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Review of optical flow algorithms in fluid motion estimation

Shao Xuqiang, Yang Yan, Liu Yilin
School of Control and Computer Engineering, North China Electric Power University, Baoding 071003, China

Abstract: The motion analysis of fluid image sequences has been an important research topic in the fields of fluid mechan-
ics, medicine, and computer vision. The dense and accurate velocity vector field extracted from image pairs can provide
valuable information for these fields. For example, in the field of fluid mechanics, the velocity vector field can be used to
calculate the divergence and curl fields of fluid; in the field of meteorology, the analysis of the velocity vector field can be
used to provide weather forecast; in the field of medicine, the velocity vector field is applied to match medical images. In
recent years, fluid motion estimation technology based on an optical flow method has become a promising direction in this
subject due to its unique advantages. Compared with particle image velocimetry based on a correlation method, an optical
flow method can obtain a denser velocity field and can estimate the motion of a scalar image and not just a particle image.
In addition, an optical flow method can easily introduce various physical constraints in accordance with the motion charac-
teristics of the fluid and obtain more accurate motion estimation results. In accordance with the basic principles of an optical
flow method, this paper reviews a fluid motion estimation algorithm based on an optical flow method. Referring to a large

number of domestic and foreign studies, existing algorithms are classified in accordance with outstanding problems to be
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Supported by : National Natural Science Foundation of China (61502168) ; Beijing Municipal Natural Science Foundation (4182018)
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solved : combining the energy minimization function with the knowledge of fluid mechanics, improving robustness to illumi-
nation changes, estimating large displacements, and eliminating outliers. Combining the minimization function with the
knowledge of fluid mechanics introduces various physical constraints for improving the energy minimization function, provi-
ding physically meaningful data items and regularization terms, and improving the accuracy of fluid motion estimation results.
Algorithms for improving robustness to illumination changes can be classified into four types: using a high-order constancy
assumption to expand data items that depend on the constant brightness assumption, extracting illumination-invariant fea-
tures in the image for data items, using structure-texture decomposition methods, and establishing a mathematical model for
light changes. Various methods are applicable to different light change conditions. For the large displacement estimation
problem, the pyramid-based multi-resolution optical flow method is first used; however, this method cannot estimate the
large displacement of fine structures. To solve this problem, a hybrid motion estimation method that combines the cross-cor-
relation method with a wavelet-based optical flow method is proposed in recent research. This hybrid method uses the cross-
correlation method to calculate the large displacement of a fine structure and then uses an optical flow method to refine and
redetermine the flow field, combining the advantages of the two methods. The optical flow estimation method based on
wavelet transform provides a good mathematical framework for the multi-resolution estimation algorithm and avoids the linear
problem that exists in the “coarse-to-fine” multi-resolution framework when estimating large displacements. Methods for
eliminating outliers can be divided into three basic categories: methods that use a robust penalty function, median filtering,
and forward-backward optical flow consistency check. In this paper, each kind of method is introduced from the perspective
of the problem solving process, and the characteristics and limitations of existing algorithms are analyzed in various out-
standing problems. Finally, the major research problems are summarized and discussed, and several possible research
directions for the future are proposed. First, an optical flow method introduces various physical constraints into the objective
function to conform to fluid motion characteristics. Hence, although accurate estimation results can be obtained, the resul-
ting optical flow equation is too complex to solve, and no good numerical solution is obtained. Second, several methods
based on an optical flow method exhibit different advantages under varying light change conditions; they also have corre-
sponding shortcomings. Therefore, further research on how to combine the advantages of various methods to cope with dif-
ferent light changing conditions is particularly important. Third, although the hybrid method that combines the cross-corre-
lation and optical flow methods can utilize the advantages of the two methods to obtain high-resolution motion results for the
large displacement problem, this method can only be successfully applied to the motion estimation of particle images at
present. Thus, exploring this method for other types of fluid motion images is worthwhile. Finally, an optical flow method
requires complex variational optimization and its computational efficiency is low. Although some graphics processing unit
(GPU) parallel algorithms proposed in recent years have effectively improved computational efficiency, they still cannot
achieve real-time estimation. Therefore, improving the computational efficiency of fluid motion estimation algorithms and
realizing real-time estimation are among the directions that are worth studying in the future.

