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METHOD FOR PRODUCING
ENHANCED-RESOLUTION IMAGE BY USE OF A
PLURALITY OF LOW-RESOLUTION IMAGES

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] This present invention relates to an image process-
ing method, and more particularly to a method for producing
an enhanced-resolution image by use of a plurality of
low-resolution images. With respect to the technology back-
ground of the method of the invention, please refer to the
following references:

[0003] [1] M. Irani and S. Peleg, “Improving Resolution
by Image Registration,”CVGIP: Graphical Models and
Image Proc.,1991, Vol. 53, pp. 231-239;

[0004] [2]R.Y. Tsaiand T. S. Huang, “Multiframe Image
Restoration and Registration,” in Advances in Computer
Vision and Image Processing, Vol. 1 (T. S. Huang, ed.),
Greenwich, CT: Jai Press, 1984, pp. 317-339;

[0005] [3]P. Cheeseman, B. Kanefsky, R. Kruft, J. Stutz,
and R. Hanson, “Super-Resolved Surface Reconstruction
from Multiple Images,” NASA Technical Report FIA-94-12,
1994,

[0006] [4] A. M. Tekalp, M. K. Ozkan, and M. 1. Sezan,
“High-Resolution Image Reconstruction for Lower-Resolu-
tion Image Sequences and Space-Varying Image Restora-
tion,” IEEE International Conference on Acoustics, Speech,
and Signal Processing, San Francisco, Calif.,, 1992, Vol. III,
pp- 169-172;

[0007] [5]R.C. Gonzalez and R. E. Woods, Digital Image
Processing, Addison-Wesley, Reading, Mass., 1992;

[0008] [6]W. K. Pratt, Digital Image Processing, 2nd Ed.,
Wiley, New York, 2001;

[0009] [7] U.S. Pat. No. 6,330,344; and
[0010] [8] U.S. Pat. No. 5,969,848.
[0011] 2. Description of the Prior Art

[0012] Due to environmental constraints and resolution of
image sensors, sometimes we can only get low-resolution
images. In order to improve the image quality and resolution
seen by human eyes, more than one input image is required.
With image sequences, a blurring scene, a dim figure, or an
unclear object of poor quality can be reconstructed to an
enhanced-resolution output image and can then be easily
observed and recognized.

[0013] Prior researches regarding the reconstruction of an
enhanced-resolution image by use of low-resolution images
are mainly divided into iterative methods [1], frequency
domain methods [2], and Bayesian statistical methods [3]. In
aforesaid methods, so far, the iterative algorithm that has
been developed by Irani [1] in 1991 and reconstructs an
enhanced-resolution image mainly by image registration, is
still most reliable in the prior arts regarding the reconstruc-
tion of an enhanced-resolution image. The iterative method
mainly consists of three phases: initial guess, imaging pro-
cess, and reconstruction process. The procedures of the three
phases of the iterative method will be described in details in
the detailed description of the invention.
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[0014] However, it is noticed that the iterative method will
consume more computation time as the magnification factor
predetermined in the iterative method becomes larger, i.e.,
the size of the reconstructed image becomes larger. Typi-
cally, the runtime of image reconstruction by the iterative
method is on the order of hours and depends on the perfor-
mance of computer system.

[0015] Therefore, an objective of the invention is to pro-
vide a method for reconstructing an enhanced-resolution
image with improved enhanced-resolution algorithms,
which is based on Irani’s iterative method and employs
well-suggested initial interpolation, automatic image selec-
tion and robust image registration. Further, the enhanced-
resolution image reconstructed by the method of the inven-
tion can be performed by an image enhancement post-
process to enhance image quality thereof.

