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EXECUTIVE SUMMARY 
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functionalities, a business case is done. This business case explains how this 
project fits in the automotive economy. It starts with a first explanation about 
the ADAS market nowadays and subsequently is analysed the impact of the 
2Wide_Sense in this economy. Some statistical studies are made and some 
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ADAS system there is a first introduction. With this introduction is described a 
wide use of the system, considering different types of scenarios. Then every 
car maker does different choices on the use of the functionality according the 
own target. This description considers the different roads type, speed limits, 
environment conditions and type of obstacles where the system should work.  
After this paragraph a list of use cases is shown. In these use cases are shown 
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Although not all these scenarios are fulfilled by the considered ADAS 
functionality they could be helpful for a further improvement of the system.  
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1. INTRODUCTION 

1.1 PURPOSE AND SCOPE 

D1.1 describes the activities carried out in Task 1.1 and the obtained results. Task 1.1 is 
the most demanding one in WP1, requiring strong involvement from all partners, from 
technology providers, to end-users. Starting from preventive safety functions considered in 
the project, requirements and specifications, taking into account technology-specific 
potential / restrictions as well as environmental conditions and terms-of-use are derived.  
 

1.2 APPLICATION SCHEME AND PARTNERS 

1.2.1 ID numbering scheme 

The requirement ID is structured by the following code:  
 
xx.yy- NNN_NNN_NNN 
 
xx: function as defined in figure 1 
yy: requirement number 
NNN_NNN_NNN: function, requirement short name structured by “_” 
 
1.2.2 2WIDE_SENSE applications 

Night Vision (NV) - ADASENS 
Lane Departure Warning (LDW) - ADASENS 
High beam Assist (HBA) - ADASENS 
Traffic Sign Recognition (TSR) - UNIPR 
Vulnerable Road User Detection (VRUs) - UNIPR 
Road Condition Monitoring (RCM) – CRF 
 
 
2. GENERAL REQUIREMENTS OF APPLICATIONS 

Starting from the functions considered, it is possible to distinguish some basic sub-
functions common to them and from these ones to identify a set of minimal requirements 
to be fulfilled by the device developed in the project and from these to the technical 
specifications for the imager. 
 
The following figure shows a graph summarising the functional analysis relative to the 
preventive safety applications considered in the project. 
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Figure 1 Functional analysis of the functions. In the first row the considered functions are listed. The second 
and third rows are the set of requirements and the last row are the derived specifications 

 
It should be noticed that the imager developed in the project is by its nature a prototype, 
thus in this document will be indicated the optimal requirements needed for a commercial 
product and the minimal ones to fulfil in the project in order to realise a working prototype 
able to satisfy the project goals. 
 
3. BUSINESS CASE 

3.1 ADAS Market  

The European passenger car production in 2009 was at its lowest level since 1996, 
representing a 13% decline. On the other hand, in total, 14.1 million new cars were 
registered in the EU in 2009. The European automotive sector has a turnover of about 500 
Billion Euro with 2.7 million people employed.  
 
In a recent study1 FROST& SULLIVAN made the following conclusions among others: 

 70% of vehicle owners are interested in safety features that automatically act in 
emergency situations; 

 The market for camera-based systems will be around 2-3 Million units in 2016; 

 Consumers will spend 35% less on accessories for their next vehicle but ADAS 
accessories may buck the trend. 

 
Considering that from the first point the potential market is about 8 Millions systems per 
year (70% of 14.1 Million cars), the foreseen gap between the planned (8 Mi) and actual (3 
Mi) market penetration seems mainly due to the cost issue, following the trend indicated in 
the last point. 
 
Another study from ABI Research2 forecasts that ADAS market (worldwide) will rise from 
10 Billion$ (2011) to 130 Billion$ in 2016. According ABI, 25% of new vehicles will have a 

                                            
1 2009 European Consumers’ Desirability and Willingness to Pay for Advanced Safety and Driver Assistance Systems 
(March 2010) 
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Blind Spot monitoring system. ACC (Adaptive Cruise Control) will become widely diffused 
also in the segment C vehicles. Some facts are already showing that these figures are 
realistic: a new vehicle model introduced in 2011 with several ADAS systems available as 
an optional package has reached the 20% penetration (1 of every five cars sold has this 
ADAS optional required by the costumer).  
 
Another important factor is the introduction of new mandatory systems/regulation.  

 
Figure 2 Mandatory ADAS systems under discussion 

As shown in Figure 2, five systems are now considered mandatory or to be part of future 
NCAP testing. This will promote a fast dissemination of such systems in new vehicle 
models and in the market. Of these, system like AEBS (Advanced Emergency Braking 
System) and LDWS could profit of the advantages given by the 2WIDE_SENSE system. 
Finally, it should be considered that other solutions, if they will show their road safety 
benefits, could be considered in the future.  
 

3.2 2WIDE_SENSE System Concept 

In the mature automotive markets, very competitive, the availability of a wide range of 
products is a prerequisite to maintain the market share, together with frequent product 
renewal. All ADAS component producers are developing multi-functional frontal  systems, 
trying to integrate as many as possible functions running in parallel on the same hardware, 
for cost efficiency and to make easier the integration on the vehicles. The same will apply 
to the system developed in the project. An important advantage with respect to the present 

                                                                                                                                                 
1
 2009 European Consumers’ Desirability and Willingness to Pay for Advanced Safety and Driver Assistance 

Systems (March 2010) 
2 ABI Research’s “Lane Departure Warning and Road Sign Recognition Systems” - 2011 

http://www.abiresearch.com/research/1006361
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implementations is the possibility to perform an improved NV with the same camera used 
for other functions.  
 
At present, NV is offered as a separate function from other frontal ADA functions using or 
CMOS cameras sensible to Near Infrared (NIR) or thermal cameras sensible to far infrared 
(FIR). Both approaches have advantages and disadvantages: NIR cameras show BW 
images of good quality, but need a special IR illuminator integrated in the front light to 
illuminate the area to be observed, which is thus limited by its power. On the other hand, 
FIR cameras do not have this limitation, as they do not need any illuminator at all and thus 
be able to show the environment up to the horizon, but, on the other hand, they show a 
thermal image which can be look strange and not so immediate to understand for the 
driver. Moreover, they are inherently much more expensive. SWIR cameras can be 
considered somewhat in between these two extremes: they can show clear BW images, 
but they can show the environment at wider ranges than NIR cameras, as they can profit 
of the natural infrared glare from the night sky which stays within the SWIR range.  
 
Night Vision shows the images on a display: still, observing a monitor while driving is 
difficult, tiring and distracting from conduction, thus recently some carmakers started to 
offer NV combined with automatic pedestrian detection in order to show to the driver their 
presence through icon projected on the windshield. This is limited to night use, though. 
 
2WIDE_SENSE system, thus, can offer a much better integration of NV with all other 
frontal ADA function, with the advantage to have them working seamless in day and night 
condition. Moreover, as this can be done with a single camera, it will contribute to simplify 
installation issues and thus the overall system costs. 
 

3.3 Automotive Market Scenarios 

We can consider as reference the data from Frost & Sullivan for to the market of LDWS 
and Night Vision System (NIR technology), as shown in Figure 3 and Figure 4: 
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Figure 3 ADAS market volume in Europe (source: Frost&Sullivan 2010) 
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Figure 4 ADAS prices evolution in Europe (source: Frost &Sullivan 2010) 

 

The target price of 2WIDE_SENSE system could be estimated being an average between 
the selling price of NV and LDW systems, as shown in the following table: 
 

Table 1 Target price for 2WIDE_SENSE system 

Year 2013 2014 2015 2016 

Price 
(EUR) 

107.5 98 89.5 80.5 

 
In order to estimate the possible revenues, we can consider two scenarios:  
The system can get the 10% of the LDWS market by 2016 (aggressive) 
The system gets the 5% of the LDWS market by 2016 (conservative) 
 
According the scheme a), we obtain: 
 

Table 2 2WideSense systems getting about 10% of total LDWS volume 

 2013 2014 2015 2016 

Units 7,359 23,924 53,868 85,717 

% of LDWS: 1.5 4 7.5 10 

Price: 107.5 98 89.5 80.5 

Revenues (KEUR): 791 2345 4821 6900 

 
While according the scheme b): 
 

Table 3 2WideSense systems getting about 5% of total LDWS volume 

 2013 2014 2015 2016 

Units 2,453 14,952 28,730 42,859 

% of LDWS: 0.5 2.5 4 5 

Price: 107.5 98 89.5 80.5 

Revenues (KEUR): 264 1465 2571 3450 
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Even considering the more prudent scheme b), it appears that the system can produce 
significant revenues through automotive application and can be quite interesting form the 
commercial point of view. 
 
