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(1. AREXEYER, AFRE 050035; 2. fEABFEREFDHELLRE, HXRLE, L5 100012)

BE: b T KHEGIERETT R FIUMEREAN, FFlE— 2R T IREBAR RN F G iR 21/
HAEBES R, ERENASAUTRED: (1) SRR A 7R BT 72 %
) —RINE GO PER SRR, EEAHE LCT . ILCT . MEF . DAVE fil NAVE | X EfI#T
FARAE BRI EMOCEOET T IR IR LS. (2) BERIGRBOR, AATTRTLA i8] 751 )
RIS EIRESE MBI, AT L4 b ORI GO FRAS B 2R R 7P BE, T A5 Hh R R BE L
(RRIRBEH LRI H BAITEAE) | KIHERE RN Y, JERRFRM A IEBRER F7 (Fer AL
R%T7) F—RIFHAEES R, AUETRERY], XS 5N, HEEK. CME SRAK
FE R A SR DA 5.

x 8 8. KB, KMH#ESs SERBoR; JES maRRE
hESES: P182.7 XERFRIAE: A
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KRGS R A TE LIRS, URHR R H R AR ERGRE AR R
ik, Bm R A DRER, SR AR, WEARR AR H ZY1 R (CME) SFRIZIR R A H
{021 A xR R S H B SRR, SEMEm AR AR, 1R, SRR
(EREE) %1#1&1??@&;51( FHAI AT TSR A B2 H A, WD AN st e ) R 751X ]
B L B SHE shi A TIR . 4 AR RIEREE SR RT, i it 3 R TE A IR A0 B L7

WS HE: 2009-04-04 5 fSEHHE: 2009-10-22

ESWH: HxEAREESEITE (10878016, 10803012, 10733020, 10847119) ; HZ M & HERHFIE L R
RIFH (2006CB806301) 5 HRHEANRAIBEA BT H (KJOX2-YW-TO04) 5 ibss f shBl
YT H (A2009000251, A2010001942) 5 sz kR 31 H & 5550 E TR (KLSA2010-06) 5
ARETREHEARFR S KBRS (09155821) ; AREXELHESTH;, AREFEERTE)
HETH; A H A E S S B HORE B E
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R —RIESAAER, X —RIESAARFEEAE Rl WM FIEG ) , 4
—FIERy W7, BOPRZ RIEH (optical flow) . JERFE T BRI, BT ERST Binz3)
MR, P Boges M HARfiZhEoL B . Chae I Sakurai (2008) A4 ] 741
4 e P S B I Af S L TR X SR B B 1 5, R T I A B BIARYE (optical flow
technique) 4

REFSEHAA, ANTAT LA 1] e 5 O RE [ A5 BIRE S A R 6T, 2R by WL R+ 59045 H
PEMRETE (RESRE I EERIAT H BAEAR) | KFHRT R R B, JEERIITERN J1 (B85 TT) 55
— RIS R, BB, HENER. OME SRIKBRHGHE, XBESESEL
PRUEAERY AL, AR AT R B A BOE M AR IR A E R BORILTTE, WA AT RE 4R K
FHR Sy B A AT —SEA A, DT X DA B g o A < g TR AR AL 4

2 RFHARSERR G B UM R DR BRI

BRI KSR, TR BUAIAT BB B AR 1 B R DGR ER % (lo-
cal correlation tracking technique, fiifk LCT) 1 | KAHEH AR (KW 5 Induction equation)
5 LCT #4541 ILCT 6 | B/NgERYE (minimum energy fit , fiifk MEF ) | Bir & Btk
HOB A5 5 R BE A FLE: (differential affine velocity estimator , fij#k DAVE) , DA KRIRI & BE&E
S AE LR B B 339 (nonlinear affine velocity estimator , f&jfF NAVE) 4 |
2.1 LCT /&

