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(57) Abstract: A vision system for detecting free space in front of a motor vehicle comprises a mono imaging apparatus (11) adapted
to capture images (30) from the surrounding of a motor vehicle, and an electronic processing device (14) adapted to perform image
processing of images (30) captured by said mono imaging apparatus (11) in order to detect objects in the surrounding of a motor vehicle.
The electronic processing device (14) is adapted to calculate a horizontal component of the optical tlow (31), and to determine transitions
(33, 35) between regions of essentially constant horizontal optical flow and regions of essentially non-constant horizontal optical flow.
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A vision system and method for a motor vehicle

The invention relates to a vision system for detecting free
space in front of a motor vehicle, comprising a mono imaging
apparatus adapted to capture images from the surrounding of a
motor vehicle, and an electronic processing device adapted to
perform image processing of images captured by said mono imag-
ing apparatus in order to detect objects in the surrounding of
a motor vehicle. The invention also relates to a corresponding

vision method.

Us 7,437,243 B2 discloses a vision system for a motor vehicle
with a controller adapted to calculate a side direction veloc-
ity component from captured images, to detect a road boundary
based upon the calculated side direction velocity component,
and to detect a moving direction of an object in the captured
images based upcon a relationship between the road boundary and

the object.

It is of interest, in mono camera systems for cars, to detect
whether the area in front of the car is empty and therefore

drivable or not.

Prior art approaches involve either reconstructing 3D point
cloud, i.e. structure-from-motion, or comparing the optical
flow with a theoretical value for a flat surface. The struc-
ture~from-motion approach regquires the target objects to be
stationary. The approach involving comparing the optical flow
with a theoretical value for a flat surface is not always re-

liable.
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The object underlying the present invention is to provide a
vision system and method which provides a simple but reliable
solution for detecting whether the area in front of the car is

drivable or not in a mono camera setup.

The invention solves the above objective with the features of
the independent claims. According to the invention, transi-
tions between regions of essentially constant horizontal opti-
cal flow and regions of essentially non-constant horizontal
optical flow are determined. The invention uses the fact that
the horizontal component of optical flow is constant alcong a
column in the region of a target on the road, regardless of
whether the target is moving or stationary, whereas the hori-
zontal component of optical flow is changing in image parts
corresponding to the road itself. The invention does not re-
quire a prior flat surface in front of the car, or related in-

formation.

In many applications of the invention, it is advantageous to
determine the world distance of the wvehicle to a structure
formed by said transitions, in order to have information how
far the vehicle can go until it would reach a raised struc-
ture, or in other words, how much free space there is in front
of the vehicle. In some embodiments of the invention, a flat
road assumption can be used in the distance determination. In
case a flat road assumption turns out to be not accurate
enough, road profile information, for example from a satellite
navigation system, can be used to determine the above men-

tioned distance.

In the following the invention shall be illustrated on the ba-
sis of preferred embodiments with reference to the accompany-

ing drawings, wherein:
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Fig. 1 shows a schematic diagram of a vision system of the

present invention; and

Fig. 2 shows raw and processed images for two different ve-
hicle environments in order to illustrate the present

invention.

The vision system 10 is mounted in a motor vehicle and com-
prises an imaging apparatus 11 for capturing images of a re-
gion surrounding the motor vehicle, for example a region in
front of the motor vehicle. Here, the imaging apparatus 11 is
a mono imaging apparatus 11 comprising one optical imaging de-
vice 12, in particular a camera, preferably operating in the
visible and/or infrared wavelength range, where infrared co-
vers near IR with wavelengths below 5 microns and/or far IR

with wavelengths beyond 5 microns.

The imaging apparatus 11 is coupled to a data processing de-
vice 14 adapted to process the image data received from the
imaging apparatus 11. The data processing device 14 is prefer-
ably a digital device which is programmed or programmable and
preferably comprises a microprocessor, microcontroller, digi-
tal signal processor (DSP), and/or a microprocessor part in a
System~-On~Chip (SoC) device, and preferably has access to, or
comprises, a data memory 25. The data processing device 14 may
comprise a dedicated hardware device, like a Field Programma-
ble Gate Array (FPGA) or an Application Specific Integrated
Circuit (ASIC), or an FPGA and/or ASIC part in a System-On-
Chip (SoC) device, for performing certain functions. The data
processing device 14, or part of its functiocns, can be real-
ized by a System-On-Chip (SoC) device comprising, for example,