 
4. FUNCTION: NIGHT VISION 

4.1 FUNCTION DEFINITION 

With “Night Vision” (NV) is meant the ability of the camera to show the image of the 
environment in front of the vehicle during night and in absence of visible light, but using 
infrared sources. Thus, this function is meant to make fully use of the sensitivity of the 
imager in the NIR and SWIR parts of the spectrum. It can be considered two possible 
uses: direct observation of the environment by the driver, and submit the image to an 
image processor unit (PC) for further elaboration to perform other functions. As such, the 
latter is at the base of the performances of other ADAs functions in low or absent 
illumination conditions. 

The system support the driver during night time notifying the present of obstacles or 
animals (for extra-urban) on or near the lane. 

 
4.2 SCENARIO OF USE 

4.2.1 Operative scenario 

The operative scenarios are distinguished as follow: 
 
Road type: 
The system works in urban and extra-urban roads with minimum curve radius 250m 
(According to ISO/FDIS 15623, 2002). It is not considered working in a motorway because 
the possibility to find a pedestrian in that scenario is low.  
 
Range of speed: 
The system works at every speeds till the maximum allowed speed for an extra-urban 
road. 
 
Environmental conditions: 
The system works during the night and in absent of visible light. Fog, rain and snow could 
cause problems to the system.  
 
Obstacle types: 
The system has to find the presence of pedestrians, objects, animals and cyclists on or 
near of the road. 

 
 
4.2.2 Typical scenario of use  

Typical situations are shown on the table hereafter: 
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Table 4 – List of scenario of use for a NV system 

1.  Pedestrian on the right side 
of the road (outside the 
lane). 

 
2.  Pedestrian on the left side 

of the road (outside the 
lane). 

 
3.  Pedestrian crossing the 

road from the right to the left 
(or from the left to the right). 

 
4.  Pedestrian on the right of 

the road (outside the lane) 
but there is another vehicle 
ahead the ego vehicle. 

 
5.  Pedestrian on the left of the 

road (outside the lane) but 
there is another vehicle 
ahead the ego vehicle. 

 
6.  Pedestrian on the right of 

the road behind an obstacle 
(outside the lane). 
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7.  Pedestrian on the left of the 
road behind an obstacle 
(outside the lane). 

 
8.  More than one pedestrian 

are present on the road. 

 
9.  Vehicle is turning left at an 

intersection, pedestrian 
crossing the road from the 
right to the left (or from the 
left to the right). 

 
10.  Vehicle turning right at an 

intersection, pedestrian 
crossing the road from the 
right to the left (or from the 
left to the right). 

 
11.  During a right curve, a 

pedestrian is on the right 
(outside the lane) of (or is 
crossing from the right to 
the left) the road. 
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12.  During a left curve, a 
pedestrian is on the left 
(outside the lane) of (or is 
crossing from the left to the 
right) the road. 

 
13.  Vehicle is on a road hump, 

a pedestrian is present at 
the end of the road hump. 

 

 
4.3 FUNCTION REQUIREMENTS 

ID: 1.1-NV_Obj_Det 

 

Name: Object detection 

Description:   

Important parameters for this function are the detection range and the camera angular resolution. 

The objects have to be detected at a distance great enough to give the driver time enough to react 
from the instant he (or she) receives a warning. The angular resolution required depends from the 
processing algorithm adopted. Typically, it is required that an object to be recognised subtends 6 
pixels. 
 

Responsibility: ADASENS 

Rationale:  

The detection range should be longer than the stopping distance of the vehicle required to avoid a 
collision. 

 

Details:  

 

1. i.e. Detection range 

Detection range has to be longer than stopping distance of vehicle to avoid a collision. 

Details:  

Detection range:  

vt
a

v
vd

2
)(

2

, with 

v : vehicle speed 

a : braking deceleration, 
2

6
s

m
 assumed 

t : reaction time (driver and system), s2  assumed 

 

Thus, we get a detection range:  

 For extra-urban scenario (maximal speed of 100 km/h, i.e. about 27.7 m/s) : about 120 m. 

 For intra-urban scenario (max. speed 50 km/h, i.e. 13.9 m/s): about 44 m 
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  Minimal detection range should be ≥ 44 m; Maximal detection range should be ≥ 120 m 

 
2. i.e. Angular resolution 

 

for object detection a minimal number of pixels are required. The specified distance of the 
object is equal or higher than the stopping distance of the vehicle. 

 

w
α

d

o

 

d

w

n
dres

oarctan

)( , with 

d : distance of object assumed as the stopping distance, see 1. 

ow : width of object: m5.0  for short and m1  long side assumed 

n : required number of pixels for object detection, 3 px for short side  

Angular resolution for smallest object in maximum distance: 
px

mres 11)120(  

Priority: High 

Relations: FOV 

Source: ADASENS 

 
 

ID: 1.2-NV_FOV Name: FOV – field of view 

Description:  

The field of view (FOV) should be sufficiently wide to assure the coverage of the lane at the immediate 
front of the vehicle and of the adjacent ones, in order to assure the detections of the lines on the road 
pavement and the detection of objects and people at the side of the road even when at short distance 
from the vehicle. 

Responsibility:  ADASENS 

Rationale:  

A field of-view of 30° by 22°, as it could be obtained with a focal length of 18 mm and a VGA image 
format of 640 x 512 with a 15 µm pitch, assures the vision of the road pavement at about 6 m from 
the camera, i.e. about 4.5 m from the car front (for a medium-sized car) which could be acceptable 
for at least validate the general performances of the considered functions (Fig.1).  

 Figure 5 . Proposed Camera FOV 
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Details:  

1. Straight road use cases (a):  

1.5·w
α

l

d

wo

 
 

d

w
w

dFOV

o
l

2
5.1

arctan2)(2 , with 

FOV : field of view  

d : distance of object 

lw : width of lane (3.75 m assumed) 

ow : width of object (0.5 m assumed) 

26.15)44( mFOV  (44 m: detection range for vehicle speed 50 km/h) 

 

2. Curved road use cases (b, c, d):  
 

According to ISO/FDIS 15623, 2002 only curve radiuses of min. 250 m are assumed. The limited 
curve radius is also reasonable, because the view is often obstructed by trees, bushes or other 
things. 

d

5°

10°

15°

α

 

)(2

)(360
)(2

vr

vd
vFOV , with 

FOV : field of view 

)(vd : distance of object 

)(vr : curve radius 

v : vehicle speed 

 

05.10)50(
h

km
FOV  with: m

h

km
r 250)50( , m

h

km
d 85,43)50(  

Priority: High 

Relations: - 

Source:   ADASENS 
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ID: 1.3-NV_Ima_Vis Name: Image Vision 

Description: 

Night Vision implies showing the image taken by the camera to the driver. 

In consideration of the capacity of the human vision to recognise objects, the requirements from 
this function are not limiting. Thus the requirements defined by the other functions are sufficient 
and acceptable for Image Vision, too. 

 

Responsibility:  ADASENS 

Rationale:  

 
For Night Vision, several simulations were performed in order to evaluate the possibility see a 
pedestrian at various distances. It appears that it should be possible to visually recognise in the 
image the presence of a pedestrian 1.80 m tall up to a distance of 80–100 m. It should be 
considered that for an active night vision system the distance of recognition depends from the 
infrared illuminator range, too. 
 

   
 Pedestrian at 15 m   Pedestrian at 30 m  Pedestrian at 50 m 
 

   
 Pedestrian at 80 m   Pedestrian at 100 m   Pedestrian at 150 m   

Figure 6 simulation of a pedestrian 1.8 m tall at various distances 

 

 

Priority: Low 

Relations: - 

Source:   ADASENS 
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ID1.4_NV_spect_ran Name: spectral range 

Responsibility: ADASENS 

Rationale:   

 

As already explained, this function has to provide images of the environment in front of the vehicle 
during night and in absence of visible light, but using infrared sources. 

For this reason, NIR and SWIR spectral ranges will be fully exploited. 

Priority: High 

Relations:  ---   

Source:  ADASENS 

 

 

ID: 1.5-NV_Frame_Rate Name: frame rate  

Description: 

The flow of images provided by the camera should be sufficient to assure an adequate refreshing to 
perform the function 

Responsibility:  

Rationale:   

 

Details:  

Frames per second  => Should not be less than 10. This is the minimal requirement to 
assure sufficient refresh for image processing; any value higher than this can be acceptable. 

In commercial automotive applications using CMOS cameras operating in the visible range, it 
typically ranges from 24 to 30 frames per second. 

