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(57) ABSTRACT

An obstacle detection display device, for enabling to display
the information of a result of image recognition at high accu-
racy, at high speed and without position error of shift, even for
an image photographed by a wide-angle camera, is con-
structed with: an image pickup means; an image correcling
means for executing geometrical correction upon a video
signal outputted [rom the image pickup means through image
processing, and thereby outputting it; an image recognizing
means [or detecling object information by execuling image
processing on the video signal outputted from the image
correcling means; a display information producing means [or
determining display information and display position in the
video signal, 1o be presented Lo a user, being superimposed on
the video signal, which is outputted by the image pickup
means, upon basis of the object information detected by the
image recognizing means, and thereby outputting them; and a
display information superimposing means for superimposing
the display information outputted by the display information
producing means upon the video signal outputted from the
image pickup means, upon basis of the display information
outputted by the display information producing means. The
display information producing means executes correction
calculation upon the display position, by taking an error of
positions on the video signal, between the video signal out-
putted by the image correcting means and the video signal
outputted [rom the image pickup means, into the consider-
ation thereof, when determining the display position of the
display information to be superimposed on the video signal
outputted by the image pickup means.

9 Claims, 6 Drawing Sheets
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1
OBSTACLE DETECTION DISPLAY DEVICE

TECHNICAL FIELD

The present invention relates (0 an obstacle detection dis-
play device, for detecting an obstacle, etc., through conduc-
tion of an image recognition with using an image or a picture
obtained by a camecra, and thereby displaying the obstacle
detected by said recognition, being superimposed on the
image obtained by means of display information.

BACKGROUND ART(S)

As a background art relating to the present technology is
already known the following Patent Document 1, for
example, and in that publication, for the purpose of “provid-
ing a mobile unit determining system and a mobile unit deter-
mination method, for enabling to determine a mobile unit
approaching thereto, on aroad having a low visibility, such as,
a dead angle of crossroads ora curve having bad view, etc, and
further a computer program for achieving said mobile unit
determination method with using a computer therein,” and as
a means for dissolving that, there is disclosed a technology “A
CPU 28 calculates an averaged value of motion vector direc-
tions of pixels within linked blocks, and identifies the aver-
aged value calculated as a direction of movements of the
linked blocks. The CPU 28 calculates a difference of angle
between the identified direction of movement and a predeter-
mined approaching direction, and if the calculated difference
of the angle is equal to or less than a second threshold value,
it produces a display image to be composed with a photo-
graphed image. With doing this, the display information for
emphasizing that mobile unit is added, when it is determined
that there is a mobile unit moving in a direction approaching
thereto, as being the mobile units on the photographed
image.”

PRIOR ART DOCUMENT(S)
Patent Document

Patent Document 1: Japanese Patent Laying-Open No. 2007-
172540

BRIEF SUMMARY OF THE INVENTION
Problem(s) to be Dissolved by the Invention

By the way, in recent years, as 4 redr camera (0 be mounted
on a mobile, elc., it is widely spread, such as, that adopling a
wide-angle camera, forexample, a fisheye lens therein, for the
purpose of reducing the dead angle thereof. With such wide-
angle camera, although the image obtainable from that is
largely curved, in particular, on the peripheral portions
thereof, due to an effect or influence of an optical distortion of
a lens; however, when trying to correct that distortion through
video or image processing, since a central portion of the
image is contracted or downsized, relatively, while on the
other hand the distortion of a projection on the peripheral
portions of the image becomes large, therefore, instead, an
outlook or external appearance when seeing that image
comes 10 be unnatural. For that reason, rather an image or a
picture, the distortion of which is not correcled, or upon
which the correction is made in such a degree thal the distor-
tion still remains a little bit, is preferable when watching it on
a monitor.

10

40

45

2

On the other hand, an image recognition technology is put
into a practical use thereof, for conducting detection and/or
chasing a specific object with treating the video processing on
the image, which is obtained from a camera; however, when
trying to conduct the recognition of a body or a unit with using
such image processing, it is required to correct the lens dis-
tortion, for the purpose of recognition at high accuracy. For
cxample, within so-called a sterco camera, which calculates a
distancc up to an object upon basis of the images obtained
from two (2) or more numbers of cameras, since it uses
geometric positions within the images of the object, it is
necessary to cotrect those distortions of the lenses up to such
an accuracy thereof, that an approximation can be made under
a condition that there is no distortion. For that reason, when
Lrying to display a result of recognition o[ the positions o[ the
object, etc., which can be obtained upon basis of the images
corrected on the distortion thereof, with superimposing char-
acters and/or graphics on the image having the distortion
thereof, to a user, there is produced an error or a shift of the
position due to presence/absence of the distortion. In particu-
lar, with such wide-angle lens as was mentioned above. the
cffect of the lens distortion is large, and therefore this position
crror can brings about a problem, casily.

‘With the Patent Document 1 mentioned above, the mobile
unit is detected by conducting the calculation of the move-
ment vectors through the video processing, upon the image
photographed by the camera, and a rectangular frame sur-
rounding the mobile unit. which is delected, is displayed,
being superimposed on that image. However, since no cor-
rection is made on the lens distortion for the image, ifthe lens
distortion is large, there is a possibility that the accuracy of
detection comes down. In the same Patent Document 1, as a
method other than that, there is also described that, in par-
ticular, when using an image of such camera, such as, the
fisheye lens (i.e., an ultra wide-angle lens) therein, and that
the image may be converted into a bird’s-cye view; thereby
achicving a detection at high accuracy, but without (or less-
ening) the ill influence of that lens distortion. However, even
in this case, since it changes from the original image, largely,
in a view point and/or an angle of the view thereof, there is a
problem that the user cannot see the image photographed,
which she/he primarily wishes (o see, or that the rectangular
frame cannot be superimposed properly on the image photo-
graphed.

‘Then, according to the present invention, being achieved
by taking the problem(s) of the conventional technology men-
tioned above into the consideration thereof, an object thereof
is to provided an obstacle detection display device for
enabling an emphasized display without giving a funny or
uncomfortable fecling to a uscr, by producing the display
information of an obstacle upon basis of a result of image
recoguition at high accuracy, even for an image, being natural
in appearance and including the lens distortion therein, which
is photographed by the wide-angle camera, and also by super-
imposing that display information on the obstacle detected, at
high speed but without position error (or shifl) thereol.

