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(54) MOVING BODY DETECTION METHOD

(57) When correction values are respectively deter-
mined for noise components of "(1) OFFSET COMPO-
NENT OF CCD ELEMENT", "(2) GRADATION COMPO-
NENT OF BACKGROUND LIGHT" and "(3) OFFSET
COMPONENT OF OPTICAL SYSTEM", the pixel values
including as less of these noise components as possible
are evaluated. The evaluated pixel values include a noise
component of "(5) THERMAL NOISE PLUS READOUT
NOISE COMPONENT" which is superposed onto the pix-
el values. With this taken into consideration, a moving

object detection method of an embodiment photographs
multiple images of a moving object being an observation
object with a photographic area fixed, selects the small-
est pixel value in each group of corresponding pixels
across the images from image signals representing the
images, evaluates image signals including as less of the
four noise components as possible by using the smallest
pixel value as the correction value for the four noise com-
ponents.
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Description

[Technical Field]

[0001] The present invention relates to a method of
detecting a moving object from captured images.

[Background Art]

[0002] Space debris is an out-of-service artificial object
which orbits the Earth. A detection of the existence of the
space debris is important for smooth operation of space-
craft (artificial satellites, space stations, space shuttles
and the like). One method among conventional space
debris detection methods determines the existence of
space debris by extracting high-luminance parts respec-
tively from images captured by a CCD (charge coupled
device) camera on the Earth or on the orbit.
[0003] This method includes: cropping areas in the
same size from three or more images captured at time
intervals in accordance with the movement of a moving
object such as space debris; and applying a stacking
method to the cropped image areas. Here, the movement
of the moving object is the uniform motion or the like
having mobile vectors (velocities) in a two-dimensional
direction in the xy-coordinate system, for example. To
put it concretely, the cropped image areas are super-
posed on one another, and a median value is evaluated
from pixel values at the same pixels across the super-
posed image areas. If the median value thus evaluated
is equal to or greater than a predetermined value, the
pixel is extracted as a pixel representing the existence
of the moving object (see PTL 1 and PTL 2, for example).
[0004] The stacking method is a widely-used effective
method not only for detecting space debris, but also for
detecting a moving object at a low luminance level in an
image. Furthermore, as described above, the stacking
method employs the median pixel value as the evaluation
value for the moving object detection. Therefore, the
stacking method causes no rise in the evaluation value
even if a noise component happens to be captured in
some of the images (for example, a star or a cosmic ray
in the cosmic space is captured in some of the images),
in contrast to another case in which an average pixel
value is used as the evaluation value. For this reason,
the stacking method is advantageous in inhibiting erro-
neous detection of a moving object due to the existence
of a star or a cosmic ray which happens to be captured
therein.
[0005] Dark correction on an offset component unique
to the CCD element, and flat correction on limb-darkening
attributed to the characteristics of an optical system (a
lens and a Newtonian reflector) of an astronomical tele-
scope which is used in combination with the CCD camera
are considered as being effective to enhance the detec-
tion accuracy as well (see NPL 1, for example).
[0006] Furthermore, correction on a gradational
change in brightness of the background light, which oc-

curs due to clouds in the sky, scattering of light in the
atmosphere, or existence of an area with a locally high
luminance is also considered as being effective to en-
hance the detection accuracy (see NPL 2, for example).

[Citation List]

[Patent Literature]

[0007]

[PTL1] Japanese Patent Application Publication
No.2002-139319
[PTL2] Japanese Patent Application Publication No.
2003-323625

[Non Patent Literature]

[0008]

[NPL 1] Yanagisawa, T. and Nakajima, A. [2005].
"Automatic Detection Algorism for Small Moving Ob-
ject." Publications of the Astronomical Society of Ja-
pan, vol. 57, pp.399-408.
[NPL 2] Paolillo, F. and Porfilio, M. "First Italian
Space Debris Observatory: Images Processing Au-
tomation." Proceedings of International Astronauti-
cal Congress 2007, IAC-07-A6.I.05.

[Summary of Invention]

[Technical Problem]

[0009] When the above-described various noise com-
ponents are corrected, contents of the noise components
are evaluated by using image signals obtained by pho-
tographing the images with the CCD camera under ap-
propriate conditions, and correction contents are deter-
mined based on the noise component contents.
[0010] However, noise components occurring when
the captured images are quantized into the image sig-
nals, such as thermal noise of photodetectors and read-
out noise of the CCD elements which occur in the CCD
camera, are included not only in the image signals before
being subjected to the dark correction, the flat correction
and the like, but also in image signals used to determine
the correction values.
[0011] For this reason, when the image signals before
the correction are corrected using the correction values,
the noise components occurring in association with the
quantization of the captured images are added to the
image signals after being subjected to the dark correc-
tion, the flat correction and the like, and accordingly de-
crease the accuracy with which to detect the moving ob-
ject.
[0012] The present invention has been made with the
foregoing situations taken into consideration. An object
of the present invention is to provide a moving object
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detection method of detecting a detection object in im-
ages based on signal levels, the method capable of re-
ducing noise components existing in the background ar-
ea behind the detection object in each image.

