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(6] ABSTRACT

Auto-focus method and a remote sensing satellite are dis-
closed. The satellite comprises at least a focal plane assem-
bly (FPA) and a focus adjusting apparatus, the auto-focus
method comprises: processing a point spread function (PSF)
estimation to a multiple regions of a first image to generate
multiple first estimated point spread functions; generating a
first average point spread function according to the first
estimated point spread functions; processing a Gaussian

+ curve fitting to the first average PSF function and defining a

~first focus number; processing a PSF estimation to multiple
regions of a second image to generate multiple second
estimated PSF functions; generating a second average point
spread function according to the second estimated point
spread functions; processing a Gaussian curve fitting to the
second average point spread function and defining a second
focus number; and comparing the first focus number and the
second focus number.
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Processing a point spread function (PSF) estimation to /— 301
multiple regions of a first image to generate a plurality of first
estimated point spread functions

Generating a first average point spread function according to /" 302
the first estimated point spread functions

Processing a Gaussian curve fitting to the first average point / 303.
spread function and defining a first focus number of the first
image

Processing a PSF estimation to multiple regions of the second /— 304
image to generate a plurality of second estimated PSF
functions

)

;-

Generating a second average point spread function according /— 305
to the second estimated point spread functions

Processing a Gaussian curve fitting to the second average

306
point spread function and defining a second focus number of /—
the second image

Comparing the first focus number and the second number to /‘ 307
determining whether the focus status of the second image being
better than the first image

FIG. 3
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AUTO-FOCUS METHOD FOR A REMOTE
SENSING SATELLITE AND THE SATELLITE
THEREFOR

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to an auto-focus method and
more particularly to an auto-focus method for a remote
sensing satellite and the satellite therefor.

2. Description of Related Art

When a remote sensing satellite reaches a mission orbit
and starts to move round, the remote sensing satellite will
start to execute some missions such as photographing the
ground and collecting images. With reference to FIG. 1,
which is a schematic diagram of the conventional system.
The remote sensing satellite 10 provides with a Focal Plane
Assembly (FPA) 102 for collecting images and transmitting
the images to the ground 12 for performing an image
processing. However, the images collected by the FPA 102
on the orbit are required to be compensate because the
setting maybe different from the ground 12. Otherwise, the
remote sensing satellite can not finish the mission because of
lack of clarity. In the conventional art, the ground staff will
try to regulate the focus adjusting apparatus 104 of the
remote sensing satellite 10 remotely according to the
received image to regulate the focus of the FPA 102.

However, when the remote sensing satellite 10 collects
the images, usually, time and location are limited such that
regulating the focus of the FPA 102 is time-consuming and
laborious. For example, to determine current focus status, a
specific pattern on the ground should be captured for deter-
mining the focus status of FPA 102. Accordingly, the image
data of the specific pattern is used for determining the focus
status. The remote sensing satellite 10 should transmit the
image including the specific pattern to the ground 12, and
the ground staff will try to send a focusing command to the
focus adjusting apparatus 104 to regulate the focus status of
the FPA 102. The next captured image data is to ensure that
the focus status is improved (regulating to a right direction)
in order to decide a next regulation. However, because the
earth and the remote sensing satellite 10 operate on their
own orbits individually, a same location only can be reached
in one period for example, 24 hours period. Accordingly,
after 24 hours of focus regulation last time, an image
including the specific pattern can be captured again and
sending to the ground to determine if the focus regulation
last time is right, and repeating the process such that the
focus regulation process is very time consuming.

SUMMARY OF THE INVENTION

One purpose of the present invention is to provide an
anto-focus method, which does not require to capture a
specific image and can be finish on satellite.

One purpose of the present invention is to provide an
auto-focus method for a remote sensing satellite and the
satellite therefor.

According to the present invention, an auto-focus method
for a remote sensing satellite, wherein the remote sensing
satellite includes at least one focal plane assembly and a
focus adjusting apparatus, and the method comprises steps
of: processing a point spread function (PSF) estimation to
multiple regions of a first image to generate a plurality of

20

25

30

35

40

45

50

55

60

65

2

first estimated point spread functions; generating a first
average point spread function according to the first esti-
mated point spread functions; processing a Gaussian curve
fitting to the first average point spread function and defining
a first focus number of the first image; controlling the focus
adjusting apparatus to regulate the focus of the focal plane
assembly to obtain a second image; processing the PSF
estimation to multiple regions of the second image to
generate a plurality of second estimated point spread func-
tions; generating a second average point spread function
according to the second estimated point spread functions;
processing a Gaussian curve fitting to the second average
point spread function and defining a second focus number of
the second image; and comparing the first focus number and
the second number to determining if the focus status of the
second image being better than the first image in order to
determine if continuing to regulate the focus of the focal
plane assembly.