SERBA AR R FEV &) & LCT 7%, November Al Simon (1988) fF42H T LCT
Fik, MATAXA T EH AR TARAL W AFTHE B . Chae BYCKX 771k A E] ¥
5\ MDI R IAREIE, S FEERK TP i SRR R ) . LOT M4
W&, WA EN SR E L mo/NTRER 2 AR A RE L, . 40 E— MR/ N
At (AP REEBGE THIREE RN, LOT ARG T 25 B A L S B R AE /N T Ly {HK
T Lp WS LRy, fE/NTFEEMEYS T L, RINE L, B EAEALE » FEHE ¢ 5y
s b i 2SR A R SF AN T R

Bu(r+ Ar/2, t + At/2) = B,(r — Ar/2, t — At/2) | (1)
Hepr Ar fRFEMH. N LCT #EEH FFE )
vror(r, t) = Ar/At . (2)

Démoulin Ml Berger (2003) $§H LCT J5i%455| #2358 Y132 sh iy 5Tk il H A & #ER
LEpay sk 10 LOT BARHE I E (R T B R B w45 2 R R AR L 37 1 1) 43
), FFREIVEERE 142 R/ FE B (horizontal velocity) W EEF R, HEEAMHFREHR A,
FRIT AR R EE (tracking velocity) w B HTEOL T mBEHE 22 M E, gy,
LSRR LRE . RS A RETE W RECER LA 2R, LCT KA
REM HAT(T . HOR, TERGMUMEIREELRMT, LCT FIEFHAYEE w T TS5 TR E
BRI TER MY X B R AR B AR A S IEEA.
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2.2 REEEXRIRERNAEESE (ILCT)

KERE ARG, #2UREC T RRNY 7B e EMEE S, Kusano A
(2002) Hoefulix—%5 01 1 ATHR L, ARICREWHBITEE o, MAEMS B(t,r) W
5, DU KR J7 2 T LAME— B IR A E v, . Kusano A (2004) M2 gE—25 48 HELRH T
B ] v, W%, BIFHE—BHE v, . Welsch 55 A (2004) 1) R 7 B2AT LCT 1521 (F B
Gk, ANFETH Kusano %A (2002, 2004) B LAE, AT A bR B fn —4E R8O
AR J7 7.

RN 7R E B TRRYIZE)

%g:VX@XB), (3)
BRI o] AE G
a:+vyoawf;%39:0. (4)
H T AT T RES 7 T A BE AR A2 RN R R, T MBI B R T L, B
v-B=0 . (5)
F4E LOT s sk 10,
u:vré%Bt. (6)

BV AT A5 2] o Ry U ek T By ik =X 119

u-B
vt:u—|B—|2tBt 5 (7)
B,
'Un:—@u'Bt . (8)

R BT RE Y R B GBI T EE i, oA B HES | A #E 3 ()
B, B LOT Fikeia 5| 505 faf e H A BE vl RE-S5 58 IR i LS B AR, 5180
FEIT IG5 0 W PR R HE R (virtual velocity) M, R iR B 15 % 3 TR A EL Sl A
ZA, HEm TERELSEFER™EMRIMRNEY (vx B),, EEXTREERE & HA
WA BRI IR E 2R Y.

2.3 R/IEeEX (MEF)

12 & EEREE], Longceope [ (2004) B T HINBN FREZ A, SURINT — A Hr29®, Bl
BRI ZR TR BT S . SIANBUIN S EE u,ep , HTREE i LA B A R
KB M; 48, TEXERKE AU T AR E RN,

w(,v,) = %/Mj(h;t —w]? + [vp — uy,[P)dzdy (9)
Her v EHTRE 3) BEWSFEFHRMEE, o LCT FEBRIEE,. «» 253580
HyH, B POEEARER/MERIE. B TXADAR, LCT MEEMATRET. XPMIIEM



2 XA, % KBS AEAEDT TR e 147

Mo R R ARG W J5 AT DA B BRARE O T RN T R BB R . LCT J7ikmT DLl i i
HEE, 2R MEF (minimum energy fit) 7B 7K FHE E ),
2.4 §IMAFHEESEY DAVE 1 NAVE