[Solution to Problem]

[0013] An aspect of the present invention provides a
method (a moving object detection method) of detecting
a moving object being an observation object using a plu-
rality of images captured in equal intervals, including: de-
tecting the moving object being the observation object
by using the plurality of offset-corrected images obtained
by performing offset correction on pixel values of pixels
across all the images using the smallest pixel value
among the pixels across all the images.
[0014] The offset correction may be performed on the
pixel values by use of the smallest pixel value among the
pixel values of the pixels across multiple images captured
with a photographic area fixed.
[0015] The offset-corrected images may be sequen-
tially moved in accordance with contents corresponding
to estimated movement contents of the moving object
being the observation object in the equal intervals, and
the moving object being the observation object is detect-
ed from the plurality of offset-corrected images based on
the pixel values at the same pixel positions overlapping
one another across the offset-corrected images.
[0016] The method may include performing a filtering
process on each pixel in one image of the plurality of
offset-corrected images and calculating a pixel value of
the pixel, the filtering process configured to move the one
image and a different offset-corrected image, which is
photographed one interval before or after the one image
in the equal intervals in accordance with contents corre-
sponding to already-known movement contents in the
equal intervals of a moving object different from the ob-
servation object, and to subtract pixel values at the pixels
in the deferent image from the pixel values at the pixels
in the one image, the pixels in the different image over-
lapping and being located at the same pixel positions as
the corresponding pixels in the one image. The method
may include using the calculated pixel values after the
filtering process as the pixel values in the one offset-
corrected image.
[0017] The moving object being the observation object
may be an object orbiting the earth. The images may be
images which are photographed at intervals during fixed-
point observation.

[Advantageous Effects of Invention]

[0018] When a detection object in images is detected
based on signal levels, the present invention can reduce
noise components existing in the background area be-
hind the detection object in each image.

[Brief Description of Drawings]

[0019]

[Fig. 1]
Fig. 1 is a flowchart showing procedures when a
moving object detection method of the present in-
vention is applied to detection of space debris from
images in which the sky is captured.
[Fig. 2]
Fig. 2 is a flowchart showing a concrete procedure
of a photographing (capturing) and image reading
process step shown in the flowchart of Fig. 1.
[Fig. 3]
Fig. 3 is a flowchart showing a concrete procedure
of a preliminary process step shown in the flowchart
of Fig. 1.
[Fig. 4]
Fig. 4 is an explanatory diagram schematically show-
ing how noise components to be removed in a noise
component removing and correcting step in Fig. 3
are distributed on the same line in a lateral direction
of a picture plane.
[Fig. 5]
Fig. 5 (a) is an explanatory diagram showing noise
components, which appear in a pixel area surround-
ed with a dashed-line frame in Fig. 4, in accordance
with points of timing at which the respective images
are photographed, Fig. 5(b) is an explanatory dia-
gram showing the smallest value of the noise com-
ponent of each type which is evaluated from four
images in Fig. 5 (a), and Fig. 5 (c) is an explanatory
diagram showing the smallest value of the noise
component of each type which is evaluated from nu-
merous images more than the four images in Fig.
5(a).

[Description of Embodiments]