 

Priority: High 

Relations:  ---   

Source:   ADASENS 

 

 

ID: 1.6-NV_Dyn_Ran Name: Dynamic Range 

Description:  A wide dynamic range is necessary in order to avoid effect like blooming due to light 
sources present in the images.  

 

Responsibility: ADASENS 

Rationale:   

Values inferior to 7 decades (present commercial system run from 0.5 cd/m^2 to 5x10^5 cd/m^2) will 
reduce the performance on tunnel entries / exits and during night with oncoming traffic. 

Priority: High 

Relations:  ---   

Source:   ADASENS 
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5. FUNCTION: LANE DEPARTURE WARNING 

5.1 FUNCTION DEFINITION 

Lane Departure Warning (LDW) uses the images taken by the forward-looking camera to 
compare the lane marking with the vehicle direction to evaluate a possible deviation, and 

to give a warning to the driver through a dedicated HMI, usually a haptic one. The system 

does not give a warning if the driver changes lane using the directional signal. 

 

5.2 SCENARIO OF USE 

5.2.1 Operative scenario 

The operative scenarios are distinguished as follow: 
 
Road type: 
The system works on roads with delimiting lines (e.g. extra-urban and motorway) with 
minimum curve radius of 250m (According to ISO/FDIS 15623, 2002) 
 
Range of speed: 
LDW should work starting from a minimum vehicle speed of about 50 km/h. The system 
should work up to maximum allowed speed. 
 
Environmental conditions: 
The system should work in all the weather conditions. Particular challenging situations, 
especially for video based systems, are: fog, heavy rain and snow. With snow and heavy 
rain the lines on the road could be covered deteriorating the system performance. 
Particular lighting condition (dawn, dust) could cause problems (missing false, alarms) to 
vehicle detection in video based systems. 
 
5.2.2 Typical scenario of use 

Typical situations are shown on the table below: 
 

Table 5 - List of scenario of use for a LDW system 

1.  Vehicle is approaching the left 
dashed line.  
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2.  Vehicle is approaching the left line. 

 
3.  Vehicle is approaching the right line. 

 
4.  Vehicle is approaching the right 

dashed line. 

 
5.  Vehicle is going straight during a 

right curve. 

 
6.  Vehicle is going straight during a left 

curve. 

 
7.  Vehicle is approaching the right line 

in a point where the line become 
double. System has to consider the 
correct line. 
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8.  Vehicle is approaching the left line in 
a point where the line become 
double. System has to consider the 
correct line. 

 
9.  System has to consider the road 

work line respect the normal one. 

 
10.  Vehicle is approaching the right line 

in a point where there is a reduction 
of the lane. System has to consider 
the correct line. 

 
11.  Vehicle is approaching the right line 

in a point where there is a widening 
of the lane. System has to consider 
the correct line. 

 
12.  Vehicle is going in a new lane from 

the right side of the lane, approach 
with a high angle of incidence. 

 
13.  Vehicle is going in a new lane from 

the left side of the lane, approach 
with a high angle of incidence. 
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14.  Road is wet, a truck leaves on the 
road its traces. System has to 
distinguish the real road lines from 
these traces. 

 
 

5.3 FUNCTION REQUIREMENTS 

 

ID: 2.1-LDW_Lane_Det 

 

Name: lane detection 

Description:   

The lines traced to delimit the road lanes have to be detected and traced in time and space. Thus 
there will be a minimal detection distance required to recognise the line presence and recognise 
its geometry (direction, curvature, type of line).  

Responsibility: ADASENS 

Rationale:  

Explanation about the calculation of the parameters related to the selected requirement 

 

Details:  

 

1. Detection range 

LDWS requires observing at least 30m of road in the image and this goal should be assured in any 
case. The reason for that is the distance between the dashes on dashed markings. To have a 
good estimation, at least 2 dashes should be at least partially visible in the image. For example, on 
German roads the standard dash has a length of 6m and the gap a length of 12m. Over all 
countries the full length of a gap-dash combination is around 20m (refer to ISO 17361). So to be 
sure to have two dashes visible the detection range has to be around 30m for good performances. 

 
2. Angular resolution 

 

To detect a lane marking in the image the minimum width is 3 pixels. This is a constraint of the 
lane marking classifier that ensures good detection rates with low false positive rates. Regarding 
angular resolution, less (i.e. greater angles per pixel) reduces max detection distance, but LDW 
application is very flexible regarding this parameter (you don't need more than 30m of detection 
range, which is much more than is the distance where the width of the line marking in the image 
goes below 3 pixels). 

 The actual maximum detection distance (d) based on the angular resolution (alpha in [°/pixel]), 
the width of the marking (w) and the assumption not to have less than 3 pixels could be calculated 
in the following way: 
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)3tan(

)3tan(

w
d

d

w

 

 

Or in other words: 

w
α

d

o

 

 

d

w

n
dres

oarctan

)( , with 

d : distance of object assumed as the stopping distance, see 1. 

ow : width of line: m1.0   

n : required number of pixels for line detection, 3 px for short side  

px
mres 11)30(

 
Priority: High 

Relations: FOV 

Source: ADASENS 

 
 

ID: 2.2-LDW_FOV Name: FOV – field of view 

Responsibility:  ADASENS 

Rationale:  

 

Details:  

All in all, it appears that if the horizontal FOV of 30° previously described can be maintained, it 

could be possible to demonstrate the LDW function without major problems. 

 

Values inferior to 30° will reduce performance in rainy conditions. 

Priority: High 

Relations:  

Source:   ADASENS 
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ID: 2.3-LDW_Spect_Ran Name: Spectral Range 

Description: 

Performances should be correct in all spectral range used for the function considered. 

Responsibility: ADASENS 

Rationale:   

 

From the first test campaigns carried out it seems evident that NIR-SWIR spectral range 
guarantees an adequate contrast among lines and asphalt.  

Colour information  => It is required only in case it is needed the detection of road works lines. 
For the scope of demonstrate the feasibility of the LDWS function, this feature can be considered 
optional. 

Priority: Low 

Relations:  ---   

Source:  ADASENS 

 
 

ID: 2.4-LDW_Frame_Rate Name: frame rate  

Description: 

The flow of images provided by the camera should be sufficient to assure an adequate refreshing to 
perform the function 

Responsibility: ADASENS 

Rationale:   

 

Details:  

Frames per second  => Should not be less than 10. This is the minimal requirement to 
assure sufficient refresh for image processing; any value higher than this can be acceptable. 

In commercial automotive applications using CMOS cameras operating in the visible range, 

it typically ranges from 24 to 30 frames per second. 

 

Priority: High 

Relations:  ---   

Source:   ADASENS 
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ID: 2.5-LDW_Dyn_Ran Name: Dynamic Range 

Description: 

A sufficient dynamic range is required to avoid effects like blooming in the image due to light sources. 

 

Responsibility: ADASENS 

Rationale:   

 

Details:  

Values inferior to 7 decades (present commercial system run from 0.5 cd/m^2 to 5x10^5 
cd/m^2) will reduce the performance on tunnel entries / exits and during night with 
oncoming traffic. 

 

Priority: High 

Relations:  ---   

Source:   ADASENS 
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6. FUNCTION: HIGH BEAM ASSIST 

6.1 FUNCTION DEFINITION 

The High Beam Assist (HBA) uses the images taken by the same forward-looking camera 

used for LDW and other functions to decide if high-beam lights should be activated. If it is 
present oncoming traffic or you are driving behind another vehicle, or if the ambient light is 
strong enough, the high-beam assistant turns off the high-beam headlights. 

 

6.2 SCENARIO OF USE 

6.2.1 Operative scenario 

The operative scenarios are distinguished as follow: 
 
Road type: 
The main scenarios for this function are the extra-urban and motorway scenarios. In urban 
scenario the system has to detect the presence of street light and turn off the high-beam 
headlights. The system works on roads with a minimum curve radius of 250m (According to 
ISO/FDIS 15623, 2002). 
In an extra-urban or motorway scenario if there is not sufficient street illumination the 
system has to turn on the high-beam headlight.  
 
Range of speed: 
The systems should work up to maximum allowed speed for an extra-urban or motorway. 
 
Environmental conditions: 
The system works during the night. Fog is a problem using the high beam headlights, snow 
and heavy rain could deteriorate the system performances. The environment light could be 
confused with other vehicle lights by the system. For this reason a colours vision system is 
needed  
 
Obstacle types: 
The obstacles are other vehicles including motorcycles. 

 

6.2.2 Typical scenario of use 

Typical situations are shown on the table below. In these situations the vehicle has to turn 
off the high beam headlights. 
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Table 6 - List of scenario of use for a HBA system  

1.  Oncoming vehicle is present. 

 
2.  Ego vehicle is driving behind 

another vehicle. 