[0016] Whereas the conventional systems of the recon-
struction of enhanced-resolution images work well only as
the low-resolution image sequences are captured by moving
a stationary camera in a constant displacement in relation to
the whole scene, i.¢., the targets, needed to be reconstructed,
associate with stationary scenes. Therefore, another objec-
tive of the invention is to provide a method for reconstruct-
ing an enhanced-resolution image, which work well not only
for the conditions as the targets, needed to be reconstructed,
associate with stationary scenes, but also for the conditions
as the targets, needed to be reconstructed, associate with
moving objects.

SUMMARY OF THE INVENTION

[0017] An objective of the invention is to provide a
method for reconstructing an enhanced-resolution image
with improved enhanced-resolution algorithms. Moreover,
the method of the invention, based on the iterative method,
utilizes well-suggested initial interpolation, automatic image
selection and robust image registration. Further, the
enhanced-resolution image reconstructed by the method of
the invention can be performed by an image enhancement
post-process to enhance image quality thereof.

[0018] Another objective of the invention is to provide a
method for reconstructing an enhanced-resolution image,
which work well not only for the conditions as the targets,
needed to be reconstructed, associate with stationary scenes,
but also for the conditions as the targets, needed to be
reconstructed, associate with moving objects.

[0019] According to a preferred embodiment of the inven-
tion, M first low-resolution images are used to reconstruct an
enhanced-resolution image. The M first low-resolution
images associate with a scene. Each of the M first images is
represented by a set of uniformly sampled and quantized
pixels. A relationship of a magnification factor exists
between the enhanced-resolution image and each of the M
first images. First, the M first images are stored. Then, one
is selected from the M first images as a prototype image, and
the non-selected (M-1) first images are referred to being as
(M-1) second images. Based on the magnification factor,
extra pixels are interpolated into the set of pixels of the
prototype image, and then each value of extra pixels is
calculated according to the values of neighbor pixels thereof
to produce an interpolated prototype image. The respective
translations, which each exists between each of the (M-1)
second images and the interpolated prototype image, are
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also calculated. The translations of the (M-1) second images
are divided by the magnification factor, respectively, to
obtain the modulus with respect to the translations of the
(M-1) second images. Based on a criteria, one is selected
from the second images whose related modulus are the
same. The selected second images together with the rest of
the second images, whose related modulus are not the same,
are referred to being as N third images where N is equal to
or less than (M-1). The interpolated prototype image is
down-sampled N times according to the respective transla-
tions between each of the N third images and the interpo-
lated prototype image to produce N fourth images which
each corresponds to one of the N third images. The differ-
ence between each of the N third images and the corre-
sponding fourth image thereof is calculated. The values of
the pixels of the interpolated prototype image are adjusted
according to an average of the differences between each of
the N third images and the corresponding fourth image
thereof. The steps of down-sampling and of adjusting the
values of the pixels of the interpolated prototype image are
repeated until the values of the pixels of the interpolated
prototype image converge to a satisfactory result. Finally,
the interpolated prototype image whose values of pixels
converge to the satisfactory result is referred to being as the
enhanced-resolution image.

[0020] The advantage and spirit of the invention may be
understood by the following recitations together with the
appended drawings.

BRIEF DESCRIPTION OF THE APPENDED
DRAWINGS

[0021] FIG. 1 is a flowchart showing workflow of the
method according to the invention.

[0022] FIG. 2A and FIG. 2B are schematic diagrams
showing the calculation of P value by use of a third-order
interpolation way.

[0023] FIG. 3 evaluates the performance of interpolation
ways of different orders by Peak Signal-to-Noise Ratio
(PSNR) between the original image and reconstructed
images.

[0024] FIG. 4A shows schematically the image registra-
tion using local matching technique.

[0025] FIG. 4B shows schematically the image registra-
tion using global matching technique.

[0026] FIG. 5A through FIG. 5D show the results about
the first case of reconstructing enhanced-resolution image
according to the method of the invention.

[0027] FIG. 6A through FIG. 6D show the results about
the second case of reconstructing enhanced-resolution
image according to the method of the invention.

[0028] FIG. 7 shows PSNR regarding the second case as
the number of iterations grows.

