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� 2 U �&�
��Q`hM5�FWVF�f��2( 145�Uj���N.��m)�,j���N.��<�:�
�p�)v= (�m)Q7) �r)jKe�
���_S6~e� (optical flow) �e�1o�m)�.����L�q��0���<��uji)bI+}vq��0���er [3] � Chae u Sakurai (2008) S℄�-L��gm�u�)vq�)LCbF�/�|,�L�jS,K.'~e��1' (optical flow

technique) [4] �y}e��1�w0io��-L��gm�|gB[�e��H!�bFa�"F�\g)�� (g)��ef,{5�V�") �P_17�Hy�L�ef�gy� (+%_�) �j��8�4�EC��f��{w$$� CME �p�P_$$�5^��,3C�Æ�QKi!E�.��~o�VHCp
*��$yY.
*�e��1'VU� �iE)�P_p\gL�T℄��j3i!�l!�P_$$E�5��"[XbFl℄�
2 Ra6 GXWG��MO�g� 3)�`P_p\gL�8�E�KFv\�u�C�e��1'Qd�s[?!`Tg' (lo-

cal correlation tracking technique, 0S LCT) [5] ��!`�1 (Hy.V Induction equation)� LCT !Bx� ILCT [6] �q1E�' (minimum energy fit �0S MEF [7]) �qK$#Xv�z81	C�^F' (differential affine velocity estimator �0S DAVE) �o�JJ$#Xv�4�E1	C�^F' (nonlinear affine velocity estimator �0S NAVE) [4] �
2.1 LCT 
�e��1E[\q�y}qh! LCT .'� November u Simon (1988) q�[\� LCT.'�K0},P.'"F�|�2�p7�eCl� [8] � Chae *k8,P.'}��-L�� MDI �),gm�v"Fef9Q�C�H!"Fg)��
/" [5] � LCT ��*,
!�g�3��.�Y� LB �1�g�3��
/C�.�Y� Lv �y)�jP{1�7�� (VQbY�ka�a>d�p1) � LCT F��g�3��
/C�!�1� Lv wp� LB �o-��Qb��1��+!y� Lv �o-Y���g�3���B r u�- t ��
���o.�s+~�.V�

Bn(r + ∆r/2, t + ∆t/2) ≈ Bn(r − ∆r/2, t − ∆t/2) , (1)VE ∆r t1�m� LCT C����q� [9] �
vLCT (r, t) = ∆r/∆t . (2)

Démoulin u Berger (2003) ;\ LCT .'�|�C�:G�q1a���Z�!
�qg��=�Z� [10] � LCT Hr"F.- (?Id),gL�i�|g)��uHy�L�a,8�) �5EXUg��n�9QC� (horizontal velocity) �Qd<��w!L�PC4o����"F�|�|,C� (tracking velocity) u��er�ÆOzg��n��C��+~gL',8��L�����C��OZ�+J<�g�d~o�ef��A7!���LCT 8:EF\ywC��Vk��g�E*Z�DK� LCT .'F\�C� u ����zd^C��',8��Z� [11] �,Ydf VKe��1�9ZU3u}�
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2.2 �{<��OGÆF
���� (ILCT)��gmi�o��K�VUA��q�THy.Ve℄�f,C�8�� Kusano �w
(2002) "�t\,jK� [6] �K0;\�~oef17�|,C� vt u��gL B(t, r) i�� �Hy.Vio}jq�',C� vn �Kusano�w (2004) [12] Hj=;\?df8�
Bt � vt i���i}jq� vn � Welsch �w (2004) [13] h8Hy.Vu LCT �|�<�BxXv�:i�} Kusano �w (2002, 2004) �Vu�K0�}0℄B}iu#�t8.'vDHy.V�Hy.V�s�zd^���~

∂B

∂ t
= ∇× (v ×B) , (3)L�f,8�io6U�

∂Bn

∂ t
+ ∇t · (Bnvt − vnBt) = 0 . (4)��QC�gL.,�C�:-Hy.V�C�_io,
C��gLf8��

v ·B = 0 . (5)�Bx LCT "F�||,C� [10] �
u = vt −

vn

Bn

Bt . (6)�i�|0u�a,u',C��1o� [13] �
vt = u−

u ·Bt

|B|2
Bt , (7)

vn = −
Bn

|B|2
u ·Bt . (8)yyVr:iE�Hy.Ve℄	�|J�C�8��u~C�L�M�5:|&gL�Hy�ujl LCT.'�+vz.Vq�\�C�iE��zd^�.�C�:!i�vz.V.'�|�C�")S~JC� (virtual velocity) [11] �MdJC���zd^�.�C��J3�w!��LT.��zd^K�!i�Hy�L (v×B)t �u!L��g)�o�VKgL4�E�VU	!{�}��

2.3 P>*"� (MEF)�}��gm� Longcope [7] (2004) ^�)�Hy.V6t��
)�jP8�7��C���yEMiE	?KC*��v� tCfC� uref ���gmj���P:��8z�j
 Mj pU��,3j
E�o�Y��:q1�
w(ψ,vn) ≡

1

2

∫
Mj

(|vt − ut|
2 + |vn − un|

2)dxdy , (9)VE v !�.V (3) q���zd^�C�� u ! LCT .'�|�C�� ψ !P��Ey?���uj,K.'hSuq1E�'���,P�7� LCT �<�Y:Id��,P.'�



� 2 U �&�
��Q`hM5�FWVF�f��2( 147���!���gLbF�io�{%er��Hy.V8?�\� LCT .'iou�y}"FC��v�7 MEF (minimum energy fit) .'�9Q�C�L�
2.4 J��.4�}� DAVE � NAVE

Chae u Sakurai (2008)8 LCT � DAVE � NAVE �Ke��1��o�t�+= [4] �K0�℄�m)t�kj�R�NE.V)�jPTm):U3+��'�xUm)!�*,P.V�b� (uniform) �1	 (affine) �41	 (nonaffine) �K:iC�$u��D�D[�\v��1	C�L;�!C�L���mtb�eXv)OZ�	��px (2Cf�� [4]E�m 1) �/�1	C�L$u��}xU8℄�/F1:� LCT :��F�{u���.���� DAVE :E{r	�3Q)B���! NAVE 4N$}�F�U)B���Q)B��u.����w! DAVE u LCT "FC�+=q� NAVE �"F�-p�! DAVE u
LCT � 100 '� NAVE P�qL��j�J{1�C�$u?K1	�Joio� NAVE HCj"�J8��!
 NAVE EUF.�C�L�Q)B����j.7� NAVE qp�o�Y!"FC�P/�,��L:E}�p)L8℄
*qFC�L�
3 g� 3{��k�~�:6 GE
P_p\gL��T℄��sgL����OZu)����ÆFvjVUj8!P_
{�v��\���jgL��L�OzS~4�E (nonpotenciality) ���jgL��L�Oz�p�ge�E`(�����jgL�4�E�`�$�f��F"hY�p�N}�
j�11��jgL4�E�
{C����ud�1a;�gLZ��o�g)�u��)�� [1,2,14∼18] ���e��1o����\��j38�11��j4�E�C��~g)�� (g)��ef,{5�
/"ug)�x��) �Hy�L�gy�� [5,19,20] �Md`�P_gL4�E�VUHC�{�F�KFv`�g)�
/�8�h{��w`�Hy�Lugy��8�{��
3.1 �&�#g)��Up\E�gLuP_17�����^3a�`��L�{%g�^�Qer�+��w!�
2^� (~P_p\) E�L:+��Liohpbpef17�)OgL��+n�{5gL�n��sYu}lUp\
w{5E [21] �g)�hpef17�9Q���lef�7,{5�
/"io�o�Y�95�

dH

dt
= −2

∫
(Ap · vt)Bn dS + 2

∫
(Ap ·Bt)vn dS , (10)VE Ap !�L�����Vi+d5io.-	P~�

▽×Ap · n̂ = Bn , ▽ ·Ap = 0 , Ap · n̂ = 0 , (11) Ap io�bF|�ef17�gL8℄}jq� [5] � n t1gL B u v ;,{5^C?�',.,8��y?	��jP;0 t t1a,��8[��jJ�G�efE7�,
�?jY��l���j�g)�Yio�,Pg)�.�"��-�8�|��8Idl��j�x�j8|BjY��l�
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{Vu+�VUf���d�CME ug��VuE�"F�ef�g)���5Y��jgLu)��$$E�5^��.���d�AU�{5
DN	$��g)�ugE�ef,{5�
/�Vv:��\HC�h-UW [4∼6,11,22∼34] � Démoulin �w (2002) [22] $�=JeZ:E~{5�+=%o-[Xn℄�g)�� Welsch �w (2003) [23] ;\�jPP_PCHSP_gLE�17��V�{5�)�p�~ 1027 Wb2 �,T��j)��
/"�+v<!z:n��� Chae �w (2001) [24] VU���j NOAA 8668 �;\ef1a��K��g)��:=�-njP�d�AU� Moon �w (2002) [25] z~ef1a����!?f��K��`Nd�Yang�w (2004) [27] z~`C�1aT�ef�t3a!`�w!� Nindos u Zhang (2002) [28] z~1a��� CMEs $$JId�e�E�7�|&{1� Nindos �w (2003) [30] +=� 6 P��j�ef;�9Q�V�|{5E�g)�u CMEs sm�g)� (}g��g)�u~ CME g)��C*) �z~9Q�!:EV�n℄�)�|{5E-n CME �$��ka�g��d�P�� Kusano �w (2002) [6] VU���j NOAA 8100 �;\ef1a��ug��=pV�g)�V����Z�!y�w!V�|��jEl�g)�;s!*� Pevtsov�w (2003) [32] z~g)�!)l��H�=�J<�g�dsv��5
)�g\u}�OZ�g�
/bpef�Chae�w (2004) [11] ;\ LCT .'ioy}|d5gL (o^�VU�!,�efgLQd~f,) �MDI 96 8IgLio}vVU��j�g)�I�-�℄��5
VU��=��j NOAA 10365 �u2��=pV�;\j�=��j�g�u)����!)� Liu u Zhang (2006) VU�jPqJAU δ zd�qC�=��j NOAA 10488�gL�9Q��ug)� [29] � 10488 !P8=��j��QL���jqCOZ�=pVEefn�$�J< (twist) �$#U0�=�j�8L���
�QL�zd$�`1a (shear) u}�K0�VU$��`1a+J<s�U��g)�|{5��QzdU06��L�J<�:�`1a.��)Nd5q�U~j��jp\Eg4�E�QdZ�+�u!K0z~��uPg��j�J<!+�:ig��j���!�u}iE
/U��g)�|�Hp\El�5
�4�E�
/u�x�Z�Up�
3.2 ÆF�}P_17gLA��A�℄���E�`nuf�a$4NNd�w����j�A�E���95+=��?�B[C8��8C� [35,36] � Liu �w [19] (2008) *k[\�jP���j�A�E��T�u���95.'�

E = u×B . (12)Vr,}� E !efC�LugL��T℄��:!N���PE��L�VE u !gL��n����C��io}e��1'�bFa��|�B !��gLh����,P��T�L�!i��K�SV~Hy�L E �
Liu�w (2008)� E Hy�L�rs'4#�95~���ef�zd^�C������ v io8~[a, (,}�a,!;ef7�� x � y Q7) u[',	P8� vt u vn �y?��gL B hio8Ua,u',	P8� Bt u Bn �,}',u��� n̂ ,�;,{5� LCT .'*r!Tgefn��LF��C��� (6) q� [10] ���ef��gL4
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��Q`hM5�FWVF�f��2( 149�NK?��B��zd^��io,�LY!um�B��f |�
vn ×Bn = 0, (13)u

vn

Bn

Bt ×Bn = −vn ×Bt , (14)i�
(v ×B)n = u×Bt , (15)u
(v ×B)t = u×Bn , (16)y?�u#��qzioCf Chae �w (2004) �Vu�Jo
v ×B = u×B . (17)Vr� (15) E9QC�ugLHr�![a,�w,}�a,!;ef� x � y Q7�u!L0���:~� (+~ vxby � vybx) �l� (17) ioe| E �q^��L�
{rs�L�%�!ef��Hy�L�Hy�L E �����AU��TpV��4�E�ef,{5�
/3a!`�~}e��1�ef� E io�bF�|� Liu u Zhang (2008) VU� 10 P X �f��Hy�L�$�f�t�[�Æ�uHy�L E `�L�	.�{r�!`� E `�L�	.gL`�`�+g��n��s�q�,Yr�^=pY�B[�WN��hioa$f��K0	8��Hy�L E �Va,8� Et u',8� En I�-�℄��f��`��$� E u En �Qb3��{Qbd,��f���:� Et �Qb3��{Qbi!+ En�L�K0�Bo���ef� E u{5E4�E�.�6-�r��y`��,r�^g�=�u17���{5e�E��xu&2��Z��H!�\17���f��a$EX`3u}�!g�=��ge�E��xU~Nd�B'��`Hy�L�VU�mCt�~jP8m\�

3.3 �F! ('%N!)