Key words: fluid motion estimation; optical flow method; fluid mechanics; illumination change; large displacement esti-

mation; outlier detection
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Zille FN.(2014) AT R4 A

BRI [ [10x 490 (x0) + W' (xo) 0+ &) = 1(x,0) ] de

TR [ |vul + v P

B div-curl 43R IENIALIR L\Vdivw\z + | Veurl w |?

B divecurl 2580 ERETE (| (divw - g P+ AL CIRED + [ Jewrt w - 2P+ AW vz ])
B div-eurd 205K TERMET ([ [divw - P+ AINEP + [ Jeurtw - ¢ + A vz P

B diveeurl 470 T [ y((din ¥ - )7 + (cwrl Wt = 2)%) + AC|VE, [P + Vg, [P)dx

LT [ vw (o) [P e

T2 Av I ERAESR | div F curl SRR FNRERE

2.2 RENMNAERETLHEERE

22 M A8 A3 S AR A S AR B (R
(LR o o o 2 SRR T AR A T JE 12 2 52
PRIEM . £ 41 HS (Horn Schunck ) Y6 it 25 X1 't R
A3 BURR DG Y R EAR 22

h T B O IR AR B R SR T O
TSR T R TARIE S Ak 1T 57 (Uras 55,1988 ;
Zhou %% ,2000 ; Nakajima 45,2003 ; Arnaud 55,2006 ) ,
W ST RN TG IR Y | 7 5 B RN R Y

UL T AT US4z sl Al i RS B2 (E 70 I
AR ZL R 0T O T HER 1Y 18 Akt

A AL IE AU 28 08 736U vk 1 At A
AT TR 2t ISR S RO IR AR A R R | X
SR B 4 2K

55 1 TR Rl R v 1 E P R R
JEE R B BE A BB T, Brox 2% N (2004 ) fiff JH A6 2
SR AR R X 52 B TE E R i A TY i€ , Papenberg 55 A
(2006 ) 7E LAl 5] A Hessian 18 2 B Fl1 Lapla-
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cian THEMRBE, XA Wi R Z ] R AR
AN RET AT LIAT RS o Y RS A i e, it
B BE ST E IR 1% Al Hessian {8 € R % BB F {5
S PR X G T B AT e B0 Il elAR | PR s i
AAEA - #5012 2h A R 18068 Bl B BT B 52 Ml T
NG TR iash, EBIF I EEAR R s ny 2 (6]
T BE AT LAy SRy HS BRI PR 4. M s B
TR LA ) Ao B Y AR 4 AN E . Papenberg 55 A
(2006 ) £ HRe 6 B2 BUME R O — T e PR R, 2
T BB (R AN FH ' B AR A A KA A o, Tn EL X
MR o UR . Zhong 5F N (2017 ) ) FHIE TR BN
PR AIAE PR RSCHIE P00 K — 1 BA HFSE FRI0 JEE A Jo r) ~F- 1
TER S — TP 2 4 5k, AT DATE S IR AR
RSO B AT AR A Al 145 2 i B AR dris
Bl 0) ZINEBORE RN B A5 FE LA K i/ S (B T
AAH

