / 
distraction detection without the use of an external system. The reuse of 
the resources available in the vehicle, can provide the addition of new 
functionalities without increments of components in the vehicle; 

 

1.2. Scope 

In general, the scope of the project consists of performing vehicle tests on 
pre-established highways, with storage of images and signals on a database 
server with classification and selective search characteristics, to verify in which 
situations the Mobileye tool did not recognize characteristics of the highways in 
tests (faults), study and development of strategies and algorithms of image 
processing with an attempt to improve the performance of detected faults and 
virtual simulation of ADAS (Advanced Driver Assistance System ). An extension 
of recognition of other objects on highways is acceptable for this scenario. 

 Capture images of different types of highways through a front view 
camera system installed in an FCA-supplied vehicle with the ability to 
detect and recognize lanes on roads and store them in a database 
based on a test plan in a previously defined field under different 
environmental conditions; 

 Set up an additional computer vision system, consisting of a video 
processing camera and appropriate hardware and software 
components, capable of capturing in real time digital image the 
characteristics of track lanes on the highways, similar to the system 
already vehicle. Store them in a database and then be able to be 
confronted with images from the Commercial Off-The-Shelf (COTS) 
product already installed on the instrumented vehicle; 



 

 Establish and update a database (searchable) with images of the tracks 
captured during the tests, for later search and virtual simulation, 
providing the ability to test and evaluate new algorithms for recognition 
of objects applied to tracks and roads; 

 Check the faults in the COTS product and propose alternatives and 
strategies for improvements and innovation with the main purpose of 
presenting driver assistance solutions capable of keeping the vehicle in 
the taxiway. 

 Define a set of signals of direct or indirect form that allows to represent 
the behavior of the driver in situations of distraction and drowsiness; 

 Propose mechanisms capable of warning the driver and / or intervening 
in the vehicle in order to stay and / or return the vehicle in the lane / 
taxiway. It includes warning and assistance mechanisms for the driver in 
case of an involuntary invasion of non-permitted lanes, thus avoiding the 
risk of collisions and accidents. 

According to the desired scope of the project, Figure 1 illustrates the flow of 
activities desired for development. From the instrumentation of the vehicle, the 
test routes are carried out by the Brazilian roads in order to obtain the 
characteristics of the highways. It is then stored in a database management 
system in which the classification of the failed points is performed in order to 
develop algorithms and strategies that can improve the faults that the 
production system was unable to meet. 

 

1.3. Chart Organization and Timeline 

The project was developed by a technical team of the UTFPR-PG and 
another of the FCA, being the side of the UTFPR-PG composed of 11 people 
initially. The description of the functionalities of each of the teams can be seen 
in Figure 2. 



 

 

Figure 2. Chart Organization. 

The project has been developed in 24 month with the purpose to attend the 
releases define previously in the technical project document. The timeline of the 
project is according the Figure 3. 

 

 

Figure 3. Project timeline. 

 



 

 

2. Development 

In this item the main results of the activities developed during the project in 
which the deliveries are generated according to the scope of the project are 
described. Initially, the activities will be listed and the results generated will be 
followed. 

 Activity 1 - Vehicle Instrumentation 

 Activity 2 - Road Tests for Data Acquisition 

 Activity 3 - Development of Algorithms and Strategies 

 Activity 4 - Database Management System 

 Activity 5 - Driver Behavior Architecture Specification and Design 

The following will describe the results of the activities correlating what was 
done. 

 

2.1. Vehicle Instrumentation 

The instrumentation of the vehicle was an essential and important activity 
because the tests on highways could only be realized after the correct 
instrumentation and calibration of tools in the vehicle. In this way, compatible 
hardware and software tools were specified so that they could be able to 
capture the vehicle's images and data in real time during road and urban 
perimeter. 

The vehicle already had an installed production camera that already 
supported ADAS functionality. In parallel, a digital camera was installed and 
calibrated in front and inside, allowing the acquisition of the characteristics of 
the highway in real time. In addition, a hardware tool was connected to the 
vehicle diagnostic system via three CAN buses (Controller Area Network) to 
capture serial communication packets in which they contained signals of 
physical magnitudes of the vehicle. 

