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@ The invention relates to a method for obstacle
identification for a vehicle (2). In order to provide means
for reliable obstacle identification for a vehicle, the
invention provides that the method comprises: performing X
a first obstacle search with a radar sensor (4, 6);
performing a second obstacle search with a night vision
camera (5, 7); and identifying an obstacle (20 - 22) if a first
detection of the first obstacle search corresponds to a
second detection of the second obstacle search.
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Method for Obstacle Identification

Technical field

[0001] The invention relates to a method for obstacle identification. The invention

further relates to a system for obstacle identification.

Background of the Invention

[0002] In modern vehicles, advanced sensor systems are commonly used to
identify potential dangers and either provide a waring to the driver or
autonomously take action to avoid or minimise any danger for the driver and the
vehicle. One important aspect is obstacle identification, i.e. to identify any object
that the vehicle could collide with. This refers to stationary objects as well as to
mobile objects like cars, motorcycles, pedestrians and animals. Some of these
objects can usually be reliably detected using radar sensors. Other objects, e.g.
pedestrians or animals, often have a weak radar signature, which can make them
difficult to identify. Failure to identify an obstacle could lead to an accident with
considerable material and/or personal damage. On the other hand, any false
identifications can seriously impair the normal operation of the vehicle, in particular
if a system is triggered that autonomously takes control of the vehicle, e.g. by
preventing a lane change or by braking automatically. Erroneous identification of
an obstacle can be annoying for the driver, eventually making him deactivate
safety systems, or lead to unnecessary emergency actions (braking, evasive

maneuvers) that endanger the vehicle and/or other road users.

Object of the invention

[0003] It is thus an object of the present invention to provide reliable means for

obstacle identification for a vehicle.

[0004] This problem is solved by a method according to claim 1 and a system
according to claim 13.

General Description of the Invention

[0005] The invention provides a method for obstacle identification in a vehicle.
The term "vehicle" in this context in particular refers to a motorised road vehicle,

like a passenger car or a truck. At least to some extent, the invention may be
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applicable to other vehicles like motorcycles or trains. "Obstacle identification"
refers to identifying any object that the vehicle could collide with (or that could
collide with the vehicle). It does not necessarily imply that the object is identified as

belonging to a specific group of objects.

[0006] In a first step of the method, a first obstacle search is performed with a
radar sensor. The radar sensor may comprise one or a plurality of transmitter
antennas as well as one or a plurality of receiver antennas. Each antenna may be
employed as a transmitter antenna and as a receiver antenna. The radar sensor
transmits a radar signal, which could be a continuous wave or a pulse signal, and
receives a reflected signal. The transmitted signal is used as to search for
obstacles. If an obstacle is within an area covered by the transmitted signal, it
influences the reflected signal and therefore it can be detected by analysis of the

reflected signal.

[0007] In second step, which may be performed before, after or simultaneously
with the first step, a second obstacle search is performed with a night vision
camera. The night vision camera is adapted for operation at low light levels. It may
use amplification of the visible light, detection of (near) IR light or a combination of
both to generate an image. Normally, it is a passive camera, although it is within
the scope of the invention that the night vision camera uses its own IR light source
to illuminate a certain area. While the night vision camera is adapted for operation
at night, it is also capable of operation during daytime, i.e. at higher light levels. It
should be noted that while reference is made to an "image" or an "image frame",
the image is normally not displayed for a user (e.g. the driver of the vehicle), but
this rather refers to an image signal or image data corresponding to an image. By
image recognition, one or several objects can be identified within the image. This
image recognition is the basis of the second obstacle search. Every object
detected or, normally, every object fulfilling certain criteria can be regarded as a

potential obstacle.

[0008] In a third step, an obstacle is identified if a first detection of the first
obstacle search corresponds to a second detection of the second obstacle search.
A first detection of the first obstacle search corresponds to a reflected signal that is
associated with a (potential) obstacle. The first detection can be based on an

amplitude of the reflected signal and optionally other parameters like frequency,
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phase, waveform etc. If the reflected signal fulfils certain criteria, this is regarded
as a first detection. A second detection of the second obstacle search corresponds
to a (potential) obstacle being identified within an image frame recorded by the
night vision camera. According to the invention, an obstacle is identified if the first
detection corresponds to the second detection. In other words, the obstacle is
identified if, according to certain predefined criteria, the first detection and the
second detection can be attributed to the same object. These criteria may be more
or less refined. In the most simple case, the first detection and the second
detection are regarded as corresponding to each other if they occur within a
certain small time interval, i.e. (almost) simultaneously. It is understood that the
radar sensor and the night vision camera need to have a common detection area
in which an obstacle can be detected by the radar and by the night vision camera.
Beside this common detection area, the radar sensor may have a detection area

that is not covered by the night vision camera and vice versa.

