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(54) Optical detection system for motor-vehicles having multiple functions, including detection 
of the condition of the road surface

(57) An optical detection system per motor-vehicles,
suitable to detect the condition of the road surface on
which the vehicle is travelling, comprising a photodetec-
tor unit composed of a camera having a matrix of pixels
composed of photodetectors based on a photosensitive

material suitable to detect both radiations in the visible
and near infrared (NIR), i.e. having a wavelength com-
prised between 380 and 900 nanometres, and radiations
in the short wavelength infrared (SWIR), i.e. having a
wavelength comprised between 900 and 1700 nanome-
tres.
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Description

[0001] The present invention refers to optical detection
systems for motor-vehicles, of the type able for detecting
the condition of the road surface on which the vehicle is
travelling in such a manner to distinguish, for example,
between a dry, wet, snow-covered or ice-covered sur-
face.
[0002] In particular, the invention regards a system of
this type comprising:

- a photodetector unit mounted on board the motor-
vehicle, for receiving the electromagnetic radiation
diffused by the road surface, and

- a control and processing electronic unit, suitable for
receiving signals output from said photodetector unit
and processing them with the aim of determining the
condition of the road surface.

[0003] This type of detection system, which employs
an emitter unit for lighting the road surface to be detected,
was proposed in the European patent application EP 08
425 784.9 of the same Applicant, filed on 09.12.2008 and
still not open to public inspection as of date of filing of
the present application.
[0004] The object of the present application is that of
providing a system of the type specified above that is
characterised by a high operational reliability and detec-
tion accuracy, the system in question being relatively sim-
ple and simultaneously suitable to also serve one or more
further detection functions useful when driving the motor-
vehicle.
[0005] In order to attain such object, the invention has
the object of an optical detection system having the char-
acteristics outlined above and further characterised in
that said photodetector unit is a camera having a matrix
of pixels composed of photodetectors based on a mate-
rial, preferably InGaAs or Ge/Si, suitable to detect both
radiations in the visible and near infrared (NIR), i.e. hav-
ing a wavelength comprised between 380 and 900 nan-
ometres, and radiations in the short wavelength infrared
(SWIR), i.e. having a wavelength comprised between
900 and 1700 nanometres, in that said camera comprises
a matrix of filters placed in front at least one part of the
matrix of pixels in such a manner that each filter transmits
the radiation to one and only one pixel of the matrix, and
in that the matrix of filters comprises subgroups of four
positions, wherein two positions are occupied by band-
pass filters with respective wavelengths centred on val-
ues at which the radiation is absorbed respectively by
water and by ice, and two positions are without filters, in
such a manner to allow complete passage of the spectral
band.
[0006] In the preferred embodiment, the abovemen-
tioned control and processing electronic unit is pro-
grammed to control addressing of the pixels of the matrix
("windowing, window-of-interest readout" technique) of
the camera to acquire at least three images: a first and

a second image corresponding to the wavelengths
wherein the radiation is respectively absorbed by water
and ice, and at least a third image with full or partial spec-
tral content in the band from the visible to the SWIR.
[0007] The control and processing electronic unit is
programmed to perform linear and interpolation opera-
tions through known methods (for example nearest
neighbour, linear, cubic, and cubic spline) among the
abovementioned images for each pixel of the matrix of
the camera with the aim of detecting the condition of the
road surface.
[0008] In a specific embodiment, the control and
processing unit is programmed to calculate, for each pixel
of the camera matrix, the ratios between the intensity of
said first and said second image with respect to the in-
tensity of said third image and for detecting - regarding
each of said ratios - the condition of the road surface
according to a reference map.
[0009] The specific characteristics of the camera make
the latter suitable to meet, alongside the function of de-
tecting the condition of the road surface, other useful
functions when driving a motor-vehicle. Therefore, in the
preferred embodiment of the invention, the abovemen-
tioned control and processing electronic unit is pro-
grammed to use the abovementioned third image to meet
one or more further preventive safety functions selected
from among:

- lane departure warning (LDW),
- high beam alignment (HBA),
- traffic signal recognition (TSR),
- night vision (NV),
- collision avoidance and mitigation (CAM), and
- pre-crash warning and intervention (PCWI).

[0010] Further characteristics and advantages of the
invention shall be clear from the following description with
reference to the attached drawings, strictly provided for
exemplifying and non-limiting purposes, wherein:

figure 1 is a schematic view of a motor-vehicle pro-
vided with a system according to the invention,
figure 2 is an exploded perspective view of the cam-
era and of the control and processing electronic unit
part of the system according to the invention,
figure 3 is a typical spectral reference curve for band-
pass filters,
figure 4 is a schematic representation of the sub-
group of the matrix of optical filters part of the camera
of the system according to the invention, wherein
two positions are occupied by band-pass filters f1, f2
and two positions c are without filters in such a man-
ner to allow complete passage of the band,
figures 5-7 are alternative implementations of the
matrix of optical filters part of the camera of the sys-
tem according to the invention, and
figure 6 illustrates a reference map in which the eval-
uation of the condition of the road surface is based
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in an embodiment of the system according to the
invention.

