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Abstract. Application in the actual using, obviously different intensity distribution characteristics are shown in the images of
solar magnetic field at extreme ultraviolet (EUV) wavelength. When it comes to displacement measurements by digital image
correlation (DIC), it has a great impact on ultimate accuracy. It is an interesting and confusing issue that how to evaluate
the quality of different regional solar magnetic field images at EUV wavelengths with a simple but effective parameter. This
article presents a new valid part parameter for assessment of the quality of different part solar magnetic field images at EUV
wavelengths used in DIC which is called comprehensive consideration of mean subset intensity and gradients (CCMSIG). Three
regional images (active region, flare region, and coronal hole) are numerically translated in order to confirm that the validity
of the novel concept and DIC method is used to compare the displacement measurement results with the accurate results. This
paper also discusses the impact on accuracy of deformation measurements when it comes to the subset size associated with
regional image quality and subset displacement functions. The results show that mean bias error and standard deviation (STD)
for the sub-pixel displacement measurement are in close proximity to the CCMSIG of the calculated regional images and the
high-quality regional images are supposed to be with small CCMSIG which is coincident with the theoretical predictions.
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1. Introduction

At present, the demand of sensor with high spatial resolution of solar magnetic field images for the
research of solar physics has already reached to the order of magnitude of arcsec and sub-arcsec which
makes the demanding for observation instruments are higher and higher. For solar telescope, the atmo-
spheric interference, the orbital precession and the attitude changes of spacecraft [1] and the revolving of
the moving parts will all cause the random vibration of the platform [2,3] and also it will affect the high
imaging precision due to blurring images. Therefore it is very necessary to take measures to suppress
vibration of the platform of spacecraft or realizing solar magnetic field images registration [4,5] at EUV
wavelengths to obtain solar magnetic image with high spatial resolution and high precision displacement
analysis [6].
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The solar optical telescope onboard SOLAR-B [7] and ANGARA on the big solar vacuum tele-
scope [8] all use solar granulation to calculate the displacement which solar images are visible wave-
length (629–634 nm) with correlation tracker. Advantages of calculating the displacement using so-
lar granulation images in visible wavelength are that optical systems in visible wavelength are easy
to design, including detectors and optical lenses. Solar granulation changes slowly compared to solar
magnetic field images in EUV wavelengths for solar activities such as solar prominence, solar flares,
solar corona and sunspot, so it’s relatively easy to use solar granulation images in visible wavelength
to calculate the displacement, Shortcomings of calculating the displacement using solar granulation im-
ages in visible wavelength are structural complexity that complicated correlation tracker is normally
adopted. Comparing to adaptive optical systems that image stabilizers are simpler and less expensive, so
using image stabilizers is especially rewarding. However, the researches of the quality on solar images
for calculating displacements by DIC are very few, and there are many studies on these researches in
mechanical and material fields.

Because of the association with uniqueness, the accuracy of correlation measurement is seriously af-
fected by the quality of speckle pattern. Therefore undoubtedly, speckle pattern assessment to the users
of DIC is a crucial issue. Pan et al. who verified the correlation measurement accuracy of different
speckle patterns [9], and presented a replaceable method that the average pattern gradient has a certain
relationship with the relative measurement accuracy [10]. Yuan et al. [11] had studied the close rela-
tionship between the size of subset and speckle size and the measurement accuracy. In consideration of
the small regional fluctuation of speckle, mean subset fluctuation [12], subset entropy [13] and Shannon
entropy [22] were presented.

A local parameter which is employed to assess the quality of solar magnetic field images at EUV
wavelengths called comprehensive consideration of mean subset intensity and gradients (CCMSIG) is
presented in this paper. Firstly, it briefly explains the DIC principle based on nonlinear gradient iterative
algorithm. Secondly, the formula of qualitative CCMSIG of the solar magnetic field images at EUV
wavelengths is presented; Followed by it is the discussion on the CCMSIG values of active region, flare
region, and coronal hole images. At last, in order to verify the effectiveness of CCMSIG in assessing
the quality of the solar magnetic field images at EUV wavelength, lots of experiments are performed.
The results show that the relationship between the displacement measurements errors and CCMSIG are
very close. Accuracy of displacement measurement in DIC was greatly raised by regional images with
smaller CCMSIG.