[0009] The idea of the invention is to combine two different search and detection
techniques in order to identify any actual obstacle with a high reliability while
avoiding false detections, even under reduced light levels. While it would be
possible to reduce false detections by decreasing the sensitivity (or increase the
detection threshold) of a single detection method, this would also increase the risk
of actual obstacles not being detected. On the other hand, while it would be
possible to increase the sensitivity (or decrease the detection threshold) of a single
detection method in order to assure detection of any actual obstacle, this would
also lead to an increased number of false detections. With the inventive method,
both radar detection and night vision detection may operate with a rather low
detection threshold, but false detections are avoided or at least greatly reduced
because each of the first and second detection has to be confirmed or verified by

the other detection before an obstacle is identified.

[0010] According to one embodiment, the first and the second obstacle search
are performed for a forward area in front of the vehicle. "In front of the vehicle"
refers to the normal driving direction of the vehicle. This may in particular be
relevant for avoiding accidents with pedestrians, animals or stationary obstacles.
Additionally or alternatively, the first and second obstacle search can be performed

for a backward area behind the vehicle. On the one hand, this can be relevant if
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the vehicle is driving backwards. On the other hand, it can be relevant if another
vehicle, e.g. a car or a motorcycle, is approaching from behind and could be
expected to overtake the vehicle. In such a case, a lane change of the vehicle
could lead to a collision with the overtaking vehicle. It is understood that if both the
forward area of the backward area need to be covered, usually a dedicated radar

sensor and a dedicated night vision camera are necessary for each area.

[0011] As mentioned above, by combining two independent detections, false
detections can be avoided even if each of the first and the second detection alone
has a considerable risk of a false detection. However, in some cases the first
detection alone may be sufficiently clear that there is no need for a verification by
the second detection. Therefore, in a preferred embodiment of the invention, a
reliability of the first detection is assessed and if the reliability is above a first
threshold, the obstacle is identified independently of the second obstacle search.
The reliability may e.g. depend on the amplitude of the reflected radar signal. If the
amplitude is rather high, the reliability can be considered as high and therefore the
object can be identified independently of the second obstacle search. This means
that the second obstacle search may not be performed at all or it may be
performed but its result is not taken into account. If the reliability is low, on the
other hand, this couid indicate e.g. a small obstacle (or, strictly speaking, an
obstacle with a reduced radar cross-section) or it could indicate that there is no
obstacle at all. In order to determine which is the case, it makes sense to perform
the second obstacle search and to take its result (i.e. the second detection) into

account.

[0012] Usually any object that does not have a significant relative speed with
respect to the vehicle does not pose a danger and therefore may be not regarded
as an obstacle. In a preferred embodiment, the first detection includes detecting
an object approach speed and if the object approach speed is below a second
threshold, the first detection is disregarded, independently of the second obstacle
search. The object approach speed is the speed at which the object detected by
the first detection approaches the vehicle, wherein this approach speed can be
zero or even negative if the object is moving away (or the vehicle moves away
from the object). If the object approach speed is below a second threshoild, this

may be regarded as an indication that there is at least no immediate collision
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danger, wherefore it is unnecessary to verify the first detection by the second
detection. Therefore, the first detection can be disregarded and the second search
may not be performed at all or its result may be not taken into account. In this
embodiment and the previously described embodiment, not taking into account the
second search or even not performing the second search may be a measure to
save processing resources and improve the overall performance of the method. It
should be noted, that the “approach speed” may be interpreted as a vector, which
enables to assess, whether an object is predicted to collide or not. If the object is

predicted to collide, an action may be taken in order to prevent the collision.

[0013] Also, it can make a difference whether the object is approaching the
vehicle from ahead or from behind. For instance, another vehicle approaching
slowly from behind couid be disregarded as it can be expected to either slow down
before a collision or to overtake the vehicle. On the other hand, if another vehicle
is approaching from ahead (or rather, the vehicle approaches another vehicle
ahead), the driver of the vehicle or some safety system needs to avoid the
collision. Therefore, the second threshold may be determined dependent on
whether the first and the second obstacle search are performed for the forward

area or for the backward area.