[0020] Referring to the drawings, descriptions will be
provided for an embodiment in which a moving object
detection method of the present invention is applied to
detection of space debris from photographed celestial
images.
[0021] The moving object detection method of the em-
bodiment is designed to detect space debris as a moving
object being an observation object from the photo-
graphed celestial images. A described in a flowchart of
Fig. 1, this method is designed to perform a photograph-
ing (capturing) and image reading process step (step S1),
a preliminary process step (step S3) and a superposition
process step (step S5).
[0022] As shown in the flowchart of Fig. 2, the photo-
graphing and image reading process step (step S1 in Fig.
1) begins with repeatedly making a series of photographs
of a space (the sky), including the geostationary orbit of
space debris, for a predetermined length of exposure
time at constant time intervals (step S11). Subsequently,
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the image reading process step (step S1 of Fig. 1) ends
with capturing image signals representing the captured
images (step S13).
[0023] A photographing (capturing) apparatus (not il-
lustrated) formed by connecting a CCD camera to an
astronomical telescope, for example, may be used for
taking the images of the sky.
[0024] Thereafter, as shown in the flowchart of Fig. 3,
the preliminary process step (step S3 in Fig. 1) begins
with making corrections to the image signals, captured
from the photographing apparatus (not illustrated), by re-
moving noise components included in the image signals
(step S31). Afterward, the size of images representing
the corrected image signals is reduced to an image size
to be handled in the below-described superposition proc-
ess step (step S5 in Fig. 5) (step S33). In the embodiment,
the size of the images is reduced to a half in both the
vertical and horizontal directions (to a quarter in terms of
the area). Then, the largest pixel value in the 232 pixels
before the reduction is assigned as a pixel value to one
pixel after the reduction. Hence, the preliminary process
step (step S3 in Fig. 1) is terminated.
[0025] Descriptions will be provided for a detailed pro-
cedure for making correction by removing noise compo-
nents in step S31. As schematically shown in Fig. 4, main-
ly 6 types of noise components are superposed onto a
signal component which represents an intended photo-
graphic object, after images are photographed with the
photographing apparatus (not illustrated) and before the
image signals are captured. It should be noted that Fig.
4 schematically shows the noise components existing on
the same line in a lateral direction of a picture plane in
an image signal.
[0026] To begin with, the noise component of a first
type is " (1) OFFSET COMPONENT OF CCD ELE-
MENT" shown at the bottom row in Fig. 4. The offset
component of the CCD element is a noise component
which occurs when an image of an object photographed
by the photographing apparatus (not illustrated) using
the astronomical telescope is converted into an electrical
signal by the CCD element of the CCD camera. In other
words, when an output has to correspond to a zero lumi-
nance (i.e., when the quantity of light from the object is
at zero), the CCD element may, in some cases, shift (off-
set) an actual output from the point 0 (zero). Furthermore,
the contents of the shift (offset) vary from one CCD ele-
ment to another.
[0027] As a measure to counter this, when an object
at a zero luminance is photographed, the offset compo-
nent of the CCD element is corrected (i.e., subjected to
offset correction) in order that the image signal outputted
from the photographing apparatus becomes "0." Inciden-
tally, the offset correction of this case is termed as dark
correction. The correction value can be obtained by eval-
uating a value of the output from the CCD element at the
time of photographing while blocking the light receiving
unit from light.
[0028] Subsequently, the correction value thus evalu-