2. Principle of digital image correlation method

2.1. Nonlinear gradient iterative algorithm

Due to the solar magnetic field evolution and the rapid changing in the solar active area and the offset
and gain variation of imaging device and non-uniform sensor pixels in the deformed images, so a more
accurate intensity variation mathematical model could be adopted in order to minimize the measurement
error. Therefore, a non-linear intensity variation model is used to express the connection of the intensity
value of a physical point between the reference part area and the homologous point in the deformed part
area [14]. Figure 1 shows the model which takes the above factors into account [15].

ϕ
(
x′j , y

′
j

)
= a× β3 (xj , yj) + b× β (xj , yj) + c, j = 1, 2, . . . , j0 (1)
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Fig. 1. Intensity variation model of solar magnetic field images at EUV wavelength with the point in the reference part 91 × 91
pixels and deformed part 91 × 91 pixels.

Where β(xj , yj) is the gray intensity value at the point (xj , yj) of the reference part image, ϕ(x′j , y
′
j)

is the gray intensity at the homologous point (x′j , y
′
j) of the deformed part region, b and a are the linear

and cubic factors of the intensity changes, respectively, and c presents the offset of the intensity changes.
The solar image is deformed because of the solar magnetic field varies continuously. Therefore, a

square subset is selected around point (xc, yc) whose deformed displacement values are the issues we
need to analyze [16,17]. The subset in the changed image does not change if the subset is small enough,
so the first-order shape function coordinates of the points (x′j , y

′
j) of the changed part region mapped to

the points (xj , yj) around the part center (xc, yc) in the subset of reference could be indicated as:

x′j = xj + ∆σ + σ′x∆xj + σ′y∆yj (2)

y′j = yj + ∆τ + τ ′x∆xj + τ ′y∆yj (3)

Where ∆σ and ∆τ are the sub-pixel shift parameters of the reference part center in orthorhombic
directions, respectively; σ′jx, σ′jy, τ ′jx and τ ′jy are the deformation of the reference part center; ∆xj and
∆yj are the difference values from (xj , yj) to the subset center (xc, yc), ∆xj = xj−xc, ∆yj = yj−yc.
Substituting Eqs (2) and (3) into Eq. (1), the expression of the intensity at the point (x′j , y

′
j) in the

deformed part region and its homologous point (xj , yj) of the part of reference image could be showed
as:

Qj

(
~P
)

= ϕ
(
x′j , y

′
j

)
− a× β3 (xj , yj)− b× β (xj , yj)− c ∼= 0 (4)

Where ~P = [∆σ, σ′x, σ
′
y,∆τ, τ

′
x, τ
′
y, a, b, c]

T is the quested argument vector which includes sub-pixel
displacement gradients and displacements of the part, that is the requested argument vector, and σ′x, σ′y,
τ ′x, τ ′y, which are sub-pixel displacement gradients, are actually much less than ∆σ, ∆τ , which are the
sub-pixel shift parameters of the reference part center in orthorhombic directions respectively, so the
initial value of σ′x, σ′y, τ ′x, τ ′y are generally set to zero, b and a are the linear and cubic factors of the
intensity changes, respectively, and c presents the offset of the intensity changes. In a short exposure
time, solar magnetic field evolution is mostly linear, so the initial value of a, c are generally set to
zero, the linear b factor of the intensity changes converges around 1 according to multiple simulation
verification. ∆σ and ∆τ are the sub-pixel shift parameters of the reference part center in orthorhombic
directions, respectively.

The above Eq. (4) ~Q(~P k) could be solved by iteration method [19]:

~Q
(
~P k
)

+∇ ~Q
(
~P k
)(

~P k+1 − ~P k
)

= 0 (5)

Where ~P k and ~P k+1 are the solutions in the iterative process, respectively.