The three sources of information (mobileye camera, digital camera and CAN 
network packets) were thus collected by specific tools. The image from the 
mobileye camera was acquired by the EyeQ Client tool, the digital camera 



 

image and CAN network packets were acquired by CANape's Vector Informatik 
tool. 

While the driver of the vehicle was conducting the test route, a test engineer 
performed image acquisition and the host computer had a database interface 
tool that allowed the test engineer to store classified data according to the 
environmental conditions. This process provided automated laboratory 
database storage. 

In addition, a GPS tracking system (Global Positioning System) has been 
connected directly to the software tool for acquisition of images and signals. 
This provides real-time simulation conditions of highway images, physical 
magnitude signals and vehicle positioning according to specified route planning. 

The idea of recording videos together with CAN messages allows teams to 
develop new strategies that take into account the behavior of the car. For 
example, if the driver became very sleepy, the steering wheel sensor will show 
less activity than a fully awake driver. In this situation, the system may become 
more sensitive to the starting situation of the track when in a situation of starting 
the track, if the driver is not with both hands on the steering wheel, the system 
can make a more noticeable warning. 

 

2.2. Road Testing for Data Acquisition 

The instrumentation of the vehicle was an initial and essential activity so 
that the taxiing tests could be carried out on highways of urban and road 
perimeter in Brazilian highways. Basically, it consisted of the planning and 
driving of the vehicle in about 22,000 km for the acquisition and storage of 
images and signs of road characteristics on roads in the Northeast, Midwest, 
Southeast and South regions of Brazil. 

The captured and stored images were verified and classified in the travel 
segments where the Mobileye system could not recognize the characteristics of 
the highway that in our case had as reference to evaluate if the system 
recognized the signaling bands under diverse environmental conditions and 
traffic scenarios . From the set of flaws in the Mobileye system, it enabled the 
lab team to develop new algorithms and band recognition strategies that could 
improve the performance of the production system or propose innovative 
alternative solutions. 

The tests on highways were planned in order to attend a greater variety of 
characteristics of the Brazilian roads. Figure 4 shows a map of routes made 
during the tests in the pre-established regions. 



 

 

Figure 4. Map of planned routes for running tests.. 

The activity flow from data acquisition during road tests to database storage 
was characterized in five main activities as can be seen in block diagram of 
Figure 5 and these are described as: 

 Vehicle Instrumentation; 

 Testing; 

 Data acquisition; 

 Removable HDD storage; 

 Transfer, storage and synchronization of data in the laboratory database. 

 

 

Figure 5. Block diagram of all processes since acquisition and storage of data. 

 



 

2.3. Development of Algorithms and Strategies 

The understanding of the functionalities of the existing commercial system, 
considering that the supplier does not provide information about its image 
processing, can provide conditions so that we can improve the current system 
with the development and improvement of new algorithms and strategies of 
identification of tracks. 

The flow of processes to develop strategies and algorithms was defined in 
five main stages, these being: a) acquisition of images of the track; b) pre-
processing; c) processing; d) post-processing and, e) exit as a regulatory 
action. 

A front camera installed in the vehicle's windshield captures the image of 
the entire path, and this image can be sent directly to the algorithm and / or 
recorded for later analysis. With the obtained image of the camera the 
extraction of the region of interest is accomplished by means of cuts in the size 
of the image, change in the color standard, smoothing of noises. Defined the 
region of interest, the processing extracts the characteristics of the image to 
determine the possible existence of the track in the track. For this can be used 
feature extractors, road modeling, statistical processes and decision systems. 
Track strip information is compared to the previous video image information, 
giving robustness to processing through final parameter settings. The definitive 
information on the tracks of the track are released to the vehicle system to act 
on the functionality of the Lane Departure Warning or to view the track 
identification in the video. 

 

2.4. Database Management Systems 

During the road tests, the vehicle was instrumented to store the data of its 
sensors (CAN bus), video of the camera used in the project, and log data of the 
aid system to the production driver (Mobileye EyeQ). This information was 
stored on an external HD, connected to a laptop where a software (CANape) 
was installed that allowed to read the CAN and video data. In addition, 
EyeQClient was also installed on this laptop (software that allowed the 
generation of EyeQ's log data), and internally developed software (TAG), which 
enabled the manual classification of road conditions (rain, fog, traffic intensity , 
among others), besides allowing the indication of the sections where the 
production software (Mobileye EyeQ) failed in the correct estimation of the 
lanes of the highway. This classification of the conditions of the highway and 
determination of the sections of fault of the Mobileye was realized by the co-
pilot on the fly during the trips. 

