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DESCRIPTION

MAP DRAWING METHOD AND DEVICE USING CAPTURED IMAGES AND

IMAGE DISTORTION CORRECTION METHOD
TECHNICAL FIELD

The present invention relates to a map drawing method and
device using an image captured at a point high above the ground,

and in particular to distortion correction for such an image.
BACKGROUND ART

In recent'years, digital maps based on digital data have come
to find a wider use, with a typical example of the use being for
vehicle navigation devices. Various navigation systems with
highly sophisticated functions have been proposed. For example,
a system which notifies a driver of an approaching curve or a lane
to drive has been proposed as have vehicle control accordihg to
gradient or curvature through application of navigation technique
and new ITS (Intelligent Transport Systems)-related functions.
To realize these higher functions, provision of frequently
updated, highly accurate maps is desired.

Use of aerial images for map drawing is known. Aerial
photography is advantageous in that high resolution images of a
ground surface can be provided. Aerial imaging is,.however,
disadvantageous that a view angle is relatively wide and that the

images are distorted in areas away from the center of the image.
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For this reason, shapes of roads and so on cannot be precisely
determined from aerial images though captured with a high
resolution. Therefore, distortion in aerial images should be
corrected before the images are used for map drawing.

Inonedistortion correctionmethod, an amount of error which
causes distortion is estimated, and an image is corrected based
on the estimated error amount. However, distortion removal with
high accuracy, compatible with the high resolution of aerial
images, can be hardly achievable.

Japanese Patent Laid-Open No. Hei 5-165402 proposes
distortion correction for aerial images by using a map of a
captured region. Affine conversion, rotation, and so on are
applied to coincide the image with the map. By application of
such techniques, distortion in a captured image can be removed,
using an extent map as a reference. This process, however, cannot
correct distortion,; based on the current state of geography, roads,
buildings, and so on, as a map made in the past is referred to.

The present invention has been conceived in view of the
above, and aims to achieve accurate correction of distortion in

a2 map drawing image, based on real-time state of the ground.

DISCLOSURE OF INVENTION

In order to achieve the above object, according to the
present invention, a map drawing image, which is captured at a
firstheight,andaadistortioncorrectionimage,whichiscaptured
at a second height, higher than the first height, are obtained.

Then, distortion of the map drawing image is corrected using the
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distortion correction image, and a map is drawn based on the
corrected map drawing image. The first height is set at a height
such as to provide an image having a resolution as required for
map drawing. The second height is set at a height such as to
provide an image having an amount of distortion sufficiently small
that the map can be used as a basis for distortion correction.

Preferably, the map drawing image is an aerial image, and
the distortion correction image is a satellite image. That is,
the first height is a height of an airplane path, while the second
height is a height of an artificial satellite orbit.

Aerial images, captured at a relatively low altitude, are
of high resolution, but contain an increasing amount of distortion
farther away from their centers. Meanwhile, satellite. images,
captured at a high altitude, are of lower resolution, but have
very little distortion. Thus, correcting high resolution aerial.
images using low distortion satellite images can produce high
resolution images with a small amount of distortion. Highly
accurate maps can be produced using such images. Because
according to the present invention correction is made based on
the current state of roads, buildings, and so on, rather than based
on a dated map as a reference, accurate correction unhampered by
changes in road, buildings, and other conditions can be achieved.

It should be noted that map drawing and distortion
correction images are not limited to aerial and satellite images,
respectively. The relative imaging heights of these two example
images differ significantly. As long as this condition is met,
map drawing and distortion correction images may, for example,

both be aerial images captured at relatively different heights.
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When setting an imaging height at which to capture a distortion
correction image, any height at which an image having distortion
small enough to be useful for distortion correction can be set.
That is, in consideration of the property that distortion
decreases as imaging height increases, distortion correction
images should be captured at such a height that a resulting image
will have distortion of an amount equal to or less-than adistortion
correction target.