∇Qj

(
~P
)

=
[
ϕ′jx, ϕ

′
jx∆xj , ϕ

′
jx∆yj , ϕ

′
jy, ϕ

′
jy∆xj , ϕ

′
jy∆yj ,−β3j ,−βj ,−1

]
(6)
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Where ϕ′jx and ϕ′jy are the orthorhombic directional spatial gradient values of the deformed subset
of the point (x′j , y

′
j), respectively. Because the iterative points may be not at internal-pixel position

during iterative process, in this paper, gray ϕ(x′j , y
′
j) is calculated by adopting the bilinear interpolation

algorithm, and the gradients ϕ′jx, ϕ′jy can be implemented with Barron operator:

ϕ′jx
(
x′j(k), y′j(k)

)
=

1

12
ϕ
(
x′j(k)− 2, y′j(k)

)
− 8

12
ϕ
(
x′j(k)− 1, y′j(k)

)
(7)

+
8

12
ϕ
(
x′j(k) + 1, y′j(k)

)
− 1

12
ϕ
(
x′j(k) + 2, y′j(k)

)
ϕ′jy

(
x′j(k), y′j(k)

)
=

1

12
ϕ
(
x′j(k), y′j(k)− 2

)
− 8

12
ϕ
(
x′j(k), y′j(k)− 1

)
(8)

+
8

12
ϕ
(
x′j(k), y′j(k) + 1

)
− 1

12
ϕ
(
x′j(k), y′j(k) + 2

)
For the j = 1, 2, . . . , j0(j0 > 9) points, the solution of Eq. (5) can be acquired by the iterative least

squares method:
~Q
(
~P k+1

)
= ~Q

(
~P k
)

+∇ ~Q
(
~P k
)(

~P k+1 − ~P k
)

= ~Q
(
~P k
)

+∇ ~Q
(
~P k
)(

∆~P k
)

= ~0 (9)

~Q
(
~P k
)

=−∇ ~Q
(
~P k
)(

∆~P k
)

(10)

The convergence condition of the iterative procedure is repeated until the calculation tolerance
‖(∆~P k)‖ is small enough or reaches the maximum number of iterations.

2.2. Quality evaluation of solar magnetic field image sat EUV wavelength

Substituting Eqs (2) and (3) into Eq. (4), ignoring the higher terms, the first order Taylor expansion of
Qj(~P ) at (x′j , y

′
j) is:

Qj

(
~P
)

= ϕj +
[
∆σ + σ′x∆xj + σ′y∆yj

]
ϕ′jx +

[
∆τ + τ ′x∆xj + τ ′y∆yj

]
ϕ′jy

(11)
−a× β3j − b× βj − c ∼= 0

Operate norm to Eq. (11):∥∥∥ ~Q(~P k
)∥∥∥ =

∥∥∥∇ ~Q(~P k
)(

∆~P k
)∥∥∥ 6

∥∥∥∇ ~Q(~P k
)∥∥∥∥∥∥(∆~P k

)∥∥∥ (12)

In this paper, take 2 norms, then substituting Eqs (6) and (11) into Eq. (12):∥∥∥(∆~P k
)∥∥∥
∞

>

∥∥∥ ~Q(~P k
)∥∥∥
∞∥∥∥∇ ~Q(~P k
)∥∥∥
∞

= (13)

max
∣∣∣ϕj +

[
∆σ + σ′x∆xj + σ′y∆yj

]
ϕ′jx +

[
∆τ + τ ′x∆xj + τ ′y∆yj

]
ϕ′jy − a× β3j − b× βj − c

∣∣∣
max

(∣∣∣ϕ′jx∣∣∣+
∣∣∣ϕ′jx∆xj

∣∣∣+
∣∣∣ϕ′jx∆yj

∣∣∣+
∣∣∣ϕ′jy∣∣∣+

∣∣∣ϕ′jy∆xj

∣∣∣+
∣∣∣ϕ′jy∆yj

∣∣∣+
∣∣∣β3j ∣∣∣+ |βj |+ 1

)
When we expand the absolute value of the numerator of Eq. (13), we get:

max
[
|ϕj |+

∣∣∆σ + σ′x∆xj + σ′y∆yj
∣∣ ∣∣∣ϕ′jx∣∣∣+

∣∣(∆τ + τ ′x∆xj + τ ′y∆yj
)∣∣ ∣∣∣ϕ′jy∣∣∣+∣∣∣a× β3j + b× βj + c

∣∣∣]
max

(∣∣∣ϕ′jx∣∣∣+
∣∣∣ϕ′jx∆xj

∣∣∣+
∣∣∣ϕ′jx∆yj

∣∣∣+
∣∣∣ϕ′jy∣∣∣+

∣∣∣ϕ′jy∆xj

∣∣∣+
∣∣∣ϕ′jy∆yj

∣∣∣+
∣∣∣β3j ∣∣∣+ |βj |+ 1

) (14)
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The x-coordinate difference ∆xj and y-coordinate difference ∆yj between point (x′j , y
′
j) and center

point (x′c, y
′
c) are approximately set as the maximum value N/2, Eq. (12) can be approximated as:

max
[
|ϕj |+

∣∣∆σ + N
2

(
σ′x + σ′y

)∣∣ ∣∣∣ϕ′jx∣∣∣+
∣∣(∆τ + N

2

(
τ ′x + τ ′y

))∣∣ ∣∣∣ϕ′jy∣∣∣+∣∣∣a× β3j + b× βj + c
∣∣∣]

max
(

(1 +N)
(∣∣∣ϕ′jx∣∣∣+

∣∣∣ϕ′jy∣∣∣)+
∣∣∣β3j ∣∣∣+ |βj |+ 1

) (15)

Then, approximate the deformation amount of point (x′j , y
′
j) in the horizontal and vertical directions,

σ′jx, σ′jy, τ ′jx and τ ′jy, to a pixel value, Eq. (15) can be approximated as:

max
[
|ϕj |+ (1 +N)

(∣∣∣ϕ′jx∣∣∣+
∣∣∣ϕ′jy∣∣∣)+

∣∣∣a× β3j + b× βj + c
∣∣∣]

max
(

(1 +N)
(∣∣∣ϕ′jx∣∣∣+

∣∣∣ϕ′jy∣∣∣)+
∣∣∣β3j ∣∣∣+ |βj |+ 1

) (16)

When the deformation amount of the subset image is not too large, the gray values of the correspond-
ing points (x′j , y

′
j) and (xj , yj) in the distorted subset image and the reference subset image can be

approximately considered to be equal, that is, ϕj
∼= βj , meanwhile, the gray gradients of point d (xj , yj)

in the horizontal and vertical directions can be approximately considered to be equal, that is, ϕ′jx ∼= β′jx,
ϕ′jy
∼= β′jy, then Eq. (16) can be approximately expressed as:[
|βj |+ (1 +N)

(∣∣∣β′jx∣∣∣+
∣∣∣β′jy∣∣∣)+

∣∣∣a× β3j + b× βj + c
∣∣∣](

(1 +N)
(∣∣∣β′jx∣∣∣+

∣∣∣β′jy∣∣∣)+
∣∣∣β3j ∣∣∣+ |βj |+ 1

) (17)

After sorting out, the following formula is obtained:∥∥∥(∆~P k
)∥∥∥
∞
∼=

(1− |a|)
∣∣∣β3j ∣∣∣− |b| × |βj |+ 1− c

(1 +N)
(∣∣∣β′jx∣∣∣+

∣∣∣β′jy∣∣∣)+
∣∣∣β3j ∣∣∣+ |βj |+ 1

(18)

Further, the gray value βj at point (xj , yj) is approximately expressed as the average gray value β of
the image subset, the approximate sum of horizontal gray gradient β′jx and vertical gray gradient β′jy is
the average gray gradient value β

′
of the entire image subset, and the formula follows:∥∥∥(∆~P k

)∥∥∥
∞
∼=

(1− |a|)
∣∣∣β3∣∣∣− |b| × ∣∣β∣∣+ 1− c

(1 +N)
∣∣∣β′∣∣∣+

∣∣∣β3∣∣∣+
∣∣β∣∣+ 1

(19)

From Eq. (19) we can see, it is a good way to find a parameter comprehensive consideration of mean
subset intensity and gradients (CCMSIG) to define the local image quality, and based on the CCMSIG
measurement accuracy of the displacement of DIC could be predicted quantitatively. It is feasible to eval-
uate the effect of each subset on image quality by its displacement measurement, and the displacement
measurement accuracy gets higher with the subset images smaller CCMSIG.