According to the present invention, an auto-focus method
comprising steps of: processing a point spread function
(PSF) estimation to multiple regions of a first image to
generate a plurality of first estimated point spread*functions;
generating a first average point spread function according to
the first estimated point spread functions; processing a
Gaussian curve fitting to the first average point spread
function and defining a first focus number of the first image;
processing the PSF estimation to multiple regions of a
second image to generate a plurality of second estimated
point spread functions; generating a second average point
spread function according to the second estimated point
spread functions; processing a Gaussian curve fitting to the
second average point spread function and defining a second
focus number of the second image; and comparing the first
focus number and the second number to determining if the
focus status of the second image being better than the first
Jimage,

According to the present invention, a remote sensing
satellite, comprising: a focal plane assembly for collecting a
first image and a second image; an image processing block
coupled to the focal plane assembly, and executing steps of:
processing a point spread function (PSF) estimation to
multiple regions of the first image to generate a plurality of
first estimated point spread functions; generating a first
average point spread function according to the first esti-
mated point spread functions; processing a Gaussian curve
fitting to the first average point spread function and defining
a first focus number of the first image; processing the PSF
estimation to multiple regions of the second image to
generate a plurality of second estimated point spread func-
tions; generating a second average point spread function
according to the second estimated point spread functions;
processing a Gaussian curve fitting to the second average
point spread function and defining a second focus number of
the second image; and comparing the first focus number and
the second number to generate a focus regulation status
result; a focus adjusting apparatus coupled to the focal plane
assembly and the image processing block to regulate the
focus of the focal plane assembly according to the focus
regulation status result; wherein, the focus adjusting appa-
ratus regulates the focus of the focal plane assembly such
that the focus of the first image and the focus of the second
image are different.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of the focus regulation and
verification of the remote sensing satellite according to the
conventional art;
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FIG. 2 is a schematic diagram of the system architecture
according to an embodiment of the present invention;

FIG. 3 is a flowchart of the auto-focus and verification
according to the present invention; and

FIG. 4 is a flowchart of generating estimated point spread
function according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

With reference to FIG. 2, FIG. 2 is a schematic diagram
of the system architecture according to an embodiment of
the present invention. A remote sensing satellite 20 provides
with a FPA 210, a focus adjusting apparatus 230 and an
image processing block on satellite 220. The focus adjusting
apparatus 230 is used for regulating the focus of the FPA
210. Because the focus of the FPA 210 is usually fixed. The
focus adjusting apparatus 230 is different from a normal
focus adjusting apparatus. In one embodiment, the focus
adjusting apparatus 230 regulates the focus of FPA 210 by
heating or cooling. The image processing block 220 can be
a calculation circuit formed by a hardware, or realized by a
software method. The image collected by the FPA 210 is
transmitted to the image processing block 220 to perform the
focus regulation and check the focus status.

FIG. 3 is a flowchart of the auto-focus method according
to the present invention. The method comprises the follow-
ing steps. The step S301: processing a point spread function
(PSF) estimation to multiple regions of a first image to
generate a plurality of first estimated point spread functions.
The step S302: generating a first average point spread
function according to the first estimated point spread func-
tions. The step $303: processing a Gaussian curve fitting to
the first average point spread function and ‘defining a first
focus number of the first image. The step $364: processing
a PSF estimation to multiple regions of the second image to
generate a plurality of second estimated PSF functions. The
step S305: generating a second average point spread func-
tion according to the second estimated point spread func-
tions. The step S306: processing a Gaussian curve fitting to
the second average point spread function and defining a
second focus number of the second image. The step S307:
comparing the first focus number and the second number to
determining whether the focus status of the second image
being better than the first image.

The following content will combine the hardware archi-
tecture in FIG. 2 and the schematic diagram in FIG. 4 to
illustrate the flowchart of FIG. 3. An optical system can be
regarded as a shift-invariant system. The information of each
point on a plane will be acted by a same point spread
function when inputting to the optical system, and the point
spread function will not change with the location of the
inputted the point of the plane, which is called the shift-
invariant property. Firstly, the image processing block 220
selects some areas including enough edge information in the
images collected by FPA 210 such as shown FIG. 4 (a) in
order to process a point spread function (PSF) estimation.
Then, through PSF generator as shown in FIG. 4(b) such as
the Levin generator or the Fergus generator to show a
plurality of estimated point spread functions from different
areas, that is, the PSF set. The PSF set can be defined as:

={PSFithe PSF is estimated from different region}

In the process of generating the PSF, the random noise is
generated. In order to eliminate the random noise, using an
average point spread function of the estimated PSF set. The
formula is as follow:
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] n
PSF = — " PSF; where PSF; € K
n i=1