[0029] FIG. 8A through FIG. 8D show the results about
the third case of reconstructing enhanced-resolution image
according to the method of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0030] The invention is to provide a method for recon-
structing an enhanced-resolution image with improved

11
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enhanced-resolution algorithms, which is based on Irani’s
iterative method and employs well-suggested initial inter-
polation, automatic image selection and robust image reg-
istration. The enhanced-resolution image, reconstructed by
the method of the invention, can further be performed by an
image enhancement post-process to enhance image quality
thereof. Hereinafter, the steps of the method according to the
invention and preferred embodiments of the invention will
be described in details to point out the spirit, characteristics
and advantages of the invention. Those will also be illus-
trated as follows how to reconstruct an enhanced-resolution
image associated with a stationary scene and how to recon-
struct an enhanced-resolution image associated with a mov-
ing object.

[0031] Referring to FIG. 1, FIG. 1 is a flowchart showing
the workflow of the method according to the present inven-
tion. It is noted that M first low-resolution images are used
to produce an enhanced-resolution image in the method
according to the invention. Moreover, the M first low-
resolution images associate with the same scene, i.e., the M
first low-resolution images all are captured from the same
scene. Each of the M first images is represented by a set of
uniformly sampled and quantized pixels. A relationship of a
user-desired magnification factor exists between the
enhanced-resolution image and each of the M first images.

[0032] At the start, the method, according to the invention,
performs step S10 to store the M first images. The method
of the invention then performs step S12 to select one of the
M first images as a prototype image, and to refer the
non-selected (M-1) first images to being as (M-1) second
images.

[0033] Subsequently, the method of the invention per-
forms step S14. The initial guess phase of the method of the
invention is achieved during step S14. Step S14 is to
interpolate extra pixels into the prototype image based on
the magnification factor. In step S14, the values of the extra
pixels are calculated according to the values of neighbor
pixels thereof to produce an interpolated prototype image,
and the respective translations which each exists between
each of the (M-1) second images and the interpolated
prototype image are also calculated.

[0034] After step S14, step S16 is performed. The auto-
matic image selection phase of the method of the invention
is achieved during step S16. Step S16 is to divide the
translations of the (M-1) second images by the magnification
factor, respectively, to obtain the modulus with respect to the
translations of the (M-1) second images. Step S16 is also to
select, based on a criteria, one from the second images
whose related modulus are the same. The selected second
images together with the rest of the second images, whose
related modulus are not the same, are referred to being as N
third images where N is equal to or less than (M-1).

[0035] Afterward, step S18 is performed to down-sample,
according to the respective translation between each of the
N third images and the interpolated prototype image, the
interpolated prototype image N times to produce N fourth
images. Each of the N fourth images corresponds to one of
the N third images.

[0036] After step S18, step S20 is performed to calculate
the difference between each of the N third images and the
corresponding fourth image thereof.

[0037] Then, step S22 is performed to adjust the values of
the pixels of the interpolated prototype image according to
an average of the differences calculated in Step 20.
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[0038] Finally, step S24 is performed to determine if the
values of the pixels of the interpolated prototype image
converge to a satisfactory result. If NO in step S24, steps S18
through S22 are repeated. In the result, the interpolated
prototype image, whose values of pixels converge to the
satisfactory result, is referred to being as the enhanced-
resolution image.

[0039] In a preferred embodiment, step S18 is imple-
mented according to the following formula:

aO-T DM

[0040] wherein g ™ is the kth forth image at the nth
down-sampling process, f™ is the interpolated prototype
image been adjusted n times, h is the blurring operator
defined by a point-spread-function, T, is the transformation
operator with respect to the translation between the kth third
image and the interpolated prototype image, |s is the
down-sampling operator.