55 2 KO E SR PR BN G BOR AR RRE H T
s, Zabih 1 Woodfill (1994 ) 42 H T 1 Fli IR
JREB S rank A8 census B4, EATHGIA
T—EAm G s ZEA R s SR BRI
LS AR R H R BIMRR 0K (R G 2R 34T
i, census M 2 AR5 ABBAR K 18] (1) JK 21
FNFEAT HOHE, AN AR /N T 4B 3845 25 1% K BE A A i
RO, RZHM IR — f R AT
Miiller 25 A (2011 ) 4 census 25 48 1 FH T 245 50 G i
TR %, I T —FE G AL T AR
A~ census A3 45 47 8] {14 70 BH 5 B BRI A4 B S AH 24
FOE BB BRI, R census 28 3 [z Bt (1) 2 vh
DBRER S RER R Z KB R A X RN & B
TELLIRARAL B G RRSRAT BA AR, B, cen-
sus 45X AR AN AR VEFERG B2 LA Bir 22ty Ot
TAG T PSS RAS N FL A Ty W RG B, I HAFAETR 2 6kt
S st A B G BR AR AL IR S o R R T
K F AR KR 5 B X R EUR IUE B iR
SEEE JOHE X A3 BRI A I DXORTAS IX DA A census 727 4
AR M FURAEE XA 12 3, 1 X Jié 2 5k 48 Tl 2 4
WA B AL, FXF L[]8, Ranftl 88 A
(2014 ) 3E X BA A ] A2 148 [ AR AT R A
BT —FRBEEARZEW census TRAF, SEB T 7646
B T BN M, 1% i AR ) R TN
JEFE T SRR SR MG, o8 T 3 A AR 46 1) —Fo
AR AT ASE I 22 IXORE H SR A | AT S IR AE 4 T3 2% e

IFAAAE M, rank 28 e 7E B B AL OGRS T
WHA A B R4 m il s T KN
T OSEBBRRNBEAR RN AE, Yuan A
(2014) % rank ZF # i A 23T TV-LI ( total varia-
tional with L1 norm, TV-L1 ) BRI 845 i $2 4 T
— R R LR AR AR ' BB R DA T
Bk, HZS census 845 —FF | rank 728 -t AN 7 Sk
B Z3F T RERRTEIRE R . R TTERIFAE
PER [R] T BE 22 #0882 Ja B BEHE A EL, Demetz 55
A (2013) $2Hh T — B9 rank 22 #e——CRT ( com-
plete rank transform) , CRT %54 g it 5¢ 4 i B I
() EARNT rank B AT R B X AR R (0 Bk
TS O ZH B R B T MY, cen-
sus A2 45 Xof A [) 1) Jey 4 T4 e T 6 A AU ) 11 28 44
) i, ToiR AL B A CMG 2 A A M B, Rashwan 45
AN (2013) £ 5 7 —Fow 6 BRAR A BA 5 R AR Pk
(Y Jy 358 20 B4 A 1 O ) B B B ] (histogram of
oriented gradients, HOG) , HOG HJ LI 3 77 A AN T
A TR AT SR AGH I 9 B2 DR A8 T HL, HOG 44 B
A RIE—E R B LA SR e S i R A . A
it PR R A2 B HOG il 348 435 s 4R SR A0 Jmg 38 6 J32 118 R
/N, PR 23 BURK . Mohamed 45 A (2014) i
P ] Z R R AE R AR AT (8 AL HIRAT ) 1A DL
B BAS 1 JRS P A 1] B2 5X (Jabid 55 ,2010) , $2 1 T —
ol oX I AR A T o 1) 5 1 ASOX & e i) vl
TR IEAT SRS, AN JE 50 BE AR, O HA S o (R Y
FERAT R G BEORIR 75 o B4 | (H 5 2R
FEFIEL, AL 25N (2016) 48 H— 2B A A
(normalized neighborhood descriptors , NND ) 1 A P
AT o AR R AT I T4 MR R AR T HAH
SRR R A AR BE e, 3R A i 1556 T —M%
KRR 5 BB LR, %7 A X Mohamed
ZE N (2014) $2 H B9 MLDP ( modified local directional
pattern) ﬁ/zt , ﬁ“%: HﬂL lEﬂj(mEﬂﬁ’/l‘ , fﬂ*‘ﬁtgiﬁf1ﬁ s ,ﬁ\iﬂi
BEGTBRTE T I2 B 1 R P | 0 PR O 3 Y
P, XuSEN(2017) A4 1 — PR b 58 BE 3 A A
F% ( brightness distribution matrix, BDM ) F*) T % %5 §
gk RIS IR A G AN T
T BDM iz Sl Al 07 2 10 Ak 3152 Z% i U AR A DL g
T S AT RE TR, Ry T b B K0z 3 i 1Y
Bf ], S 3& F & JE 4k B PR 5T ( graphics processing
unit, GPU) FF & T % ik WA TRRUA
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55 3 TR R A — SO o3 i 7 15 AT
AL B PRG35 TR 4B R T2 B RN R B 25
AP AL 2R A1 LG 49 4095 Y S R 43, SR 5 fE D
SORER AR G K BE R AT I B0ttt i . X
T 5 B S B B AR AL S B B RN B AR AR S5
FEERIAELER T 3, T BCHEFR 53 W L A 2332 5
S0, Wedel 2 A(2009) FI Li 25 A(2012) 42 1 T
—fh 3T 475 43 TE 4k ( Rudin-Osher-Fatemi , ROF)
PRI (8 25 R — SO O il 7 V6 0 VR 6 AT o e e T
SRS B E R HOdE T AR A R 1
oL, M H AR SAR o REAEESE A (2015) 25 [ 3
il SR B AT GRS B HAE AN R Y
JEHRN BERSER mOC IR Al TR B2, LA K TE B LR 2
AACREIRZEPE T census AR AT SR HAT 1H 7€ Fe b
FE T — RIS NS [RGB AL i 45 5 S5 B0y
iR Fl census ARG AL TR, A SCEE B
census S A4 LT A B IT, IR 8 56 IR AR A0 A% DL
325 7 3 P 2 TR AR, ST A ) D6 IR A5
T A IR B