The main purpose of the database management system is to synchronize 
all of this information, allowing for optimized searches of specific data. In 
addition, it enabled the manual definition of the fault sections of the Mobileye 
software, which guided the entire development of the project algorithms, since 
these points of failure were categorized and strategies were developed in order 
to provide solutions that act at these points of failure . 



 

TAG software is a Java program that connects to a PostgreSQL database 
installed on the travel laptop. In this way, the road conditions and the indications 
of the Mobileye fault sections are indexed in this database, and the EyeQ and 
CANape log files are stored in directories on the external hard drive. At the end 
of each trip, this information is extracted from the laptop, and centralized in the 
lab on a Network Attached Storage (NAS) server in the case of CANape and log 
data from Mobileye EyeQ, and in a central database (referring to the information 
in the laptop database). 

After this extraction, a synchronization between these data generated 
separately by different software is done through the UNITE software, also 
developed internally. This software consists of a Java program, which connects 
to the central database and the project's NAS, and analyzes temporal metadata 
regarding the date and time of the generation of stored information from 
CANape, EyeQ and database classifications. Once this analysis is done, 
correlations are created in the central database between the classification 
information and the locations of the log files in the NAS directories. With this it is 
possible for example from a certain classification (Mobileye's fault at night and 
rainy weather) to locate in the NAS which the video files, vehicle's signals 
(stored by CANape) and EyeQ log were generated concomitantly to this 
classification. Figure 6 illustrates the data acquisition and synchronization flow. 

 

Figura 6.  Arquitetura do processo de armazenamento de dados no banco de 
dados. 

Although this type of search of the synchronized data was possible through 
a database management system, there was no interface that would allow the 
use of such a resource in a practical way. To meet this need, QUEST software 



 

was developed, a Java program that connects to the central database, and 
facilitates the definition of search criteria for synchronized information. 

The TAG software interface is subdivided into two regions and can be seen 
in Figure 7 and described as follows: 

 Registration of Tags: Allows the creation of road conditions, initially 
defined based on the performance requirements described in the FTC - FLC 
(Functional Technical Specification – Forward Looking Camera) definition; 

 Operation: Classification of conditions during the trip. 

  

a) b)  

Figura 7. a) Creation of markers and b) Execution of markers by screen or keyboard. 

This TAG software is hosted on Laptop. 

 

2.5. Developing a Driver Behavior Architecture 

The DDS (Distraction Driving System) is a driver assistance function that 
estimates driver drowsiness based on several parameters with independent 
physical input signals. Figure 8 shows the operation of a DDS (also known as 
Driver Behavior) in an illustrative way in which it is characterized by evaluating 
various physical signs of the vehicle that are related to the state of driver fatigue 
and, in addition, to increase the robustness and efficiency of the DDS function. 



 

 

Figure 8. DDS is a function that estimates when the driver is in a state of 
drowsiness. This can be checked with Steering Wheel Angle signals and Lane 

Position. 

However, during the project, a distraction function architecture based on 
Steering Wheel Angle and images of the Lane Position was proposed and 
developed so that they could alert the driver when he was level distraction due 
to fatigue. The function developed considered test scenarios performed on 
highways for a previous validation of the function in order to develop a testable 
prototype. 

 

3. Results 

The following will describe the results of the activities correlating what 

and how were done. 

3.1. Results - Vehicle Instrumentation 

The instrumentation process was performed according to the specification 
and provided total conditions for conducting tests on highways. Documentation 
regarding instrumentation of the vehicle was developed and made available on 
a database server so that future projects and under conditions of improvement 
can be consulted as a reference. 

The installation and configuration of the various software and hardware 
tools characterized by having an instrumented vehicle in which its architecture 
can be verified in Figure 9, considering from the acquisition of images and 
signals to its storage in the database. The database management system has 
an acquisition module in which it is part of the instrumentation of the vehicle, so 
it is considered as part of the instrumentation. Note that the instrumented 
vehicle consists of four main items, these being denoted by: a) GPS, b) 
Acquisition of Images, c) CAN Network and d) Database Management. It should 
also be noted that the Mobileye production system is already installed in the 
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vehicle. Thus, we have two separate systems for image acquisition of the 
highway, one being production and the other one established by the project. 