[0041] In a preferred embodiment, Step S18 and Step S22
are implemented according to the following formula:

1 K
o=y E; T (s = 8] 9 ).

[0042] wherein ™+ is the interpolated prototype image
to be adjusted at (n+1) time, K is the number of the third
images been calculated, g, is the kth third image, p is the
de-blurring operator, T,”' is the inverse transformation
operator with respect to the translation between the kth third
image and the interpolated prototype image, ts is the
up-sampling operator.

[0043] Tt is noted that the initial guess phase will signifi-
cantly affect the of the computer system as the iterative
method is used to reconstruct an enhanced-resolution image.
That is, if a better initial guess is applied, great amount of
computation time will be saved. Because the initial guess is
performed merely once at the beginning of the process, the
complexity of the whole iterative method does not depend
on the complexity of the initial guess, which is based on the
interpolation techniques. The difference between these inter-
polation ways of different orders just is that the numbers of
neighboring pixels used for the calculation of the computa-
tion process are different. Hereinafter, a third order interpo-
lation way will be taken as an example to illustrate the
procedures of the interpolation ways.

[0044] The third order interpolation way, or called the
cubic interpolation way, considers 4 unknown variables. On
assumption, the interpolation function is: y=J'3(X)=ax>+bx>+
cx+d, and the known neighboring pixels include (-1,A),
(0,B), (1,0), and (2,D). Then, the following formulae can be
conducted:

AY (=1 1 -1 1Y (a
B o0 o0 t||s
c|l7l 111 1|]e
D 8 4 2 1)\d
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-continued
a -1 1 -1 1yt A
b 0 0 0 1 B
M 11 1] e
8 4 2 1 D
-0.1667 0.5 -0.5 0.1667 A
0.5 -1 05 0 B
= -0.3333 -0.5 1 —0.1667 || €
0 1 0 0 D

[0045] Referring to FIG. 2A and FIG. 2B, the procedures
of the third order interpolation way are further illustrated. As
shown in FIG. 2A, in order to interpolate the value of the
pixel Pin a two-dimension image, the values of pixels A', B',
C' and D' are computed previously. The known values of
pixels Al, B1l, C1, and D1 are used to determine the
coefficients of the third order function f5(x). Then, the value
of pixel A' is interpolated by use of a one-dimension
interpolation. Similarly, the values of pixels B', C' and D' are
interpolated according to the values of pixels Ai, Bi, Ci and
Di, as i=2, 3, and 4. Finally the value of pixel P is computed
with the one-dimension interpolation in the vertical direction
as demonstrated in FIG. 2A. As shown FIG. 2B, the third
order interpolation way with one-dimension interpolation is
used to determine the value of pixel P according to the
known values of pixels A', B, C' and D'.

[0046] In the same way, in two-dimension interpolation
algorithm, the coefficients of f, (x) regarding those interpo-
lation ways of other orders can also be solved. It has been
observed that the interpolation ways of different orders
result in different initial-guess images and different conver-
gence rates of image quality as the number of iteration
grows. By selecting the most appropriate order of interpo-
lation, the best results of iterative method will be achieved,
since the initial guess phase has a great influence on the
performance of image registration and on the necessary
number of iterations to achieve the peak result of image. In
an experiment, the performances about these interpolation
ways of different orders are evaluated by Peak Signal-to-
Noise Ratio (PSNR) between the original image and recon-
structed images. The experimental results are shown in FIG.
3. As shown in FIG. 3, in most situations, the third order
interpolation way ranks the best choice of initial guess if
both complexity and reconstructed image quality are con-
cerned. The method according to the invention prefers to use
only the first order interpolation, the third order interpola-
tion, or the fifth order interpolation.