Preferably, the map drawing image is corrected through
geometric correction. Use of geometric correction attains more
reliable distortion correction.

Preferably, a blank area behind a solid object caused as
a result of correcting the inclination of the solid object in a
map drawing picture is complimented using a corresponding portion
of the distortion correction image. When photographing at a low
height, areas behind solid bodies are not captured, resulting in
blank areas in a corrected imagé. According to the present
invention, this is complimented using a corresponding part in the
distortion correction image. Thus, information necessary for
map drawing can be reliably obtained for the entirety of the
captured region.

According to another aspect of the present invention, there
is provided a method for correcting distortion in an image of the
ground captured from high above the ground. This method comprises
(i) a step of obtaining a first image captured at a first height,
(ii) a step of obtaining a second image captured at a second height,
higher than the first height, and (iii) a step of correcting

distortion in the first image using the second image. The first
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height is set at such a height as to provide an image having a
resolution sufficient to correct an image. The second height is
set at such a height as to provide an image having distortion
sufficiently small to beused as a basis for distortion correction.
As described above, the present invention can be applied to a use
other than map drawing, such as, for example, an aerial image

providing service.
BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a flowchart showing a map drawing method according
to a preferred embodiment of the present invention;

Fig. 2 is a diagram showing horizontal distortion of an air
photo;

Fig. 3 is a diagram showing distortion due to inclination
of a solid body shown in an air photo;.

'Fig. 4 is a diagram showing an example of geometric
distortion correction;

Fig. 5 is a diagram showing image compensating processing
after distortion correction;

Fig. 6 is a diagram showing a map drawing device based on

the preferred embodiment of the present invention; and

Fig. 7 is a diagram showing an orthochromatic image.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following, a preferred embodiment of the present



10

16

20

25

invention will be described with reference to the accompanying
drawings.

Fig. 1 illustrates a map drawing method according to the
present invention. Generally, aerial images are captured from
an airplane (S10), so that high resolution digital images can be
obtained (S12). Meanwhile, satellite images are captured by
artificial satellite (S20), so that digital images with high
positional accuracy, i.e., pictures with substantially no
distortion, can be obtained (S22). These images are supplied to
an image processor for map drawing via communication and other
methods (S30). The aerial images are then subjected to geometric

correction at S32, where distortion in the images is corrected,

and also to image compensating processing (described later) at

S34. As a result, an image with high resolution and high
positional accuracy (less distorted) can be obtained (S40), and

a map is drawn using the resulting image.

ial i - isti

Because aerjial images are captured at a relatively low
height, high resolutions up to, e.g., 5 to 30 cm are achievable.
However, the wide view angle of such images causes there to be
a larger amount of distortion in an image when going away from
the center to the periphery thereof.

Fig. 2 illustrates the property that the apparent length
of an object (in the horizontal direction) differs from its actual
length anywhere other than in the center of the image. H refers
to the imaging height (the center of a camera), O refers to a point

directly below the camera, L refers to the length of an object,
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and D refers to a swing distance (the distance from the imaging

center to an object). Assume that H=3000 m and L=100 m.

For an object located directly below the camera,

the

apparent length of the object is 100 m, which is equal to its actual

length. However, with D=300 m, i.e., when the object is located

300 m away from the imaging center, the apparent length of the

object, d, is 99.2 m. The difference between the apparent length

'd and the actual length L leads to image distortion. Farther away

from the center, the apparent length d is shorter and the

distortion is larger.

In Fig. 2, with D=400 m, the apparent length d is 98.7 m.

In this view, when an error within 1 m is desired and the imaging.

height is 3000 m, only a region of about 300 m from the center

of the image can be usable.

As' for other marks in Fig. 2, a is an observation angle

- of anobject, O is a swing angle, # is a maximum elevation angle,

Y(= B-0) is far viewpoint view angle, X is a swing distance

(a distance from a camera center to an object). With D=0

(directly below the camera), a=8=y=1.91° , O=0° , X=3000 m.