FPGA, DSP, ARM and/or microprocessor functiocnality. The data



10

15

20

25

30

WO 2018/050642 PCT/EP2017/072902

processing device 14 and the memory device 25 are preferably
realised in an on-board electronic control unit (ECU) and may
be connected to the imaging apparatus 11 via a separate cable
or a vehicle data bus. In another embodiment the ECU and one
or more of the imaging devices 12 can be integrated into a
single unit, where a one box solution including the ECU and
all imaging devices 12 can be preferred. All steps from imag-
ing, image processing to possible activation or control of
driver assistance device 18 are performed automatically and

continuously during driving in real time.

Image and data processing carried out in the processing device
14 advantageously comprises identifying and preferably also
classifying possible objects (object candidates) in front of
the motor vehicle, such as pedestrians, other vehicles, bicy-
clists and/or large animals, tracking over time the position
of objects or object candidates identified in the captured im-
ages, and activating or contreolling at least one driver assis-
tance device 18 depending on an estimation performed with re-
spect to a tracked object, for example on an estimated colli-
sion probability. The driver assistance device 18 may in par-
ticular comprise a display device to display information re-
lating to a detected object. However, the invention is not
limited to a display device. The driver assistance device 18
may in addition or alternatively comprise a warning device
adapted to provide a collision warning to the driver by suita-
ble optical, acoustical and/or haptic warning signals; one or
more restraint systems such as occupant airbags or safety belt
tensioners, pedestrian airbags, hood lifters and the like;
and/or dynamic vehicle control systems such as braking or

steering control devices.
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In Figure 2, a series of images is shown for explaining the
invention in detail, for a situation in a car park (upper
three images) and an overland avenue (lower three images). The
left images 30 show the raw images as provided by the camera

12.

The centre images 31 show the calculated horizontal flow for
each pixel of the raw images. From the centre images 31 it can
be seen that the horizontal component of the optical flow has
a characteristic pattern on the ground when moving forward.
For a raised structure, i.e. a structure rising above the road
or ground, like a tree or another moving car, the horizontal
component of the optical flow is constant for a large part of
an image column. The free space area in the image can there-
fore be detected by finding, for every image column, the row
where the change or transition between constant and non-

constant horizontal optical flow occurs.

This is also evident from the diagrams below the lower hori-
zontal flow image 31. The left and right diagrams correspond
to two exemplary image columns coinciding with a raised struc-
ture on the road or on the side of the road, like a tree in
the avenue in the lower scenario of Figure 2. The diagrams
show the row number r# versus the horizontal flow component
hf, where the row number in the present example increases from
top to bottom. In the left and right diagrams, it can be seen
that the value of the horizontal flow changes (increases or
decreases, respectively) from the bottom of the image upwards,
but at some point remains constant. This point indicated by
row nunmber rt corresponds to the transition point 33 between

the raised structure and the road.
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The middle diagram, however, does not show any transition
point because the horizontal optical flow is approximately
constant irrespective of a raised structure being present in
the centre region of the image or not. Therefore, the algo-
rithm does not produce any meaningful result in the centre re-
gion of the image, defined by a pre-determined fraction of all
image columns lying in the centre of the image. Consequently,
a central image region 34 is preferably disregarded in the de-
termination of the transition points 34. However, this lack of
information is only present when the vehicle moves straight.
When turning, the problematic central area 34, 36 moves to the
left or right side in the image 30, and comes into the cover-

age of the free space determining algorithm.

As described above, the transitions points 33 are determined
in a vertical image direction, preferably along single image
columns, and more preferably for each image column, except for
excluded image regiocons, in particular except for the central
image region. However, it may be useful to combine the image
information from a plurality of adjacent image columns, 1f the

image information from one image column is not sufficient.

Preferably one or more border lines 35 are determined fitting
to the determined transitions points 33. This is explained in
the following on the basis of the right images 32 in Figure 2.
Generally, the border lines 35 may be straight lines, composed
of straight lines, or curved lines. It 1s possible to have one
border line 35 extending over the width of the image, or two

border lines 35 in the left and right parts of the image.