[0047] In apreferred embodiment, while the (M-1) second
images are the low-resolution image sequences associated
with a moving object, the translation (LT)), in step S14,
between the ith second image and the interpolated prototype
image is calculated according to the following steps of:

[0048] (a) assigning at least one interesting point P,(xy) on
the ith second image, each interesting point corresponding to
a local window (w) and a point (u,v) on the interpolated
prototype image;

[0049] (b) calculating an absolute difference (LAD (x,y;u,
v)) between each interesting point Py(xy) and the corre-
sponding point (u,v) thereof according to the following
formula:

LAD G, i v = 3 (G bm, ym) = Lo+ m, v+ ml;

(mn)ew
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[0050] (c) calculating a minimum (LR(x,y)) of the abso-
lute difference LAD(x,y;u,v) calculated in step (b) accord-
ing to the following formula:

LR;(x, y) = argminl AD;(x, y; u, v); and

(,v)

[0051] (d) calculating the translation (LT,) with respect to
each interesting point Py(x,y) according to the following
formula:

LT;(x,y)=LR;(x,y)(x,y)-magnification factor.

[0052] In this preferred embodiment, in order to get more
accurate image registration and then reconstruct the
enhanced-resolution image of a moving object, the interest-
ing points are selected under the following constraints.

[0053] a. The gradient at the interesting point should be
larger than a threshold.

[0054] b. For each interesting point on a low-resolution
image, the complexity corresponding to the corresponding
point on the simulated enhanced-resolution image should be
higher than the complexity of the peripheral points.

[0055] c. The translation between each interesting point
and the corresponding point should not be zero.

[0056] The technology mentioned above is also called the
local matching technology as shown in FIG. 4A.

[0057] In another preferred embodiment, while the (M-1)
second images are the low-resolution image sequences asso-
ciated with a stationary object, the translation (LT;), in step
S14, between the ith second image and the interpolated
prototype image is calculated according to the following
steps of:

[0058] (a) calculating an absolute difference (GAD(u,v))
with respect to the ith second image according to the
following formula:

GADiw, V)= ' Iix ) = Lo +x, v+,

(x,y)ei

[0059] wherein the point (u,v) is a corresponding position
point of the interpolated prototype image which is corre-
sponding to a start point of the ith second image corresponds
to;

[0060] (b) calculating a minimum (GR(i)) of the absolute
difference (GAD(u,v)) calculated in step (a) according to the
following formula:

GR(i) = argminGAD; (u, v),

(v}

[0061]

[0062] The above-mentioned technology is also called the
global matching technology as shown in FIG. 4B.

[0063] In step S16, the objective of the automatic image
selection is to select a minimal number of useful low-
resolution images for the proceeding image processes such

and considering GR(i) as LT;.
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as image registration. This way can reduce unnecessary
calculation to accelerate the reconstruction of the enhanced-
resolution image. The principles of selecting useful low-
resolution images from the original low-resolution images,
associated with a stationary scene or a moving object, are
different. The different principles will be illustrates as fol-
lows.

[0064] Inan embodiment, while the (M-1) second images
are the low-resolution image sequences associated with a
moving object, the principle of selecting useful low-resolu-
tion images in step S16 is that for two second images 1, j
having the same modulus and (u;v;)=T;, (u,v)=T;, the
second image 1 is selected if GADi(ui,Vi)<GADj(uj,ij.

[0065] Inan embodiment, while the (M-1) second images
are the low-resolution image sequences associated with a
stationary scene, the principle of selecting low-resolution
images in step S16 is that for two second images i and j
having the same modulus, and (u;,v;)=T; and (u;,v;)=T;, the
second image i is selected if o;°<o;>. The variance of
{LT(x,y)|(x,y)el;} is defined as o;°=0,;*+0,;>. Symbol 0,
and Gyiz are the variances of the translation values along x
and y axes respectively.

[0066] Referring to Table 1, Table 1 indicates the perfor-
mances of a system applying the method according to the
invention. This system is equipped with a Intel Pentium IIT
CPU and 128 MB RAMSs. In this case, five 62x62 low-
resolution images are used to reconstruct an enhanced-
resolution image based on a magnification factor of 3. In
Table 1, the results of the system executing automatic image
selection or not are also listed.