 

 

 

 

  

 

 

 

 

 

 

 

 

Figure 9. Architecture of the instrumented vehicle. 

The production system already installed in the vehicle is a Mobileye / TRW 
solution, which has the ability to acquire real-time images of highway 
characteristics and storage in the EyeQ Client software on the host computer 
called Laptop. The Laptop is a computer that hosts the CANape software tools 
of Vector Informatik and the TAG software that is part of the database 
management system with the function of classifying the highways. It has 
minimal technical requirements that must be met. 

For additional image capture of the highway for the purpose of storing in the 
database, a Logitech C920 type camera was installed on the front of the vehicle 
directly connected to the Laptop where the media was stored by Vector 

a) GPS 

 Arduino MEGA 2560 

 Ublox 6 – GPS 

 GPS Antenna – 1575.42 MHz 

b) Image Acquisitions 

 Logitech C920 

c) CAN 

 VN1630A 

 CANcable Y 

a) 

b) 

b) 
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real time and synchronized 
using the software. The 
CANape is a specific format. 

d) Database Management Systems 
 Video from Mobileye 

 Video from Logitech C920 

 CAN Bus (CAN1, CAN2 and CAN-

BH) 

d) 



 

Informatik's CANApe software. CANape software has the ability to acquire data 
in parallel from the Logitech C920, CAN network and GPS. 

A global positioning system via GPS has been specified and installed on the 
vehicle. It basically consisted of a GPS antenna, an ublox 6 GPS interface and 
an Arduino MEGA 2560 processor. The GPS signal was transferred via the 
NMEA 0183 protocol to the Laptop. By capturing and storing vehicle CAN 
messages, all this information will be available to all development teams. 

The acquisition of serial data by the CAN bus was performed through a 
CAN network interface to USB of the type VN 1630 in which they were thus sent 
directly to the Laptop in the CANape software. The CAN frames came from the 
three buses (CAN_1, CAN_2 and CAN_BH) available that consisted of the 
topology of the vehicle. 

The Laptop also has a classification tool that according to the road tests 
performed, called TAG software, it provides functionalities that the data could 
be transferred and external HD during the trip and how much in the laboratory, 
could thus be stored in the the main database. 

Table 1 presents a list of features for acquiring, sorting and storing data with 
the hardware and software elements used. 

Table 1. List of hardware and software tools for vehicle instrumentation 

Data Acquisition, 
Classification and Storage 

Hardware Software Function 

Video – Mobileye 
Mobileye Camera 
and Hardware TRW 

EyeQ Client Acquisition 

Video – FLC Logitech C920 Vector CANape Acquisition 

GPS – FLC CANgps (ublox 6) Vector CANape Acquisition 

CAN – FLC VN1630A Vector CANape Acquisition 

SGBD 
Logitech C920 e 

VN1630A 
TAG Classification 

HD External HD portable Windows Storage 

 

The instrumentation provided the learning capacity to the project members 
so that it is possible to carry out the integration of additional instruments when 
desired as long as the tools support. With this, it was possible to guarantee that 
tests on highways could be executed efficiently. The following will present the 
activities and results related to road tests for data acquisition. 

 

3.2. Results - Road Testing for Data Acquisition 

The tests were carried out according to the previously planned, where 
information was collected on all the routes, problems faced, road characteristics 
and other situations related to travel. They were divided in four test routes being 
these denominated by Routes 1 to 4 as it can be seen next: 



 

 Route 1 - South and Southeast Regions (Part 1 - 50%) 

 Route 2 - Central-West Region 

 Route 3 - Northeast Region 

 Route 4 - South and Southeast Regions (Part 2 - 50%) 

Route 1 - South and Southeast Regions (Part 1 - 50%) 

  Route Executed - The driving sections were as follows: 