55 4 RO IR B, Gen-
nert 1 Negahdaripour(1987) J Mattavelli F1 Nicoulin
(1994) GIA T — 2 AL BRBRY KO0 IS By
SEPE AR TR ek R R AN AR A S [R5
FIAT M(x,y,t) F1 C(x,y,t) X PSR I 23 728
TR R E N S8, A5 B — 25 B 5 AR AL Y 3
B, HAA

I(x +dx,y +dy,t +dt) =
M(x,y,t)I(x,y,t) + C(x,y,t) (6)

AT AE RS 2] ¢ + de VEIR 58 BE ) Ly i
Z\ ¢ R SERE R — RN S BA AR . X Fh
LA B RY AR L 578 B 4E G 20 oSS BE PR at, FRiF
RV N i U T = g e RS ] L A SRSt
BB AR ES O T AR, Kim %A
(2005) fEUL LAY 2508 T 2 500 IRA KR,
B ESEUR PR R S S 12 S S8 u Fl v
ARSI M(x,y,0) Fl C(x,y,t) BRREK, %7
RIS SIS 15 SR REAZ A IS ER AT DAARAS B AT 1Ay
T BRI R A R B B S SR £ A 3¢, T HL
T E it 2 S8 R FR 1S 1)
ok,

2.3 Kbt

JETIESE T

N

A2y AR F /M Al 1m0

AR K BE 5, 8 T e iox A, 1R Z 90 %
25y WER 4 785 5 R ORA B R A B, T 42 i i
Sk B BE IF B G5 A &R 2% B ( Mémin Al
Pérez, 1998 ; Zhou % 2000 ; Heitz % ,2010) . 1} 2
(Heitz %%,2010) 7R, 1% 05 8 E 2@ o — R A A
R R EGFH AR Bia sh R, B YRR R A5
AIALTHEZRPEAL , H- i A 2158 5 ) 5 ER )T 51 i1 7
T LA U DA T RBEARAR I 240 PR & P S
GER ARG YA 2200 BER G5 © HRLE 20 (coarse-
to-fine) " A WA T, 12 7 28 1 B A A 4 Ak 9
B 5% Az sh ik g sh ik .