ated is subtracted from the pixel value at each of the
pixels which corresponds to an image of the sky photo-
graphed by the photographing apparatus for the moving
object detection. This makes it possible to correct the
offset component of the CCD element.
[0029] The noise component of a second type is "(2)
GRADATION COMPONENT OF BACKGROUND
LIGHT" shown at the second row from the bottom in Fig.
4. The gradation component of the background light oc-
curs when light is scattered by clouds or the atmosphere,
or when a high-luminance area exists locally. To put it
concretely, the gradation component occurs when the
brightness of the sky to be photographed by the photo-
graphing apparatus (not illustrated) is not uniform, and
the brightness of the sky as the background gradationally
varies with an angle of elevation from the observation
point or with the distance from the high-luminance point,
for example.
[0030] For this reason, the correction on the gradation
component of the sky can be achieved by subtracting the
evaluated correction value from the pixel values at the
pixels which represent the sky photographed with the
photographing apparatus for the purpose of the moving
object detection.
[0031] To this end, the correction on the gradation
component of the background light is made in a way that,
when photographing the image of the object with a uni-
form luminance, the image signals outputted from the
photographing apparatus become uniform across the en-
tire image of the object. It is desirable that the correction
value in this case be evaluated based on approximation
of the gradational changes with linear function expres-
sions by use of the image signals obtained by performing
the correction on the above-described "(1) OFFSET
COMPONENT OF CCD ELEMENT" when photograph-
ing the image of the object with the uniform luminance,
or by use of image signals obtained by further performing
correction on "(3) OFFSET COMPONENT OF OPTICAL
SYSTEM" to be described later in addition to the correc-
tion on "(1) OFFSET COMPONENT OF CCD ELE-
MENT."
[0032] A method of obtaining the gradation as inclina-
tions to the x- and y- axes is shown in "First Italian Space
Debris Observatory: Images Processing Automation" au-
thored by Paolillo, F. and Porfilio, M. in IAC-07-A6.I.05
for International Astronautical Congress 2007, which has
been listed in Citation List (NPL 2) in the section "Back-
ground Art. " According to the method shown in the doc-
ument, for each row in an image from which a median
value is evaluated, data in a 13x matrix is generated,
and a linear expression (v=ax+c) to approximate the gra-
dation in the x-axis direction is determined using the least
square method. Similarly, for each column in the image
from which a median value is evaluated, data in a y31
matrix is generated, and a linear expression (v=by+c) to
approximate the gradation in the y-axis direction is de-
termined using the least square method.
[0033] Thereafter, the evaluated correction value is
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subtracted from the pixel values at the pixels which rep-
resent the sky to be photographed with the photograph-
ing apparatus for the purpose of the moving object de-
tection. Thereby, the above-described correction on the
gradation component of the sky can be achieved.
[0034] The noise component of a third type is "(3) OFF-
SET COMPONENT OF OPTICAL SYSTEM" shown at
the third row from the bottom in Fig. 4. The offset com-
ponent of the optical system is caused by characteristics
of the optical system such as a Newtonian reflecting mir-
ror or lenses in the astronomical telescope, when an im-
age of the object is photographed by the photographing
apparatus (not illustrated) using the astronomical tele-
scope. To put it concretely, the brightness of the periph-
eral portion of the image into which the object is captured
by the optical system is reduced (limb darkening). The
limb darkening occurs in a larger scale as the entire im-
age of the object is brighter.
[0035] For this reason, correction is made on the offset
component of the optical system in a way that, when pho-
tographing the image of the object with the uniform lumi-
nance, the image signals outputted from the photograph-
ing apparatus become uniform across the entire image
of the object. The offset correction in this case is termed
as flat correction. It is desirable that the correction value
be evaluated based on acquisition of limb darkening dis-
tribution by use of the image signals obtained by per-
forming the correction on the above-described "(1) OFF-
SET COMPONENT OF CCD ELEMENT" when photo-
graphing the image of the object with the uniform lumi-
nance.
[0036] Incidentally, the image of the object with the uni-
form luminance can be obtained, for example, by: setting
a piece of frosted glass or the like in front of the telescope;
photographing the object using the entire field of vision
of the telescope with uniform light cast onto the piece of
frosted glass.
[0037] Thereafter, the evaluated correction value is
subtracted from the pixel values at the pixels which rep-
resent the sky to be photographed with the photograph-
ing apparatus for the purpose of the moving object de-
tection. Thereby, the above-described correction on the
offset component of the optical system can be achieved.
[0038] With regard to each of the three types of noise
components described above, the correction process
has been conventionally achieved by means of: extract-
ing the noise component; and subtracting the noise com-
ponent from the image signals. However, the conven-
tional correction processes adds other noise compo-
nents contained in the extracted noise components, and
the other noise components remain in the corrected im-
age signals. For this reason, the embodiment seeks to
solve the problem by use of the following methods.
[0039] Before descriptions are provided for how the
embodiment solves the problem, let us explain the other
noise components which are added onto and remain in
the corrected image signals as a result of the conven-
tional correction processes (i.e., noise components of