 From Ponta Grossa / PR to Florianópolis / SC 

 From Ponta Grossa / PR to São Mateus do Sul / PR 

 From Ponta Grossa / PR to Foz do Iguaçu / PR 

 From Ponta Grossa / PR to Concórdia / SC 

 From Ponta Grossa / PR to Telêmaco Borba / PR 

 From Ponta Grossa / PR to Ourinhos / SP 

 From Ponta Grossa / PR to Presidente Prudente / SP 

 From Ponta Grossa / PR to Curitiba / PR 

  Map of Route 1 - The road map was as follows: 

 

 

Route 2 - Midwest Region 

  Route Executed - The driving sections were as follows: 

 Ponta Grossa / PR  Presidente Prudente / SP  Campo Grande / MS 
 Rondonópolis / MT  Cuiabá / MT  Barra do Garças / MT  
Goiânia / GO  Brasília / DF  Uberlândia / MG  Ribeirão Preto / SP 
 Campinas / SP  Ponta Grossa / PR 

 Total Km: 4162 Km 

  Map of Route 2 - The road map was as follows: 



 

 

 

Route 3 - Northeast Region 

  Route Executed - The driving sections were as follows: 

 Ponta Grossa / PR  Belo Horizonte / MG  Montes Claros / MG  Recife / 

PE  Aracaju / SE  Itabuna / BA  Linhares / ES  Belo Horizonte / MG  

Campinas / SP  Ponta Grossa / PR 

  Map of Route 3 - The road map was as follows: 

 

Route 4 - South and Southeast Regions (50%) 

  Route Executed - The driving sections were as follows: 

 Ponta Grossa / PR • Ponta Grossa / PR • Lages / SC • Concórdia / SC • Thirteen 

Tílias / SC • Concórdia / SC • Ponta Grossa / PR  Volta Redonda / RJ  

Vitória / ES  Uberlândia / MG  Piracicaba / SP  Ponta Grossa / PR 

  Map Route 4 - The road map was as follows: 



 

 

 

The images captured during road tests were stored on the database server 
where the faults found by the production system were sorted so that we could 
then develop algorithms and strategies that recognize the tracks at these 
faulted points. 

In the laboratory and in agreement with the parties involved, all the videos 
were selected by means of frames that contained faulty points of 
acknowledgment of tracks in the track and from these the faults were classified 
into 12 different types, these being: a) weak band; b) Track detection; c) Wire 
detection; d) Indication of the band, e) Band color; f) Shadow; g) Reflection; h) 
Contrast; i) Obfuscation and j) Others. 

Figure 10 shows a flowchart of sorting the track recognition failures of the 
production system in the vehicle. 



 

 

Figure 10. Classification of production system recognition failures. 

The percentage distribution of the classification of errors detected by the 
commercial production system in the vehicle can be seen in Figure 11 where 
the highest occurrences of faults are at the level of errors in the band being 
weak, single/double, contrast and absence of track. 

 

 



 

Figure 11. Error classification in percentage of detected failure points. 

The distribution of fault points shown in Figure 11 shows in which situations 
the production system has higher fault conditions, that is, it cannot recognize 
the bands. It is possible to verify that there is an undesirable occurrence of 
faults with greater incidence when there is a) Weak bands; b) Single / double 
band marking; c) Contrast and d) Absence of bands. 

The development of algorithms and strategies that recognize these 
situations of failures can provide the functionalities of systems based on 
cameras a better operation and Brazilian highways with better efficiency, 
performance and safety. 

 

3.3. Results - Development of Algorithms and Strategies 

The methodology and technical feasibility for carrying out the development 
and improvement activities of algorithms and strategies is presented in Figure 
12. Note that the images captured during vehicle highway tests are later stored 
in a database to be classified as faults and then developed algorithms and 
strategies that can recognize bands where the commercial system does not 
recognize. Finally, a validation of developed algorithms and strategies is 
performed in the simulation environment and in the vehicle. 

 

Figure 12. Flow of methodological activities with technical feasibility for 
development and improvement of algorithms and strategies. 

The algorithm development flowchart was defined with the following steps: 
data acquisition, pre-processing, processing, post-processing and output. 



 

Figure 13 shows: a) Flowchart for algorithm development and b) Output images 
for analysis and performance verification of the developed algorithms. 

 

 

a) 

 

b) 

 

Figure 13. a) Flowchart established for algorithm development and b) Images 
resulting from the complete processing. 