Means for Dissolving the Problem(s)

For accomplishing the object mentioned above, according
to the present invention, firstly there is provided an obstacle
detection display device, comprising: an image pickup means
having a lens: an image correcling means [or executing geo-
melrical correction upon a video signal having distortion,
which is outputted by said image pickup means, and thereby
outputting it therefrom; an image recognition means for
detection an obstacle and object information thereof, by

IPR2025-01312 - Samsung
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3

executing video processing on the video signal corrected on
the distortion thercof, which is outputted by said image cor-
recting means; a display information producing mecans for
determining display information, including a frame for usc of
emphasizing display, to be presented to a user being super-
imposed on the video signal having the distortion, which is
outputted by said image pickup means, and position for dis-
playving said display information in the video signal having
the distortion therein, upon basis of the object information
detected by said image recognition means, and thereby out-
putting them therefrom; and a display information superim-
posing means for superimposing the display information,
which is outputted by said display information producing
means, on the video signal having the distortion, which is
outputted by said image pickup means, upon basis of the
display position outputted by said display information pro-
ducing mecans, and thercby outputting them therefrom,
wherein said display information producing mcans cxccutcs
correction calculation upon said display information includ-
ing the frame for the emphasizing display, by taking a posi-
tion error of said obstacle, between the video signal corrected
on the distortion thereof, which is outputted by said image
correcting means, and the video signal having the distortion,
which is outputted by said image pickup means, into consid-
eration, when determining the display position of the display
information including the frame for use of the emphasizing
display, to be superimposed on the video signal having the
distortion, which is outputted by said image pickup means.

Also, according to the present invention, in the obstacle
detection display device as described in the above, said image
pickup mecans having the lens may be provided in plural
numbers thereof, or wherein said image correcting means
may comprise a display image correcting means for executing
the geometrical correction on the video signal having the
distortion, which is outputted by said image pickup means,
thereby outputting it as an image for use of display therefrom,
and 4 recognition image correcting means [or executing the
geometrical correction on the video signal having the distor-
tion, which is outputted by said image pickup means, with a
degree higher than that executed by said display image cor-
recting means, thereby outputting an image for use of recog-
nition therefrom, wherein said image recognition means
executes the video processing on the image for use of recog-
nition from said recognition image correcting means, so as to
detect the obstacle and the object information thereof, and
said display information superimposing means outputs the
display information including the frame for the emphasizing
display, which is outputted by said display information pro-
ducing means, superimposing it upon the image for use of
display [rom said display image correcling means.

Further, according o the present invention, in the obstacle
detection display device as described in the above, correction
information to be used when executing the geometrical cor-
rection upon the video signal having the distortion, which is
outputted by said image pickup means, within said image
correcting means may be same to correction informationto be
used when executing the correction calculation upon the dis-
play position of said display information within said display
information producing means, or the correction information
to be used when executing the geometrical correction upon
the video signal having the distortion through video process-
ing, which is outputted by said image pickup means, within
said image correcling means, may be diflerent [rom correc-
tion information 1o be used when executing the correction
calculation upon the display position of said display informa-
tion within said display information producing means are
same correction information.

40

45

50

4

In addition thereto, according to the present invention, in
the obstacle detection display device as described in the
above, it is preferable that the correction calculation is
cxecuted upon the display positions of all pixcls to be super-
imposed, upon basis of said correction information, when
said display information producing means executes the cor-
rection calculation upon the display positions of the display
information including the frame for the emphasizing display,
and [urther that the correction calculation is executed upon
the display positions of representative pixels among the pix-
els to be superimposed, upon basis of said correction infor-
mation, while determining the display positions for other
pixels through an interpolation, when said display informa-
tion producing means executes the correction calculation
upon the display positions of the display information includ-
ing the frame for the emphasizing display.

And, according to the present invention, also for accom-
plishing the object mentioned above, there is provided an
obstacle detection display device, comprising: a first image
pickup means having a lens; a second image pickup means
having a lens; an image correcting means for executing geo-
metrical correction upon a video signal having distortion,
which is outputted by said first imape pickup means, and a
video signal having distortion, which is outputted by said
second image pickup means, respectively, and thereby out-
putting them as a stereo video signal therefrom; a stereo
image recognition means for detection an obstacle and 3-di-
mentional object information thereof, by executing video
processing upon the stereo video signal corrected on the
distortion thercof, which is outputted by said image correct-
ing mcans; a display information producing means for deter-
mining display information, including a frame for use of
emphasizing display, to be presented to a user being super-
imposed on the video signal having the distortion, which is
outputted by said first image pickup means, or on the video
signal having the distortion, which is outputted by said sec-
ond image pickup means, and a display position of said dis-
play information in the video signal having the distortion
therein, upon basis of the 3-dimensional object information
detected by said image recognition means, and thereby out-
putting them therefrom; and a display information superim-
posing means for superimposing the display information,
which is outputted by said display information producing
means, on the video signal having the distortion, which is
outputted by said first image pickup means, or on the video
signal having the distortion, which is outputted by said sec-
ond image pickup means, upon basis of the display position
outputted by said display information producing means, and
thereby outputting them therefrom, wherein said display
information producing means execules correction calculation
upon said display information including the [rame for the
emphasizing display, by considering a position error of said
obstacle, between the video signal corrected on the distortion
thereot, which is outputted by said image correcting means,
and the video signal having the distortion, which is outputted
by said first image pickup means or outputted by said second
image correcting means, when determining the display posi-
tion of the display information including the frame for use of
the emphasizing display, to be superimposed on the video
signal having the distortion, which is outputted by said first
image pickup means or by said second image pickup means.

In addition to the above, according to the present invention,
also [or accomplishing the object mentioned above, there is
provided an obslacle detection display device, comprising: an
image pickup means having a lens; a display image correcting
means for executing geometrical correction upon the video
signal, which is outputted by said image pickup means, and
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thereby outputting an image for use of display thereform; a
recognition image correcting means for executing the geo-
metrical correction on the video signal having the distortion,
which is outputted by said image pickup means, with a degree
higher than that executed by said display image correcting
means, thereby oulputling an image for use of recognition
therelrom; an image recognition means [or detecling an
obstacle and object information thereof, by executing image
processing upon the video signal corrected on the distortion
thereof, which is outputted by said recognition image correct-
ing means; a display information producing means for deter-
mining display information, including a frame for use of
emphasizing display, to be presented to a user being super-
imposed on the video signal having the distortion, which is
outputted by said image pickup means, and position for dis-
playing said display information in the video signal having
the distortion therein, upon basis of the object information
detected by said image recognition means, and thereby out-
putling them therefrom; and a display information superim-
posing means [or superimposing the display inlormation
including the [rame [or use o[ the emphasizing display, which
is outputted by said display information producing means, on
the video signal having the distortion, which is outputted by
said image pickup means, upon basis of the display position
outputted by said display information producing means, and
thereby outputting them therefrom, wherein said display
information producing means cxccutes correction calculation
upon the display position of said display information, by
taking a position error of said obstacle, between the video
signal corrected on the distortion thereof, which is outputted
by said recognition image correcting means, and the video
signal corrected on the distortion thereof, which is outputted
by said display image pickup means, into consideration,
when determining the display position ol the display inlor-
mation, including the frame for use of the emphasizing dis-
play, to be superimposed on the video signal corrected on the
distortion thereof, which is outputted by said display image
correcting means.