TABLE 1
Computation
Time (seconds) PSNR (db)

Local With Image 155.4 26.78
Matching Selection
Technique Without 582.4 26.66

Image

Selection
Global With Image 75.8 26.78
Matching Selection
Technique Without 496.2 26.66

Image

Selection

[0067] According to the results in Table 1, it is evident that
the system executing the automatic image selection pro-
posed by the invention can reduce the computation time
significantly. Some cases of image reconstruction using the
method of the invention will described as follows to further
prove the performance of system applying the method of the
invention.

[0068] Referring to FIGS. 5A through FIG. 5D, a first
case is illustrated. FIG. SA shows one of low-resolution
images. FIG. 5B shows the result after the initial guess
phase. FIG. 5C shows the reconstructed image after 100
iterations. FIG. 5D shows the reconstructed enhanced-
resolution image with high-pass filtering process to sharpen
edge thereof.

[0069] Referring to FIGS. 6A through FIG. 6D, a second
case is illustrated. In the second case, an original image is
taken as a stationary scene, and is down-sampled by a
simulated camera to produce a plurality of low-resolution
image sequences. Using the simulated camera, these points
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on the original image, which the beginning points of the
low-resolution images correspond to, are different, i.e., the
simulated camera moves when capturing the low-resolution
images. Then, the low-resolution images are used to recon-
struct an enhanced-resolution image with a magnification
factor of 4, in accordance with the method of the invention.
FIG. 6A shows one of low-resolution images in the second
case. FIG. 6B shows the result after the initial guess phase.
FIG. 6C shows the reconstructed image after 100 iterations.
FIG. 6D shows the reconstructed enhanced image with a
post image process. As shown in FIG. 7, the PSNR between
the original image and the reconstructed image in the second
case converges rapidly as the number of iterations grows. By
the result of FIG. 7, it is evident that the system applying the
method of the invention provides well performance.

[0070] Referring to FIGS. 8A through FIG. 8D, a third
case is illustrated. In the third case, a plurality of low-
resolution images, associated with a moving object relative
to a stationary background, are used to reconstruct an
enhanced-resolution image based on a magnification factor
of 2. FIG. 8A shows one of low-resolution image sequences.
FIG. 8B shows the result after the initial guess phase. FIG.
8C shows the reconstructed image after 100 iterations. FIG.
8D shows the reconstructed enhanced image with a post
image process. From FIG. 8A to FIG. 8D, apparently, as the
number of iteration increases, the object becomes more
distinct while the background becomes blurry and the edges
of words are more discernible.

[0071] To sum up the above embodiments and practical
cases, the invention provides a method that reconstructs
enhanced-resolution images with improved enhanced-reso-
lution algorithms, and employs the suggested initial inter-
polation, automatic image selection and robust image reg-
istration. According to the method of the invention, the
reconstruction of enhanced-resolution image can be quickly
achieved not only by low-resolution image sequences asso-
ciated with a stationary scene but also by low-resolution
image sequences associated with a moving object. The
reconstructed enhanced-resolution images can further per-
form the post process for enhancing the image quality.
Obviously, the method of the invention has the novelty and
non-obviousness and satisfies the guideline of patent appli-
cation.

[0072] With the example and explanations above, the
features and spirits of the invention will be hopefully well
described. Those skilled in the art will readily observe that
numerous modifications and alterations of the device may be
made while retaining the teaching of the invention. Accord-
ingly, the above disclosure should be construed as limited
only by the metes and bounds of the appended claims.