To verify that the algorithm or track recognition strategy is operating 
correctly, you must have a reference tool. Then, a correct markup tool was 
developed that the algorithms should be recognizing as closely as possible. 

From this, the RoadMarker software was developed, which has the capacity 
to generate the terrestrial truth data used for the evaluation of position 
detection, color, track type algorithms and to evaluate the developed 
computational vision and image processing algorithms. It also has a module to 
calculate the accuracy of each characteristic, compared to the truth in the soil 
generated. Track markings were done manually and thus could be verified if the 
developed algorithm was generating markings close to manually marked tracks. 
An error metric was set to evaluate algorithm performance. 

The algorithm metrics of the RoadMarker software is given below: 



 

 AccuracyPerRow[%] (ACC): Position accuracy. Percentage of rows 
where the algorithm estimated position is within (below or equal) the 
deviation threshold; 

𝐴𝐶𝐶 =
(𝑇𝑃)

𝑇𝑃 + 𝐹𝑃
 

 

 Accuracy (ACC): Classification accuracy. 

 

𝐴𝐶𝐶 = (𝑇𝑃 + 𝑇𝑁)/(𝑇𝑃 + 𝑇𝑁 + 𝐹𝑃 + 𝐹𝑁) 

 

where 

 truePositiveAcum (TP): true positive (there is a classification and it 
is correct [ground-truth equals algorithm output]); 

 trueNegativeAcum (TN): true negative (there is no classification 
and it is correct [ground-truth equals algorithm output]); 

 falsePositiveAcum (FP): false positive (there is a classification and 
it does not match algorithm output [ground-truth differs from 
algorithm output] OR there is nothing (in algorithm output) for the 
ground-truth frame); 

 falseNegativeAcum (FN): false negative (there is no classification 
in ground truth and a classification in algorithm output]); 

In Table 2 shows the error classified during the trips, which the errors were 

taken into account to develop the metrics to evaluate the algorithms. 

Table 2. Error Classification. 

 

 

In the context of line position detection and track feature detection, ground 
truth is a term that represents the actual position of the lane in an image, as well 



 

as the true features presented to the lane regardless of the results presented by 
the result of the algorithm. It is used as a measure of comparison with the 
results of the algorithm. Therefore, the algorithm is more accurate the closer it is 
to the truth of the soil. 

 

 

Figure 14. RoadMarker Operation Panel. 

Two main algorithms were developed in which they demonstrated an 
efficient improvement in the track recognition process compared to the 
production system in the vehicle. They had evolutions of algorithms during the 
project and by the end two main ones were adopted for application showing its 
efficiency in the faults in which the commercial system did not recognize. The 
algorithm HT Spline V2 (Hough Transform Spline V2) showed an improvement 
of 54.10% and GOC V7 (Grandient Oriented with Canny Filter V7) showed an 
improvement of 64.57%. The percentage of success in failure situations when 
compared to the commercial production system can be seen in detail according 
to Table 3. 

 

Table 3. Percentage of hit in situation of failures of the commercial system. 



 

 

In this way, considering the faults identified in the track recognition 
mechanism in tracks of the commercial system in production, the developed 
algorithms managed to recognize the band in about 65% of the cases. This 
represents a considerable improvement so that the assembler can present and 
request improvements in the features of the supply in order to meet the needs 
of the domestic market. In addition, it should be considered that the knowledge 
acquired can thus be used and shared for improvements and creation of other 
vehicle functionalities that use camera-based systems. 

 

3.4. Results - Database Management Systems 

It was developed a software tool for database management and they are 

respectively denoted by TAG  for manual classification of road conditions and 

fault sections of Mobileye, UNITE  for data synchronization of different 

systems (CANape, Mobileye EyeQ and TAG) , and QUEST  to search 

synchronized information. However, the functionalities of each of the developed 

software are presented in detail below. 

TAGS  CLASSIFICATION 

 Developed to enable the classification of road conditions and fault sections of 

Mobileye software; 

 Integrated with the database; 

 Allows creation of new classifications (tag values); 

 Allows you to perform classifications with shortcut keys or through the screen; 

 Traceability of user classifier (login and password) and driver. 

UNITE  UNION 

 Software that combines travel data with the central database (Server); 

 Synchronization of video and log files (CANApe, EyeQClient, TAG); 

 Read and synchronize information - CANApe log files (GPS, speed, slope). 