Effect(s) of the Invention

With the obstacle detection display device, according to the
present invention mentioned above, itis possible to display an
image, including the lens distortion therein and being unnatu-
ral on an external appearance thereof, which is photographed
by a wide-angle camera, with superimposing the recognition
information thereon, being obtainable upon basis of a result
of recognition at high accuracy, which can be obtained by
executing correction on the lens distortion thereof, at high
specd and without position error or shift thereof, and with
this, there can be obtained a superior effect that the useris able
to confirm that recognition result without having a funny or
uncomfortable feeling thereon.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a block diagram for showing an outlook structure
of an obstacle detection display device, according to a first
embodiment of the present invention;

FIGS. 2A to 2D are views for showing an example of a
process for calculating the display position of display infor-
mation within the obstacle detection display device men-
tioned above;

FIGS. 3A 10 3D are views also for showing an example of
a process [or calculating the display position of display inlor-
mation within the obstacle detection display device men-
tioned above;
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I'IG. 4 is a block diagram for showing an outlook structure
of an obstacle detection display device, according to a second
embodiment of the present invention;

FIG. 5 is a block diagram [or showing an outlook structure
ol an obstacle detection display device, according 1o a third
embodiment of the present invention; and

FIG. 6 is a view [or showing an example of a process [or
calculating the display position of display information within
the obstacle detection display device according to the third
embodiment mentioned above.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinaller, explanation will be given on embodiments
according to the present invention, fully, by referring to the
drawings attached herewith.

Embodiment 1

First of all, FIG. 1 attached herewith is a view for showing
the entire structures of an obstacle detection display device,
according to a first embodiment of the present invention,
wherein a reference numeral 101 in the figure depicts an
image pickup portion, 102 an image corrector portion, 103 an
image recognizer portion, 104 a display information producer
portion, and 105 a display information superimpose portion,
respectively.

In the obstacle detection display device having such con-
struction as was mentioned above, the image pickup portion
101 is constructed with, for cxample, a lens, an iris, a shutter,
an image pickup element, such as, a CCD, ora CMOS, etc.,a
CDS or an AGC, an AD converter, a camera signal processing
DSP, and a timing generator, etc., and it converts an optical
image (i.e., a picture), the light of which is received by that
image pickup element, into an electric signal, to be outputted
as a video signal. Herein, as (he lens mentioned above may be
used so-called a wide-angle lens, such as. the fisheye lens,
ete., for example.

‘The image corrector portion 102 obtains the video signal,
which is outputted by the image pickup portion 101, as an
image or a picture (hereinafter, an “image”), and executes
so-called a geometrical correction, such as, a correction of
lens distortion, a correction of the angle of view, a correction
of an inclination of the image, etc., for example, by conduct-
ing a video processing upon basis of image correction infor-
mation, which is stored in a memory. However, this geometri-
cal correction may be achieved with using an existing camera
calibration method, such as, a method, which is used by
Zhengyou Zhang, [or example, representatively. Also. in this
instance, as the image correction information may be used a
coetlicient ot a function, which can be obtained by modeling
a geometry of the optical system of the camera, or from a
look-up table describing the correspondences between the
coordinates of images before and after conducting the geo-
metrical correction thereon. This image correction informa-
tion may be calculated with using a calibration pattern, etc., in
advance, to be stored in the memory. or may be calculated
upon basis of the image obtained during the operation of the
device, so as to renew the data in the memory, appropriately.

The image recognizer portion 103 obtains the image after
the geometrical correction, which is outputted by the image
corrector portion 102 mentioned above, (o execute the recog-
nition process thereon with using video or image processing,
and thereby detecting object information including an
obstacle therein. Herein, the object information indicates
information, which can be obtained from a variety of existing
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image recognition technologies, i.e., a property of the object,
such as, aperson, a car, ora traffic lanc, ctc., or a configuration
or a position of the object, or a condition of that object, such
as, in condition of movement or standstill, cte, or a result of
determination, such as, a degree of danger or a degree of
crowdedness, etc., which can be presumed by combining
those; and that image recognizer portion 103 can obtain the
necessary information by conducting an appropriate video or
image processing depending on an application thereol. And,
those information (the display information), within the
present obstacle detection display device, are used to be dis-
played, being superimposed on the image, for the purpose of
presenting them to a user. Or, for example, a camera, which is
mounted on the car for detecting an obstacle during a travel-
ing thereof, may outputs that obstacle information to a vehicle
speed controller portion, which is not illustrated herein, in
casc where there is an obstacle, for decclerating the car, or it
may be further uscd, for other purposcs than that.

The display information producer portion 104 determines
the display information to be presented to the user, being
super imposed on the image, and also a display position
thereof on that image, upon basis of a result of recognition,
which is outputted by the image recognizer portion 103 men-
tioned above. As this display information may be determined,
in advance, for example, textual information indicating the
property of the object, such as, “a person” or “a car”, etc., or
a frame surrounding a specific object, such as, a mobile unit,
etc., for displaying it with an emphasis thereof, depending on
the application thereof. However, in this instance, when dis-
playing that display information at a position where the user
can casily look at, on the video, there is a necessity to take an
error or a shift of the position of the object into the consider-
ation, between the image, upon which the geometrical cor-
rection is made, to be used in the image recognition, and the
image, upon which the geometrical correction is not made, to
be used for an actual display. For that reason, this display
information producer portion 104 delermines the display
position by taking the error or shift of display of this object
into the consideration thereof. However, a method for deter-
mining this display position (i.e., a display position calculat-
ing process) will be mentioned in the details thereof, after-
wards, by referring to the drawings.

The display information superimpose portion 105 super-
imposes the display information, which is outputted by the
display information producer portion 104 mentioned above,
on the video signal outputted the image pickup portion 101,
upon basis of the display position, which is outputted by the
display information producer portion 104, and thereby pro-
ducing the display image. The display image produced is
outputted o a monitor portion, el¢., which is not shown in the
(igure herein, and thereby both the image and the recognition
result are presented in combination thereof. With this, it is
possible to display a result of image recognition, which is
detected at high accuracy with using the image, being cor-
rected on the lens distortion thereof, while being superim-
posed on the image having the les distortion therein and being
natural in the external appearance thereof, without the posi-
tion error or shift, and therefore, for the user, it is possible to
confirm the recognition result, on the image displayed, but
without having a funny or uncomfortable feeling.

However, the image correction process within the image
corrector portion 102, the image recognition process within
the image recognizer portion 103, the display information
producing process within the display information producer
portion 104, and the display information superimposing pro-
cess within the display information superimpose portion 105
may be executed, by means of a micro-computer in the cam-
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era or a camera signal processing DSP or a LSI for exclusive
usc thereof, or a micro-computer or an I.ST for exclusive use
thereof, ctc., which is mounted on external equipment, such
as, an ECU or a PC, ctc., for cxample.