With D=300m, 8=5.71° , §=7.59° , ¥=1.88° , X=3014.96m. In this

case, an error magnification (d/L) is 0.992.

Fig. 3 shows an example where a solid body, such as a building

appears to tilt, depending on its position in the image. H refers

to an imaging height (the center of a camera), h is the height

of a building. With H=3000 m and h=30 m, at a point with D=500

m and §=9.46° , i.e., a point 500 m away from the point directly

below the camera, an inclination amount m is 4.93 m. That is,

a building of 30 m tall appears to be inclining by 4.93 m.

The

[4
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inclination angle a is 9.34° .

As described above, as aerial images contain a large amount
of distortion, only a small section at and around the center of
the image can be usable for map drawing. Map drawing without
distortion correction requires a very large number of overlapping
pictures, which greatly increases map drawing costs. Distortion
correction is desirable so that a larger portion of images can
be used for map drawing.

Distortion correction can be made based on an estimated
error amount. However, estimation of an error amount with high
accuracy compatible with the high resolution of aerial images can
not be readily achieved, and best use of the advantage of aerial
images, i.e., high resolution, can not be made. The present
invention has been conceived in light of the above, and aims to
provide a method for attaining highly accurate -distortion

correction.

Satelli | Con s

The height at which satellite images are captured is
significantly higher than that for aerial images. As a result,
problems with aerial images, such as horizontal error and
inclination of buildings, are not problems for satellite images.
Satellite images contain almost no distortion, and can provide
highly accurate positional information on an object.

In Fig. 2, providing that the height H of satellite imaging
is 680 km, the error with an object with L=100 m, located at a
point D=3000 m, or a point away from the imaging center by 3 km,

is about 0.1 cm. 1In addition, the inclination m of the building
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in Fig. 3 is about 13 cm. Assuming that the resolution is 1 m,
positional accuracy significantly surpassing the resolution can

be obtained.

5 tric C . L stort] . tion.

Geometric correction is the removal of distortion from an-
image containing geometric distortion. Positional accuracy of
satellite images is very high, as described above.  Using the
positional information obtained from a satellite image, the
position of an object shown in an aerial image is corrected, and
inclination of solid objects, such as buildings, is removed. As
a result, distortion.can be removed from aerial images.-

Figs. 4(a) to 4(d) schematically show a specific example-
of geometric correction in the preferred embodiment. A reference
point Omay be, for example, a triangulation point set on the ground
or a characteristic point, such as a corner of a large building.
The building B is shown away from the center of the image.
Respective imaging ranges for aerial and satellite imaging are
determined including the reference point.0, and XY coordinates
are set including the reference point O as a reference point.

Fig. 4(a) is an aerial photograph, in which coordinates of
the corner of the building B are (x1’, y1’), and the vertical and
horizontal widths are X’ and Y’, respectively. These figures
contain errors according to geometric distortion.

Fig. 4(b), on the other hand, is a satellite image, in which
coordinates of the corner of the building B are (x1, y1), and the
widths of the building are X and Y. These values contain

substantially no distortion because distortion in satellite
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images is small.

In Fig. 4(c), anerror in a horizontal distance in the aerial
image is corrected. Specifically, the building B is moved such
that the coordinates of the corner thereof coincide with those
of the satellite image. In addition, the width of the building
B is corrected to be equal to that in the satellite image.

In Fig. 4(d), inclination of the building in the aerial
image is corrected. Specifically, the rooftop of the building
B is moved to an appropriate position, i.e., the position of the
building B on the ground surface in this case.

By the above process, distortion due to the building B
located away from the imaging center is corrected.  This
processing is applied to the entire captured image.so that solid
bodies other than buildings can be similarly processed. As a
result, a high resolution picture free from distortion can be
obtained.