The right images 32 in Figure 2 show calculated images, which
are referred to as discrimination images in the present appli-

cation. In the discrimination image 32, the value of each pix-
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el is a measure of whether this pixel belongs to a region of
essentially constant horizontal optical flow, or to a region
of essentially non-constant horizontal optical flow. For exam-
ple, the discrimination image 32 can be a binary or black-
white-image, where the pixel value is set to “white” if the
algorithm estimates that the pixel belongs to a region of es-
sentially constant horizontal optical flow, and the pixel val-
ue is set to “black” if the algorithm estimates that the pixel
belongs to a region of essentially non-constant horizontal op-

tical flow.

However, the discrimination image 32 can also for example be a
grey-scale image, where each pixel can assume more than two
values, giving a more differentiated probability of whether
this pixel belongs to a region of essentially constant hori-
zontal optical flow, or to a region of essentially non-

constant horizontal optical flow.

An exemplary method for calculating the discrimination image
32 from the horizontal cptical flow image 31 could involve,
for each pixel, considering a number x of pixels above the
pixel under consideration, a number‘y of pixels below the pix-
el under consideration, where y can be egual to or different
from x, calculating a statistical deviation, like the standard
deviation, of the horizontal optical flow values of the group
of pixels comprising the x pixels above, the vy pixels below
and the pixel at the point of the pixel under consideration,
and estimating the pixel under consideration to belong to a
region of essential constant horizontal optical flow if the
calculated standard deviation is below a pre-determined or
calculated threshold. Other ways of calculating the discrimi-
nation image 32 from the horizontal optical flow image 31 are

possible.
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In the discrimination image 32, border lines 35 can be easily
fitted to the determined transitions points 33. In the upper

discrimination image 32, three border lines 35 are visible in
the left part and two border lines 35 are visible in the right
prart of the image. In the lower discrimination image 32, three
border lines 35 are visible in the left part of the image. The
region below the border lines 35 provides a very clear esti-

mate of the free space which is drivable by the wvehicle.

Also in the discrimination image 32, the central areas 34,
where no meaningful statement regarding transition points 33

or border lines 35 are possible, are marked by oval lines 36.

Furthermore, although it may be advantageous to determine
transition points 33 and/or border lines 35 from a discrimina-
tion image 32, this is not mandatory. It is for example also
possible to determine transition points 33 and/or border lines
35 directly in the horizontal optical flow image 31, for exam-
ple by fitting curves like shown in the diagrams below the
horizontal optical flow images 31 to each individual column or
group of columns of the horizontal optical flow image 31. In
this case, the calculation of the discrimination image 32 can
be dispensed with, which saves corresponding processing re-

Sources.

Form the right images 32 of Figure 2 it is evident that it may
be advantageous to restrict the determination of transition
points 34 and/or border lines 35 to a lower image part, like
the part of the image that i1s below the horizon, or just the
lower half of the image, which can save corresponding pro-

cessing resources.
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Claims:

A vision system for detecting free space in front of a mo-
tor vehicle, comprising a mono imaging apparatus (11)
adapted to capture images (30) from the surrounding of a
motor vehicle, and an electronic processing device (14)
adapted to perform image processing of images (30) cap-
tured by said mono imaging apparatus (11) in order to de-
tect objects in the surrounding of a motor vehicle, char-
acterized in that saild electronic processing device (14)
is adapted to calculate a horizontal component of the op-
tical flow (31), and to determine transitions (33, 35)
between regions of essentially constant horizontal opti-
cal flow and regions of essentially non-constant horizon-

tal optical flow.

The vision system as claimed in claim 1, characterized in
that said electronic processing device (14) is adapted to
determine said transitions (33, 35) in a vertical image

direction.

The vision system as claimed in claim 1 or 2, character-
ized in that said electronic processing device (14) is
adapted to determine a transition point (33) for each im-

age column.

The vision system as claimed in any one of the preceding
claims, characterized in that said electronic processing
device (14) is adapted to determine one or more border

lines (35) fitting to the determined transitions.

The vision system as claimed in any one of the preceding

claims, characterized in that said electronic processing
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device (14) is adapted to calculate a discrimination im-
age (32) from a horizontal optical flow image (31), where
the value of each pixel of the discrimination image (32)
provides a measure on whether the pixel belongs to a re-
gion of essentially constant horizontal optical flow or
to a region of essentially non-constant horizontal opti-
cal flow, and to determine said transitions (33, 35) from

said discrimination image (32).