 
3.  The high beam lights must 

stay off until the overtaking 
phase is finished. 

 
4.  The ego vehicle is in the fast 

lane and the other vehicle is 
in one of the other lanes. 

 
5.  The ego vehicle is behind a 

vehicle in the acceleration 
lane. 
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6.  Oncoming vehicle is in its 
acceleration lane. 

 
7.  Ego vehicle is turning left, 

oncoming vehicle from the left 
side. 

 
8.  Ego vehicle is turning right, 

oncoming vehicle from the 
right side. 

 
9.  The ego vehicle is behind a 

vehicle in a right curve. 

 
10.  There is an oncoming vehicle 

in a right curve. 
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11.  The ego vehicle is going 
straight and other vehicles 
are stopped at an 
intersection. 

 
12.  The ego vehicle is behind a 

vehicle in a left curve. 

 
13.  There is an oncoming vehicle 

in a left curve. 

 
14.  The ambient light is strong 

enough. 

 
15.  The ego vehicle is on a road 

hump, oncoming vehicle is 
present. 

 
16.  The ego vehicle is on a road 

hump, another vehicle is 
present ahead. 
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6.3 FUNCTION REQUIREMENTS 

 

ID: 3.1-HBA_Lights_Det 

 

Name: Lights detection  (low beam + Day 
light) 

Description:   

The front lights of the approaching vehicles should be recognised at the greatest distance possible. 
The tail lights of preceding vehicles in the same lane should be detected as well. These lights should 
be recognised against other light sources, like city lights, reflections, and so on. 

  

Responsibility: ADASENS 

Rationale:  

Angular Resolution influences the maximum detection distance. Present HBA software can 
recognise the front light of an approaching vehicle with a size of about 3 pixels. Assuming for a car 
front light an approximate size of about 100 mm, with the angular resolution of 0.05°/pixels 
available for present commercial imagers is possible to detect vehicles lights when they are at a 
distance of about 400m.  

Increasing the angular resolution, the detection range will decrease. With the target FOV and pixel 
resolution considered for the prototype imager to be developed in the project, the angular 
resolution should be approximately 0.09° / pixel both in horizontal and vertical. This would mean to 
reduce the distance of detection at about the half, i.e. about 220 m. This is not a technological limit. 
The resolution could be improved with a more complex software algorithm. The camera uses 4 
channels having each channel 320x240 pixel of resolution and a different spectral information. An 
idea to increase the resolution is to use all the 4 channels for the same spectral range used by the 
HBA increasing in this way the resolution and consequently increasing the detection range. This 
could be an idea for a future production phase. 

 

Details:  

1. Detection range 

 

The relation between the size of the light source h  and the detection distance d  is given by: 

)(ctnhd  

Where a is the angle subtended in the image by an object n  pixels high with the date angular 

resolution res , i.e. resn  

Which gives, for the considered cases: 

 

Angular Resolution 

resa (°/pixels) 

 Min. object size 

in pixels (n) 

Min. Object angle  

 (degrees) 

Front Light 

size h (mm) 

Distance d 

(m) 

0.05 (20 px/°) 3 0.15 104 400 

0.09  (11 px/°) 3 0.27 104 220 

 

 

 
 

d 

h 
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2. Angular resolution 

Less will reduce the maximum detection distance. Currently, with an angular resolution of 
0.05°/pixels is possible to detect vehicles lights at a distance of 400m with a pixel size of 3 pixels. 

So, if the angular resolution value is higher this detection range will decrease. With the target FOV 

and pixel resolution stated before, the angular resolution should be approximately 0.09° / pixel in 
both horizontal and vertical. This would mean to reduce the distance of detection at about the half, 
i.e. 200 m.  

Priority: High 

Relations: FOV 

Source: ADASENS 

 
 

ID: 3.2-HBA_FOV Name: FOV – field of view 

Responsibility:  ADASENS 

Rationale:  

FOV Vertical: The value of 22° is adequate, as it is sufficient to see in the image street lights. The 
software recognises street lights and uses this information to detect if the vehicle is running in an 
urban scenario or not. 

If we reduce this, than, in combination with a LDW we have to check whether we can see street 
lights anymore, otherwise we can not detect if we are running in city in order to switch of the High 
Beams in this environments. 

Priority: High 

Relations: - 

Source:   ADASENS 

 
 

ID: 3.3-HBA_Spect_Ran Name: Spectral range         

Description: 

Part of the project is to verify the possible advantages given to the function by the use of a spectral 
range extended off the visible. 

 

Responsibility: ADASENS 

Rationale:   

Specific experiments should be done to better understand if using information in IR band can help in 
the identification of light sources. 

Details:  

Visible light is needed to decide between tail lights and reflectors. There is at present date not 
enough experience or literature data on using different spectral bands regarding the presence of 
differences between these two classes. 

 

Currently ADASENS is using all of the three R, G, B colours to detect tail lights of vehicles. If we loose 

one component we have to change the method. We know that HBA is also possible with R and clear 

patterns. But we haven't implemented it yet. 



 

 
WIDE spectral band & WIDE  dynamics multifunctional imaging 
SENSor Enabling safer car transportation 

 
 

 

Public  Page 31 di 62 
“D1.1 - Sensor requirements and specifications” 

If the colour information should be reduced to R only, it could be not possible to handle correctly the 
function in complex scenarios, like the urban driving one. 

Priority: High 

Relations:  ---   

Source:   ADASENS 

 
 

ID: 3.4-HBA_Frame_Rate Name: frame rate  

Description: 

The flow of images provided by the camera should be sufficient to assure an adequate refreshing to 
perform the function 

Responsibility:  

Rationale:   

 

Details:  

Frames per second  => Should not be less than 10. This is the minimal requirement to 
assure sufficient refresh for image processing; any value higher than this can be acceptable. In 

commercial automotive applications using CMOS cameras operating in the visible range, it 

typically ranges from 24 to 30 frames per second. 

 

Priority: High 

Relations:  ---   

Source:   ADASENS 

 
 

ID: 3.5-HBA_Dyn_Ran Name: Dynamic Range 

Description: 

A sufficient dynamic range is required to avoid effects like blooming in the image due to light sources. 

 

Responsibility: ADASENS 

Rationale:   

 

Details:  

Values inferior to 7 decades (present commercial system run from 0.5 cd/m^2 to 5x10^5 
cd/m^2) will reduce the performance on tunnel entries / exits and during night with oncoming 
traffic. 

 

Priority: High 

Relations:  ---   

Source:   ADASENS 
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7. FUNCTION: TRAFFIC SIGN RECOGNITION 

7.1 FUNCTION DEFINITION 

Traffic Sign Recognition (TSR) uses the images taken by the forward-looking camera to 
detect the presence of traffic signs on the side of the road. Only a low level processing 
step is going to be developed to obtain a list of areas of interest which can potentially 
contain traffic signs. 
The TSR system could help the driver and reduce the number of road crashes. It is studied 
that a lot of road crashes is due because not enough importance is given to the traffic 
signs. 
A proper study of the environment is required to recognize the traffic signs. Signs are not 
all equal and have different shape, size, colour and could change changing country. So 
there are a lot of different scenarios to be considered.  
The function that will be implemented in the camera for this project identifies triangles and 
circles in the image. This means that panels are not to take in consideration. The target of 
TRS function is to help and support the driver for a correct driving. 
 

7.2 SCENARIO OF USE 

7.2.1 Operative scenario 

The operative scenarios are distinguished as follow: 
 
Road type: 
This system could be used in all the type of roads. In urban scenarios the most important 
traffic sign to recognize is the stop sign: the system needs to have a detection range big 
enough to stop the vehicle in a suitable space. In urban scenarios the signs could be 
positioned on the top of a wall so it is important to recognize it at that level and distinguish 
it from the colours around them.  
In extra urban or motorway scenarios speed is bigger then in an urban one and it means 
that the detection range as to be bigger as well. It is required to have a horizontal FOV 
large enough to see the signs in both sides of the road.  
 
Range of speed: 
The systems should work up to maximum allowed speed for an extra-urban road or 
motorway, and up to maximum 50 Kph for an urban scenario. 
 
Environmental conditions: 
The system has to work at many different environment conditions. As it is shown below 
there are a lot of situations where environmental conditions are variables. It is important a 
colors camera to distinguish the environment from the signs.  
Particular challenging situations, especially for video based systems, are: fog, heavy rain 
and snow. Particular lighting condition (dawn, dust) could cause problems to vehicle 
detection in video based systems. 
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7.2.2 Typical scenario of use 

Typical situations are shown on the table below: 
 
 

Table 7 - List of scenario of use for a TSR system 

1.  On the traffic sign there is the sun 
reflection. 

 
2.  There are two traffic signs one 

behind the other but the furthest is 
shaded. 