The above described geometric correction can be carried out
as follows. A plurality of representative points are set in the
image. A horizontal distance is corrected for each
representative point so that a correction value is obtained. The
correction value may be, for example, correction widths in X and
Y directions or a correction direction and distance (a vector).
Based on the correction values of these multiple representative
points, <correction values for any points other than
representative points are obtained by means of a linear method.
Specifically, a correction value for an intermediate point
between two representative points is determined as the average

of the correction values of these representative points.

10
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Meanwhile, inclination is corrected for every solid body by an
operator.

Alternatively, inclination may be corrected as follows.
That is, because the altitude of each point in an image can be
found using orthochromatic images {(described later), the height
of a solid body can be known. Then, inclination in appearance
of a building is calculated according to Fig. 3. .An inclination
direction is a radial direction originated from the center of an
image. Basedon the inclination amount anddirection, the rooftop
of the building is detected, and moved to an appropriate position,
specifically, in a direction opposite from the inclination
direction by the inclination amount. In this way, inclination
of the building is‘corrected. This processing is also applied.
to solid objects other than buildings.

In geometric correction, respective points in the image
before correction are projected onto an image after correction.
That is, a position corresponding to each pixel in the input image
is found in the image after the correction, and a pixel value
of the pixel in the input image is imparted to that found position.
However, as the obtained position does not coincide with a grid
point (a point with a pixel) in the image after the correction,
a pixel value for the grid point is obtained through
interpolation.

To the contrary, respective points in an image after the
correction may be projected to the image before the correction.
That is, a position corresponding to each pixel in the output image
is found in the image before correction. Again, the calculated

position generally does not coincide with a grid point (a point

11
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with a pixel). Thus, a pixel value for the obtained position is
obtained based on the surrounding pixels. The obtained pixel
value is used as pixel data for the image after the correction.

The above described interpolation may be either, e.g., (i)
nearest interpolation: use of a pixel value of the nearest pixel;
(ii) co-linear interpolation: interpolation by means of a linear
method using pixel values at four points around; or (iii) tertiary
convolution interpolation: interpolation by means of a tertiary
convolution function using pixel values at sixteen points around.

Alternatively, distortion correction in this embodiment
may be carried out for every sector resulting by dividing an aerial

image. . In such a case, a reference point is set in each sector,

-and a horizontal distance from the reference point is corrected.

Background Image Compensation

As described referring to Fig. 3, in aerial images, a solid
body may appear to be inclining. Therefore, an area behind a solid
body is not shown in the images. After inclination of a solid
body is corrected by means of geometric correction, the area
behind the solid body is left blank, resulting in a section with
no image. In this embodiment, such blank portions are
complimented as described below so that a complete image is
obtained.

Figs. 5(a) to (d) show an example of compensating processing.
Fig. 5(a) is an aerial image with an inclining building B. Fig.
5(b) is a satellite image showing the building B not inclining.
As shown in the satellite image, a smaller building C exists next

to the building B. 1In the aerial image, the building C is hidden

12
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by the building B.

In Fig. 5{c), distortion is corrected using the method
described with reference to Fig. 4. As a result of the correction
of the inclination of the building B, i.e., moving the rooftop
of the building B, a blank area is created behind the building
B. In actuality, the building C exists in this blank, however,
the building C is not shown in the corrected image because it is
not shown in the original aerial image.

In Fig. 5(d), the blank area is compensated for using a
satellite image. Specifically, an image area corresponding to
the blank area is copied from the satellite image and pasted to
the aerial image. The image of the building C is also pasted on
the aerial image. Although resolution may be degraded due to the
pasted satellite image, the blank area is avoided.

As described above, according to the present invention, a
complete image without blank areas can be obtained. Therefore,
information necessary for map drawing can be obtained for the

entirety of the image, so that an accurate map can be drawn.

Map Drawing

Returning to Fig. 1, as a result of geometric correction
and image compensation, an image with high resolution and high
positional accuracy can be obtained (S40). This image
simultaneously has the advantages of aerial images, i.e., high
resolution, and of satellite images, i.e., small distortion. Map
drawing is applied using this image (S42). As a result, a highly
accurate map can be obtained.