fourth to sixth types to be described as follows).
[0040] Let us begin the explanation with the noise com-
ponent of the fourth type. The noise component "(4)
NOISE COMPONENT ATTRIBUTED TO STAR" shown
at the fourth row from the bottom in Fig. 4 occurs when
a star in the sky is captured into images captured with
the photographing apparatus (not illustrated) in a way
that, depending on its moving velocity, the star is cap-
tured as a point or line with blurred surroundings.
[0041] The noise component attributed to the star can
be eliminated from each of the images by moving each
image and its preceding or following image captured in
succession by the photographing apparatus (not illustrat-
ed) by parallel displacement in an already-known move-
ment direction and by an already-known amount of move-
ment of the star, and subtracting the pixel values at the
same pixel positions overlapping each other across the
two images (a filtering process).
[0042] Next, the noise component of a fifth type is " (5)
THERMAL NOISE PLUS READOUT NOISE COMPO-
NENT" shown at the third row from the top in Fig. 4. The
thermal noise and the readout noise component occur
due to: the photographing of an image of the object with
the photographing apparatus (not illustrated) ; and the
outputting of image signals which represent the image.
[0043] Among them, the thermal noise is a noise com-
ponent which stays in the CCD element due to thermal
vibration of electrons inside a photodetector when the
photodetector generates electric charges depending on
the quantity of light of the formed image of the object. On
the other hand, the readout noise is a noise component
which occurs when the electric charges into which the
CCD element converts the image of the object are read
out from the CCD element. The readout noise includes
all the noises which occur inside the CCD element, inside
analog circuits used to control the CCD element and read
out the electric charges, as well as inside an analog-to-
digital converter.
[0044] The above-described "(5) THERMAL NOISE
PLUS READOUT NOISE COMPONENT" is a random
noise which does not depend on where or when the noise
occurs, and which varies in a random manner. It is gen-
erally known that the thermal noise which is a shot noise
exhibits Poisson distribution while the readout noise ex-
hibits Gaussian distribution.
[0045] Next, the noise component of a sixth type is "(6)
SPIKE NOISE COMPONENT" shown at the second row
from the top in Fig. 4. The spike noise component is a
noise component which occurs under the influence of
cosmic rays. In some cases, the spike noise component
makes some pixels show an instantaneous large in-
crease in pixel value at irregular points of time.
[0046] Here, for each of four images captured with the
photographing apparatus (not illustrated) at the respec-
tive four successive points of timing (T=t0-Δt, t0, t0+Δt,
and t0+2Δt), noise component contents included in an
image signal are discretely shown in the schematic dia-
gram of Fig. 5(a). Particularly, Fig. 5(a) shows waveforms
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extracted from a part of one line in a lateral direction of
the picture plane, which is surrounded with dashed lines
in Fig. 4. Similarly, the schematic diagrams of Figs. 5(b)
and 5(c), which will be used for the following explanation,
each show waveforms extracted from a part of the line.
[0047] As shown in Fig. 5(a), the noise components of
"(1) OFFSET COMPONENT OF CCD ELEMENT," "(2)
GRADATION COMPONENT OF BACKGROUND
LIGHT" and "(3) OFFSET COMPONENT OF OPTICAL
SYSTEM" depend on the photographing apparatus and
a photographed area of the sky. For this reason, as long
as the same photographing apparatus continued to be
used and the same area of the sky continued to be pho-
tographed, the above-mentioned noise components ap-
pear in every image as constant contents no matter what
point of timings the image is photographed at. In addition,
the contents of " (4) NOISE COMPONENT ATTRIBUT-
ED TO STAR" depend on the luminance of the star, al-
though positions of pixels into which the star is captured
change in accordance with the movement of the star. For
this reason, as long as the same star continued to be
captured into the images, this noise component also ap-
pears in every image.
[0048] In contrast, the noise components of "(5) THER-
MAL NOISE PLUS READOUT NOISE COMPONENT"
and "(6) SPIKE NOISE COMPONENT" are random nois-
es. For this reason, their contents vary depending on the
images. This makes it impossible to determine appropri-
ate correction contents in advance.
[0049] What have been discussed above covers the
noise component contents included in the signals which
represent the images captured by the photographing ap-
paratus (not illustrated). When correction values are de-
termined, respectively, for the noise components of "(1)
OFFSET COMPONENT OF CCD ELEMENT, " "(2)
GRADATION COMPONENT OF BACKGROUND
LIGHT" and "(3) OFFSET COMPONENT OF OPTICAL
SYSTEM" using the conventional correction method, the
pixel values excluding as much of these noise compo-
nents as possible are evaluated from the image signals
from the photographing apparatus based on calculations
and the like.
[0050] Meanwhile, depending on photographing situ-
ations, "(4) NOISE COMPONENT ATTRIBUTED TO
STAR," "(5) THERMAL NOISE PLUS READOUT NOISE
COMPONENT" which is the random noise, and "(6)
SPIKE NOISE COMPONENT" without specific regularity
are superposed onto the image signals from the photo-
graphing apparatus which are used to determine the cor-
rection values.
[0051] For this reason, even if the noise component of
" (4) NOISE COMPONENT ATTRIBUTED TO STAR" is
eliminated based on the foregoing procedure, the noise
components of " (5) THERMAL NOISE PLUS READOUT
NOISE COMPONENT" and "(6) SPIKE NOISE COMPO-
NENT" still remain included, as described above, in the
correction values which are determined, respectively for
the noise components of "(1) OFFSET COMPONENT