 
3.  Traffic sign is partially covered. 

 
4.  Traffic sign is partially rotated. 

 
5.  Traffic sign is partially damaged. 
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6.  Environment illumination is not 
correct. 

 
7.  Traffic sign could be totally covered 

and then visible only close to the 
ego vehicle. 

 
8.  Traffic sign could be confused with 

the environment (e.g. they have 
similar colours). 

 
9.  Two traffic signs on each other. 

 
10.  Traffic sign is in a right or left curve. 
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11.  Traffic signs are present on the 
billboards passing on the road. 

 
12.  There are speed signs on the rear 

of a truck and they don’t have to be 
confused with traffic signs. 

 
13.  There is a combination of different 

kind of traffic signs in different 
positions. 

 
14.  Traffic signs could be more then 

one and could be present in both 
the side of the lane. 

 
15.  There is a obstacle that covers the 

traffic sign on the right so if there is 
the same traffic sign on the left it 
has to be identified. 
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16.  In urban scenarios traffic sign could 
be connected to the wall. 

 
 

 
7.3 FUNCTION REQUIREMENTS 

 

ID: 4.1-TSR_Sign_Det 

 

Name: Sign detection 

Responsibility: UNIPR 

Rationale:  

Explanation about the calculation of the parameters related to the selected requirement 

 

Details:  

 

1.  Detection range 

For traffic signs recognition a full stop is only required close to intersections and therefore in areas 
where the maximum speed of the vehicle can be considered even lower, i.e. 30 km/h. 

The detection range can be computed using the following formula: 

vt
a

v
vd

2
)(

2

, with 

v : vehicle speed 

a : braking deceleration 

t : reaction time (driver and system) 

 

A typical vehicle deceleration is at least  5 m/s
2
, considering 2 s as the time needed to the driver to 

react we can easily compute that at 45 km/h around 25-30 m are needed to stop.  

 

Assuming those data and taking in account also a small tolerance, the maximum detection range 
can be safely put around 30 m. 

 

 
2. Angular resolution 

 

The angular resolution has to be set in order to have a minimum pixel size for objects to be 
detected. This depends on both detection range and objects size. 

Concerning the object size, in the case of traffic signs, we can assume 0.9 m as average size. 

Since only a low level detection  is to be performed and considering past experiences in developing 
similar systems, 20 pixels are needed for the detection of traffic signs. 

The  required minimum angular resolution can then computed according to the following formula: 
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d

w

n
dres

oarctan

)( , with 

d : maximum distance of object (30 m) 

ow : width of object: (0.9 m) 

n : required number of pixels for sign detection (20 pixels) 

According to these data, 14 pixels/degree are the minimum angular resolution needed for a reliable 
detection. Due to the multispectral responsivity of the sensor and thus the possibility to deliver four 
images at 320x240 pixel resolution with different spectral content (see filter pattern specification), the 
14pixels/degree angular resolution will be reached performing image processing to all four delivered 
images. Therefore, an angular resolution of 11 pixels/degree corresponding to a 320x240 pixel image 
resolution will be taken into account. 

Priority: High 

Relations: FOV 

Source: UNIPR 

 
 

ID: 4.2-TSR_FOV Name: FOV – field of view 

Description:  

In order to detect traffic signs  up to 30 m, according to previous experiments an angle of view of 25-
30

o
 can be used. Lower angles of view do not effectively allow to perform detection in the lateral 

portion of the road, namely where traffic signs are usually placed. 

 

Responsibility:  UNIPR 

Priority:High 

Relations: - 

Source:   UNIPR 

 
 

ID: 4.3-TSR_Spect_Ran Name: spectral range 

Description: 

Depending on the algorithm developed, different spectral range can be suitable. In particular, colour 
images allow a colour segmentation. On the other hand in case of greyscale images, a shape 
segmentation will be necessary to identify ROIs. 

Even a sensitivity only on the red frequency could be interesting, since this information could be used 
as a validation during the candidates selection. 

Responsibility: UNIPR 

Priority: High 

Relations:  ---   

Source:   UNIPR 
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ID: 4.4-TSR_Frame_Rate Name: frame rate 

Description: 

A typical and acceptable frame rate is 10fps. According to similar systems this rate is enough to 
allow tracking and, at the same time, it does not require powerful processing systems therefore 
allowing the use of embedded computing engines. 

Responsibility: UNIPR 

Priority: High 

Relations:  ---   

Source:   UNIPR 

 

ID: 4.5-TSR_Dyn_Ran Name: Dynamic range 

Description: 

An high dynamic range is required for this application since traffic signs are only a small portion of 
the image thus, since in general autoexposure algorithms take care of image mean values, traffic 
signs could be overexposed or underexposed. 120dB or more could be suitable. 

 

Responsibility: UNIPR 

Priority: High 

Relations:  ---   

Source:   UNIPR 

 
 

8. FUNCTION: VULNERABLE ROAD USER DETECTION 

8.1 FUNCTION DEFINITION 

Vulnerable Road Users (VRU) uses the images taken by the forward-looking camera to 
detect the presence of vulnerable road users, namely pedestrians, cyclists or animals. 
These users have to be detected when they are inside the lane but even when they are 
outside but close to the road to perform a pre-attentive procedure (VRUs could stay in 
both side of the lane). They could stay in the same vehicle lane and could be stopped or 
moving with a different velocity. The system has to identify them and establish 
behaviours (break and stop before the collision or advice the driver if there is a potential 
collision). 
If VRUs are near the vehicle lane they could cross the lane or not. The system has to 
identify them and establish behaviours, calculating the possible VRUs path according to 
their movement and establish if a collision is possible, so a system reaction is expected 
(break and stop before the collision or advice the driver if there is a potential collision). 
Another case is the possibility of a immediate VRU detection in a short space (VRU cuts 
in very fast in front of the ego vehicle or VRU presence behind a curve), the system has 
to actuate a pre-crash behaviour. 
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Only a low level processing step is going to be developed to obtain a list of areas of 
interest which can potentially contain VRUs. 

In this project is considered a urban scenario where speed is limited to 45 Km/h. This 
choice was be done according to the low cost target and considering that the biggest 
number of accidents happen in a urban scenario involving pedestrians. But it should be 
remembered that the information obtained by the camera are performed by a high level 
software. An idea for future development could be an improvement of this software 
performance extending the use of the VRUs system in other scenarios. 

 
8.2 SCENARIO OF USE 

8.2.1 Operative scenario 

The operative scenarios are distinguished as follow: 
 
Road type: 
The system could be used in urban and extra-urban scenarios.  
In a urban scenario VRUs could be pedestrians or cyclists (animals less probably in a 
urban scenario).  
In a extra-urban scenario VRUs could be animals and cyclists (pedestrians less 
probably). 
 
Range of speed: 
In a urban scenario the speed is maximum 50Kph. This is the situation most important 
where there is the biggest number of collisions.  
In a extra-urban scenario the speed could be at maximum 100Kph. 
 
Environmental conditions: 
The system has to work at every kind of environment condition. Particular challenging 
situations, especially for video based systems, are: fog, heavy rain and snow. Particular 
lighting condition (dawn, dust) could cause problems to vehicle detection in video based 
systems. 
 
Obstacle types: 
Typical obstacles are pedestrians, cyclists and animals (in a country side scenario). 
  
8.2.2 Typical scenario of use 

Typical situations are shown on the table below: 
 

Table 8 - List of scenario of use for a VRUs system 

1.  VRU crossing the road from the 
right to the left (or from the left to 
the right). 
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2.  VRU crossing the road from the 
right to the left (or from the left to 
the right) occluded from parked 
cars (or other obstacles). 

 
3.  Vehicle turning left at an 

intersection, VRU crossing the 
road from the right to the left (or 
from the left to the right). 

 
4.  Vehicle turning right at an 

intersection, VRU crossing the 
road from the right to the left (or 
from the left to the right). 

 
5.  Vehicle turning left at an 

intersection, VRU crossing the 
road from the right to the left. VRU 
is occluded by a parked car (or 
other obstacles). 

 
6.  Cyclist crossing the intersection 

from the left, VRU is stopped 
(paths perpendicular). 

 
7.  Cyclist crossing the intersection 

from the right, VRU is stopped 
(paths perpendicular). 
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8.  Cyclist crossing the intersection 
from the left, VRU is stopped 
(paths perpendicular). Cyclist 
occluded by a parked car (or other 
obstacles). 
 

