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Introduction If we have three points A(x,,y,), B(x,,y;) C(x.Y,.), the coordinates 1 0 d,

The mathematics defines the differences between two Xy, Yo Of the centrum of the circle could be calculated by equation T=lo 1 dy] (5)
images of one object to parameters of planar, affine or (2) [7]: _
oerspective transformation [1]. A comparing of these Parameters d, and o!v are .calcula.ted as a displacement
objects supposes a preliminary alignment. The main Xo between the centers of circles in two images.
question at this stage of processing is how to find invariants 1 (ve—yp)- (x2 +y2 —x2 = y2) — (Ve—Ya)- (X2 + y2 — xf — y§)
that allow calculate correctly the transformation — 9 (x, — x2). (v, — yp) — (e — x3). (Vo — V) Experiment and results
parameters. There are two common approaches: feature — Vo For the experiment are used sequences of images of
based approach and pixel —based approach [2,3]. In the first 1 (x,—xg). (x2 + y2 — x2 — y2) — (xo—xp). (x2 4+ y2 — x2 — y2) solar corona registered by 15-cm Lyot-coronagraph
case some s.georr!etrlc fe.atures as corr.\ers, Il.n.es, Curves.and 2" (xc — xa)- (yc — yb) — (xc — xb)- (yc — ya) n'?ounted at NAO Rozhen. The images are 3400 X 2300
so on are fixed in the images by their positions and sizes. 2) pixels. At the images below are represented different stages
The values of parameters of transformation are calculated of the images processing. Color images below describe work
after comparing the chosen features. In the second case the The radius from the points is calculated by equation (3). of the algorithm responsible for determination of the center
values of parameters are calculated by finding maximal of arc. Based on first, middle and last points of group of
correspondence between whole images, fixed regions or (x; —x0)* + (Vi —yo)* =1{ i=AB,C (3) points that represents visible part of the occulting disk.
random samples from the model of the object [2]. The
methods for extracting features depend on particular task. The points A,B and C lay on the borders of the artificial moon.

For example — in medical image processing [4,5] are used That is why the borders in the image have to be outlined. This
the both approaches. The free astronomical image could be obtained by gradient of the light distribution [8]. The
processing software —Siril [6], supposes automated processing also includes calculation of directional gradients for -
alignment for global star alignment (rotation + translation) the central pixel- b, under the 3x3 pixels window. The b, are e
and translation using DFT (discrete Fourier transformation) pixels values from the image, and m, are coefficients of gradient .
centered on an object - more suited for planetary and bright operator (4).
nebula images, and PSF (point spread function) of a single
- _ 2 2
reference St?r' for deep S.ky Imag?& : gr(be(x,)) = Jgrx Ty Extracted points of arc First pass of arc center search

The main task of this study is to create a technique for o (1 sector)

arranging two images of the solar prominences on the solar Irejy = z (4)

. . Mi(x/y)- bi

limb that are obtained by the Lyot-type coronagraph at NAO k=1

Rozhen. The gradient image is discrete function and that decrease the
accuracy of calculations. That is why the technique applied for _ , : ,
finding border points includes tracking the contour by Canny /@//6\ /_@\
edge detection method [9] and calculation the center
coordinates by three —pass procedure.

Theory
Implementation

Preliminary analysis

The images of the solar corona obtained from the The algorithm was implemented by parallel processing Second pass of arc center Third pass of arc center
terrestrial instruments consist of two parts - part of the core technique including GPGPU (General Purpose GPU computing) search (2 sectors) search (3 sectors)
area of the corona with prominences and a black area of a and OpenCV library for image processing. Figure 3 represents
permanent artificial moon (fig. 1), and the position of the the algorithm for images alignment. Fig. 4 Stages of processing
artificial moon variate in the difference images of one , ,

For the image above calculated center has coordinates x =
sequence. [ | , o

[ Load Images ] 3 mr————— 1331 and y = -972 (center of coordinate system is in left
v bottom corner of the image). Second image has center x =
— Canny Edge é 1339 and y =-961, and third x = 1331 and y = -972. It means

Solar chromosbhere » Pick image form input set 5 v . . . .
o P K . [ Fina poins on eage : that the second image will be moved to the left with 8 pixels
v °f°°iu'ter and bottom - with 12 pixels before crop operation for
Artificial moon Sortpoints over X-axs and limitation the visible field. Figure 5 shows differences of

Find point on edge of i T two images before and after alignment.
occulter : Filter points :
(remove duplicates with

; same X coordinate) i
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From the point of V|§w 9f geometry the consgcutlve E—— | 1
frames present planar projections of one variable object. It arc i ooevommest |
means that each pair of images could be aligned by v i
parameters of similarity: scaling factor, rotation angle and | remembercener |

displacements [1]. The order of applying the needed l ; o
transformations is very important and results are real if the o ? Initial images
. .. . . Calculate center weight
center of the object coincides with the center of coordinate Abar . .
system. It means that the first operation must fix a center of | e 3
. ] ) . /number of points on
the object. The size of the disk of artificial moon for edge with same distance
particular instrument is constant. This makes the scaling RO, BOS=lole. contex
factor insignificant, and it could be used for calculation the l
center of coordinate system, displacements of translation Soloct conter with MAX R Sl e i
and be a center of rotation. Another special peculiarity of value of CWN /o pamimages
the sequences of solar images is dynamics of changes of the Create transformation matrix|; ) £ dif oef of 4 af oh
analyzed object. It complicates finding the angle of rotation. y i Fu-g. > Images of differences before (left) and after (right)
NO Allimages Align image ; alignment
. processed? 1

Feature extraction

The simple way to calculate displacements at directions AL ¥iiages Conclusions
x-dx and y-dy is finding the difference between two Align original images - Developed algorithm can effectively handle images

.. . . . . . based on center position : ]
positions of one point in consecutive images (fig.2). The [ | L : that contain less than 50% of the visible part of the
technique described below uses a center of circle for this l occulting disk. In cases with more than 50% of the arc we
calculation. [ Wite results ] can use implementation of the Hough transformation to

find the circles. Since the lightness and contrast of input

Fig. 3 The images alignment algorithm images variate in some cases, for optimal results

¥ Y
(determination the edge of the occulting disk and
. 69 The algorithm shown on Figure 3 can be described in four elimination the possible false points that are not part of the
¥le |-
69 | common steps: arc) that insists of additional improvement of these
| . lec . *Extraction of points over the visible the edge of artificial moon; parameters. The full compensation of distortion needs of
1, x x *Finding of possible centers of the arc; rotation. However, finding the rotation angle depends on
-Fir.1ding of the rea.l center; the changes in the picture and makes the result of
Fig 2. Displacements between two centrums *Alignment of the images. automatic alignment unreliable in case of unstable solar
Alignment of two images is performed with use of affine c?rona. The problem cou!d be solved using function of
X =x29—x1ly dy=y2o—ylo (1) transformation translation matrix, which can be represented differences between two images caIcuIated. afte.r step by
with (5): step rotation around the center of the occulting disk.
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