Su �w (2008) *k�s�jP���4�gy� τ �!gy��7�8Y!+%_� [20] � τ h!jP4�C���f��$�3a!`�
τx =

1

µ0
BzBx − τp

x , (18)

τy =
1

µ0
BzBy − τp

y , (19)

τz =
1

2µ0
(B2

z − B2
x − B2

y) − τp
z , (20)VE τp

x , τp
y , τp

z !!y��j,gLbFa�tq�|�!y��L� [20] �
Su �w (2008) �gy�:54�e��1'�\�wio8K0�Bo�e��1'�|�BoHC+=�~oLo-8/"�8℄i���"F�\�C�Lm)�y}jke�



� 150 �������`���R�I�$������� 28 `�'� i�|)C�L�efzd�
D3�ioK?eU!N8�,
y}I�
#���!�Yio�)C�L�|gy�L�8V� Su �w (2008) �gy�!+=� io�|P_gL4�E�U�<��
Su�w (2008)[20] ���j NOAA10930$�� 2006F 12� 11{�f�HC�8��t\J<g�d��X�U�	P	O��q{�K0z~gy����VKt�� (�~ef�7�pY�	O�) u}�OZ�zdv<�!jK�A��yL+VK�p��g(�YÆ��zd�j
|[�Q~\T��q1ET��`gy��VU�mCth!jP8m\�*�o��j NOAA10930~���~}e��1'�|�Bo� Su�w�Botj0u+=�m 1 R\�~} SOHO x�T MDI � 96 8I�--N�j,m{7gmu LCT .'"F�\�)C�8;m��� LCT .'��C�?ER\|,)C�L�mE4lt1|,)C�L�
�m!gL�u�)�� Su �w (2008)[20] �m 7 !+=ioe\�|,)C��OZi��K0�4�gy��i�p^jA�K0R\�qp|,gy�! 10 J/m3 ����!
0�qp|,C�u)C�83~ 0.6 km/su 0.2 km/s2 �gm�--N~ 96 min �kP_p\�3�~ 1 g/cm3 � io�|+%_�h! 10 J/m3 �����r
0�Bo!Qb)C��,��
0�|�)CL�8;� Su �w�4�gy��8;�j�Jt�

n 1 ��~ MDI � 96min �..O�k-n|8hnv LCT /(#G�℄�*D�9<n��o# MDI �l.iov�+�rr}.+E�# 0.2 km/s2 	
3.4 +E60"Sxg�� S !�gL�E�3�����gL8℄i�� S hio�e�'8?lbFa�"F�|�L�8Q1o�~��

S = E ×H , (21)VE H !�e���8;�`�>SL����Q,iE4fg
D�gL B u H 6-�0u��E`�
B = µH , (22)
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gz"~.ogz" µ0 �Sxg��i1�~
S = E ×B . (23)��,P�8?^�E��Zmu
/pV��L�VUioq�2	bIf�^�E��Zm��xu&2er�w!,P��"FP�=J�Md~j��?3L�-o-8/"�1)L��j�io"FVSxg��HCY.
*VU�

4 & ye��1'>X�Fv�Hr��g)���"F+=��w�Hy�L�gy�,yC��8�4N��!,3C�t1�P_p\A�E��T℄��^��4�EgE�
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The Optical Flow Technique on the Research of Solar Non-potentiality

LIU Ji-hong 1,2, ZHANG Hong-qi 2

(1. Department of Physics, Shijiazhuang University, Shijiazhuang 050035, China; 2. Key Laboratory of Solar Ac-

tivity, National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China)

Abstract: Several optical flow techniques, which have being applied to the researches of solar

magnetic non-potentiality recently, have been summarized here. And a few new non-potential

parameters which can be derived from them have been discussed, too. The main components of

the work are presented as follows: (1) The optical flow techniques refers to a series of new image

analyzing techniques arisen recently on the researches of solar magnetic non-potentiality. They

mainly include LCT (local correlation tracking), ILCT (inductive equation combining with LCT),

MEF (minimum energy effect), DAVE (differential affine velocity estimator) and NAVE (nonlinear

affine velocity estimator). Their calculating and applying conditions, merits and deficiencies,

all have been discussed detailedly in this work. (2) Benefit from the optical flow techniques,

the transverse velocity fields of the magnetic features on the solar surface may be determined

by a time sequence of high-quality images currently produced by high-resolution observations

either from the ground or in space. Consequently, several new non-potential parameters may be

acquired, such as the magnetic helicity flux, the induced electric field in the photosphere, the

non-potential magnetic stress (whose area integration is the Lorentz force), etc. Then we can

determine the energy flux across the photosphere, and subsequently evaluate the energy budget.

Former works on them by small or special samples have shown that they are probably related

closely to the erupting events, such as flares, filament eruptions and coronal mass ejections.
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