K2 ZorPeRa 74 (Heitz 45,2010)
Fig.2 Multi-resolution pyramid structure ( Heitz et al. ,2010)

IR Z 53 HEA 0T ST DA DR 3 G i i T 1
Ak BRFR) KA % TR, (E R AT AV 20 R ] 00
TR LR HEREUR TR i8 3 KA AT
KNG VR R — R R R R W iR iz sh %
L RIRE IR — B B G bt — 2 BT
AR TERXFOLT , AR AEAR D B R B R LA
Tz B R R BURE R, B 1) 1 A4 2 8w o AR
K MIGEIE . AN G TR B2, AR
Rz SR AR AT ST, X R B4 8 =5
[A] ] AR IR foe e B A7 SRS A0 A RUE L
BN e O T i BRI () A, Batiti 55 A (1991) $2iH T
— Rl EE I 2 R T ke %07k e 25 T i HL 2
W2 BERTTIE I — DT &, HEIA T —
AR A LB IR ES A & MBS il . AR TR
B2, XERAFI 2 3 i AT IR 22 DU E B
MERARB SRR AR WPRIR R T M
(19 B (L, DU R AR R A B 0 il A A5 R i 1R
RKuWiash RO 2 R K5 XHZEHI
BRI EE N T —ERRiRissh ki, &
BAMHIPR SRR A 7E 4 75 B — G RN
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N AR R B S 4 AN AR AR I EITAS 5%
2 AT B IR R W) 6 12 3 R s AN AE 3R] LA
Bij 1k RIS (i S A TR . 5 TSR & 535 7k
FHLE 3207 0] DA AT 47 (0 e i Al 11 F H LA
B 1189 0= N7 % N

R iR mlEA) 253 By 2R A A HAh IR
TR 19 B R e RS G A T 2 A1k
BN AL S 6T IO AR 43 Bk B ERY
WA RS AN RS . 2R T RFE S S8 —
SO ZE R AN/ NG R 1 25 %, T SR I SRS 2 S5 A 1)
B 5 e X8 1z 2h BA W3 AR ], jis
ST ARME IE A AR U Se 25 iz 3y, I nTE
[EEUR T A556 = X FE R T ROEE S5 H P e 4 iR
5Kk K2 B e ARR RN BiZsh, of
HAER TG T RIS T R R Y
ANREF B, DT 5 8005 B 2k RV 152 1 ol
W

FET AT B0 PIV MG 7 WA TR A
Rt HAT S, b T bR ], Heas 55 A
(2007 ) # Heitz 55 A (2008 ) 73l 1 %5 LR KR FVKL
TFEUGHE T — BB A 5T 2 SR A B 255 1
ik B F R AR A T
RIS Al T 240 BE 0 R iR
BB Ail T, A R i de /M R BT B I T — N
AR 2 o (A T ) 8 8% 42 30 5 1 AH DG 5 I AR B
(3., Seong 25 A (2019) 45 i —Fh 397 (4 40 56
IR T A A IR A ik, e
) B 5 10 2% FEAR R s - B T4 1
YA 3 G R B 43 9232 SR 5 R DG it vk 4 Ak 3R
38973, Yang F1 Johnson(2017) \Liu % A (2020)
1A Liu HI Shen (2008 ) 75 HY & T 9y BELAY G IR T7
FE AR T RRIMIEG ik, XAV E A ST
RS T kT LS & B 7 ik L, i $ 4t —
FRAbBERAES PIV EUR LIRS 55 5 HE 3R U S i A
f#TH,

LT /N0 R T OB AL U7 2% ( Dérian
4 2011,2013 ; Kadri-Harouna 25,2013 ) #H%F T2 4>
BRI A R . 2 R A
AN TEASEE AT G 2 o, T A5 RUBE | R R AR
A& FonEE WA 28 i, JF AT
ANBERR I T BT B 2 R IE AR T i, X R LT
AN AR B B S IRAG T R 2 B A TR A AR