Following the above, FIGS. 2A to 2D are views for show-
ing an operation of the obstacle detection display device,
according to the embodiment 1 of the present invention, the
structures of which are explained in the above, in particular,
an example of a display position calculating process [or the
display information, which is executed within the display
information producer portion 104. Herein, explanation will
be given by using an application, as an example, for detecting
a parson, being the object appearing in the image, which is
photographed by the image pickup portion (i.e., the camera)
101, through the image recognition, so as to surround that
ohject by the frame, and therchy obtaining the cmphasizing
display thereof.

First of all, FIG. 2A shows the image, which is photo-
graphed by the image pickup portion 101, FIG. 2B shows an
image after correction of the lens distortion on the image,
which is photographed by the image pickup portion 101, by
means of the image corrector portion 102, FIG. 2C shows an
image superimposing the frame thereon, surrounding the per-
son, i.e., the object detected from the image corrected on the
lens distortion thereof, as a result of recognition thereof, on
the image corrected on the lens distortion thereof by the
image recognizer portion 103, and F1G. 2D shows a display
image superimposing the frame thereon, surrounding the
object, the person detected from the image corrected on the
lens distortion thercof by the image recognizer portion 103,
on the image, which is photographed by the image pickup
portion 101, respectively. Also, in those four (4) pieces of
imagers shown in FIGS. 2A to 2D, dotted lines are additional
lines, which are drawn for the purpose of presenting a degree
of the lens distortion, and a mark “x™ and a character line on
the right-upper part thereof are additional information, which
are described [or clearly showing the representative coordi-
nates on the image; however, those do not show the object on
the actual image.

‘The process for correcting the lens distortion, which is
executed by the image corrector portion 102, shown in FIGS.
2A and 2B, can be carried out by copying pixel data of the
coordinates (X,y) in the image, which is photographed by the
image pickup portion 101, to the pixels of the coordinates
(x.Y") corresponding thereto in the image, the lens distortion
of which is corrected (see FIG. 2B). The corresponding rela-
tionship of those can be obtained, easily, as was mentioned
above; for example, by using coefficients of a function equa-
tion for modeling the lens distortion, which is stored in
advance into the memory within the image correclor portion
102, or stored on a look-up table describing such correspon-
dence thereon. Also, high accuracy of the correction may be
achieved, by executing an interpolation from the peripheral
pixels having an accuracy of integer, when copying the pixel
data, while keeping the coordinates (x,y) in the image photo-
graphed at the accuracy lower than a decimal point; thereby,
obtaining the pixel data.

Also, in FIG. 2C is shown an image when detecting the
person, being the object, detected from the image, the lens
distortion thereof is corrected by the image recognizer por-
tion 103 with using the image recognition process therein, so
as to produce the frame surrounding that object (i.e., the
display information), in the form of rectangular solid lines, as
well as, 10 determine a display color and display pixels (i.e.,
the display position) thereol; thereby that [rame (i.e., the
display information) is superimposed thereon to be dis-
played. Further, in FIG. 2D is shown a display image, which
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is produced by superimposing the frame thereon, in the simi-
lar manner to that mentioned above, on cach pixel of the
image, which is photographed by the image pickup portion
101, corresponding to the pixels displaying the frame sur-
rounding the object, i.e., the person shown in FIG. 2C men-
tioned above. Thus, in the display image shown in FIG. 2D,
also the frame, being superimposed thereon to be displayed,
comes to be distorted, similar to the image, which is photo-
graphed by the image pickup portion 101.

However, in those display images, the pixels, on which the
frame is superimposed to be displayed, differing from the
process for correcting the lens distortion shown in FIGS. 2A
and 2B, can be determined, by obtaining the coordinates (x,y)
on the image, which is photographed by the image pickup
portion 101, corresponding to the coordinates (x,y') on the
image corrected on the lens distortion thereof (see FI1G. 2B).
Thercfore, after determining the positions of pixels, at which
the object information should be displayed, on the image
corrected on the lens distortion thereof, it is enough, for the
image recognizer portion 103, to convert it into positions of
the pixels, on which the display information should be super-
imposed, upon the coordinates on the image photographed by
the image pickup portion 101, upon basis of the correspond-
ing relationships therebetween, and thereby to output that
information to the display information producer portion 104,
as the display position information. However, in this instance,
since it is enough to execute the process for converting that
coordinates, only on the pixels, on which the object informa-
tion should be displayed, comparing to the case where the
corrcction of the lens distortion must be made on the image as
awhole, therefore it is possible to correct the position crror or
shift due to presence/absence of the distortion, at the display
position of the object information. Further, the image shown
in FIG. 2C mentioned above is not the image, which is actu-
ally produced in the present obstacle detection display device,
but it is that, which is produced, virtually, for the purpose of
the explanation, and therefore, it is not necessary (o produce
this image, always or necessarily.

Herein, by using (sharing in common) the image conver-
sion information, which is stored in the image corrector por-
tion 102 for correcting the lens distortion, so as to obtain the
coordinates (x.y) in the image photographed by the image
pickup portion 101, corresponding to the coordinates (x',y") in
the image corrected on the lens distortion thereof. it is pos-
sible to share the memory in common, and thereby reducing
the memory capacity thereof. Or, alternately, it may be stored
into the look-up table, in advance, for example, for correcting
the display position of the object information, as separate
image conversion information different from that image con-
version information. This is ellective, lor example, when
superimposing the display information, in particular, where
the image of the display information to be superimposed and
the original image are held in the form of the video data of
ditferent dissolutions, etc.

Also, FIGS. 3A to 3D are views for showing other example
of the process for calculating the display portion of the dis-
play information mentioned above; herein, explanation will
be given with using an application, as an example. wherein
the objects, being two (2) persons appearing on the image
photographed by the camera through the image recognition,
and those persons are surrounded by the frames (i.e., the
display information) to be displayed with emphasis thereof.