 
9.  Cyclist and vehicle travelling in 

opposite directions, vehicle turns in 
front of cyclist. 

 
10.  One vehicle is stopped to give the 

possibility to a VRU to cross the 
road, ego vehicle overtakes the 
stopped vehicle.  

11.  Ego vehicle overtakes another 
vehicle. On the other side of the 
road a VRU is crossing the road. 

 

12.  Ego vehicle overtakes a vehicle. 
On the other side of the road a 
VRU is crossing the road occluded 
by a parked car (or other 
obstacles). 

 

13.  Cyclist going straight in the same 
direction of the vehicle. The vehicle 
is going faster then the cyclist. 
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14.  More vehicles in a queue. VRU 
crossing the road between two 
stopped vehicles. Ego vehicle 
going in the opposite direction.  

15.  VRU crossing the road in a left 
curve from the left to the right (or 
from the right to the left). 

 
16.  VRU crossing the road in a right 

curve from the right to the left (or 
from the left to the right). 

 
17.  VRU crossing the road after a road 

hump from the right to the left (or 
from the left to the right). 
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8.3 FUNCTION REQUIREMENTS 

 

ID: 5.1-VRUs-VRU_det 

 

Name: Vulnerable Road User (VRU) detection 

Responsibility: UNIPR 

Rationale:  

Explanation about the calculation of the parameters related to the selected requirement 

 

Details:  

 

1. Detection range 

 

The detection range must be set to allow the vehicle to perform a full stop in dangerous situations 
and therefore it depends on vehicle speed. For VRUs detection we can assume that their presence 
is limited to low speed areas and therefore we can assume the maximum speed as 45 km/h. In fact,  

we assume as VRUs mainly pedestrians and bicycles. 

The detection range can be computed using the following formula: 

vt
a

v
vd

2
)(

2

, with 

v : vehicle speed 

a : braking deceleration 

t : reaction time (driver and system) 

 

A typical vehicle deceleration is at least  5 m/s
2
, considering 1 s as the time needed to the driver to 

react we can easily compute that at 45 km/h around 25-30 m are needed to stop.  

 

Assuming those data and taking in account also a small tolerance, the maximum detection range 
can be safely put around 30 m. 

 
2. Angular resolution 

 

The angular resolution has to be set in order to have a minimum pixel size for objects to be 
detected. This depends on both detection range and objects size. 

Concerning the object size, in the case of VRUs, we can assume 1.2 m as minimum height to be 
detected. 

Since only a low level detection is to be performed and considering past experiences in developing 
similar systems, 30 pixels are needed for the detection of VRUs. 

The  required minimum angular resolution can then computed according to the following formula: 

d

h

n
dres

oarctan

)( , with 

d : maximum distance of object (30 m) 

oh : height of object: (1.2 m) 

n : required number of pixels for sign detection (30 pixels) 
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According to these data, 15 pixels/degree are the minimum angular resolution needed for a reliable 
detection. Due to the multispectral responsivity of the sensor and thus the possibility to deliver four 
images at 320x256 pixel resolution with different spectral content (see filter pattern specification), 
the 15 pixels/degree angular resolution will be reached performing image processing to all four 
delivered images. Therefore, an angular resolution of 11 pixels/degree corresponding to a 320x256 
pixel image resolution will be taken into account. 

 

Responsibility: UNIPR 

Priority: High 

Relations: FOV 

Source:   UNIPR 

 
 

ID: 5.2-VRUs_FOV Name: i.e. FOV – field of view 

Description:  

In order to detect VRUs  up to 30 m, according to previous experiments an angle of view of 25-30
o
 

can be used. Lower angles of view do not effectively allow to perform detection in the lateral portion 
of the road, namely where VRUs (especially pedestrians) are likely to be detected. 

 

Responsibility:  UNIPR 

Priority: High 

Relations: - 

Source:   UNIPR 

 
 

ID: 5.3-VRUs_Spect_Ran Name: spectral range 

Description: 

Colour information 

Responsibility: UNIPR 

Rationale:   

Low –level VRUs detection is usually based on shape and size segmentation. The search for specific 
colours is not usually exploited since, VRUs can highly vary under the colour point of view; 
nevertheless the possibility of improving segmentation using colours can enhance the algorithm 
reliability since it eases the discrimination between VRU and background.  

On the other hand SWIR image can enhance some feature typical of the pedestrian easing the 
preliminary segmentation and thus the detection. 

Priority: High 

Relations:  ---   

Source:  UNIPR 
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ID: 5.4-VRUs_frame_rate Name: frame rate 

Description: 

A typical and acceptable frame rate is 10 fps. According to similar systems this rate is enough to 
allow tracking and, at the same time, it does not require powerful processing systems therefore 
allowing the use of embedded computing engines. 

 

Responsibility: UNIPR 

Priority: High 

Relations:  ---   

Source:   UNIPR 

 
 

ID: 5.5-VRUs_Dyn_Ran Name: Dynamic range 

Description: 

An medium dynamic range is required for this application since VRUs represent a relatively small 
portion of the image thus, since in general auto-exposure algorithms take care of image mean 
values, they could be overexposed or underexposed. 100 dB or more could be suitable. 

 

Responsibility: UNIPR 

Priority: High 

Relations:  ---   

Source:   UNIPR 
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9. FUNCTION: ROAD CONDITION MONITORING 

9.1 FUNCTION DEFINITION 

Road condition monitoring (RCM) uses the images taken by the forward-looking camera to 
detect the presence of ice or wet patches on the road. This system works in the SWIR 
bandwidth and determines the road status through spectroscopic measurements of the 
road surface. In the SWIR bandwidth the absorption of water and ice is noticeable 
relevant. If a wet or ice patch is detected the system has to break and stop (if there is a 
sufficient detection range) the vehicle before reach the patch. 

 
9.2 SCENARIO OF USE 

9.2.1 Operative scenario 

The operative scenarios are distinguished as follow: 
 
Road type: 
This system could be used in extra-urban roads and motorway with minimum curve 
radius 250m (According to ISO/FDIS 15623, 2002). 
 
Range of speed: 
The system has to work at every speed but it is reasonable to think that if there is the 
possibility to find wet or ice patch it means that the road conditions are not perfect so 
the velocity has to be reduced. 
 
Environmental conditions: 
The system has to work at every kind of illumination and weather. Particular challenging 
situations, especially for infrared video based systems, are: fog, heavy rain and snow. 
 
Obstacle types: 
Obstacles are wet and ice patches. 

  

9.2.2 Typical scenario of use 

Typical situations are shown on the table below: 
 

Table 9 - List of scenario of use for a RCM system 

1.  An ice or a wet patch is present 
in a straight road. 
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2.  An ice or a wet patch is present 
on the right white line in a 
straight road. 

 

3.  An ice or a wet patch is present 
on the middle white line in a 
straight road. 

 
4.  An ice or a wet patch is present 

on the middle white line in a 
straight road but there is another 
vehicle ahead the ego vehicle. 

 
5.  An ice or a wet patch is present 

in a straight road but there is 
another vehicle ahead the ego 
vehicle. 

 
6.  An ice or a wet patch is present 

on the right white line in a 
straight road but there is another 
vehicle ahead the ego vehicle. 
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7.  An ice or a wet patch is present 
on the other lane (it is important 
during a overtaking phase). 

 
8.  An ice or wet patch is present on 

the deceleration lane. The 
vehicle is going on the 
deceleration lane. 

 
9.  An ice or wet patch is present on 

the principal lane (in a random 
point). The vehicle is on the 
acceleration lane approaching 
the principal lane. 

 
10.  A ice or a wet patch is present on 

the road in a right (or left) curve. 
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9.3 FUNCTION REQUIREMENTS 

ID: 6.1_RCM_pat_det Name: patch detection 

Description:  ice or wet patches have to be detected within a maximum (stopping) distance of the 
vehicle at  a straight road and a minimum distance derived from the pre-crash scenario. In fact, in 
the pre-crash scenario the collision mitigation and, eventually, the autonomous actuation of an 
emergency braking when no other actions lead to a detection range quite below the stopping 
distance. 

Responsibility: CRF 

Rationale:  

 

Details:  

 

1. Detection range 

 

1. 

stopping distance d(v)  

 

vt
a

v
vd

2
)(

2

, with 

v : vehicle speed 

a : braking deceleration, 
2

6
s

m
 assumed 

t : reaction time (driver and system), s2  assumed 

 

Minimal stopping distance (for min. vehicle speed extra-urban / typical vehicle speed intra-
urban): 

m
h

km
d 4550  

Minimal detection range is equal or higher than 45 m. 