T —AMRUF I BCEARESE R T < LR 40 1) 2 4%
PERMERAE T RN B B AR A R 2 M 1) 8, i L/
5 S B iE WAk, AT = T 38 S Ak T 5k
(ARG BE R BE . MRS/ o it 2 B RE S T R ST
G A7 AE A — 3B 43 75 . Schmidt 1 Sutton (2019)
XPIXFR T it — 2 e P T — A T RO
A AR I 8 35 /N D A e i T T L R
PEFFAXS TR A S S8 /N il AR 4, I ) s
8 A R i T i R 3 A2 1 B & Ok AR
AR IE I TINAL S 80, 1 2 8078 LA Y Y6 S ik b
BT MR E 2 50 0 1Y, 7R T R B Rl
Schmidt 1 Sutton (2020) X 47 T4k, #EH T —Fh
PR T O AR E A DT 2 B T AR T
HERATE o 20 VR P e e A /NI A 4 07 v
6T IENE T, S GBI AL
2.4 HBRREE

1B SR SE PR S BB E AR
PR TR ) 5 — A K ) 0 Ak 2 A B S ALY
fit /1. Horn H1 Schunck (1981 ) f#fi5 B 48 12 P A as
[ SV P e 240 SRCARE S ) 2 B I R OR FH I 2 R R
BB 2R FH X Fp R AT RSO P S S5 Y
GO SR EA LA G, A PETT R
HCIR 520 BB 5 18] 3 ( Black 1 Anandan , 1996 )
FiR . DAL 3 (a) I /IS B9 YRR B R H: S B6 A 52 i)
PR (Hampel 45 ,1986) Al LLA H, R H IR FETT] BB
B R SR T R R S A, S R
BT R BTk 27, N T iR
P, /0 B8 {E B 520, Black Fll Anandan (1996) 5|
AT — DR THHE SRR A HL S A8, e Hh T 2
FpEE T R AR AT R BUH TR AR ) —
UAESTRE (& 3 (b)—(d)) . IRl AR ek EE
AN P38 ] 4 2 BB A5 0/ 53 8 (B0 5%
M), AT YK PR B TSI BE Hh S5 DL 18 R A
Tl eRE =z — , B 3(b) AT LAE T R B, 152
ZEAE 1 9 B P 2 ALY i — LR 2o XA
B, R 22 sh 4R B — e e, A I I AE T
PRSI S ) pRESCRT LA K B, 7E B =22 A0 S (L 5
M) ok 2=, 7 H Al A9 A 53 PR 2L, U Geman-McClure
(K 3(c)) M Lorentzian 51 pREL (K 3(d) ), 7E
HZ A0, S AT 7%,

SR IR AR R BT LA 08 S Y
SR IFAE Roth %5 A (2009) 1 Sun %5 A (2008) #
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10
30 5
20
-4 -2 2 4
10 =57
-10
-6 -4 =2 0 2 4 6
(@) IRAE S R B HoE i R A
10
g 4
6 2
4 -4 -2 2 4
) -2
-4
-6 -4 =2 0 2 4 6

(b) T R BRI B o R L

N W R~ W

(d) Lorentzianf ¥ bR % 5z I bR AL

B3 ORIR] A FEST R H R S B AY B2 A PR 48X ( Hampel 45,1986 ; Black 1 Anandan, 1996)
Fig.3 Different penalty functions and their influence functions( Hampel et al. ,1986 ;Black and Anandan,1996)

((a) quadratic penalty function and its influence function; (b) truncated quadratic penalty function and its influence function;

(¢) Geman-McClure function and its influence function; (d) Lorentzian penalty function and its influence function)

T A3 T R AR (2 HAR Y A AE N BE 5
PRECHIAR MESCE e /ME . Bruhn %5 A (2005) 388 T
74 %) Charbonnierc 7% §1] PR %X ( Charbonnier %5,
1994 ) A4 15 BE 1 PR AL, Sun 5% A (2010) X ™ 2l
Charbonnierc &7} BRI £ A1 AE 1™ 7Y Lorentzian bR 41 F
A7, & B0 AE 3 4 b ™ B Charbonnierc %
T RRE R S R RE AT T T B e R A R T B
Lorentzian %51} pREL 33 7% , Hr— > B A A] g 2
FEi RR B P E B2 BOR, B AL 7 % R i et
PEEL2E . IEAL Sun 55 N (2010) 38 X T Sy 7
Charbonnierc FEST RN p(x) = (&7 + 7)), Hi«
JEREUE R, o BT T HEAE R IESED) #HT T