OF CCD ELEMENT," "(2) GRADATION COMPONENT
OF BACKGROUND LIGHT" and "(3) OFFSET COMPO-
NENT OF OPTICAL SYSTEM."
[0052] Accordingly, when the noise components of "(1)
OFFSET COMPONENT OF CCD ELEMENT," "(2) GRA-
DATION COMPONENT OF BACKGROUND LIGHT"
and "(3) OFFSET COMPONENT OF OPTICAL SYS-
TEM" included in the pixel values are corrected respec-
tively by use of the correction values for the noise com-
ponents, the noise components of "(5) THERMAL NOISE
PLUS READOUT NOISE COMPONENT" and "(6)
SPIKE NOISE COMPONENT" are added to and included
in the corrected pixel values.
[0053] With this taken into consideration, the embodi-
ment seeks to solve the problem by making correction
by removing noise components, as described later, in
step S31 in Fig. 3 of making the correction by removing
the noise components. To this end, first of all, multiple
images are photographed by the photographed appara-
tus with the field of vision fixed, and the smallest pixel
value is selected from each group of corresponding pixels
across the multiple images.
[0054] In this respect, in a case where a star is captured
into the images, or in a case where a spike noise occurs,
a sufficiently large value as the noise component is added
to the pixel values. As a result, the pixel values at the
pixels into which the star is captured, or to which the spike
noise is added, will not become the smallest in the mul-
tiple images. For this reason, the smallest pixel value in
each group of corresponding pixels across the multiple
images is selected as a pixel value of a pixel into which
at least no star is captured, and to which no spike noise
attributed to cosmic rays is added. Instead, the smallest
pixel values may be selected from multiple images into
which no cosmic rays as a spike noise are captured, after
the noise component of " (4) NOISE COMPONENT AT-
TRIBUTED TO STAR" is eliminated from the multiple
images using the foregoing procedure.
[0055] Here, first three noise components out of "(1)
OFFSET COMPONENT OF CCD ELEMENT," "(2) GRA-
DATION COMPONENT OF BACKGROUND LIGHT, "
" (3) OFFSET COMPONENT OF OPTICAL SYSTEM"
and "(5) THERMAL NOISE PLUS READOUT NOISE
COMPONENT" included in the pixel values in the imag-
es, into which no stars or cosmic rays as a spike noise
are captured, are constant components and are therefore
included in all the pixels in every image in the same vol-
umes. This means that each smallest pixel value includes
neither "(4) NOISE COMPONENT ATTRIBUTED TO
STAR" nor " (6) SPIKE NOISE COMPONENT," and that
each smallest pixel value includes "(5) THERMAL NOISE
PLUS READOUT NOISE COMPONENT," whose con-
tents vary depending on the images, in a smaller volume
than the corresponding pixels in the other images.
[0056] In addition, the smallest value of " (5) THER-
MAL NOISE PLUS READOUT NOISE COMPONENT"
is at "0." For this reason, it is possible to consider that
the smallest pixel value in each group of corresponding
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pixels across the multiple images into which no stars or
cosmic rays as a spike noise are captured are equivalent
to an amount of correction to be made by performing
compensation on "(1) OFFSET COMPONENT OF CCD
ELEMENT," "(2) GRADATION COMPONENT OF
BACKGROUND LIGHT" and "(3) OFFSET COMPO-
NENT OF OPTICAL SYSTEM" in a lump.
[0057] Accordingly, as the amount of correction, the
smallest pixel value selected from each group of corre-
sponding pixels across the multiple images into which no
stars or cosmic rays as a spike noise are captured is
subtracted from the pixel values in the images represent-
ing the sky area photographed with the photographing
apparatus for the moving object detection. Thereby, the
correction is made in a lump on the noise components
of "(1) OFFSET COMPONENT OF CCD ELEMENT," "(2)
GRADATION COMPONENT OF BACKGROUND
LIGHT" and "(3) OFFSET COMPONENT OF OPTICAL
SYSTEM."
[0058] It should be noted that there is a higher proba-
bility that the volume (represented by hatched portions
in the histogram in each of Figs. 5(b) and 5(c)) of the
noise component of "(5) THERMAL NOISE PLUS REA-
DOUT NOISE COMPONENT" is smaller when, as shown
in the schematic diagram of Fig. 5(c), the smallest pixel
value is selected from each group of corresponding pixels
across equal to or greater than five images, than when,
as shown in the schematic diagram of Fig. 5(b), the small-
est value is selected from each group of corresponding
pixels across four images.
[0059] For this reason, if the amount of correction of
"(5) THERMAL NOISE PLUS READOUT NOISE COM-
PONENT" is intended to be reduced to a minimum, it is
desirable that the number of images across which the
smallest pixel value is selected from each group of cor-
responding pixels be increased as many as possible. In
this respect, it is desirable that the smallest pixel value
be selected from each group of corresponding pixels
across all the images to be used for the superposition
process, which will be described later.
[0060] Subsequently, after the correction is made on
the four types of the noise components mentioned above,
"(4) NOISE COMPONENT ATTRIBUTED TO STAR" is
subsequently eliminated by: superposing each two suc-
cessive images representing the sky area photographed
with the photographing apparatus for the moving object
detection, by moving the two successive images by par-
allel displacement in accordance with the movement di-
rection of the star and by the amount of movement of the
star; and subtracting the pixel values at the same pixel
positions overlapping each other across the two images.
The correction to be made by removing the noise com-
ponents in step S31 in Fig. 3 is hence completed.
[0061] Thereafter, using the superposition method, the
superposition process step (step S5 in Fig. 1) performs
a space debris candidate extraction process on each of
the images successively photographed with the photo-
graphing apparatus (not illustrated) at constant intervals.