 
The assumption of a reaction time of 2s is based taking into account the total time required by the 
driver to recognize the warning and to actuate the brakes. In the context of the pre-crash 
scenario, the system has to be able to provide collision mitigation below the stopping distance 
and, eventually, autonomously actuate an emergency braking when no other actions are 
possible. A detection range of 15m can thus be considered sufficient. 

 
2. Angular resolution 

 

For the detection of ice/wet patches a minimal number of pixels are required. 

Assuming a minimal lateral width of 1.5m (in order to be at least equal to the lateral width of a 
vehicle) and taking into account that, due to the filter pattern, only some pixel can provide selective 
spectral information, the number of pixel subtended by the patch should be around 20.  
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w
α

d

o

 

d

w

n
dres

oarctan

)( , with 

d : distance of object assumed as the stopping distance. 

ow : width of object: m5.1  for lateral side assumed 

n : required number of pixels with spectral information useful for the detection, 5px for lateral side  

 

Angular resolution for smallest object in maximum distance: 
px

mres 7)120(  

Priority: High 

Relations: FOV, Filter pattern 

Source: CRF  

 
 

ID: 6.2_RCM_FOV Name: FOV – field of view 

Description:  

Ice/wet patches have to be visible in the FOV of the camera in case of straight roads and curved 
ones (for different curve radii and vehicle speed). Since the recognition of the road lanes is very 
important in order to verify the presence of the patch in the vehicle lane, the LDW assumptions are 
derived. 

 

Responsibility:  CRF 

Rationale:  

Objects have to be visible at:  

a. Straight road: 45 m and lateral offset (at road side: laneofwidth5.1 )  

b. Curved road: distance of 120 m and a curve radius of 450 m (100 km/h)  

c. Curved road: distance of 85 m and a curve radius of 250 m (80 km/h)  

d. Curved road: distance of 45 m and a curve radius of 80 m (50 km/h) 

 

Details:  

3. Straight road use cases (a):  

1.5·w
α

l

d

wo
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d

w
w

dFOV

o
l

2
5.1

arctan2)(2 , with 

FOV : field of view  

d : distance of object 

lw : width of lane (3.75 m assumed) 

ow : width of object (0.5 m assumed) 

88.14)45( mFOV  (45 m: detection range for vehicle speed 50 km/h) 

90.29)22( mFOV  (22 m: detection range for vehicle speed 30 km/h) 

4. Curved road use cases (b, c, d):  
 

According to [22] only curve radiuses of min. 250 m are assumed. The limited curve radius is also 
reasonable, because the view is often obstructed by trees, bushes or other things. 

d

5°

10°

15°

α

 

)(2

)(360
)(2

vr

vd
vFOV , with 

FOV : field of view 

)(vd : distance of object 

)(vr : curve radius 

v : vehicle speed 

05.10)50(
h

km
FOV  with: m

h

km
r 250)50( , m

h

km
d 85,43)50(   

62.19)80(
h

km
FOV  with: m

h

km
r 250)80( , m

h

km
d 60,85)80(  

26.15)100(
h

km
FOV  with: m

h

km
r 450)100( , m

h

km
d 86,119)100(  

Priority: High 

Relations: object detection, LDW function 

Source:   CRF, ADASENS 

 
 

ID: 6.3_RCM_spect_ran Name: spectral range 

Description: 

The detection of icy/wet road patches as well as their discrimination is made available by the 
comparison of values of pixels corresponding to specific wavelength bandwidth in the SWIR 
range. 
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Responsibility: CRF 

Rationale:   

 

The discrimination of the road condition is enabled by the imager sensitivity in the SWIR spectral 
range. In particular, several wavelength bandwidths from 1100nm to 1600nm are being analysed 
in order to select the suitable ones. The output of this activity will lead to the following data: 

- Number of monitored wavelength bandwidths (probably 2)  

- Centre wavelength  

- Bandwidth (FWHM) 

- Transmittance of filters 

 

 

Priority: High 

Relations:  ---   

Source:   CRF 

 

ID: 6.4-RCM_Frame_Rate Name: frame rate  

Description: 

The image provided by the camera has to be sufficient to provide the estimation of the road 
condition within the selected velocity range. 

 

Responsibility: CRF 

Rationale:   

 

Considering the velocity range of applicability of the function, the minimum frame rate requirement 
could be less than 10 fps.  

 

Priority: High 

Relations:  ---   

Source:   CRF 

 
 

ID: 6.5_RCM_dyn_ran Name: Dynamic range 

Description: 

Same considerations regarding the dynamic range required by other ADAS function could be 
applied to the RCM function. 

 

Responsibility: CRF 
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Rationale:   

 
If a single scene includes both bright objects in sunlight (Lmax=10

5
 cd/m

2
) as well as dark shadows 

(Lmin=10
-1

 cd/m
2
), the intra-scene dynamic range DR is calculated as: 

 

 

Priority: High 

Relations:  ---   

Source:   CRF 
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10. COMMON REQUIREMENTS 

ID: 7.1-all_interf Name: Interfaces 

Description: 

The camera should be easily connected to an Image Processing Unit (for example, a PC) on which 
should run the ADAS software.  

Responsibility: RAPTOR, ADASENS; CRF 

Rationale:   

The camera should have interfaces to a power supply and to the PC which controls it and received 
the images for further elaboration. 

Details:  

 Power: The camera should accept power as commonly supplied by a vehicle (typically 
the voltage range is 6-16 V ) 

 Data Communication interface: controls and images should be provided through a LVDS 
interface.   

 

Priority: High 

Relations:  ---   

Source:   ADASENS,  

 
 

ID: 7.2-all_ CamLoc Name: Camera location 

Description: 

The camera should be mounted behind the windshield, oriented towards the vehicle front, possibly 
behind the interior rear-view mirror. The portion of the windshield through which the camera 
observes the environment should be cleaned by the wipers.  

There should be a check on the IR coatings effect on the camera resolution. 

Responsibility: CRF, ADASENS 

Rationale:   

The camera is in the cabin location and is packed so it is isolated from the external environment. 
In other applications cameras are used in that position because is safety against external 
chemicals or plasticisers. In the cabin location there is not a big quantity of chemicals to safeguard 
the users environment. There may be a small quantity of chemicals vapour close to the air outlets 
but the camera is not in that position. Car makers make several tests to prevent this environment. 
A car to be product has to pass different tests to avoid that chemicals vapour or gas exhaust pass 
inside the cabin location. 

Another point is the IR coatings effect. A lot of produced cars have these coatings to prevent the 
warming of the car under the sun. The effect of these coatings is to filter the infrared. The IR 
covers a large range of wavelengths (from 0.78μm to 1000μm) and the most interested on the 
warming effect are the FIR (far infrared, from 10μm to 1000μm). At the moment there are not 
problems on the normal camera behaviour due to the IR coatings. It is possible that these coatings 
could filters a small part of SWIR range at the highest wavelengths. If that occurs and there is a 
worsening of the system behaviour exists a used technology to make a small window in these 
coatings to clean the place in front of the camera. This could be a solution in a future production 
phase.   

The following data are targets based on existing cameras used for ADAS applications 
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Details:  

1. Camera module size (includes electronics, camera housing, optics and add-on components 
to connect it to the rear-view mirror and to the windshield: 130 x 40 x 40 mm. 

2. Module weight: less than 500 g 

3. Operative temperature range: form -40 °C to + 80 °C  

4. Power consumption: less than 1W 

 

\Priority: High 

Relations:  ---   

Source:   CRF, ADASENS 

 
 

ID: 7.3-all_ EnvVib Name: Environment vibrations 

Description:  

During the normal activity there are different kind of vibrations that could worsening the system 
behaviour. The vibration sources are different. Some examples are the road conditions, the 
acceleration or deceleration phases, the engine on vibrations and so on. These could influence the 
camera performance. 

 

Responsibility: CRF, ADASENS, UNIPR 

Rationale:   

The camera should not be influenced by the vibrations. 

These vibrations cause the needed of robustness in the software algorithm. The algorithms used 
for these ADAS applications are robust enough and don’t need improvements in terms of stability. 
The on board camera is already used in other projects and there are not relevant loss of 
performance due to the vibrations. Other applications use the camera and these ADAS 
functionality in scenarios like cross-country where the vibrations are bigger then the vibrations 
present in this project scenarios. The camera has to be fixed to the vehicle to reduce the number 
of vibrations at only the vehicle ones (i.e. not relative vibrations between the vehicle and the 
camera should be present). Anyway, outside of the requirements of this project, there is the 
possibility to introduce more electrical image stabilizations procedures at the software level (e.g. 
they are used in critical scenarios).  