Chae fil Sakurai (2008) ¢ LCT . DAVE . NAVE =G ARG ST g 4,
AT BRI T 15—, gt R m L — N IRESEROE TR, & RS X
AITRRAER ] (uniform) | (55 (affine) . AEP5HT (nonaffine) =FiOAN[F] 3 B2 5 T B9 i i
HIRHY. D75 B8 0 28 i R E SN B BRGNS RN A S (W2 3k [4]
IR 1) o BEXT O B A B R P S B ER R R B, LOT AN T L 2830 s 28
fki23)), DAVE AREIRAFHIRAEG K23, 1 NAVE JE% 8 A FE T & EZES). BEER
ZMAENZD). {H& DAVE fl LCT T3 E AR, NAVE Byit5af K2 & DAVE fi
LCT #y 100 ff. NAVE M fm, RGREMR/D, BEREELPS, PrRAa Xt NAVE 3
IraeitiRZES A, T H NAVE BRI E E IR RZE3). 55—, NAVE Rk
Rt EERE, XA EREN T RMGEIRE AR EY).

3 JERBORN A AR RS S

KRS DS TACRITERE B2 ), TR SE. JU 4RI 7 — B K
PRI, G DX R X S R B AR AE S (nonpotenciality) . &3 KX 471
TWEER, #AmEHEES, HNXEZHIESEENR, KRR ER. WK
TG RILTE 3 KR E S B S G R IR 7. B9YIM. WG BeE, DL REIRBEAT s i
MRAESE (L2 1018] T ERAER LR, BRI T — SR RAETE 3 XA R S 1, ARG
BET (REYRBE e GERIT H BRI ER RS RN | RN Y, RERASE 1920 R
TR AR B THAT TIRSF, IrFRR THRIRE ARt RE, EHXTRMAE
GRIRE I SIS AT AR
3.1 HHSREERN

RGBS WS AP R MR FHAR T B T S # A B VISR R, EFEBARRE TR S22 18 0L
TPE. ERIETFRAR R (WRHRR) F, EASHE. Bl Ll 2 SERRER iy e 5 28
WH OF H B R SR N TR S H B rp B R B A YRR T 1 7K 3
BB IEER T T ] H & B & mT LAl DA 2 2ifil i

dH

- = —2/(Ap -v,)B, dS + 2/(Ap - B)v, dS | (10)

Herfr Ay RHGH RIS, HAEAR AT ATT (EHE -
VXA, n=DB, , vV-A,=0, A, -n=0, (11)

WA, T R W CERR T R R — B E P . o RS B Mo 1 H BN
WL o, 2R, B—AMts ¢ ACRYIA. B ITE S X Bra sy YRR A . XA,
He— 45 R I R 9 3 X ARG B s T A phy X G MR BE AR AL R B T R A5 21, B BN Bl
X HEAE — H AR —4F E A,
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FIRSERMBAE, BRI LR AR . BITJLFER, 2 KMHYE TAEETE
BFFSMEE, WG4, CME MRz 09 TAER #5376 BRA G SR 3, SF b 1% 3 K i3 A g
TERR R R AL, REARBTE AL, H &9 Bl 5 & A ik g W B MG BE fl Y6 BR T H &
A e B B S B R AT T TR AR 46102234 Démoulin 45 A (2002) 22 K BLE 2%
HEARRE N H B el Bhp 2 AR AL R4S REIRRE . Welsch % A (2003) 231 5 i 7E — 4~ K H
AW T RS R R REZNEANH BRIRE KA 1027 Wh? |, 33X B 7 3 X 88 B A%
R RO BB AY.  Chae %A (2001) 24 BF53 T 15 37 X NOAA 8668 , #5HYGER
BY Y132 B 7 A2 (O RERE S R 1k T 2 — RS SR BI B . Moon %5 A (2002) 2% IA N Y6 ERBY
P2 S %t TAR U BRER 7= R B OCE B, Yang 25 A (2004) 27 A A 985 B BTV BR (1 Y6 M BE 4%
#YIM %, {H&, Nindos fl Zhang (2002) 28 {A MBI Y152 Bt CMEs 48 & Br % B89 H B8
B SLEEMAAR /N, Nindos %A (2003) BY H AT 6 &3 KA BR BRI ACF R EAEI H 2
HH GRS AT CMEs 7 £ MR (A =W RIREE/E Y CME ROBERZ ) , INNKT
FREBRIEANRGWIEEEH E L OME WAL, Bk TR RSN KE. Kusano %
A (2002) O BF 52 T #% 3h X NOAA 8100, #5 Hi Y6 BRBI V152 ShARE I b 7% 5ok 7 X6 R B 72N
LR TTERAR 24, HEIEATNE S X P R RRE S AR, Pevtsov 2 A (2003) B2 1A K
Tl W BE SR AT 2 B VR B B G A T SR Y, I HLBAE R REAE TS I 3 O T A A% e o
it 6ER. Chae 258 A (2004) MY 45 Hi LCT 77 vk 7] AN B AHE S (LATHBF IS 46 218 2 6
BRI B N FEI) , MDI 96 4 8h 37 7T LA I SR 5% 35 3h IX A g 880 B8 W it ) iy 3 4k, 37 EL
R T LIEESIIX NOAA 10365 (525 /Rt 72, 9 10 e bV % 3 X i Rl 0 T 8L 0 7
FEWIN. Liu f1 Zhang (2006) BF R T — PN ERATE M 6 BTRIHRE LR iE 3 X NOAA 10488
WG, KTZ B MBEIREE 29 . 10488 BANFRIESIX, 76 EARIE 3h X Pk e % L ig
HRFEERE SR AL (twist) , BBRBETE L—FEWR, SHEE EERETRER
By (shear) fEF ., fBATHIFFR AR, MY H T ELMWHBESHE, EEEFR
B2, EMHE TR, MRV S AN E I 5 MR IE 3 K R R G AR S iy 18
Tk, EWABITAE, SRR RS, 7RG R 50 6 5 5176 F 7 Rk
1R 2R E R EERRA R, FEMNER R ES MR TR E K.