First ol all, FIG. 3A shows an example o[ the image super-
imposing the f[rames surrounding the persons, being the
objects detected [rom the image, as aresull of the recognition,
on the image, the lens distortion of which is corrected by the
image recognizer portion 103, and FIG. 3B shows an example
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of the display image superimposing the frames surrounding
the objects, being the persons detected from the image, the
lens distortion of which is corrected by the image recognizer
portion 103, on the image photlographed by the image pickup
portion 101, as they are, but without executing the process [or
calculating the display portion, which was explained by refer-
ring to FIGS. 2A to 2D mentioned above, respectively. Also,
FIG. 3C shows an cxamplc of the display image superimpos-
ing the frames surrounding the objects, being the persons
detected from the image, the lens distortion of which is cor-
rected by the image recognizer portion 103, on the image
photographed by the image pickup portion 101, as they are,
after making the correction of the display positions upon
basis of the process for calculating the display position, which
was explained by referring to FIGS. 2A to 2D mentioned
above, over all of the display pixels thereof, and further, FIG.
3D shows an example of the display image of superimposing
the frames surrounding the objects, being the persons
detected from the image, the lens distortion of which is cor-
rected by the image recognizer portion 103, on the image
photographed by the image pickup portion 101, as they are,
after making the correction of the display positions thereof,
upon basis of the process for calculating the display position,
which was explained by referring to FIGS. 2A to 2D men-
tioned above, only on the pixels on the corners of that frames,
as well as, executing an interpolation of the display position
for other pixels. Ilowever, also in four images shown in those
figures, dotted lines are additional lines, which are drawn for
presenting a degree of the lens distortion, but not showing the
objects in the actual image.

However, in the image shown in FIG. 3B, among the four
(4) images mentioned above, since the frames surrounding
the objects, being the persons, are superimposed, as they are,
without making correction on the display position thereof, it
can be seen that the position error or shift is generated
between them, in particular, the objects, being the persons
appearing on the peripheral portions of the image, due to an
influence of the distortion. For this reason, there may occurs
a problem for the user, i.e., she/he cannot find out the object,
being the person, immediately, when looking at the image, or
she/he misunderstands other object to be the object to be
detected in case where the other object appears in part within
that frame, etc.

On the other hand, in the images shown in FIGS. 3C and
3D, the frame surrounding the object, being the person, is
superimposed after being corrected on the display position
thereof, it can be seen that, the object, being the person
appealing on the peripheral portion of the image, is displayed,
correctly, with emphasis thereo[by the [rame surrounding on
the peripheries thereol.

In particular, in FIG. 3C, a process for superimposing the
surrounding frame, after making the correction of'the display
positions upon all of the pixels building up the surrounding
frame to be superimposed on the display image. with the
process for calculating the display portion, which was
explained by referring to FIGS. 2A to 2D mentioned above.
For that reason, each side of the surrounding frame, which is
inherently constructed with straight lines, is displayed in the
form of being distorted along the lens distortion. For that
reason, when displaying such frame surrounding the object,
being the person, although there may be a possibility of
seeing unnatural, instead; however, it is prelerable that those
display information are also distorted along the lens distor-
Llion, for example, when displaying the direction o[ movement
of the car as a guideline, for executing an assistance of stop-
ping the car, or when detecting a white line so as to display it
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with emphasis thereof, for example, and for that reason,
rather the present display method is effective much more.

On the other hand, in FIG. 3D, the correction of the display
position is made only on the pixels on the corners of the
surrounding frame to be superimposed on the display image,
with the process for calculating the display position, which
was explained by referring to FIGS. 2A to 2D, while other
thanthat, i.c., cach of the pixels forbuilding up the sides of the
surrounding frame is calculated by making the interpolation
from the positions on the corners after the correction, to be
superimposed. For that reason, even on the display image,
each side of that surrounding frame keeps the linearity (i.e.,
being a straight line), and therefore it can be seen to be natural
much more. However, in this instance, the positions of the
pixels on the corners of the surrounding (rame aller the con-
version may be corrected, further, so that the four (4) points
thereot defines an oblong, and thereby the surrounding frame
defines the oblong even in the display image. In this manner,
by exchanging the method for correcting the display position
of the display information, depending on the application, it is
possible to provide that object information, in such a method
or manner that it can be seen to be natural for the uscr, being
suitable for the way of usc thercof.

As was mentioned above, within the obstacle detection
display device, for executing the image recognition with
using the image obtained by the camera and thereby display-
ing the result of recognition with superimposing it on the
image, it is possible 1o superimpose the information ol the
result of image recognition with high accuracy, which can be
obtained with using the image corrected on the lens distortion
thereot, at high-speed and without the position error or shift,
for the image not corrected on the lens distortion thereof,
which is photographed by the wide-angle camera.

Embodiment 2

Following to the above, FIG. 4 altached herewith is a view
for showing the entire structure of the obstacle detection
display device, according to a second embodiment of the
present invention. However, in this FIG. 4, a reference
numeral 201 depicts a first image pickup portion, 201 a sec-
ond image pickup portion, and 203 a stereo image recognizer
portion, respectively, while other reference numerals, being
same to those mentioned ahove, depict the same structures of
the constituent elements in the embodiment 1 mentioned
above, and therefore, the explanations thereof will be omitted
herein. Thus, the obstacle detection display device, according
to this second embodiment has such structure, comparing to
the first embodiment shown in FIG. 1 mentioned above, that
the image pickup portion is substituted with two (2) sets ol
image pickup portions 201 and 202, and that the image rec-
ognizer portion is substituted with the stereo image recog-
nizer portion 203, respectively.

In the obstacle detection display device shown in this FIG.
4, the first image pickup portion 201 and the second image
pickup portion 202 are constructed with a lens, an iris, a
shutter, an image pickup element, such as, a CCD), or a
CMQOS, etc., a CDS or an AGC, an AT) converter, a camera
signal processing SDP, and a timing generator, etc., respec-
tively, similar to that mentioned above, and it converts an
optical image, the light of which is received by that image
pickup elements, into an electric signal, to be outputted as an
video signal. Herein, also as the lens mentioned above may be
used so-called the wide-angle lens, such as, the (isheye lens,
elc., [orexample. And, in this instance, it is preferable that the
video signal outputted by the first image pickup part 201 and
the video signal outputted by the second image pickup por-
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tion 202 are, though not shown in the figure, are in synchro-
nism with cach other when exposing, with using a synchro-
nizing circuit, ctc., for cxample.

However, in the obstacle detection display device, the
structure of which was mentioned in the above, the image
corrector portion 102 obtains the video signal, which is out-
putted by the first image pickup portion 201, and the video
signal, which is outputted by the second image pickup portion
202, respeclively, as the image, so as 10 execule an geomelri-
cal correction, such as, the correction of lens distortion, the
correction of an angle of field, or the correction of an incli-
nation of image, etc., for example, with using the image
processing, upon basis of the video correction information
stored in the memory, and in addition thereto, further for the
purpose of executing the stereo video processing at high
accuracy, the gecometrical correction of an crror or shift ofthe
angle of ficld between the cameras and/or an crror or shift of
the optical axcs, and thereby outputting two (2) picces of
images after correction, in a pair, as the stereo images.