[0062] To put it concretely, using the pixel values at
the same pixel positions overlapping one another, an
evaluation value for the space debris detection is calcu-
lated while, by parallel displacement, sequentially mov-
ing each image by an estimated moving velocity of the
space debris (i.e., a length (distance or interval) on the
image at the estimated moving velocity within a prede-
termined time period). While changing the estimated
moving velocity of the space debris, this evaluation value
is calculated for each estimated moving velocity. Further-
more, the calculation of the evaluation value using the
pixel values at the same pixel positions overlapping one
another across the images is performed for each pixel
position of each image.
[0063] As the evaluation value, for example, a median
value, an average value or the like of all the images con-
cerning the pixel values at target pixel positions can be
used. For example, if the evaluation value is equal to or
greater than a predetermined threshold value at a certain
pixel, then the pixel can be judged as the pixel into which
the space debris is captured.
[0064] In this embodiment, as described above, in the
preliminary process step in step S3 of Fig. 1 executed
by using the superposition method, the smallest pixel val-
ue among the pixel values at the same pixel positions of
all the images is subtracted from each of the pixel values
at the pixels in the images captured with the photograph-
ing apparatus (not illustrated).
[0065] Thereby, "(1) OFFSET COMPONENT OF CCD
ELEMENT," "(2) GRADATION COMPONENT OF
BACKGROUND LIGHT" and "(3) OFFSET COMPO-
NENT OF OPTICAL SYSTEM", which appear constantly,
can be eliminated from (the pixel values of) the image
signals. Furthermore, since "(5) THERMAL NOISE PLUS
READOUT NOISE COMPONENT" included in the small-
est pixel value is a minimum volume which is infinitely
close to "0," this type of noise component can be kept
from remaining in (the pixel values of) the corrected im-
age signals as much as possible.
[0066] The performing of the preliminary step like this
makes it possible to prevent "(5) THERMAL NOISE
PLUS READOUT NOISE COMPONENT", to be included
in the correction values, from remaining in (the pixel val-
ues of) the corrected image signals as in the case where
"(1) OFFSET COMPONENT OF CCD ELEMENT, " "(2)
GRADATION COMPONENT OF BACKGROUND
LIGHT" and "(3) OFFSET COMPONENT OF OPTICAL
SYSTEM" in each image are corrected by use of the in-
dividually obtained correction values.
[0067] Accordingly, the offset correction is performed
in a way that the smallest pixel value among the pixel
values at the same pixel positions across all the images
is subtracted from the pixel values at the pixels in the
images. Thus, when the space debris is detected by the
superposition method it is possible to further reduce the
noise components in the images to be superposed, there-
by detecting the candidates for the pixels into which the
space debris is captured, and eventually detecting the
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space debris accurately.
[0068] The embodiment has been described citing the
superposition method to be performed on the observation
object which is the moving object in uniform linear motion
on the images in the estimated movement direction and
with the estimated movement amount. Nevertheless, the
present invention is also applicable to a superposition
method to be performed on an observation object which
is a moving object in uniform acceleration motion on im-
ages with an estimated movement amount which in-
creases or decreases by a constant amount over time.
[0069] Furthermore, the technique of removing the
noise component attributed to the star, which has been
explained as a part of the correction to be made by re-
moving the noise components in step S31 of Fig. 3 can
be applied to a moving object other than the space debris,
a non-star moving object which is not the detection object,
and can be used as a technique of removing a noise
component in captured images into which the moving
object is captured. However, since each two successive
captured images are superposed in accordance with the
relative movement, the contents of the movement of the
moving object during each photographing interval (for
example, the direction and amount of movement of the
moving object in a case where the moving object is in
uniform linear motion) need to be known in advance.
[0070] Furthermore, the foregoing descriptions have
been provided for the embodiment in which the super-
position method is used to detect the moving object. Nev-
ertheless, the present invention is also applicable to de-
tection of a moving object using block-matching tracking
or optical flow tracking, instead of the superposition meth-
od. Moreover, the present invention is also applicable to
detection of a moving object using a process in which: a
movement model is hypothesized for a moving object;
not only its uniform linear motion but also its movement
direction are estimated using a particle filter or the like;
and a highly probable body is extracted as a moving ob-
ject.
[0071] Furthermore, the foregoing descriptions have
been provided for the embodiment in which the present
invention is carried out as the space debris detection
method. Nevertheless, the present invention is broadly
applicable to the detection of a moving object other than
the space debris from images captured in constant inter-
vals using, for example, the identification and detection
of an object other than the space debris, such as an ar-
tificial satellite orbiting the earth, or colored microbes, on
captured images.
[0072] In the embodiment, the captured images in-
clude: the noise component attributed to the character-
istic variation unique to the apparatus for quantizing the
captured images into the image signals; the noise com-
ponent attributed to the environmental conditions in
which the photographic object exists; and the noise com-
ponent which occurs in the course of quantizing the cap-
tured images into the image signals.
[0073] The first two noise components constantly ap-