3.2 EfE

KFH R 7 R ZR O AL T R A A AR Al & AR BB, (HX TG B X A & 2tk
W E R D, HESEHSEEOHESR 530 | Lin A 19 (2008) EWReEH T —4xF
15N X i B 7R S8 B e SRR 7

E=uxB . (12)

EEXEY B REEREE MG s, NRERER A PR, HF o Bl
LR RHZEERE, FTLASEHREAL RN TERGE], B Rt X R
HAMRAKRE, FRHNERNES B

Liu 58 A (2008) Xt E B B SGRIEEAIRR AT TECERSE B TR s B Ay —4E R
T v FTLAG AT IR (X BLR YT 24 CRRE B o .y ) FIEREE A v v,
KW, ®e B AT RN By M B, . X IR AR 7 [ LA
H%. LCT HEARRRECERES: EMRMEEHR (6) #ie 1. d s EnwsdE
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WL T HREEFE TR L, TTUEE e 2EEn. HEE:

v, x B, =0, (13)
iﬁ] v
5 Bix Bu= v x By, (14)
Bk
(vxB), =uxB, , (15)
il
(vx B),=uxB, , (16)
RIS T LIS Chae SN (2004) B LAE, BrIA
vxB=uxB . (17)

EER (15) /K3 EMRES BARERE VI, (X BTk « . vy P, BmE
TR RE (A vedy  vybe) . NI (17) FILLER] E MHRARMYEE L. %L
Fr b 2YCER LR B, RNV Y E SR T BRI SASERE, SiEfEhdeakm H 25
YR .

FIFSGIREA, JeBkey E TR WMIASE],  Liu Al Zhang (2008) BF5E T 10 4 X FREE
WK HLY7, RIBELZ VI s RN Y ERE Ry AR, ERESH
5 R R R B TG 14 R B R, X R R B R B L R T2 Bt v DA i
BE. MfiTET TR Y E REYIRME B, Ak B, KR SBRR R,
KB E Rl E, W TH%ERH T FERRE T B W THEENHTHEER E,
W, AT SRR TIEERE E M H B AR b 2 B RIFRXT N R, X B RERLT
TR Z SN H 2 H e RABACES A sTEk.  F A5 H 3R T2 Sh7E B fil & P e
BRAEH, MREFIFITREE B R A EERLER. AN B EE o b —
ASFrisa,

3.3 WS (BR%EN)

Su %A (2008) IR E X T —AMNK&E: BN T7 , TREN 1 TH 432802

F B RN ERSE, SR EEFYIME.