The vision system as claimed in claim 5, wherein said dis-
crimination image (32) is calculated by, in the horizon-
tal optical flow image (31), considering a number x of
pixels above the pixel under consideration, a number y of
pixels below the pixel under consideration, where y can
be equal to or different from vy, calculating a statisti-
cal deviation, like the standard deviation, of the hori-
zontal optical flow values of the group of pixels com-
prising the x pixels above, the y pixels below and the
pixel under consideration, and estimating the pixel under
consideration to belong to a region of essential constant
horizontal optical flow if the calculated standard devia-

tion is below a pre-determined or calculated threshold.

The vision system as claimed in any one of the preceding
claims, characterized in that said electronic processing
device (14) is adapted to disregard in said transitions

determination a central image region (34, 36).

The vision system as claimed in any one of the preceding
claims, characterized in that said electronic processing
device (14) is adapted to restrict said transitions de-

termination to a lower image part.
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10.

11.

12.

The vision system as claimed in any one of the preceding
claims, characterized in that said electronic processing
device (14) is adapted to determine the world distance
from the vehicle to a structure formed by said transi-

tions (33, 35).

The vision system as claimed in claim 9, characterized in
that a flat road assumption is used in said distance de-

termination.

The vision system as claimed in claim 9 or 10, character-
ized in that road profile information, for example from a
satellite navigation system, i1s used in said distance de-

termination.

A vision method for detecting free space in front of a mo-
tor vehicle, comprising capturing images (30} from the
surrounding of a motor vehicle using a mono imaging appa-
ratus (11), and performing image processing of captured
images (30) in order to detect free space in front of the
motor vehicle, characterized by calculating a horizontal
component of the optical flow (31), and determining tran-
sitions (33, 35) between regions of essentially constant
horizontal optical flow and regions of essentially non-

constant horizontal optical flow.



WO 2018/050642

1/2

=1

Fig. 1

SUBSTITUTE SHEET (RULE 26)

PCT/EP2017/072902



PCT/EP2017/072902
2/2

WO 2018/050642

% €e
. s e
£/ ] —\_/ :1 //“
L u._ u\._ |
y #d 4l
9¢ G€ Gf G¢
0Gy omm omm om_‘y om& 05y 0G€ Io,mml 0GL 09
.o 052 : |
/1002
1051
4001
05
9¢€

L 0g7_0S€)052 061 05

P

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/072902

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO6K9/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GO6K

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

abstract; claims

abstract

A US 2011/311108 A1 (BADINO HERNAN [US] ET
AL) 22 December 2011 (2011-12-22)

A US 2015/206015 Al (RAMALINGAM SRIKUMAR
[US] ET AL) 23 July 2015 (2015-07-23)

paragraph [0011] - paragraph [0014]
paragraph [0022] - paragraph [0026]

1-12

1-12

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

27 November 2017

Date of mailing of the international search report

07/12/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Isa, Sabine

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/072902

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

DAVID PFEIFFER ET AL: "Efficient
representation of traffic scenes by means
of dynamic stixels",

INTELLIGENT VEHICLES SYMPOSIUM (1V), 2010
IEEE, IEEE, PISCATAWAY, NJ, USA,

21 June 2010 (2010-06-21), pages 217-224,
XP031732275,

ISBN: 978-1-4244-7866-8

abstract

EP 3 002 709 Al (VALEO SCHALTER & SENSOREN
GMBH [DE]) 6 April 2016 (2016-04-06)
abstract

paragraph [0038]

1-12

1-12

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2017/072902
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2011311108 Al 22-12-2011 CN 102317954 A 11-01-2012
DE 102009009047 Al 19-08-2010
EP 2396746 A2 21-12-2011
US 2011311108 Al 22-12-2011
WO 2010091818 A2 19-08-2010
US 2015206015 Al 23-07-2015 JP 2015138550 A 30-07-2015
US 2015206015 Al 23-07-2015
EP 3002709 Al 06-04-2016 DE 102014114221 Al 31-03-2016
EP 3002709 Al 06-04-2016
US 2016093065 Al 31-03-2016

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - wo-search-report
	Page 17 - wo-search-report
	Page 18 - wo-search-report