[0011] An essential component of the optical detection
system according to the present invention is represented
by a camera 1 with InGaAs or Ge/Si matrix of pixels,
which is for example positioned in the cabin of a motor-
vehicle 2 (see figure 1) at position immediately at the
back of the windshield, and supported for example by
the rear-view mirror structure inside the motor-vehicle.
[0012] An exemplifying configuration of the optical de-
tection system is illustrated in figure 2 indicated in which
is an exploded view of the camera 1, where the reference
number 3 indicates a multispectral objective, suitable to
minimize the chromatic aberrations and maximize trans-
mittance in the spectral band from the visible to the SWIR,
and reference number 4 indicates a matrix of pixels com-
posed of photodetectors based on InGaAs or Ge/Si, suit-
able to detect both radiations in the visible and near in-
frared (NIR), i.e. having a wavelength comprised be-
tween 380 and 900 nanometres, and radiations in the
short wavelength infrared (SWIR), i.e. having a wave-
length comprised between 900 and 1700 nanometres.
Reference number 5 indicates a package for the vision
sensor including the glass lid characterised in that it is
provided with antireflection coating suitable to maximize
transmittance in the spectral band from the visible to the
SWIR, while reference number 6 indicates a matrix of
optical filters obtained on the surface of the matrix of pix-
els 4 according to the known art and which shall be de-
scribed in detail hereinafter.
[0013] The camera 1 has an architecture known to
those skilled in the art, which comprises a bias generator,
time generator, column and line amplifiers, "shift regis-
ters", "gain", "offset" and analogue/digital converter. This
architecture transforms signals output from the photode-
tectors into a high dynamic digitized image (e.g. 120db)
which is sent to a processing and control electronic unit
indicated with reference number 8.
[0014] The matrix of filters 6 comprises four-positions
subgroups, wherein two positions are occupied by band-
pass filters f1, f2 with the typical spectral response curve
indicated in figure 3, with respective wavelengths centred
on values at which the radiation is respectively absorbed
by water and ice, and two positions c without filters in
such a manner to allow complete passage of the band
(see figure 4).
[0015] Contrary to other systems, such as for example
the one proposed in the previous application of the same
Applicant identified above, the system according to the
present invention does not employ an electromagnetic
radiation emitter unit suitable to direct such radiation to-
wards the road surface, exclusively dedicated to deter-
mine the condition of the road surface.
[0016] As a matter of fact, given the high sensitivity of
the photosensitive matrix in the spectral range of use,
should the lighting be such to require the driver of the
vehicle to use lighting means, with the aim of determining