The stereo image recognizer portion 203, obtaining the
stereo images after the geometrical correction, which is out-
putted by the image corrector portion 102, executes a pre-
process for conducting a low-pass filtering process to remove
noises therefrom, or a process for calculating a characteristic
amount, such as, an edge detection, etc., or a stereo matching
process for obtaining parallax information by searching out
corresponding points between the stereo images, with using
various kinds of processes for calculating the correlation
thereof, for example, a block matching of normalized cross-
corrclations or a sum of absolute differences, ctc., or a space-
secp method, cte., further a post-process for removing a sin-
gularity through a rank filtering process or a labeling, etc., and
also a distance calculation process for calculating the distance
information with using the parallax information, etc.; thereby
outputting 3D information, including the parallax informa-
tion, the distance information, 3D position information, and/
or an estimation value indicating a reliability ol 3D measure-
ment, and/or the target information, which is detected upon
basis of the 3D information, as a result of 3D recognition.
However, in this instance, further, if combining it with the
result of recognition of the video process of a single eye, it is
possible to execute the recognition process of much higher
dimension, such as, determining on whether a front-running
car comes close or not, to the car itself, for example.

The display information producer portion 104 determines
the display information to be presented to the user, being
superimposed on the image, and the display position thereof
on that image, upon basis of the information of the recogni-
tion result, which is outputted by the stereo image recognizer
portion 203. The display information superimpose portion
105 superimposes the display inlormation, which is outputted
by the display information producer portion 104 mentioned
above, on the video signals, which are outputted by the first
image pickup portion 201 and the second image pickup por-
tion 202, also upon basis of that display information, which is
outputted by the display information producer portion 104
mentioned above, and thereby producing the display image.
Further, it is possible to present this display image produced
to the user, combining the image with the recognition result,
by outputting it on a monitor, which is not shown in the figure
herein. However, in this instance, as the image to be used for
display, for example, the image of the image pickup portion
having high priority may be selected, il there are dilferences
in sensitivity. picture quality and/or the angle of field between
those two (2) image pickup porlions mentioned above, or
other than that, the image pickup portion may be selected, the
setting portion of which is near to that of a viewpoint of the
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user; i.e., it is preferable to use the image fitting to the way of
use by the user. Also, the images from those image pickup
portions may be composed to produce the image.

With this, also even when applying the stereo camera
therein, for the user, it is possible to display the result of image
recognition detected at high accuracy with using the images,
the lens distortions of which are corrected, being superim-
poscd without an crror or shift of positions, even on the
images including the lens distortions therein and being scen
to be natural, which are photographed by the two (2) sets of
cameras, and thereby confirming the result of recognition
without the funny or uncomfortable feeling. Further, the
image recognition process in the stereo image recognizer
portion 203 may be executed by the microcomputer in each of
the cameras or the camera signal processing DSP or the LSI
for exclusive use thereof, or by the microcomputer or the LSI,
which is mounted on external equipment, such as, HCU or
PC, etc. However, herein although the explanation was given
on the case of using the stereo camera including two (2) sets
ofthe image pickup portions therein, but the present invention
should not be limited to this, it is also possible to achieve the
similar effect with the similar structurc to that mentioned
above, for cxample, by means of a multi-camera having three
(3) or more numbers of image pickup portions, a pseudo
stereo camera for producing pseudo-pictures of two (2) or
more numbers of viewpoints by combining one (1) set of
image pickup portion and a mirror, etc., or a motion stereo for
producing the images o[ two (2) or more numbers of view-
points through photographing by the single-eye camera with
moving thereof.

In addition thereto, even within the obstacle detection dis-
play device, according to the embodiment 2 of the present
invention, the process for calculating the display position of
the display information, which is executed in the display
information producer portion 104 mentioned above, is similar
to that shown in FIGS. 2A to 2D and FIGS. 3A to 3D, and
therefore the cxplanation thereof will be omitted, herein.

Embodiment 3

Following to the above, FIG. 5 attached herewith is a view
for showing an outline structure of the obstacle detection
display device, according to a third embodiment (the embodi-
ment 3) of the present invention, wherein a reference numeral
502 depicts a display image corrector portion, and 503 a
recognition image corrector portion, respectively, while the
reference numerals same to those mentioned above show the
same structures of the constituent elements of the embodi-
ment 1 mentioned above, and therefore the explanation
thereof will be omitted herein.

However, in the obslacle detection display device shown in
this FIG. 5, each of the display image corrector portion 502
and the recognition image corrector portion 503 obtain the
video signal outputted from the image pickup portion 101,
respectively, so as to executes the video processing upon basis
of the image correction information, which is stored in the
memory, thereby conducting geometrical corrections, such
as, the correction of the lens distortion and/or the correction
of inclination of the image, etc. However, this geometrical
correction may be achieved with using the existing camera
calibration method, such as, a method, which is used by
Zhengyou Zhang, for example, representatively. Also, in this
instance, in the similar manner (o that mentioned above, as the
image correction information may be used the coellicient of
the function, which can be obtained by modeling a geometry
of the optical system of the camera, or the look-up table
describing the correspondences of coordinates of the images
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before and after conducting the geometrical correction. This
image correction information may be calculated by using a
calibration pattern, ctc., in advance, to be stored in the
memory, or may be calculated upon basis of the image
obtained during the operation of the device, and thereby to
renew the data in the memory, appropriately.

Herein, the display image corrector portion 502, not using
the video signal outputted by the image pickup portion 101 as
it is, dilfering [rom the embodiment 1 mentioned above, but
executes the correction of the lend distortion, etc., in such a
manner that the distortion remains therein with a certain
degree thereof, for the purpose of producing the video, which
is natural in the external appearance. On the other hand, the
recognition image corrector portion 503 executes the correc-
tion of the lens distortion, etc., to be executed with the image
recognition, fully at high accuracy, within the image corrector
portion 102. The degree of the image correction process
cxecuted by this display image corrector portion 502 may be
determined, for example, in an adjustment step, etc., before
shipping of that product, upon basis of a trend of taste of the
user, etc., for example. On the contrary to this, the degree of
the image correction process, which is executed by the image
recognizer portion 103, is determined or set from an accuracy
required for the image recognition. Further, this image rec-
ognizer portion 103 obtains the image after the geometrical
correction, which is outputted by the recognition image cor-
rector portion 503, so as to execute the recognition process
through the video processing, and thereby it detects the object
information. Thus, the degree of correction of the lens distor-
tion, which is exccuted by the display image corrector portion
502, is determined or sct to be lower than the degree of
correction of the lens distortion, which is executed by the
recognition image corrector portion 503.