3. Numerical experiments

3.1. Regional samples of solar magnetic field images at EUV wavelength

In this paper, numerical simulated experiments are conducted, due to their easily controlled features,
which verify that the CCMSIG is a novel parameter for the quality assessment of regional samples of
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Fig. 2. Solar magnetic field images at EUV wavelength 211 Å.

solar magnetic field images at EUV wavelength 211 Å with DIC method. The experimental method
eliminates the possible errors causing by solar magnetic evolution, satellite attitude changes and random
satellite jitter.

Figure 2 shows solar magnetic field images of space solar telescope at wavelength 211 Å obtained
from SDO AIA (Atmospheric Imaging Assembly). These images take series remote sensing images of
the solar atmosphere through multi-band with 8-bit with dimensions of 4096 × 4096 pixels.

Active region, flare region, and coronal hole calculated in the numerical researches with their his-
tograms are illustrated in Fig. 3. Figure 2 is taking the three 8-bit (0 to 255 gray scale) regions with a
resolution with 600 × 200 pixels. In Fig. 3 we can see that there are huge differences among grayscale
distributions of the three regional images. Using Eq. (19) we could calculate the CCMSIG values with
subset size in the three regions at regularly distributed points (15 × 51 with a distance of 10 pix-
els) [18,19]. Table 1 shows the results from which we could see the CCMSIG of active region is about
0.2 times of the CCMSIG of flare region while the CCMSIG of active region is about 0.004 times of the
CCMSIG of coronal hole.

3.2. Mean bias error and STD for displacement measurement

In order to quantitatively assess the accuracy of the digital image correlation for calculating displace-
ments, the calculated displacements errors are divided: mean bias error and STD for displacement mea-
surement. The mean bias error of the calculated results can be showed as:

berror = bmean − bimposed (20)

Where bmean = (1/j0)
∑j0

j=1 bj indicates the average of the j0 calculated displacement errors and
bimposed represents the displacement generated by simulation.

The STD of the calculated results can be showed as:

σerror =

√√√√(1/(j0 − 1)

) j0∑
j=1

(bj − bmean) (21)
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Table 1
CCMSIG of 211 Å, 131 Å and 94 Å solar EUV images used in numerical experiment

Band
(Å)

Subset size
(pixels)

17 × 17 23 × 23 29 × 29 35 × 35 41 × 41 47 × 47 53 × 53 59 × 59 65 × 65 71 × 71 77 × 77 83 × 83

211 Active
region
(× 10−3)

5.03 4.75 4.46 4.17 3.88 3.58 3.27 2.97 2.65 2.33 2.02 1.68

Flare
region
(× 10−2)

3.62 3.24 2.98 2.64 2.37 2.03 1.75 1.42 1.28 0.93 0.67 0.34

Coronal
hole
(× 10−1)

8.57 8.66 8.75 8.78 8.80 8.75 8.63 8.47 8.23 7.92 7.52 6.99

131 Active
region
(× 10−3)

1.57 1.47 1.38 1.28 1.18 1.09 0.994 0.896 0.799 0.696 0.597 0.491

Flare
region
(× 10−3)

2.37 2.29 2.21 2.11 2.00 1.89 1.76 1.62 1.48 1.32 1.16 0.993

94 Active
region
(× 10−3)

2.73 2.55 2.37 2.19 2.01 1.82 1.64 1.46 1.27 1.08 0.894 0.703

Flare
region
(× 10−3)

6.04 5.77 5.48 5.18 4.85 4.51 4.15 3.77 3.38 2.95 2.51 2.04

Fig. 3. Regional samples of solar magnetic field images at EUV wavelength 211 Å: (a) active region and its histogram, (b) flare
region and its histogram, (c) coronal hole and its histogram.
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Fig. 4. Mean bias error of calculated displacement sin the x and y directions as a function of sub-pixel displacement for the
three regional images by 41× 41 pixels part: (a) active region, (b) flare region, (c) coronal hole.