 

QUEST  SEARCH 

 Allows the search of the classifications and other stored information. 

The flowchart of the system from acquisition to visualization of the data is 
shown in Figure 15. 

 

Figure 15. Database management system flowchart. 

The designed database and NAS were able to support all of the image and 
vehicle data acquired during road and urban taxiway testing. Mobileye's EyeQ 
systems and Vector Informatik's CANape provided data to be stored during 
travel and the data distribution per travel stretch performed can be seen in 
Figure 16. Note that the data generated by the EyeQ tool is essentially much 
larger than the data generated by the CANape tool. However, CANape has the 
ability to acquire vehicle images and data such as physical signals and global 
positioning from a GPS. 

 

 

Figure 16. Database acquired during the project. 



 

The distribution of data volume generated by the tools, allowed to define the 
appropriate size for the NAS. Table 4 shows the amount of tool data and total 
needed NAS that supports this data. 

Table 4. Amount of data for tests on highways required to be hosted on the 
NAS. 

Tools Data (GB) Data (%) 

EyeQ 11.408,5 96,33 

CANape 434,68 3,67 

Total 11843,18 100 

 

The storage server, in addition to hosting data from the tests on highways, 
had the responsibility of still receiving information from all project management, 
the tools, algorithms and strategies developed during the project. Initially, a 
16TB NAS was specified for the project. However, during the execution of the 
project, the need for expansion was verified and after a careful analysis of the 
best conditions in cost and benefit, it was adopted to acquire a NAS with greater 
capacity and 24 TB. 

For the data stored in the database, all the videos were recorded in which 
they had failed points of recognition of tracks in the track and from these the 
faults were classified into 12 different types, these being: a) Weak band; b) 
Track detection; c) Wire detection; d) Indication of the band, e) Band color; f) 
Shadow; g) Reflection; h) Contrast; i) Obfuscation and j) Others. 

 

3.5. Results - Developing a Driver Behavior Architecture 

An architecture proposal was developed for Driver Behavior functionality in 
which, in addition to the use of physical signals, the vehicle still had reference 
images from the front camera. A validation method was also proposed which 
relies on the use of external cameras lateral to the vehicle to verify when it is in 
a situation of driving outside its lane. 

The NHTSA (National Highway Traffic Administration) is an agency of the 
North American government connected to the transportation department to 
regulate the functionalities that guarantee the safety of road transport. The 
driver behavior feature is one of several existing driver assistance functions that 
provides greater safety. Then, based on NHTSA-regulated standards, the 
LANEX and LANVAR parametric indicators were verified and applied as metric 
units through physical vehicle signals to measure the degree of driver fatigue. 
Some test procedures were also applied to evaluate and validate the 
performance of the developed algorithm. 

By definition one has to: 

 LANEX - Is the ratio in a driving range measured when the vehicle has 
exceeded a pre-set threshold (NHTSA set threshold is 0.06667 or 12 
seconds for a driving interval of 3 minutes or defined time interval). 



 

 LANVAR - This is the variance of the vehicle's lateral position relative to 
the center of the track. 

Figure 17 shows the block diagram of the LANEX function. The LANEX 
function has input signals such as vehicle speed, direction and warning. From 
these signals is evaluated in a driving range the driver's involuntary intention to 
change the lane. A threshold value is considered as the threshold for the 
function to be activated when the measured value is exceeded. However, the 
signals of activation of the driver's intention for a right and left maneuver were 
used to inhibit the intentional actions of the driver to interfere in the function. 
The function is activated when the vehicle speed exceeds 60 km / h with 
hysteresis of 10 km/h. 

 

Figure 17. Block diagram of the LANEX strategy. 

Figure 18 shows the evolution of the signal resulting from the LANEX 
function in a road test. Note that the value of the signal is cumulative and when 
it goes beyond the threshold threshold, the function is activated in order to warn 
the driver. 

 



 

 

Figure 18. Evolution of the LANEX function signal for a highway test. 

LANVAR is used as an indicator of the driver's shift from the center of the 
lane. This index is calculated from two rear-facing, down-facing cameras that 
captured approximately a field of view of 7 feet each, the result is given in feet. 
In our approach, a direct monocular camera with digital image processing was 
used to calculate the LANVAR accumulator in a 3 minute window. 