[0014] Whether or not the first detection corresponds to the second detection can
be determined based on various criteria. According to one embodiment, a potential
obstacle position is determined based on the first detection. This potential obstacle
position is in general a 3D position or at least a 2D position on a plane around the
vehicle. It can be characterised e.g. by a one-dimensional or two-dimensional
angle with respect to the longitudinal axis of the vehicle and by a distance. When
this potential obstacle position is determined, an image area corresponding to the
potential obstacle position is determined within an image frame recorded by the
camera. As mentioned above, the image frame does not have to be displayed
anywhere. With the position and the optical characteristics of the night vision
camera known, it is possible to determine an image area that corresponds to the
potential obstacle position. The image area corresponds to at least one pixel,
normally to a plurality of pixels. Next, an obstacle is identified if an image
corresponding to an obstacle is detected within the image area. In this context, the

image may only partially be located within the image area. In other words, image
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recognition is performed for the image frame and the obstacle is identified if an
image corresponding to an obstacle is detected and the image is located (at least
partially) in the image area corresponding to the potential obstacle position. The
image area may have various shapes, e.g. rectangular or ellipsoidal. Also, its size
may be chosen differently, e.g. to account for an expected size of the image within
the image frame or an uncertainty of the potential obstacle position. For example,
the image area may be bigger if the potential obstacle position is closer and/or if
there is a higher degree of uncertainty in the potential obstacle position. While
herein reference is made to "an" image frame, it is understood that several

(normally consecutive) image frames may be used.

[0015] In some embodiments, the second obstacle search may be performed
locally at the image area. "At the image area" refers to the image area itself and
optionally its vicinity. In other words, image recognition is not performed for the
entire image frame, but only for the image area itself and possibly an area around
it. This approach makes sense since any second detection in a region remote from
the image area would be disregarded anyway and not be considered as a
confirmation of the first detection. Therefore, the processing time may be reduced

by restricting the second obstacle search in the way described above.

[0016] In general, the second obstacle search could search for any distinct
objects of a certain size, regardless of their type. It is preferred, though, that an
object classification is performed based on the image frame recorded by the
camera. In other words, an object is not only detected but also classified, i.e.
categorised. Object classes could include pedestrian, animal, car, motorcycle and
other. This classification may help to assess a potential danger associated with the
object and to determine any safety measures that may be taken to avoid a
collision. For example, an animal can be expected to change its in an
unpredictable way at a greater speed than e.g. a pedestrian, wherefore special
safety precautions can be necessary if the object is classified as an animal.

[0017] Furthermore, the second detection can be based on the object
classification. In other words, an object may be detected but classified as
harmless, wherefore it is disregarded and does not lead to a second detection.
One example could be floating leaves or a bird flying over the road. These could
lead to a first detection by the radar sensor and could also be identified within
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image frame, but may not be regarded as obstacles that can or need to be

avoided.

[0018] It is preferred that, if an obstacle is identified, at least one safety system is
activated. The safety system may either provide support for a certain operation of
the vehicle by the driver (e.g. steering, braking or the like) or it may autonomously
perform some action. However, if it is determined that a collision with the obstacle
is likely or inevitable, the safety system that is activated may be a protection
system like a belt tensioner, an airbag or the like. Alternatively or additionally,

some kind of visible or audible signal for the driver of the vehicle may be activated.

[0019] In particular, an autonomous emergency braking (AEB) system or a lane
keeping assist system (LKAS) can be activated. The AEB system is normally
activated if an obstacle in front of the vehicle is identified. This braking system
performs a braking action, optionally combined with a steering action, without the
need for any action by the driver. The LKAS may be activated e.g. if an object is
approaching the vehicle from the rear at a certain speed so that an overtaking
maneuver can be expected. In such a situation, the LKAS can actively prevent the
vehicle from changing lanes in order to avoid a collision. Alternatively or
concurrently, an active steering system may autonomously perform an evasive

maneuver, if appropriate and possible and if deemed necessary.

[0020] The invention further provides a system for obstacle identification for a
vehicle, which system at least comprises a radar sensor and a night vision
camera. The system is configured to perform a first obstacle search with the radar
sensor, to perform a second obstacle search with the night vision camera and to
identify an obstacle if a first detection of the first obstacle search corresponds to a
second detection of the second obstacle search. All these terms have been
already mentioned above with respect to the inventive method and therefore will
not be explained again. The system preferably comprises a control unit that is
coupled to the radar sensor and the night vision camera. The control unit is
configured to operate the radar sensor during the first obstacle search and the
night vision camera during the second obstacle search. Further, the control unit is
configured to perform the first detection and the second detection and to identify
an obstacle. The control unit may comprise several spaced apart components that

communicate wirelessly or by wire. At least some functions of the control unit may
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be software-implemented. Preferred embodiments of the inventive system
correspond to those of the inventive method. The control unit may be adapted to

perform the respective method steps.