4. Results

4.1. Mean bias error and STD by sub-pixel displacement

As Fig. 3 shown, a large number of translations are applied to the three regional images, and the range
is from 0.1 to 0.9 pixels by a pace of 0.1 pixels in both y direction and x direction, and a range of
translated images are generated. At regularly distributed points (15 × 51 with a distance of 10 pixels),
using nonlinear gradient iterative algorithm, the displacement errors between the original subsets and
the translated subsets are calculated.

In reference of [14], the non-linear intensity change model is adopted to calculate whole field dis-
placement and strain measurement. In references of [15], solar activities such as solar prominence, solar
flares, solar corona and sunspots are mainly shown in short wave EUV and X ray bands, and the de-
formed images at different time usually exists the solar magnetic field evolution and the rapid change
in the solar active area and the offset and gain variation of imaging device, non-uniform sensor pixels,
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Fig. 5. STD of calculated displacements in the x and y directions as a function of sub-pixel displacement for the three regional
images by 41 × 41 pixels part: (a) active region, (b) flare region, (c) coronal hole.

and also satellite attitude changes during solar magnetic field images acquisition, so the connection of
the intensity value of a physical point between the reference part region and the homologous point in
the deformed part region can be expressed as that the shifted images are adjusted further artificially with
brightness increased by 10%. Afterwards, images are handled to imitate true solar magnetic activation
in EUV waveband using the following mapping function:

Qout =

1.2×Qin ifQin > 0.9Qin_max
1.1×Qin if 0.8Qin_max 6 Qin < 0.9Qin_max
Qin ifQin < 0.8QIin_max

(22)

Where Qout and Qin are on behalf of the solar field images which are after and before handling, and
Qin_max. is the maximum gray value of each image.

The mean bias errors of calculated displacements as a function of imposed sub-pixel shift values
for the three regional images using 41 × 41 pixels part are shown Fig. 4. Figure 4 shows some very
important consequences: (1) Basically, the mean bias error is increasing with the increasing of sub-pixel
displacement; (2) The mean bias errors of the three regional images are different. As shown in Fig. 4, it is
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Fig. 6. Mean bias error of calculated displacements in the x and y directions by 0.4 pixel as a function of local image sizes for
the three regional images: (a) active region, (b) flare region, (c) coronal hole.

obviously that the active region with smaller CCMSIG produces smaller mean bias error, and the coronal
hole with larger CCMSIG produces larger mean bias error; (3) The relative values of mean bias error
in the three regions are very close to Eq. (19).The observation results fit theoretical prediction perfectly.
The consequences above obviously show that, to assess the mean bias error of the regional images of
solar magnetic field images at EUV wavelength 211 Å for calculating displacements, CCMSIG is very
an effective parameter.

The STD of calculated displacement for the three regional images by 41 × 41 pixels part are shown
in Fig. 5. From Fig. 5 we could see that: (1) Basically, the standard deviation errors are increasing with
the increasing of sub-pixel displacement; (2) The active region with smaller CCMSIG generates smaller
standard deviation error; (3) The relative values of mean bias error in the three regions quite accord
with Eq. (19).Theoretical model of Eq. (19) can well explain these three consequences,which further
shows that for estimating regional images of solar magnetic field images at EUV wavelength 211 Å for
calculating displacements, CCMSIG can be used as an effective parameter.
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Fig. 7. STD of calculated displacements in the x and y directions by 0.4 pixel as a function of local image sizes for the three
regional images: (a) active region, (b) flare region, (c) coronal hole.