1
Te = _Bsz - 7—5 ) (18)
Ho
1 P
Ty = %Bsz - Ty y (19)
1 2 2 2
T, = —2#0 (B; — B; — By) —-77 (20)

Hefr 72 70, P AR B ARG IR PR SRS B A AR R g i 120
Su SFA (2008) HYRER SEFFAE BEIBALARHE, HAT DU 18045 R SRR ES
B A RAEAT L, IR B M PR A BRI AR, X545 3 B RS R — UOE R
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%, WINAREIIEE Y. SRR TR R AT VL R BURF R, XN A iz gh e
i, BUATLAd R R EIRERY. J15. RS Su S8 (2008) HYRERLTIAH HAEL, R LAMSEIR
MR AR B E 25 .

Su%FA (2008)12% 3$E 3 X NOAA10930 KA7E 2006 4F 12 A 11 HAMEBEEAT T 4047,
SRR HIAR TS AL T P TR BT R HE R, A M TASRAR, S % FAEFM B30 1 (1 ansesk
TR RBER) 1A TReFeH SR TR, E—FKE S, S E ISR, #EkIte
(EFRT AR EERIG TR, BlB/NERS. A ICHER I MIBTFE7E E AL — D B,

AXLAHEBIIX NOAAL0930 4, XTHASEHEALEGENMEIR Su S AR 45 RAM— R 5
i, & 125 T A SOHO Bimgs MDI #y 96 5 Bt el [ FERY A 1 4 H T RAIEI A LCT J7ik
RSN IEEATE . T LOT JikebRbl, HAsss s mhng s, Bk ERe
IEEY), RERZRHEAR. 5 SufFEA (2008)0) fFE 7 AHELEFTLAA i, A i B
e R 35 5 M MR ARERE R T B R R — 3K, A1 tH B BRI G 72 10 J/m® fHE
. A TH BB THE EEAEBE S5 0.6 km/s 1 0.2 km/s? , REPEII ][N 96 min
BRHRSHEEN 1 g/em® , NALIGEREAZESHRE 10 J/m?® fyikk. BRBEATHLERE
IR, XERRNMFEI RG2S Su AN ARRREY TR A —E 257

03:15 UT-04:50 UT

B 1 AA MDI g 96min W] [EIFERI 2 H HREEA LCT J7 kit 5045 i inid B2 47
WREEFERE MDI R RIREPE AR, SRR RE R 0.2 km/s? |

3.4 WENEXE
WENER T S RMWRBRERE, HREMZBIEFRE, W S W]l Jesiik BN
MBI EAFE], BERBERAR T

S=FExH |, (21)

Hrh H 25 A mBERME R, X TF&aREdegmid R, %% B M H 24
TR BLA R R
B=uH , (22)
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K i BB K PR A T R L S RN H R o, WENER B FRRN
S=ExB . (23)

o XA E AR R S A ML TR, X ERRT AT AR A SOt BT f5 RE T %
B, REMBREL. (EEX MR ERE. B, xR m 1) 22 16 2 FER /)
MAHIEDNIX, AL I B E R AT R IR AT 5T

4 & H

FERBARGNEIVFR, BN FREBRERI I S, EXRY RS, MY IR
WM AR 2>, X SRR T KRR E RN ST, AT AR ERERE Y &4 A
R, Mk, BBGdR, WX TRPHRE AR IR R B2, B B =S 8] K AT AR B BT A A A
S (AR SOHO . TRACE | H&4THy HAH) Hinode MIETERTHIE SDO | &4t
RISE) . RE R 20 PRI IR RE AT R A KA. ST & fde A& sh X (n
BE, RAFMMPGEILTEIX) BAESESRAHTTE, A A REFFEIX S AR R o
R AERR BB, AT S iR AR,

Bt

U E BB E R R TWLIERIBIF . SKRETRIBT T AR BRI, il SOHO H

HIRPEO B RE.
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The Optical Flow Technique on the Research of Solar Non-potentiality

LIU Ji-hong 12, 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.

Key words: Solar; magnetic field; optical flow technique; nonpotentiality; helicity