pear in the same contents as long as the apparatus con-
tinues to be used or the environment in which the pho-
tographing is carried out remains unchanged. These
noise components can be eliminated when (the pixel val-
ues of) the image signals are corrected using the correc-
tion contents determined based on the contents of the
noise components which are respectively evaluated us-
ing the image signals obtained when the images are pho-
tographed under appropriate conditions.
[0074] On the other hand, the noise component occur-
ring when the captured images are quantized into the
image signals is the random noise which does not depend
on time, environment or the like, but varies on a random
basis. Furthermore, the noise component is included not
only in the image signals to be corrected, but also in the
image signals to be used to determine the correction con-
tents. For this reason, when (the pixel values of) the im-
age signals to be corrected are corrected using the sep-
arately-determined correction contents, the noise com-
ponent occurring during the quantization is added onto
and included in the corrected image signals.
[0075] By contrast, together with the constantly-ap-
pearing noise component attributed to the characteristic
variation unique to the apparatus and the constantly-ap-
pearing noise component attributed to the environment
in which the photographing is carried out, the noise com-
ponent occurring in the course of quantizing the captured
images into the image signals, which is the random noise,
is included in the smallest pixel value in each group of
corresponding pixels across all the images, which is used
to perform the offset correction on the pixel values in the
images. In this regard, the random noise included in each
group of corresponding pixels across all the images is
smaller in volume than any other noise components.
[0076] For this reason, when the offset correction is
performed on the pixel values of the images using the
smallest pixel value in each group of corresponding pix-
els across all the images, the constantly-appearing noise
component attributed to the characteristic variation
unique to the apparatus, and the constantly-appearing
noise component of the type attributed to the environ-
ment in which the photographing is carried out are elim-
inated. Further, the noise component of the type occur-
ring in the course of quantizing the captured images into
the signal images, which is the random noise, is reduced
to the smallest volume.
[0077] Thereby, it is possible to prevent the noise com-
ponent occurring in the course of quantizing the captured
images into the image signals from being added onto and
included in (the pixel values of) the corrected image sig-
nals, as in the case of individually correcting the noise
components respectively depending on the correspond-
ing correction values. In addition, when the detection ob-
ject in the images is detected based on the signal levels,
it is possible to reduce the noise components existing in
the background area behind the detection object in each
image.
[0078] In the embodiment, if a moving object different
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from the moving object being the observation object, is
captured in the images, and if the movement contents of
the different moving object during constant intervals are
known in advance, the pixel values at the same pixel
positions across the successive images in equal inter-
vals, moved by contents corresponding to the movement
contents of the different moving object, are subtracted
from the offset-corrected images. Thereby, when the de-
tection object in the images is detected based on the
signal levels, the noise components existing in the back-
ground area behind the detection object in each image
can be reduced further.
[0079] In sum, even if a star, cosmic rays or the like
are captured into the images at higher luminance togeth-
er with an object orbiting the earth being a moving object
being an observation object, the embodiment can further
reduce from each image noise components that exist in
the background area behind the object orbiting the earth
in each image.

Claims

1. A method of detecting a moving obj ect being an
observation object using a plurality of images cap-
tured in equal intervals, comprising:

detecting the moving object being the observa-
tion object by using the plurality of offset-cor-
rected images obtained by performing offset
correction on pixel values of pixels across all the
images using the smallest pixel value among
the pixels across all the images.

2. The method according to claim 1, wherein the offset
correction is performed on the pixel values by use
of the smallest pixel value among the pixel values of
the pixels across the plurality of images captured
with a photographic area fixed.

3. The method according to claim 1 or 2, wherein
the offset-corrected images are sequentially moved
in accordance with contents corresponding to esti-
mated movement contents of the moving object be-
ing the observation object in the equal intervals, and
the moving object being the observation object is
detected from the plurality of offset-corrected images
based on the pixel values at the same pixel positions
overlapping one another across the offset-corrected
images.

4. The method according to any one of claims 1 to 3,
comprising:

performing a filtering process on each pixel in
one image of the plurality of offset-corrected im-
ages and calculating a pixel value of the pixel,
the filtering process configured to move the one

image and a different offset-corrected image,
which is photographed one interval before or af-
ter the one image in the equal intervals in ac-
cordance with contents corresponding to al-
ready-known movement contents in the equal
intervals of a moving object different from the
observation object, and to subtract pixel values
at the pixels in the deferent image from the pixel
values at the pixels in the one image, the pixels
in the different image overlapping and being lo-
cated at the same pixel positions as the corre-
sponding pixels in the one image, and
using the calculated pixel values after the filter-
ing process as the pixel values in the one offset-
corrected image.

5. The method according to any one of claims 1 to 4,
wherein
the moving object being the observation object is an
object orbiting the earth, and
the images are images which are photographed at
intervals during fixed-point observation.
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