the condition of the road surface, halogen projectors -
with which the motor-vehicle is equipped - are sufficient
to light the portion of the road ahead of the vehicle.
[0017] Should the projectors be of the LED type, the
optical detection system requires IRLED illuminators
needed to serve other preventive safety functions such
as, for example, the night vision (NV) function.
[0018] The aforedescribed configuration of the matrix
of filters 6 (see figure 5) is such that each filter transmits
radiation to one and only one pixel of the matrix.
[0019] The processing and control electronic unit 8 is
programmed to control pixels of the matrix 4 of the cam-
era to acquire at least three images: a first image and a
second image corresponding to the wavelengths wherein
the radiation is respectively absorbed by water and ice
and at least a third image with full or partial spectral con-
tent in the band from the visible to the SWIR.
[0020] The control unit 8 is programmed to perform
linear and interpolation operations, through known tech-
niques (for example nearest neighbor, linear, cubic, and
cubic spline), of the abovementioned images for each
pixel of the camera matrix and hence detect the condition
of the road surface.
[0021] In a preferred embodiment, the control unit cal-
culates, for each pixel of the matrix 4 of the camera 1,
the ratios between the intensity of said first image and
said second image with respect to the intensity of said
third image and to detect the condition of the road surface
for each of such ratios, according to a reference map
which is illustrated in figure 8. The use of a reference
map of this type as the criterion for evaluating the con-
dition of the road surface was already proposed in the
previous patent application of the Applicant indicated
above, and still not open to public inspection as of date
of filing of the present application. Such map is a carte-
sian plane wherein the values of the intensity of the
abovementioned third image (i.e. the one with full or par-
tial spectral content in the band from the visible to the
SWIR), are indicated on two abscissae, while the values
of intensity of the first and second image are indicated
on the axis of the ordinates. The corresponding light in-
tensity values of the abovementioned three images may
therefore be identified, hence allowing identifying the
points of the reference map of figure 6. As illustrated, the
map is divided into areas corresponding to the various
conditions of the road surface (dry, wet, ice, snow). As
observable, the various areas are divided by straight lines
converging in the origin of the axis, each line correspond-
ing to a ratio between the light intensities indicated in the
abscissa and in the ordinate. The values of the ratios
corresponding to various lines are indicated on the right
side of the diagram (it should be observed that the scales
along the two cartesian axes are different, hence the line
corresponding to ratio 1 is not inclined to 45°). According
to an important characteristic, already illustrated in the
previous application of the Applicant, the system is ca-
pable of distinguishing between wet or snow condition
and ice condition due to the fact that provided for is at
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least one separation line l (see figure 6) which is trans-
verse with respect to the abovementioned lines converg-
ing in the origin of the axes and which separates the area
corresponding to "ice" - which is closer to the origin of
the axes - from the area corresponding to water and
snow.
[0022] Furthermore, it should be observed that though
the configuration of the matrix of filters illustrated in figure
5, where the filters extend over an area corresponding
to the entire extension of the matrix of pixels 4, has the
advantage of allowing obtaining multispectral images
over the entire field of view of the vision system, it also
has the disadvantage of a lower definition of the non-
filtered image. Such drawback may be overcome by
adopting the compromise represented by the configura-
tion illustrated in figure 6, where the matrix of filters ex-
tends only over one or more portions of the matrix 4 of
the camera that are in the field of view suitable to detect
the condition of the road surface.
[0023] Another alternative solution is illustrated in fig-
ure 7, where the filters are prearranged only at one line,
or only at some lines, of the matrix of photodetectors,
that are dedicated to the detection of the condition of the
road surface, full information regarding such condition
being obtained in this case through the movement of the
vehicle. It should be observed that also schematically
represented in figures 5-7 is the road ahead of the vehi-
cle.
[0024] The specific characteristics of the optical detec-
tion system are such to allow application thereof also to
meet other detection functions regarding preventive
safety, in addition to those of detecting the condition of
the road surface. The abovementioned third image - ac-
quired by the camera with full or partial spectral content
in the band from the visible to the SWIR - is used for such
additional functions.
[0025] The acquired image is processed to meet one
or more further detection functions selected from among:

- lane departure warning or LDW,
- high beam alignment (HBA),
- traffic signal recognition (TSR),
- night vision (NV),
- collision avoidance and mitigation (CAM),
- pre-crash warning and intervention (PCWI).

[0026] In a practical embodiment, the method for de-
tecting the condition of the road surface consists of:

1. acquiring an image,
2. intervening on the addressing of the pixels in such
a manner to make useable at least the abovemen-
tioned first, second and third image,
3. adapting the intensity to guarantee maximum con-
trast for one or more images,
4. using the image with full or partial spectral content
in the band from the visible to the SWIR and applying
algorithms for the identification of the road lane and

resize the image in such a manner that the region of
interest is within the lane,
5. executing the ratio - pixel by pixel - between the
images corresponding to the wavelengths wherein
there is absorption by water and ice and that having
complete spectral content,
6. applying a low-pass digital filter to eliminate dis-
continuity on the image obtained in step 5,
7. extracting contours in such a manner to highlight
the areas with water or ice,
8. indicating the intensity value of the image obtained
on the reference map of figure 6 and establish the
condition of the road corresponding to each zone
highlighted in step 7.

[0027] According to another preferred characteristic,
the optical detection system is prearranged to provide
data regarding the state of the condition of the road in
correlation with the value of the environmental tempera-
ture sensor present on the vehicle ad use of the air con-
ditioning function. The data may be compared - according
to known decision strategies - by the processing and con-
trol electronic unit 8, in a control unit on board the vehicle
or in a dedicated electronic unit.
[0028] According to a further preferred characteristic,
the optical detection system is prearranged to be opti-
mised and used with the CAM and PCWI preventive safe-
ty functions. As a matter of fact, information provided
regarding the condition of the road provided for by the
abovementioned system allows optimising the algo-
rithms used by the system for controlling and preparing
braking depending on the grip conditions of the vehicle.
[0029] According to a further preferred characteristic,
the optical detection system is conceived to be used for
the validation of or in correlation with grip evaluation ob-
tained by the sensors provided for controlling and mon-
itoring the lateral and longitudinal dynamic of the vehicle.
[0030] Obviously, without prejudice to the principle of
the invention, the details and embodiments may vary,
even significantly, with respect to what has been de-
scribed herein by way of non-limiting example only, with-
out departing from the scope of the present invention.