4.2. Effect of regional image size on sub-pixel displacement calculation

The correctness of the theoretical model is further proved by calculating the sub-pixel translated im-
ages with 0.4 pixels of the three regional images in which local image sizes ranges from 17 × 17 to 83
× 83 pixels increased by 6 pixels [20,21]. As shown in Figs 6 and 7, it is obviously that mean bias errors
and STD decrease as the local size increasing for these three computed image pairs. It is known from
Eq. (19), that the local image is a larger one, the displacement measurement accuracy could be improved
due to the decrease of CCMSIG.

It can be very clearly seen that the mean bias error and STD are different for the three regional images
even if the identical local image is calculated in the DIC computations. Citing an instance, the mean bias
error and STD of the displacements calculated from active region are quite smaller compared to those
obtained from flare region and coronal hole, which could be well explained by the fact that the mean
bias error and STD produced by active region with minimum CCMSIG are the smallest, and the largest
the mean bias error and STD are always yield by coronal hole with maximum CCMSIG. The relative
values of mean bias error and STD in the three regions are a lot closer to Table 1.
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Fig. 8. Mean bias error and STD of calculated displacements in the x and y directions by 0.4 pixel as a function of local image
sizes for the two regional images: (a) active region, (b) flare region in 94 Å wavelength.

For the reason above, the consequences are quite reasonable shown in Figs 6 and 7. Just as it is
expected, the mean bias error and STD, and the prediction calculated by Eq. (19) are very consistent.

The correctness of the theoretical model is further proved by calculating the sub-pixel translated im-
ages with 0.4 pixels of the 94 Å and 131 Å solar EUV regional images in which local image sizes ranges
from 17× 17 to 83× 83 pixels increased by 6 pixel. As shown in Figs 6 and 7. It is obviously that mean
bias errors and STD decrease as the local size increasing for these computed image pairs, and coronal
holes in 94 Å and 131 Å solar EUV images are very small, so this paper does not carry out calculation.

5. Discussion

In the previous sections, through predicting the displacement measurement precision, we prove the
effectiveness of CCMSIG, and as we all know that the accuracy of displacement measurement is affected
greatly by the subset size.

The experimental results are in according with the theoretical analysis (Eq. (19)) on which the sub-
set images with smaller CCMSIG could lead to higher displacement measurement accuracy, and the
measurement accuracy is quite improved by using larger local image. However, along with further the
increasing of a local image size, the increasing of measurement accuracy are quiet slowly. For the other
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Fig. 9. Mean bias error and STD of calculated displacements in the x and y directions by 0.4 pixel as a function of local image
sizes for the two regional images: (a) active region, (b) flare region in 131 Å wavelength.

side, in measured displacements, supererogatory systematic errors will be produced by a too larger local
image size.

6. Conclusion

Comprehensive consideration of mean subset intensity and gradients(CCMSIG), which is a simple but
effective local parameter, is presented by this paper to evaluate the quality of the regional subset images
for solar magnetic field images at EUV wavelengths used in DIC. Through a large number of experiments
using the three regional images (active region, flare region, and coronal hole), the effectiveness and
correctness of this novel concept is proved. From the experimental result we can see that both mean bias
errors and STD of the measured displacement are quite in connection with the CCMSIG of the regional
images, and that the subsets with smaller CCMSIG generates the smaller mean bias error and STD.
As well, we can see from the present research that this new parameter for the regional subset images
quality evaluation of solar magnetic field images at EUV wavelengths could be applied as instructions
for practical region choice for different needs of the displacement measurement accuracy.

This algorithm is mainly applied in two aspects, on the one hand, the continuous solar EUV images
collected by the space solar imager are accurately matched on the ground to enhance the signal-to-noise
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ratio of the images, so that the image resolution is higher. This application does not require high real-
time computing, and this algorithm is very suitable. On the other hand, the sun image displacement
caused by the satellite itself and solar evolution is detected in real time by the solar images on space
solar telescope, but this application of the algorithm requires some preconditions. High speed hardware
calculation unit is required to ensure fast calculation of iteration process, and the algorithm needs to
be simplified according to practical application, and the darker EUV signal is enhanced to allow rapid
imaging by image intensifier.
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