Brief Description of the Drawings

[0021] Further details and advantages of the present invention will be apparent
from the following detailed description of not limiting embodiments with reference

to the attached drawing, wherein:

Fig.1 is a schematic top view of a road, a vehicle having an inventive system for

obstacle identification and several obstacles;
Fig. 2 is a schematic top view of the vehicle of fig. 1;
Fig. 3 is a schematic view of a first image frame; and

Fig. 4 is a schematic view of a second image frame.

Description of Preferred Embodiments

[0022] Fig.1 schematically shows a top view of a road one with a vehicle to, e.g. a
passenger car that comprises an inventive system 3 for obstacle identification,
which is adapted to perform an inventive method. The vehicle 2 is shown
separately in fig. 2. The system 3 comprises a front radar sensor 4, a front night
vision camera 5, a rear radar sensor 6 and a rear night vision camera 7. The front
radar sensor 4 and the front night vision camera 5 cover a forward area 9 in front
of the vehicle 2. In general, the coverage of the front radar sensor 4 an the night
vision camera 5 may differ to some extent, but for sake of simplicity, a single
forward area 9 is shown. In a similar way, the rear radar sensor 6 and the rear
night vision camera 7 cover a backward area 10 behind the vehicle 2. Each of the
radar sensors 4, 6 is adapted to transmit a radar signal into the respective area 9,
10 and to receive a reflected signal from any object 20, 21, 22 within a certain
range. Each of the night vision cameras 5, 7 is adapted to record optical data
corresponding to a sequence of image frames 30, 31, with each of the night vision
cameras 5, 7 being adapted for operation at daylight as well as at low light levels.
The radar sensors 4, 6 and the night vision cameras 5, 7 are connected to a

control unit 8.

LU100761
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[0023] During operation, the control unit 8 can activate the front radar sensor 4 to
perform a first obstacle search within the forward area 9, i.e. the front radar sensor
4 transmits a radar signal and receives a reflected signal e.g. from a first wild boar
20 crossing the road 1 within the forward area 9, which leads to a first detection.
By analysis of the reflected signal, a 3D position as well as an object approach
speed of the wild boar 20 can be determined. Depending on the characteristics of
the reflected signal, the wild boar 20 could be immediately be identified as an
obstacle. However, if the radar cross-section of the wild boar 20 is rather low, a
reliability of the first detection may be assessed to be below a first threshold.
Under these circumstances, the control unit 8 uses the front night vision camera 5
to perform a second obstacle search within the forward area 9. In other words,
image data corresponding to a first image frame 30 (shown in fig. 3) are processed

by image recognition, e.g. by the control unit 8 itself.

[0024] Since the position and optical characteristics of the front night vision
camera 5 are known, a first image area 32 can be determined that corresponds to
the 3D position of the wild boar 20. In this example, the first image area is circular,
but it could also be e.g. rectangular. Apart from an image 35 of the road 1, an
image 36 of the wild boar 20 can be seen, which can be identified by image
recognition, leading to a second detection. Optionally, the second obstacle search,
i.e. the image recognition process, may be performed only for the first image area
32 and its vicinity. Since the image 36 is located within the first image area 32, the
second detection corresponds to the first detection. Also, the object approach
speed corresponds more or less to the speed of the vehicle 2 and is therefore
above a second predefined threshold. Therefore, the wild boar 20 is detected as
an obstacle and the control unit 8 activates a safety system, e.g. an AEB system
that autonomously brakes the vehicle 2 to avoid a collision. Optionally, an object
classification can be performed which identifies the wild boar 20 as an animal,
wherefore fast and unpredictable movements can be expected, in contrast to e.g.

a pedestrian.