Claims

1. Optical detection system for motor-vehicles, able to
detect the condition of the road surface on which the
vehicle is travelling, said system comprising:

- a photodetector unit (1) mounted on board the
motor-vehicle, for receiving the electromagnetic
radiation diffused by the road surface, and
- a control and processing electronic unit (8),
suitable to receive signals output from said pho-
todetector unit (1) and to process them with the
aim of detecting the condition of the road sur-
face,
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said system being characterised in that said
photodetector unit (1) is a chamber having a ma-
trix of pixels (4) composed of photodetectors
based on a material, preferably InGaAs or Ge/Si,
suitable to detect both radiations in the visible
and near infrared (NIR), i.e. having a wavelength
comprised between 380 and 900 nanometres,
and radiations in the short wavelength infrared
(SWIR), i.e. having a wavelength comprised be-
tween 900 and 1700 nanometres,
in that said camera (1) comprises a matrix of
filters (6) arranged before at least one part of
the matrix of pixels (4) in such a manner that
each filter (f1, f2) transmits the radiation to one
and only one pixel of the matrix (4), and
in that the matrix of filters (6) comprises four-
positions subgroups, wherein two positions are
occupied by band-pass filters (f1, f2) with respec-
tive wavelengths centred on values at which the
radiation is respectively absorbed by water and
ice, and two positions (c) are without filters, such
a manner to allow complete passage of the
spectral band.

2. System according to claim 1, characterised in that
said control and processing electronic unit (8) is pro-
grammed to control the addressing of the pixels of
the matrix (4) of the camera (1) for the acquisition of
at least three images: a first image and a second
image corresponding to the wavelengths wherein
the radiation is respectively absorbed by water and
ice, and at least a third image with full or partial spec-
tral content in the band from the visible to the SWIR.

3. System according to claim 2, characterised in that
said control and processing electronic unit (8) is pro-
grammed to process the abovementioned images
for each pixel of the matrix (4) of the camera (1) and
hence detect the condition of the road surface.

4. System according to claim 3, characterised in that
said control and processing electronic unit (8) is pro-
grammed to calculate, for each pixel of the camera
matrix, the ratios between the intensity of said first
image and said second image with respect to the
intensity of said third image and to detect the condi-
tion of the road surface according to a reference map.

5. System according to claim 4, characterised in that
said reference map is a cartesian plane wherein the
intensity values of said third image are indicated on
a first cartesian axis, the intensity values of said first
image and said second image are indicated on a
second cartesian axis, and wherein such cartesian
plane is divided into subareas identified a priori as
corresponding to different conditions of the road sur-
face.

6. System according to claim 5, characterised in that
in said reference map the border lines that divide
such subareas from each other comprise both line
portions converging radially towards the origin of the
cartesian axes, and line portions directed trans-
versely with respect to said radial line portions, one
of said transverse line portions separating a region
of the map corresponding to the presence of ice on
the road surface from regions corresponding to pres-
ence of water or snow on the road surface.

7. System according to claim 2, characterised in that
said control and processing electronic unit (8) is pro-
grammed to use said third image in such a manner
to meet one or more further preventive safety func-
tions selected from among:

- lane departure warning or LDW,
- high beam alignment (HBA),
- traffic signal recognition (TSR),
- night vision (NV),
- collision avoidance and mitigation (CAM), and
- pre-crash warning and intervention (PCWI).

8. System according to claim 1, characterised in that
said matrix of filters (6) is placed in front of the entire
extension of said matrix of photodetectors (4).

9. System according to claim 1, characterised in that
said matrix of filters is placed only in front of a portion
of said matrix of photodetectors (4) which is dedicat-
ed to the detection of the condition of the road sur-
face.

10. System according to claim 1, characterised in that
said matrix of filters (6) is placed only in front of one
line, or some lines, of said matrix of photodetectors
(4) which are dedicated to the detection of the con-
dition of the road surface, complete information re-
garding the condition of the road surface being ob-
tained when the vehicle is moving.

11. System according to claim 7, characterised in that
said control and processing electronic unit (8) is pro-
grammed to provide information regarding the con-
dition of the road surface to the algorithms of the
CAM and PCWI functions.

12. System according to claim 7, characterised in that
said control and processing electronic unit (8) is pro-
grammed to provide information regarding the con-
dition of the road to means for estimating the grip of
the vehicle against the road in systems for controlling
the lateral and longitudinal dynamic of the vehicle.

13. System according to claim 1, characterised in that
said control and processing electronic unit (8) is pro-
grammed to provide information regarding the con-
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dition of the road in correlation with the value of an
environmental temperature sensor.
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