What is claimed is:

1. A method for producing an enhanced-resolution image
by use of M first low-resolution images associated with a
scene, each of the M first images being represented by a set
of uniformly sampled and quantized pixels, a relationship of
a magnification factor existing between the enhanced-reso-
lution image and the M first images, said method comprising
the steps of:

(a) storing the M first images;

(b) selecting one from the M first images as a prototype
image, and referring the non-selected (M-1) first
images to being as (M-1) second images;
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(c) based on the magnification factor, interpolating extra
pixels into the set of pixels of the prototype image, and
then inferring the values of the extra pixels according
to the values of neighbor pixels thereof to produce an
interpolated prototype image, and calculating a respec-
tive translation between each of the (M-1) second
images and the interpolated prototype image;

(d) dividing the translations of the (M-1) second images
by the magnification factor, respectively, to obtain the
modulus with respect to the translations of the (M-1)
second images, selecting, based on a criteria, one from
the second images whose related modulus are the same,
and referring the selected second images together with
the rest of the second images whose related modulus
are not the same to being as N third images, wherein N
is equal to or less than (M-1);

(e) down-sampling the interpolated prototype image N
times according to the respective translation between
each of the N third images and the interpolated proto-
type image to produce N fourth images which each
corresponds to one of the N third images;

(f) calculating the difference between each of the N third
images and the corresponding fourth image thereof;

(g) adjusting the values of the pixels of the interpolated
prototype image according to an average of the differ-
ences calculated in step (f); and

(h) repeating step (e) through step (g), until the values of
the pixels of the interpolated prototype image converge
to a satisfactory result, and referring the interpolated
prototype image whose values of pixels converge to the
satisfactory result to being as the enhanced-resolution
image.

2. The method of claim 1, wherein step (e) is performed

according to the following formula:

aP=T P mls,

wherein g, ™ is the kth forth image at the nth down-

sampling process, f™ is the interpolated prototype

image been adjusted n times, h is the blurring operator

defined by a point-spread-function, Ty is the transfor-

mation operator with respect to the translation between

the kth third image and the interpolated prototype
image, |s is the down-sampling operator.

3. The method of claim 2, wherein steps (f) and (g) are
performed according to the following formula:

1 K
RS LA CEESIER

wherein f™* is the interpolated prototype image to be
adjusted at (n+1) time, K is the number of the third images
been calculated, g, is the kth third image, p is the de-blurring
operator, T, is the inverse transformation operator with
respect to the translation between the kth third image and the
interpolated prototype image, 1s is the up-sampling opera-
tor.

4. The method of claim 3, wherein in step (c), the inferring
of the values of the extra pixels based on one selected from
the group consisting of a first order interpolation, a third
order interpolation and a fifth order interpolation.
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5. The method of claim 4, wherein in step (c), the
translation (LT;) between the ith second image and the
interpolated prototype image is calculated according to the
following steps:

(c-1) assigning at least one interesting point Py(x,y) on the
ith second image, each interesting point corresponding
to a local window (w) and a point (u,v) on the inter-
polated prototype image;

(c-2) calculating an absolute difference (LAD,(X,y;u,v))
between each interesting point Pi(x,y) and the corre-
sponding point (u,v) thereof according to the following
formula:

LADix, i v = | (G bm, ym) = Lo+ m, v+ ml;

(mnlew

(c-3) calculating a minimum (LR(x,y) ) of the absolute
difference LAD(x,y;u,v) calculated in step (c-2)
according to the following formula:

LRi(x, y) = argminl AD;(x, y; u, v);

(,v)

(c-4) calculating the translation (L'T,) with respect to each
interesting point PyX,y) according to the following
formula:

LT (xy)=LR;(x,y)-(xy) magnification factor.
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6. The method of claim 4, wherein in step (c), the
translation (LT;) between the ith second image and the
interpolated prototype image is calculated according to the
following steps:

(c-1) calculating an absolute difference (GAD(u,v)) with
respect to the whole ith second image according to the
following formula:

GADiu, vy = > 16, ¥) = Lpta+x, v+ y)l,

(xy)ei

wherein the point (u,v) is a point, on the interpolated
prototype image, corresponding to a start point of the
ith second image;

(c-2) calculating a minimum (GR(i)) of the absolute
difference (GAD(u,v)) calculated in step (c-1) accord-
ing to the following formula:

GR(i) = argmin GAD; (u, v),

()

and considering GR(i) as LT;.
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