[0025] The control unit 8 operates the rear radar sensor 6 and the rear night
vision camera 7 in a similar way to perform a first obstacle search and a second
obstacle search for the backward area 10. In the backward area 10 there is a

second wild boar 21 and a motorcycle 22, which approaches the vehicle 2 from
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behind and is about to overtake. After the first obstacle search by the rear radar
sensor 6, a second image area 33 and a third image area 34 can be determined
within a second image frame 31 recorded by the rear night vision camera 7.
However, the second image area 33, which corresponds to a 3D position of the
second wild boar 21, may optionally not be determined, because the object
approach speed of the second wild boar 21 is negative and therefore below the
second threshold. The object approach speed of the motorcycle 22, however, is
above the second threshold. Optionally, the second threshold may depend on the
distance of the detected object as well as on whether the first obstacle search is
performed for the forward area 9 or for the backward area 10. By the second
obstacle search, an image 38 of the motorcycle 22 is found within the third image
area 34 (plus, optionally, an image 37 of the second wild boar 21 within the
second image area 33), leading to a second detection that corresponds to the first
detection. Therefore, the motorcycle 22 is identified as an obstacle. Again, an
object classification may be performed to identify the motorcycle 22 as such. As
the motorcycle 22 has been identified, the control unit 8 may activate and LKAS
system that prevents the vehicle to from changing lanes until the motorcycle 22

has overtaken it.

LU100761
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List of Reference Symbols

1 road

2 vehicle

3 system

4,6 radar sensor
57 night vision camera
8 control unit

9 forward area
10 backward area
20, 21 wild boar

22 motorcycle

30, 31 image frame
32-34 image area

35-38 image
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ANSPRUCHE
1. Verfahren zur ldentifizierung eines Hindernisses fur ein Fahrzeug (2),
umfassend:

- das Durchfihren einer ersten Hindernissuche mit einem
Radarsensor (4, 6);

- das Durchfithren einer zweiten Hindemissuche mit einer
Nachtsichtkamera (5, 7); und

- das Identifizieren eines Hindernisses (20 — 22), falls eine erste
Erkennung der ersten Hindernissuche einer zweiten Erkennung der zweiten

Hindernissuche entspricht.

2. Verfahren gemaR Anspruch 1, dadurch gekennzeichnet, dass die erste
und die zweite Hindernissuche fur einen Vorausraum (9) vor dem Fahrzeug (2)
und/oder fur einen Rickwartsraum (10) hinter dem Fahrzeug (2) durchgefthrt
werden.

3. Verfahren gemaB einem der vorhergehenden Anspriche, dadurch
gekennzeichnet, dass eine Zuverlassigkeit der ersten Erkennung bewertet wird,
und falls die Zuverlassigkeit oberhalb eines ersten Schwellenwertes liegt, das
Hindernis (20 — 22) unabhangig von der zweiten Hindernissuche identifiziert
wird.

4, Verfahren gemaR einem der vorhergehenden Anspriiche, dadurch
gekennzeichnet, dass die erste Erkennung das Erkennen einer
Annaherungsgeschwindigkeit eines  Objekts umfasst, und falls die
Annaherungsgeschwindigkeit ~ des Objekts unterhalb eines zweiten
Schwellenwertes liegt, die erste Erkennung unabhangig von der zweiten

Hindernissuche auRer Acht gelassen wird.

5. Verfahren gemaR Anspruch 4, dadurch gekennzeichnet, dass der zweite
Schwellenwert in Abhzngigkeit von einem Objektabstand bestimmt wird.

LU100761
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6. Verfahren gemaf Anspruch 4 oder 3, dadurch gekennzeichnet, dass der
zweite Schwellenwert abhangig davon bestimmt wird, ob die erste und die
sweite Hindernissuche fir den Vorausraum (9) oder fiir den Ruckwartsraum

(10) ausgefihrt werden.

7. Verfahren gemaR einem der vorhergehenden Anspriiche, dadurch
gekennzeichnet, dass:

- basierend auf der ersten Erkennung eine potentielle
Hindernisposition bestimmt wird,;

- innerhalb eines Bildrahmens (30, 31), der von der Kamera (5, 7)
éufgezeichnet wird, ein Bildfeld (32 — 34), das der potentiellen Hindernisposition
entspricht, bestimmt wird; und

- ein Hindemnis (20 — 22) identifiziert wird, falls ein Bild (36 — 38),
das einem Hindemis (20 — 22) entspricht, innerhalb des Bildfelds (32 — 34)

erkannt wird.

8. Verfahren gemaR Anspruch 7, dadurch gekennzeichnet, dass die zweite
Hindernissuche lokal am Bildfeld (32 — 34) durchgefuhrt wird.

9. Verfahren gemaR einem der vorhergehenden Anspriche, dadurch
gekennzeichnet, dass basierend auf dem Bildrahmen (30, 31), der von der

Kamera (5, 7) aufgezeichnet wird, eine Objektklassifizierung durchgefuhrt wird.