Map drawing in the present invention includes drawing of

13



10

15

20

25

new maps and updating of extent maps. For updating, for example,
the image obtained at S42 is compared with an existing map, and
the map is modified such that changes are reflected.

In addition, the image obtained at S40 may be usable for
application other than map drawing, such as, for example, an
aerial image providing service. Distortion correction according

to the present invention is not limited to map drawing.

M . .
Referring next to Fig. 6, an example structure of a map

drawing device preferable for the above described distortion

.correction will be described. Aerial and satellite images are

input to.an image input section 10. Digital image data may be
input, or an image may be read by a scanner or the 1like and converted
into digital data. :Aerial images and satellite images may be
obtained via a communication device 12. Analogue data may be
received and converted into digital image data,. or data may be
received as digital image data. The image input section 10 and
the communication device 12 serve as image obtaining means.
Preferably, a receiver section on the ground sends imaging
instructions to an artificial satellite. In response to the
imaging instructions, the artificial satellite captures images
at a predetermined position at a predetermined time, and then
transmits image data to the receiver station. The image data is
then sent from the receiver station to a map drawing center.
The obtained image is temporarily stored in an image storage
section 14, which conceptually contains all image processor

memories, i.e., RAM, hard disks, and so on.

14
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Aerial images and satellite images stored in the storage
section 14 are read by a geometric correction section 16, and then
subjected to geometric correction as described earlier. That is,
distortion in the aerial images 1is corrected using
distortion-free satellite images as a reference. The corrected
images further undergo compensation processing by the image
compensation section 18.

The complimented image is returned to the storage section
14, and then read by a map drawing section 20. Alternatively,
the image may be supplied directly to the map drawing section 20.
The map drawing section 20 draws a map using the corrected image.
The map .drawing section 20 may have a known image processing
function for drawing a map based on captured .image's through image
processing.

The complete map is stored in the storage section 14, and
also output from the output section 22. The output data is stored
in, for example, a recording medium 24, or printed on a printer

26. Alternatively, the output data may be sent to the

-communication device 28 for use by outside map users.

Maps drawn according to the present invention may be used
in, for example, a vehicle-mounted navigation device. Such a map
is usable in all fields related to ITS (Intelligent Transport
Systems) technology for making highly functionable vehicles.
Further, such a map can be preferably used in all GIF (Geographic

Information System)-related fields.

Orthochromatic Image

In this embodiment, preferably, orthochromatic image

15
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processing is applied to satellite images, and distortion in
aerial images is corrected using the resulting orthochromatic
satellite images.

Fig. 7 illustrates the principle of orthochromatic image

processing. In orthochromatic image processing, satellite

images of a region, taken from a plurality of different angles,

are processed to obtain an image of the ground surface viewed from
substantially directly above the ground. With this processing,
altitude information for the respective points can be obtained
by means of triangqulation or the like, and top images can be
generated using the altitude information.

Distortion in satellite images is originally very small,

..as -described above. Even this small amount of distortion can be -

further corrected using orthochromatic image processing. As a
result, images with extremely high positional accuracy can be
obtained. By using such orthochromatic images as a reference,
distortion correction accuracy and, thus, map accuracy can be
further improved.

In orthochromatic image processing, altitude information
for each point in an image can be obtained. The altitude
information can be preferably used in 3D-map drawing.

Aspects of a referred embodiment of the present invention
have been described. According to the present invention, aerial
images, which are of high resolution but which show increasing
distortion away from their centers, are corrected using satellite
images, which generally have lower resolution but which contain
no distortion. By taking advantages with an image of high

resolution and no distortion, an image with high resolution and

16
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no significant distortion can be obtained. As a result, map
drawing with very high accuracy can be achieved. Moreover, aerial
images free from distortion can be provided for uses other than
map drawing.