Then, processing a Gaussian curve fitting to the average
PSF in order to obtain a standard deviation on x-axis and a
standard deviation on y-axis of a Gaussian function in order
to define a focus number:

F=max(61,6y)

Then, a best focus location will have a minimum focus

number, that is, searching for the minimum focus number;
min F

After performing the above calculation, the smaller value
means the focus status is better. The system can determine
that if the value is decreased gradually, that is, the step S307:
comparing the first focus number and the second number of
two images to determining whether the focus status of the
second image being better than the first image in order to
determine that if the current focus regulation direction is
right in order to decide that if instructing the focus adjusting
apparatus 230 to regulate the focus of the FPA 210 in the
same way. For cxample, obtaining a first image, and setting
the focus adjusting apparatus 230 to change the focus of the
FPA 210 in a first way to obtain a second image, through the
above calculation, if the first focus number is greater the
second focus number, which means the first way is correct.
Continuing the first way to regulate the focus of the FPA 210
to make the second focus number reach a preset value. The
focus regulation is complete and the anto-focus process is
end. If in the above process, the second focus number is
greater than the first focus number, determining that the
current focus method cause an opposite effect, an opposite
way to perform the focus regulation is required. Besides, the
auto-focus method provided by the present invention only
requires to obtain an image having sufficient edge informa-
tion to determine if the focus number is gradually decreased,
two images including the specific object is not required. In
other words, the remote sensing satellite 20 does not require
to reach the specific location to obtain a specific image.

The present invention provides an auto-focus mechanism
after focus regulation on satellite, obtaining specific image
is not required, and additional lighting devices are not
required 50 as to reduce the complexity of the focus adjust-
ing apparatus and reduce the verification time of the focus
regulation result.

The above embodiments of the present invention are not
used to limit the claims of this invention. Any use of the
content in the specification or in the drawings of the present
invention which produces equivalent structures or equiva-
lent processes, or directly or indirectly used in other related
technical fields is still covered by the claims in the present
invention.

What is claimed is:

1. An auto-focus method for a remote sensing satellite,
wherein the remote sensing satellite includes at least one
focal plane assembly and a focus adjusting apparatus, and
the method comprises steps of:

processing a point spread function (PSF) estimation to

multiple regions of a first image to generate a plurality
of first estimated point spread functions;

generating a first average point spread function according

to the first estimated point spread functions;
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processing a Gaussian curve fitting to the first average
point spread function and defining a first focus number
of the first image;

controlling the focus adjusting apparatus to regulate the
focus of the focal plane assembly to obtain a second
image;

processing the PSF estimation to multiple regions of the
second image to generate a plurality of second esti-
mated point spread functions;

generating a second average point spread function accord- ,

ing to the second estimated point spread functions;
processing a Gaussian curve fitting to the second average
point spread function and defining a second focus
number of the second image; and
comparing the first focus number and the second number
to determining if the focus status of the second image
being better than the first image in order to determine
if continuing to regulate the focus of the focal plane
“assembly.
2. An auto-focus method comprising steps of:
processing a point spread function (PSF) estimation to
multiple regions of a first image to generate a plurality
of first estimated point spread functions;
generating a first average point spread function according
to the first estimated point spread functions;
processing a Gaussian curve fitting to the first average
point spread function and defining a first focus number
of the first image;
processing the PSF estimation to multiple regions of a
second image to generate a plurality of second esti-
mated point spread functions;
generating a second average point spread function accord-
ing to the second estimated point spread functions;
processing a Gaussian curve fitting to the second average
point spread function and defining a second focus
number of the second image; and
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comparing the first focus number and the second number
to determining if the focus status of the second image
being better than the first image.
3. A remote sensing satellite, comprising:
a focal plane assembly for collecting a first image and a
second image;
an image processing block coupled to the focal plane
assembly, and executing steps of:
processing a point spread function (PSF) estimation to
multiple regions of the first image to generate a
plurality of first estimated point spread functions;
generating a first average point spread function accord-
ing to the first estimated point spread functions;
processing a Gaussian curve fitting to the first average
point spread function and defining a first focus
number of the first image;

processing the PSF estimation to multiple regions of
the second image to generate a plurality of second
estimated point spread functions;

generating a second average point spread function
according to the second estimated point spread func-
tions;

processing a Gaussian curve fitting to the second aver-
age point spread function and defining a second
focus number of the second image; and

comparing the first focus number and the second num-
ber to generate a focus regulation status result;

a focus adjusting apparatus coupled to the focal plane
assembly and the image processing block to regulate
the focus of the focal plane assembly according to the
focus regulation status result;

wherein, the focus adjusting apparatus regulates the focus
of the focal plane assembly such that the focus of the
first image and the focus of the second image are
different.