Based on the assumption that, from the camera view, when the vehicle is in 
the center of the lane, the absolute values of the left and right lane angles are 
similar. Thus, by subtracting from one another, we must obtain a value close to 
zero, the variance is then calculated on the basis of the quadratic difference 
between the angles, thus in a short period of time with large incremental 
difference and more the LANVAR accumulator than a large period with a short 
difference. 
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Figure 19 shows the block diagram for the LANVAR strategy. The function 
is activated when the vehicle speed exceeds 60 km / h and deactivated when at 
50 km/h to avoid transients. 
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Figure 19. Block diagram of the LANVAR strategy. 

Figure 20 shows two signal plots resulting from test signals performed to 
verify LANVAR functionality. Note that the first graph shows the difference 
between the angles accompanied by the left and right lane, the second shows 
the LANVAR accumulator. When it is so past a threshold, the function can 
activate a level of drowsiness. 

 

 

Figure 20. LANVAR calculation for a highway test. 

For testing and validation of driver behavior functionality, two cameras were 
installed sideways on the top of the front wheels with top view from outside that 
could be able to have the image of the side bands. 

The best performance of the driver drowsiness detection strategy depends 
directly on the accuracy of the LDW signal. Therefore, two additional cameras 
were installed aiming at the front wheels of the vehicle, a sample of the camera 



 

view is depicted in Figure 21 as shown in a) Installing the side cameras; b) view 
of the left lane and c) view of the right lane. 

 

 

a) 

  

b) c) 

Figure 21. a) Installation of the side cameras; b) view of the left lane and c) 
view of the right lane. 

This approach allowed the calibration of the parameters to also support 
Lane Departure Warning (LDW) functionality based on the occurrence of false 
positives and false negatives. Two sets of samples were chosen through the 
project database, one with samples of which the driver was very likely to be 
tired and another set with samples with the driver rested. These samples were 
used for parameterization and tests with LANEX and LANVAR functions. 

An architecture for developing a driver behavior prototype and a method for 
testing and validating the function was proposed. In addition as shown above, it 
is possible to validate LDW features using the side cameras. 

 

 

 

 



 

4. Discussion 

The project contributed to an extracurricular training for members in 
management level, image processing, serial communication in vehicles, tools, 
among others. Previous skills prior to the start of the project could be improved 
throughout the project and it can be seen that the results of the activities were 
met. 

The project management activity was carried out with the full attention of the 
FCA in which it proposed a methodology in which it was applied throughout the 
project with efficiency. The vehicle instrumentation was performed efficiently 
considering that part of the executing team already had previous knowledge 
that aided in its execution. In addition, the company improved its 
instrumentation and calibration skills with measuring tools. 

The road test activities provided improved test engineering skills in which 
they were performed in synchrony with the laboratory instrumentation 
instrumentation that were used in the laboratory provided the development of 
algorithms and strategies of track recognition. 

For the development of the project it was necessary to acquire and improve 
the knowledge related to instrumentation, embedded systems, image 
processing, database, project management and automotive systems as well as 
deepening the knowledge of tools and features of advanced assistance systems 
well with the state of the art technology. 

It was also necessary to develop a critical analysis regarding the variations 
of the scenarios, by means of the regional characteristics and their specifics, 
and to focus on the determination of a performance that meets the technical 
objectives of the functionality in order to guarantee the fulfillment of safety and 
comfort requirements. 

In addition, in the determination of this performance, the knowledge related 
to the human-machine interface was also improved to define the operating logic 
and interaction with the user. 

The database was developed from the requirements defined by the project 
team and implemented by one of the members who already had prior 
knowledge of how to develop and maintain a database for project purposes. 
Then the database management system can be shared between the parties 
which contains general project information. 

For the development activities of algorithms and strategies of recognition of 
tracks, it was necessary to study in depth through specialized means of 
communication and discussions between participants so that we could thus 
have the necessary knowledge of development with the available tools. 
Considering the activity of greater challenge in the face that some challenges 
were encountered that were overcome and thus met the established deliveries. 

However, the competencies developed during the project met the 
expectations and expectations of activities execution and training and human 
resources training leading the success of the project even in front of the stages 
of challenges encountered. 
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