 

Priority: High 

Relations:  ---   

Source:   CRF, ADASENS, UNIPR 
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10.1 Summary of general requirements of 2WIDE_SENSE applications 

 
Table 10. Summary of the ID requirements of the considered preventive safety functions. 

 

NV LDW HBA TSR VRUs RCM ALL 

1.1-NV_Obj_Det 2.1-LDW_Lane_Det 3.1-HBA_Lights_Det 4.1-TSR_Sign_Det 5.1-VRUs-VRU_det 6.1_RCM_pat_det 7.1-all_interf 

1.2-NV_FOV 2.2-LDW_FOV 3.2-HBA_FOV 4.2-TSR_FOV 5.2-VRUs_FOV 6.2_RCM_FOV 7.2-all_ CamLoc 

1.3-NV_Ima_Vis 2.3-LDW_Spect_Ran 3.3-HBA_Spect_Ran 4.3-TSR_Spect_Ran 5.3-VRUs_Spect_Ran 6.3_RCM_Spect_Ran 7.3-all_EnvVib 

1.4_NV_spect_ran 2.4-LDW_Frame_Rate 3.4-HBA_Frame_Rate 4.4-TSR_Frame_Rate 5.4-VRUs_Frame_rate 6.4-RCM_Frame_rate  

1.5-NV_Frame_Rate 2.5-LDW_Dyn_Ran 3.5-HBA_Dyn_Ran 4.5-TSR_Dyn_Ran 5.5-VRUs_Dyn_Ran 6.5_RCM_Dyn_Ran  

1.6-NV_Dyn_Ran        
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Table 11 Summary of the values associated to the requirements of the considered preventive safety functions. 

 

Requireme
nt N

V 

LD
W 

HB
A 

TS
R 

VRU
s 

RC
M HFOV 

(°) 
3
0 

3
0 

3
0 

2
5 

2
5 

3
0 VFOV 

(°) 
2
2 

2
2 

2
2 

1
8 

1
8 

2
2 DET RANGE 

(m) 
44-
160 

0-
30 

0-
200 

0-
30 

0-
30 

15-
120 ANG RES 

(px/°) 
1
1 

1
1 

1
1 

1
1 

1
1 

7
* FRAME RATE 

(fps) 
2
4 

>1
0 

2
4 

1
0 

1
0 

1
0 DYN RANGE 

(dB) 
12
0 

12
0 

12
0 

12
0 

10
0 

12
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(um) 
NIR-
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11. SPECIFICATIONS OF THE MULTIFUNCTIONAL CAMERA  

 

Spectral range VIS/NIR/SWIR 

The spectral range describes the sensitivity range of the sensor.  
Due to the different requirements of the selected preventive safety applications a wide spectral 
sensitivity is needed. Respect to current InGaAs imager the imager sensitivity in the VIS spectral 
range is mandatory. 

 

Filter Pattern - 

The multispectral information of the scene is made available by the use of a filter pattern at pixel 
level.  

The filter pattern is related to the number of spectral data required by the selected functions.  

In particular, the RCM functions will require 2 wavelength bandwidths to be monitored. HBA and 
TSR will required one/two wavelength bandwidths.  

Taking into account this assumption, the proposed filter patter could be the follows: 

 

Clear F2 Clear F2 Clear F2 Clear F2 F1

F3 F4 F3 F4 F3 F4 F3 F4 F3

Clear F2 Clear F2 Clear F2 Clear F2 F1

F3 F4 F3 F4 F3 F4 F3 F4 F3

Clear F2 Clear F2 Clear F2 Clear F2 F1

F3 F4 F3 F4 F3 F4 F3 F4 F3

Clear F2 Clear F2 Clear F2 Clear F2 F1

F3 F4 F3 F4 F3 F4 F3 F4 F3

F1 F2 F1 F2 F1 F2 F1 F2 F1  

 

The pattern is based on a configuration of 4 pixels in which one has no filter on it and the 
others have high-pass filters as follows;  

Clear: no filter 

F2: SWIR (1300-1700)nm 

F3: RED+NIR+SWIR (<600)nm  

F4: SWIR (<1000)nm 

Due to this selection it is possible to select the “green” and the “red” bandwidths and two 
SWIR spectral ranges. 

 

 
 

Dynamic range  120dB 

The Dynamic Range of the InGaAs camera allows a complete scene view without any loss of 
information in all light conditions. In fact, the logarithm answer of the sensor allows to avoid 

saturation in extreme light conditions (against the light) and dark zones in low light conditions. 

 
 

Angular Resolution min. 11 px/° 

The angular resolution describes the resolving power of the camera. It defines in how many pixels 
an object of a specified size in a specified distance is represented in the image. 
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Angular Resolution min. 11 px/° 

The angular resolution is realized by the focal length of the lens and the imager resolution. 
By looking to table 2 a minimum angular resolution of 11px/° is needed to cover all function 
requirements. 

 

 
 

Field of view (FOV)  HFOV 30° 
VFOV 22° 

Due to the different functions and their application scenarios, the field of view has to be as wide as 
possible considering the imager resolution.   
In particular an horizontal field of view of 30° allows to cover the most relevant objects at the different 
detection distances. The horizontal field of view of 30° is a technological limit due to the focal length 
and the resolution of the camera developed in the project.  
Regarding the vertical field of view, in order to take into account calibration issues, an aspect ratio a 
little bit greater than 2:1 is sufficient. 

 
 

Imager resolution > (320x240) px 

The imager resolution can be figured out by the angular resolution and the FOV. 

That is, considering the horizontal view,  30°⋅11 px/ °  320 px is the minimum number of pixels 

required to satisfy the requirements of all functions for a single spectral band. In fact, the overall 
imager resolution has to take into account also the specification of the filter pattern configuration.  
In the project, an imager of 640 x 512 px resolution will be developed. 

 
 

Pixel pitch 15 um 

The pixel pitch it’s an imager parameter describing the distance between the centers of two 
contiguous pixels. 
In order to figure out the minimum value to fulfill the requirements, the FOV, the imager resolution 
(number of pixels) and the focal length have to be provided as can be seen by the following 

formula: 

 

Moreover, the pixel pitch, for a defined imager resolution affects the imager cost and is related to 
the available fabrication technology. In the project, a 15um pixel pitch will be considered. 

 
 

Focal length ~ 18 mm 

From the above mentioned considerations and formula, the required focal length should be 
around 18mm  

 
 

Aperture (F-number)  

Since F-number affects both costs and performances, a precise value could be figure out during 
the optical design phase. As a rule of thumb, since the f-number is defined as the ration between 
the focal length and the optics aperture, lower values mean higher costs and better performances. 
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Frame rate  24 fps 

The frame rate is the measurement of the frequency at which an imaging device produces unique 
consecutive images called frames. 

The most demanding applications concerning frame rate are NV and HBA, so value should be 
equal or higher than 24 fps. 

 
 

Data Communication interface LVDS  

Typical camera interfaces already used in standard CMOS imagers for automotive applications 
require cable flexibility and robustness. LVDS and FireWire are the most commonly adopted. 

 
 

Camera size  ~ 130 x 40 x 40 
mm  

As no constructed space for the camera location is specified, the requirement is adopted other 
sensors in similar constructed spaces 

 
 

Camera weight ~ 500  g 

As no constructed space for the camera location is specified, the requirements are adopted from 

other sensors in similar constructed spaces 

 
 

Temperature range op. (-40  80)°C 

The operating temperature describes the required temperatures when the camera is able to 

be operating: -40 ÷ +80°C. 

When the camera is not operating, it has to endure temperatures of -40 ÷ +120°C. 

 
 

Supply Voltage 6 16 V 

In automotive applications supply voltages from 6 V to 16 V are typical. Within these limits the 

system has to be operable. Within the project, a stabilized tension could be guaranteed by a 
DC/DC. 

 
 

Power consumption < 1 W 

Power consumption refers to the electrical energy over time that must be supplied to an electrical 
appliance to maintain its operation. The power consumption is usually a result of power used to 
perform the intended function of the device plus additional "wasted" power. 

In automotive applications the power consumption has to be as low as possible. 
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12. CONCLUSION 

The document has presented a complete description of all the ADAS functionality 
implemented in the project. 

It has been shown how with a low-cost target it is possible to realize an innovative product 
with several safety ADAS functionalities. Some of these functionalities have some limitations 
respect to other system in commerce but it is important to underline that these limitations are 
not technological limitations but are due to the camera chosen to satisfy the low cost target. 
To improve the system performance a camera with a bigger resolution and a bigger FOV 
could be produced. 
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