Further, correction of aerial images is carried out based.
on satellite images captured fairly close in time to the aerial
images. This is preferable because correction can be made using
information on buildings, roads, and so on, cbtained close in time
to when the aerial images are captured, instead of using dated
information.

Aerial imaging requires pre-flight scheduling and images

.cannot be taken whenever desired. Meanwhile, -satellite images

can "be obtained quite often (e.g., once.every  three days). -
Therefore, the time for satellite imaging can be easily set as

the time for. aerial imaging. Use of satellite images is also

-preferable in this view.

Although, in the above description, a map drawing picture
is an aerial image and a distortion correction picture is a
satellite image, the present invention is not limited to this
confiquration. The important is that the imaging height for a
distortion correction image is high enough to provide an image
having distortion which is sufficiently small in view of the
accuracy required in distortion correction. A map drawing image
and a distortion correction image may both be aerial images or
satellite images.

However, the above embodiment, in which aerial images are
used for one purpose and satellite images are used for the other

purpose, is advantageous because imaging heights for two images

17
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are resultantly widely set so that an image with high resolution
is corrected using an image with high positional accuracy. As

a result, an image having both advantages can be obtained.
INDUSTRIAL APPLICABILITY
As described above, the present invention can be usable at

least in navigation and other devices, and or as a technology for

preparing maps for other use.
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CLAIMS

1. A map drawing method for drawing a map using an image of
a ground captured from high above the ground, comprising the steps

of:

obtaining a map drawing image captured at a first height;

obtaining a distortion correction image captured at a
second height, higher than the first height;

correcting distortion of the map drawing image using the
distortion correction image; and

drawing a map based on the map drawing image corrected;

wherein

the first height is set at such a height as to provide an:

image having resolution appropriate for map drawing, and
the second height is set at a height as to provide an image
having a sufficiently small amount of distortion as required for

the image to be used as a basis for distortion correction.

2. A map drawing method according to claim 1, wherein the map
drawing image is an aerial image, and the distortion correction

image is a satellite image.

3. A map drawing method according to any one of claim 1 and
claim 2, wherein the map drawing image is corrected through

geometric correction.

4. A map drawing method according to any one of claim 1 and

claim 2, further comprising the step of compensating for a blank

This Sheet Has Been Replaced
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area behind a solid object, caused as a result of correcting
inclination of the solid image in the map drawing image, using

a corresponding area of the distortion correction image.

5. A map drawing device for drawing a map using an image of
a ground captured from high above the ground, comprising:
an image storage section for storing a map drawing image
captured at a first height, and a distortion correction image
captured at a second height, higher than the first height; and
a map correction section for correcting distortion of
the map drawing image using the distortion correction image; and

a map drawing section for drawing a map based on the map

. drawing image corrected;

wherein

the first height is set at such a height as to provide an
image having resolution appropriate. for map drawing, and

the second height is set at sﬁch a height as to provide an
image having a sufficiently small amount of distortion as required

for the image to be used as a basis for distortion correction.

6. A map drawing device according to claim 5, wherein the map
drawing image is an aerial image, and the distortion correction

image is a satellite image.

7. A map drawing device according to any one of claim 5 and
claim 6, wherein the map drawing image is corrected through

geometric correction.

This Sheet Has Been Replaced
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8. A map drawing device according to any one of claim 5 and
claim 6, wherein a blank area behind a solid object, caused as
a result of correcting inclination of the solid image in the map
drawing image, is compensated for using a corresponding area of

the distortion correction image.

9. A distortion correction method for correcting distortion
in an image captured from high above a ground, comprising the steps
of:

obtaining a first image captured at a first height;

obtaining a second image captured at a second height, higher -
than the first height; and

correcting distortion of the first image using the second
image;

wherein

the first height is set at such a height as to provide an
image having resolution required for an image with-distortion
corrected, and

the second height is set at a height such as to provide an
image having a sufficiently small amount of distortion as required

for the image to be used as a basis for distortion correction.
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