10. Verfahren gemaR Anspruch 9, dadurch gekennzeichnet, dass die zweite
Erkennung auf der Objektklassifizierung basiert.

11. Verfahren gemaR einem der vorhergehenden Anspriiche, dadurch
gekennzeichnet, dass, falls ein Hindernis (20 — 22) identifiziert wird, mindestens
ein Sicherheitssystem aktiviert wird.

12. Verfahren gemaR einem der vorhergehenden Anspriche, dadurch
gekennzeichnet, dass ein autonomes Notbremssystem oder ein Spurhalte-
Unterstutzungssystem aktiviert ist.

LU100761
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13.  System (3) zur Identifizierung eines Hindernisses fiir ein Fahrzeug (2),
wobei das System (3) mindestens einen Radarsensor (4, 6) und eine
Nachtsichtkamera (5, 7) umfasst und dafiir ausgelegt ist:

- eine erste Hindernissuche mit dem Radarsensor (4, 6)
durchzufihren;

- eine zweite Hindernissuche mit der Nachtsichtkamera (5, 7)
durchzufithren; und

- ein Hindernis (20 — 22) zu identifizieren, falls eine erste Erkennung
der ersten Hindernissuche einer zweiten Erkennung der zweiten

Hindernissuche entspricht.

LU100761
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Abstract

The invention relates to a method for obstacle identification for a vehicle (2). In order
to provide means for reliable obstacle identification for a vehicle, the invention

provides that the method comprises:

- performing a first obstacle search with a radar sensor (4, 6),
- performing a second obstacle search with a night vision camera (5, 7); and
- identifying an obstacle (20 - 22) if a first detection of the first obstacle search

corresponds to a second detection of the second obstacle search.

(Fig. 1)




L GULIVERNEMENT
DU GRAND-DUCRHE DE LUXEMBOURG SEARCH REPORT

C 1 Winisterde MEcraenie

in accordance with Article 351 a)

Natinsal Application
“Rumber

17 December 2018

of the Lux‘embc’mrgllave Dﬁ patents: tg %gg; 61
datedd RO July 1982
DOCUMENTS CONSIDERED TO BE RELEVANT
' Categary Citation of document with indicalion, whare spprograle; Retavant | CLASSIFICATION DF THE
A of relevant passages Jooglaim ] APFLIGATON (70
K DE 18 2015 209112 Al (HONDA MOTOR €O LTD  [1-13 { INV.
[JP]) 26 November 2015 (2015-11-26) B62D15/a2
* paragraphs [0004] ~ [0066], [0008], GOGKR /00
(00091, {00lel, [8828] & [0033] {00371 ]
- [0645], [6050], [0B855] - [0G58]1,
[oos4}, [oose], [o0s81l, foesy],
| [oo9g}, [0189]; claims 1,2,8; figures 1-7
X |DE 10 2015 106092 Al {AIRBUS DS OPTRONICS |1,11,13
; GMBH [BE}} 27 October 2016 (2016-10-27)
| * paragraphs [0814], [0019] - [0022] *
X EP 2 506 234 Al (HQNQA MOTOR €O LTD [JP]) 11-3,7-14
3 October 2012 {2012-10-03)
* paragraphs [080%], [0g1B], [DG24] -
(00337, [o042], [o044], {ogs0] -
[3052], claim 1; f1gures 1,3-7 %
A DE 16 2017 122??9.&1.{ﬂAZ?A.MDTOR [ap})  |1-13
29 March 2018 {2018-03-29) TECHMICAL FIELDS
| * paragraphs [0041] - [0044] * { Seaieke M
T e | 862D
& |Us 28167217527 Al {HATfQR; YOSHIKAZU [JP] |1-13 | GOSBK
| ET AL) 26 August 2610 (2010-08-26) |
* paragraphs [0874] -~ [89?6] *
The present ssamh repan hag besn drawn up for afl slaims
Qate ot oomplation of dne'szaeh Sy

Janusch, Stefan

e i

SR 0

CATEGIRY 4F GITED DOUUMENTE

X particularly relevant if taken glong
¥ Upartinulany refevaint f combined with aivothar
dogument of the sasresabegary
& teshnologion! bchground
O ‘mencwritien disclosire
<intarmediate document shontirment

T theary o principie undadying Hie invention

£ eantier patant doctiment, bet pullished o, oy

after His filing dods
0 © docurnent sited i the apﬁlmahm
£ : oaument cited for.otinr reasons