Also, the display information producer portion 104 deter-
mines the display information to be presented to the user,
being superimposed on the image, and the display position
thereol on that image, upon basis of the information ol the
recognition result, which is outputted by the image recognizer
portion 103. And, the display information superimpose por-
tion 105 superimposes the display information outputted by
the display information producer portion 104 on the video
signal, which is outputted by the display image corrector
portion 502 mentioned above, upon basis of that display
position. However, it is same as was mentioned above that the
display image produced is presented to the user, combining
the image and the recognition result, by outputting it to the
monitor portion, etc., which is not shown in the figure. With
this, the image recognition result detected by using the image,
the lens distortion of which is corrected at high accuracy, can
be superimposed Lo be displayed on the image, the lens dis-
tortion of which is corrected in such the degree that it can be
seen in natural, without the position error or shitt thereof, and
therefore for the user, it is possible to confirm the result of
recognition without the funny or uncomfortable feeling. Fur-
ther, also the video correction processes within the display
image corrector portion 502 and the recognition image cor-
rector portion 503 may be executed, as was mentioned above,
for example, by the microcomputer in each of the cameras or
the camera signal processing DSP or the LSI for exclusive use
thereof, or by the microcomputer or the LSI, which is
mounted on external equipment, such as, ECU or PC, etc.,
similar 1o the image recognition process in the image recog-
nizer portion 103, the display information producing process
in the display information producer portion 104 and the dis-
play information superimposing process in the display inlor-
mation superimpose portion 105, as was mentioned in the
above.
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Following to the above, I'1G. 6 attached herewith is a view
for explaining an ecxample of the process for calculating the
display position of the display information within the
obstacle detection display device according to the embodi-
ment 3, the structure of which is explained in the above,
wherein this display position calculating process is executed
within the display information producer portion 104.

First of all, in the left part of FIG. 6 is shown the image
(“image photographed™), which is pholographed by the
image pickup portion 101, and in the right-upper part of the
figure is shown the image (“distortion corrected image for
recognition”) after correcting the lens distortion of the image
photographed by the image pickup portion 101 mentioned
above, while in the right-lower part thereof is shown the
image (“distortion corrected image for display”) after cor-
recting the lens distortion of the image, which is detected by
the image pickup portion 101, by means of the rccognition
image corrector portion 503 mentioned above, respectively.
Further, also in those three (3) images shown in this FIG. 6,
the dotted lines are additional lines, which are drawn for
presenting a degree of the lens distortion, and the mark “x”
and the character line on the right-upper part thereof are
additional information, which are described for clearly show-
ing the representative coordinates in the image; however,
those do not show the object in the actual image.

In this FIG. 6, the lens distortion correcting process, which
should be executed by the recognition image corrector por-
tion 503 mentioned above, from the “image photographed”
(see the left in the figure) to the “distortion corrected image
for recognition” (sce the right-upper in the figure), can be
carried out by copying the pixel data of the coordinates (x,y)
within the image, which is photographed by the image pickup
portion 101, onto the pixels of the corresponding coordinates
(x',y") within the distortion corrected image for use of recog-
nition. Also, the lens distortion correcting process, which
should be executed by the display image corrector portion
502 mentioned above, [rom the “image photographed” (see
the left in the figure) to the “distortion corrected image for
display” (see the right-lower in the figure), can be carried, in
the similar manner, by copying the pixel data of the coordi-
nates (x,v) within the image, which is photographed by the
image pickup portion 101, onto the pixels of the correspond-
ing coordinates (x",y") within the distortion corrected image
for use of display. However, those corresponding relation-
ships may be stored, as was mentioned above, into the memo-
ries within the display image corrector portion 502 and the
recognition image corrector portion 503, respectively, in the
form of the look-up table, which describes the coefficient of a
function equation for modeling the lens distortion or the
corresponding relationship thereol, for example. Also, the
high accuracy ol the correction may be achieved, by obtaining
the pixel data through the interpolation from the peripheral
pixels of the accuracy of an integer when copying the pixel
data, while keeping the coordinates (x,y) in the image photo-
graphed to be lower than the decimal point.

In this instance, it is possible to determine the pixels on
which the object information should be superimposed, on the
“distortion corrected image for display” (see the right-lower
in the figure), by obtaining the coordinates (x',y') within the
“distortion corrected image for recognition” (see the right-
upper in the figure) corresponding to the coordinates (x",y")
within that “distortion corrected image for display”. There-
[ore, [or the display information producer portion 104, alter
determining the positions of pixels for displaying the object
information thereon, upon the image, the lens distortion ol
which is corrected within the recognition image corrector
portion 503, it is enough to convert them into positions of the
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pixels for displaying the display information thereon, on the
coordinates of the image, the lens distortion of which is
corrected within the display image corrector portion 502,
upon this corresponding relationship, and thereby outputting
that position information to the display information superim-
pose portion 105 mentioned above, as the display position
information. In this instance, comparing to the case of cor-
recting only the lens distortion of the image as a whole
thereof, since it is enough to cxccute that coordinates conver-
sion process only upon the pixels, on which the object infor-
mation should be displayed, it is possible to correct the posi-
tion error or shift of the display position of the object
information depending on the presence/absence of distortion,
with a less amount of processing.

Herein, for the purpose of obtaining the coordinates (x".y")
within the “distortion corrected image for use of display” (see
the right-lower in the figure) corresponding to the coordinates
(x'.y") within the “distortion corrected image [or recognition”
(see the right-upper in the figure), it using the video conver-
sion information, which is stored for correcting the lens dis-
tortion within the recognition image corrector portion 503,
and the video conversion information, which is stored for
correcting the lens distortion within the display image cor-
rector portion 502, in combination thereof, it is possible to
obtain a common use of the memories, as well as, reduction of
the memory capacity thereof. And, it is also possible to store
alook-up table, in advance, for correcting the display position
of the object information from (x",y") to (x',y"), for example,
as the video conversion information other than that men-
tioned above. With this, since it is enough to refer only one (1)
set of coordinates, and therefore high-speeding of the process
can be achieved.

In this manner, according to the present embodiment,
within an object recognition device, executing the image
recognition with using the image of the camera, so as to
display the recognition result thereof under the condition of
being superimposed on the image, it is possible to superim-
pose the information of a result of high accuracy image rec-
ognition, which can be obtained with using the image cor-
rected on the lens distortion thereof at high accuracy, at high
speed and without the position error and shift, for the image
photographed by the wide-angle camera, being corrected on
the lens distortion thereof in such a degree that it can be scen
natural on an cxternal appcarance thercof.

However, the present invention should not be limited to the
embodiments mentioned above, but it may include various
modifications therein. For example, the embodiments men-
tioned above are explained in details thereof, for the purpose
of easily understanding the present invention, and therefore
the present invention should not be restricted, necessarily,
only to that comprising all of the constituent elements
explained in the above. Or alternately, a part(s) of the struc-
ture in any embodiment can be replaced with that of the
structure in other embodiment, or the structure can be added
to the structure of the other embodiment(s) can be added to
the structure of a certain embodiment.

APPLICABILITY ON THE INDUSTRIES

The present invention can be applied, widely, such as, into
the digital video camera for use of consumer appliances, for
use of observation, for use of on-vehicle or for use of business
use, etc., a still camera, or a stereo camera constructed with
the above, etc., for example.