PP, KIS @ = 0. 45 BB AR AE ST o6
Ry PEREEL L Charbonnier FEST PR (@ = 0.5 )
TR ) M I s € R T o B R | T B K N
(Wa = 0.25) B NTEHGE

Sun %A (2010) A& BLAE “ B HL 2 40 /93 5 4k
Tha R A H A E I A TR AL RE A A% bR S (B
o, HE R AR R RAR T AT T g B B
e 7 LI A sl i Ss # R o C i &3, 153 v [lE
SR E VW, N T MY AR, Sun 4F A
(2014) $& TRl 09 A B D8 B AT (H AR BT
FAGE LA B s BRI T RS

#2771 ( Chen 1 Koltun 2016 ; Gadot 1 Wolf,
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2016 ;Menze %2015 ; Bailer % ,2015 ; Palomares %5,
2017) PRATHT 10— )5 10] — B A& LR 7 W E, X
i A PTG 23 BRAS FT IR e AU 1 6
u’ SRIGHRATHT ] 5 ) — B I, B 1145 b i
T MEER A x AR AT 1) U v ' O (B A7
FIWr B bR

lu"(x) +u"(x +u"(x)) [ <& (7)

W) +u (e r ) <e (8)
o, & P BOE I —BUER I IR 22 B (E, AR
ER Ol O R O 8 = N s WU
IR SHAE,

3 % iF

BRIk MAGE ST HOR — EUR A
AIBFTE R, A EE PIV EHRIIEE B A R UL, DL iTE
REME AR BN A (912 3 O 7 HLd T AN [R] 28 28
FIE iz sh it (BRBAFAE A D IR ERIBE AR, A
SO 125 ) HEAR T FH S T, %o 6 T Dl U vk B4 1
B BT ROREEAT T 2508, BIR TG TA  2 0

L ) I EMR 22, JF BB R AR 12 Zh Al ) 45
A G AR ek (B IR AFTE LT 5 23k
— WP [

DA RER R, 5 PIV AR MBS0
AP IE B Z P EARRE  Z5 TR B AR Sl )
Rtk , AN BIFFE R A4 3 2R S RN ' it A5 A
() E A bR B AT Bl T g1 A 3% SRk 7 AR RN i By
div-curl IERIfLAE ) X 4677 1 9K RE 6 118 1= iz Bl il
THEE RS B B2 ek 5 1 H bs s BOE S 2% 3t
AR BPAZ IR, $ ) R4 i BUER i 7
B — W EH SR N

2) RELBAR I, RAOFAG T 25 T 4%
FIERDEIIT B H A SRR, YA
WL R TR R I 1207 AN RE 4 A R L4
AT T BT A OGO RO 2 IR A Al 1
Jrids B4 TS B A RS w T LA R
(L FEIT AR AT 2 BE R U 7 (HX Ry 125 2 BR
TR R AE Sk T, PR 5 2 T Al 2E
B ARIE SR S AR RAEAFHR R 7 ),

3) XGRS B B . e B E R R TR

HRARAL S N IORASRE T 12, R T 2 i 1e s B AR (b 1
LT OEIAR S R TLUR 4 Morik. (1)
et 1 v B P AR A TR AR o P A1 i P i
T (2) HEHCEMG A A R AR RRAE T 85 10 v
(3) KRG —BORIH 5 (4) BESLGIRAR L
B (EORTRI T ek B B TR
2 R AR Ty 1 B AN R R A S i G | &
XPIZIn A, v LAl ik 45 A AN 7 e g, I8 & Hox
JERA b BRI IR AR B A T

) PREEITTRRCR, SCES RS T, ik
AT E 2 A THRRCRACT AR i —
S8 GPU JHATHIE BARA S/ T F B RCRIEA TG
EROIS S ML K NS T8 a2 B QL E S e 1 L E 24 O
LRI S AT (Cai %5,2019) , BRARFEAE—
SERREE T SCBLSCH I H B IR BRI A,
PRI A v it A Sl A T B i T RO S S
AT AR RAE AR I M 2 —
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