& - member of s same umsmtfamﬁv,anws}mnﬁmg




EPCIECRNE PINST

ANNEX TO THE SEARCH REPORT
ON LUXEMBOURG PATENT APPLICATION NO. LG 1907

LU 180761

“ris annex lists the patent family members refating to the patent documents mtgd m the abowas memrcnad Europesm g eh vepoet,

The nembery are as confaked i the BEuropear Patent Office ERF fite on
The Eurcpean Patent Gfffas is v no way Sakds far !h@sss partsulars which ars menshy glvan for the purposs of mffsm.mmn

17-<12-2018
Patent dostvant Publivation Fatent Ranily Publication
sited iy search repot date reamber{s} date
DE 102015209112 Al 26-11-2015 (N 105083265 A 25-11-201%
DE 102615289112 Al 26-11~2015
JP 6190758 B2 30-08-2017
JP 2015219858 & 07-12-2015
US 2015338516 Al ‘EE~11 2015
DE 1&2@15195@?? Al 2710~ 2316 DE i@9815186@9? Al 27~ 1@»2@16
GB 253??33‘& 26+ 16 2@16‘
Ep 2586234 Al QS 10~8912 N 102713989 A BS 13 2012
CN 164251993 A 31-12-2014
EP 2596234 Al 03-10-2012
JP 5859581 B2 G2-08-2016
JP 2014200387 & 06-11-2014
JP WO2011114815 Al 27-86-2013
US 2012293357 Al 22-11-2012
WO 2011114815 AL 22~08-2011
DE 1@”01’122479 Al 29 83 818 DE 1@2@1?1224?§ Al °9 03- 2018
JP 6332383 BE 30-95-2018
JP 2018055426 A 05-04-2018
5 20189Q@BQ8 Al 28~ GS 2018
US 2010217527 Al 26~88- 2@1@ JP 4333639 B2 1609~ 208%'
JP 2086347236 A 28-12-2006
Us 2818217527 Al 26-08-2018
WO 280613$q34 Al 21-12-2006

N n RR W A AR AR AR NN AR

Far moradetails abott fhis anneX ) ses Offloial dotrnalof the Burapssn Patent Oifics, No 1282




LE GOUVERNEMENT
DU GRAND-DUCHE DE LUXEMBOURG
Mintstere de PEcoranyic

WRITTEN OPINION

il Ne Fiung date (daprmpnibyearn Prioeity date (dayinonthiiesr) | Spplication No.
FLOI18GT (ﬂ 04 2018 LUID078E

| ierational Patent ﬁiéﬁm ssion (PG

L INV. B62D1502 GOSKIN0

Applizant
i EE Intemational Electronics & Engingeting SA.

This repart containg indications relating o the following items!

B Rox Kol Basieolfthe opinion

I3 Box Nooli  Priority

[ Box No. ti Non-establishment of opinjonswith regard fo novedly, inventive step wnd industriat spplicability
Bocho iV Lack afunity of invention

|

]

B Box MooV Reasoned statement with regard to novelly, inveniive step or industrial applisability;
I citations ard Bxplanations supporting such statement

d

1

Box Mo Vi Defhinddcumants cifed
{3 BoxNo. Vit Certain defects in the application
& Box Na, VIl Tertain observations on the application

.................................................................................................................................................................................................................................................................................

Exmmingt

v..!anusch. Stefan

.................................................................................................................................................................................................................................................................................



Application No..

WRITTEN OPINION LU100761

Box No.t Basis of the opinion

1. This opinion has bean established o the basis of the latest set of claims filed before the start of the search.

. With regard to any nucleotide andior aming acid sequence distlosed inthe application and necessary o the
claimed invention, this opinion has been established on the basis of:

a. type of material:
0 asequence fisting
L1 table(s) related to the sequence listing
b. format of materiat:
O onpaper
0 i electronic form
¢. time of fingfamishing:
0 contained in the application as filed.
3 filedtogether with the application in slectronic form.

L1 furnished subsegusntly:

3. L1 in addition, in the case that more than ona version or copy of a sequence listing andior tabils relating therelo

has been filed or furnished, the requirad siatements that the information in the subsaquent or additional
copias is identical to Hhat inthe application as filad or dogs not go bayond the application as filad; as
appropriate, were furnished.