EXPLANATION OF MARKS

101 . . . image pickup portion, 102 . . . image corrector
portion, 103 . . . image recognizer portion, 104 . . . display
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information producer portion, 105 . . . display information
superimpose portion, 201 . . . first image pickup portion,
202 .. . second image pickup portion, 203 . . . sterco image
recognizer portion, 502 . . . display image corrector portion,
and 503 . . . recognition image corrector portion.

What is claimed is:

1. An obstacle detection display device, comprising:

an image pickup means having a lens;

al least one of circuitry and a processor configured to

effect:

an image correcting means for executing geometrical
correction upon a video signal having distortion,
which is outputted by the image pickup means, and
outputting a geometrically corrected video signal;

an image recognition means for detecting an obstacle
and object information thercof, by cxccuting video
processing on the geometrically corrected video sig-
nal outputted by the image correcting mcans, and
outputting the object information;

a display information producing means for receiving the
object information and determining display informa-
tion, the display information including a frame foruse
of emphasizing display, to be superimposed on the
video signal having the distortion, and the display
information including a display position indicating a
position for displaying the frame for use of empha-
sizing display in the video signal having the distor-
tion, and outputting the display information; and

a display information superimposing means for super-
imposing the frame for use of emphasizing display,
which is outputted by the display information produc-
ing means, on the video signal having the distortion, at
the position designated by the display position from
the display information producing means, to produce
a superimposed video signal, and outputting the
superimposed video signal; wherein

the display information producing means execules a cor-

rection calculation upon the display information includ-
ing the frame for use of emphasizing display, by taking
into consideration a position error of the obstacle,
between the geometrically corrected video signal and
the video signal having the distortion when determining
the display position of the frame for use of the empha-
sizing display, to be superimposed on the video signal
having the distortion.

2. The obstacle detection display device, as described in the
claim 1, wherein the image pickup means having the lens is
provided in plural numbers thereof.

3. The obstacle detection display device, as described in the
claim 1, wherein the image correcling means comprises a
display image correctling means [or executing the geometrical
correction upon the video signal having the distortion, and a
recognition image correcting means for executing a geo-
metrical correction with a degree higher than the geometrical
correction executed by the display image correcting means on
the video signal having the distortion.

4. The obstacle detection display device, as described in the
claim 1, wherein first correction information, to be used when
the image correcting means executes the geometrical correc-
tion upon the video signal having the distortion, is the same as
second correction information to be used when the display
information producing means executes the correction calcu-
lation upon the display information including the [rame for
use of emphasizing display.

5. The obstacle detection display device, as described in the
claim 1, wherein first correction information to be used when
the image correcting means executes the geometrical correc-
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tion upon the video signal having the distortion through video
processing, is different from second correction information to
be used when the display information producing means
cxecutes the correction calculation upon the display informa-
tion including the frame for use of emphasizing display.
6. The obstacle detection display device, as described in the
claim 4, wherein
the correction calculation is executed upon display posi-
tions of all pixels (o be superimposed, based upon the
second correction information, when the display infor-
mation producing means executes the correction calcu-
lation upon the display information including the frame
for use of emphasizing display.
7. The obstacle detection display device, as described in the
claim 5, wherein
the correction calculation is exccuted upon display posi-
tions of representative pixels among pixels to be super-
imposed, bascd upon the sccond correction information,
while determining display positions for other pixels
through an interpolation, when the display information
producing means executes the correction calculation
upon the display information including the frame for use
of emphasizing display.
8. An obstacle detection display device, comprising:
a first image pickup means having a lens;
a second image pickup means having a lens;
at least one of circuitry and a processor configured to
effect:

an image correcting means for executing geometrical
correction upon a first video signal having distortion,
which is outputted by the first image pickup means,
and a second video signal having distortion, which is
outputted by the second image pickup means, respec-
tively, and outputting a combination of a first geo-
metrically corrected video signal and a second geo-
metrically corrected video signal, as a stereo video
signal therefrom;

a stereo image recognition means for detecting an
obstacle and 3-dimensional object information
thereof, by executing video processing upon the ste-
reo video signal outputted by the image correcting
means, and outputting the 3-dimensional object infor-
mation;

a display information producing means for receiving the
3-dimensional object information and determining
display information, the display information includ-
ing a frame for use of emphasizing display, to be
superimposed on the first video signal having the
distortion, or on the second video signal having the
distortion, and the display information including a
display position indicating a position [or displaying
the frame for use in emphasizing display in the first or
second video signal having the distortion, based upon
the 3-dimensional object information detected by the
stereo image recognition means, and thereby output-
ting the display information; and

a display information superimposing means for superim-
posing the frame for use in emphasizing display, which
is outputted by the display information producing
means, on the first video signal having the distortion, or
on the second video signal having the distortion, based
upon the display position outputted by the display infor-
mation producing means, (o0 produce a superimposed
video signal, and outpulling the superimposed video
signal wherein

the display information producing means executes a cor-
rection calculation upon the display information includ-

IPR2025-01312 - Samsung
Ex. 1040 - Page 16



US 8,792,039 B2

19

ing the frame for use of emphasizing display, by consid-

ering a position error of the obstacle, between the stereo

signal and the first or second video signal having the
distortion, when determining the display position o[ the
frame [or use of the emphasizing display, Lo be super-
imposed on the first or second video signal having the
distortion.

9. An obstacle detection display device, comprising:

an image pickup means having a lens;

at least one of circuitry and a processor configured to
effect:

a display image correcting means for executing a first
geometrical correction upon a video signal having
distortion, which is outputted by the image pickup
means, and outputting an image for use of display;

a rccognition image correcting means for exccuting a
second geometrical correction on the video signal
having the distortion, with a degree higher than that
executed by the display image correcting means, and
outputting an image for use of recognition;

an image recognition means for detecting an obstacle
and object information thereof, by executing image
pracessing upon the image for use of recognition,
which is outputted by the recognition image correct-
ing means, and outputting the object information;
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a display information producing means for receiving the

object information and determining display informa-
tion, the display information including a frame for use
of emphasizing display, to be superimposed on the
video signal having the distortion, and the display
information including a display position indicating a
position for displaying the [rame for use of empha-
sizing display in the video signal having the distor-
tion, and outputting the display information; and

a display information superimposing means for super-

imposing the frame for use of emphasizing display, on
the video signal having the distortion, at the position
designated by the display position from the display
information producing means, to produce a superim-
posed video signal, and outputting the superimposed
video signal; wherein

the display information producing means cxecutes a cor-

rection calculation upon the display position of the
display information, by taking into consideration a
position error of the obstacle, between the image for
use of display and the image for use of recognition
when determining the display position of the frame
for use of the emphasizing display, to be superim-
posed on the image foruse of display outputted by the
display image correcting means.
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