- Additional comniants:

Box No. V' Reasoned statement with regard to noveity, inventive step and industrial applicability;
citations and explanations supporting such statement

1. Statement

)

Novelty Yes: Claims 5.6
New Claims 14,713

inventive step Yes: Claims
Noo  Claims 113

ndustrial applicability Yes: Claims 113
Neoo Glaims

Citations and explanations

see separate sheet
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Box No. Vil Certain observations on the application

see separaie sheet
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Re itlem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1 Reference is made to the following documents:
D1 DE 10 2015 209112 A1 (HONDA MOTOR CO LTD [JP]) 26 November
2018 (2015-11-26)
D2 DE 102015 106092 A1 (AIRBUS DS OPTRONICS GMBH [DE]) 27
October 2016 (2016-10-27}
D3 EP 2 506 234 A1 (HONDA MOTOR CO LTD [JP}) 3 October 2012
(2012-10-03)
2 The present application does not meet the criteria of patentability, because

the subject-matter of claims 1 and 13 are not new..
Document D1 discloses (the references in parentheses applying to this
dogument):
A method for obstacle identification for a vehicle (10}, comprising:
- performing a first obstacle search with a radar sensor {40, [0032]);
- performmg a second obstacle search with a night vision camera (42,
{0037]; the camera can be an infrared {night viﬁs@iaﬂ}i camera); and
- identifying an obstacle (100tar, [0043] and [0057}; a combined process
is carried out Lo identify an obstacie) if a first detection of the first
obstacle search corresponds to a second detection of the second
obstacle search.
Remarks: D1 uses just as claimed the radar sensor data and the camera data
combined to increase the detection result of an obstacle (see [0004] and
[0005]), therefore D1 shows all the features of claim 1,

241 Furthermore, documents D2 and D3 disclose also all the features of
independent claim 1. D2 shows an object identification methoed using a radar
and an infrared camera, combining the data in order to get a better detection
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result (see para. {D014], [0019] o [0022]). D3 shows an obstacle identification
using a laser radarand a infrared camera, overlaying the detection areas and
determining an object, {see para. [0024] and [0026] to [0023}).

2.2 The same reasoning applies, mutalis mutandis, to the subject-malter of the
corresponding independent system claim 13, which therefare is also
considered not new and inventive.

2.3 Dependent claim 2 to 12 do not contain any features which, in combination
with the features of any claim to which thay refer, meet the requirements of
novelty andior inventive step, the reasons being as follows:

2.3.1  The features of dependent claims 2 1o 4 and 7 t0 12 are known in their
entirety from documents D1 to D3. Consequently, the subject-matter of
dependent claims 2 to 4 and 7 to 12 is not new.

2.3.1.1 Claim 2: see D1, fig 3, D3 fig. 2 and [0025]

2.3.1.2 Claim 3: see D1, para. [0088], [0089]; D3 [0028], [0042] and [0044];
classification determining unit (21) uses the radar data to classify the
obstacle. Nevertheless, in the prior art itis well known to use different sensor
types alone of in combination, so it would not be inventive to ugse enlﬁy. one
sensor, if the detection result of the radar sensor is within a certain imit.

2.3.1.3 Claim 4: D1 [0050] and fig. 2and D3 [0050] to [0052]; here it is said that an
abjsct with no velocity e.g. a tres or pole is ruled out as a moving object.

2.3.1.4 Claims 7 to 10: D1, see para. [0042] 1o [0045] and [0055] to [0058]; D3, see
para. [0032], [0033]. [0042], [0044] and [0050] to {0052},

28.15 Claims 11 and 12: D1, see para. {DOR1], {0087} and [0109]

23.2  Inclaim 5 a slight constructional change in the the method for obstacle
identification of claim 4 is defined which comes within the scope of the
customary practice followed by persons skilled in the art, espé‘ciaziy as the
advaniages thus achieved can readily be foreseen. Gonsequently, the
subject-matter of claim b also lacks aninventive step. In D1 and D3 a variety
of obstacle classification is shown and linking the distance of an obslacle in
order to classify it merely one of the choices the skilled man would choose.

233 Inclaim 6 a slight constructiona] change in the the method for obstagle
identification of claim 4 is defined which comes within the scepe of the
customary practice followed by persons skilled in the art, especially as the
advantages thus achieved can réadily be foreseen. Consequently, the
subject-matter of claim 8 also lacks an inventive step. In D1 and D3 a variety
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of obstacle classification is shown and linking the detection area {(e.g. forward
or backward) of an obstacls in order o classify it merely one of the choices
the skilled man would chooss,

Certain observations on the international application
3 Claims 1 and 13 are not clear.

3.1 The wording "A method for obstacle identification for a vehicle” and A
system for obstacle identification for a vehicle” are interprated as being
suitable for carrying out that method without a vehicle, it is clear from the
deseription e.g. paragraph [0DOS], that the method for obstacle identification
in a vehicle.
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