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Abstract

Abstract

Causes such as camera shake, object motion, and depth-of-field changes can
cause blur in video captured by the device. And blurry video affects the quality of
human visual senses and high-level visual tasks. Video deblurring is a challenging
task, which is usually divided into four stages: feature extraction, adjacent video
frame alignment, feature fusion, and feature reconstruction. The research idea of this
paper is to use the clear pixels in adjacent frames to fuse the corresponding pixels in
the reference frame to fully mine the spatiotemporal information in the input video
sequence. To realize this idea, two most critical problems need to be solved: accurate
alignment of adjacent video frames and adaptive timing feature fusion. Aiming at
these problems, this paper proposes two progressive solutions.

In the first work, we propose a video deblurring algorithm based on multi-scale
deformable convolutional networks, which improves the accuracy of adjacent frame
alignment. It performs implicit alignment at the feature level of adjacent frames,
which solves the problems of inaccurate alignment and heavy computation in
traditional optical flow estimation. We first experimentally verify that feature
alignment has better results than image alignment. Then, an implicit feature alignment
module based on multi-scale deformable convolutional network is proposed, which
utilizes the geometric deformation modeling ability of deformable convolution
combined with multi-scale strategy to achieve feature alignment from coarse to fine.
The aligned adjacent frame features and reference frame features have a
corresponding temporal relationship at the same spatial position. Therefore, in the
feature fusion stage, the convolutional network is used to fuse the time series features
of the channel dimension, and then the network composed of the convolutional layer
and the residual block is used to further fuse the features.

In the second work, we propose a video deblurring algorithm based on adaptive
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Abstract

spatio-temporal convolutional network, which further improves the accuracy of
adjacent frame alignment and greatly improves the efficiency of temporal feature
fusion. We improve the deformable convolution and propose a new convolution
calculation method Dcn Align. It uses optical flow as the basic position offset and
generates residual offset through the convolutional network, which solves the
problems of unstable alignment network training and overflow of position offset
values in the first work. In the feature fusion stage, a dynamic local filter layer is
proposed based on the dynamic filter network, which has the ability to transform local
features specific to the input and spatial position, and realizes the use of the clear
features in adjacent frames to adapt to the fuzzy features in the reference frame on
pixel-level.

We quantitatively evaluate and qualitatively test these two algorithms on public
datasets. The experimental results show that the algorithms have very high accuracy

and can effectively remove non-uniform blur in the presence of dynamic scenes.

Keywords: video deblurring; deformable convolution; dynamic filtering network;

multi-scale strategy
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WHEW. MK 2-7 (a) ATLLEH, Sigmoid FIG R BOES: . 6l Hy™ M 5,
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WIRE— N RAE R, BN — MR N IR A NERAEALE, LI R A2 A
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L B BT R AR /L A e OB — NMRFAE VR x Ay AN R (A%
it DI Tl 8O N SRR IE I, 1200 SCAE OB TEEON 2N ) f 76 4 ik
Ko (20 TR 23 SR A2 R BT R AL a5 ) A B2 B4 ) T N B RR AR I, BT
AR ERIBH .

" a7
— = [ |u ¥
AR
offsets
offset field
fﬂ" —TTo=— :_%ay___ . l
N e SR
‘ii (f=-==-=======7%
b e deformable convolution

input feature map output feature map

K29 wBEEFRERE



W 7RV Ml RS TR 2 1 S
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FERBIA B &, T DL SR B A F 23 B A7 B R SCRAEAE . 7RI
TEOLR . B AT AR T AR I 2% AT D@ 4 FLARFAE SR A A W BN R R PUE A
AR H R A B R EEE 5. Rk, Sk BAH N 2 R4 B BRI B A 2
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TEPE A N ARG B VR E AN, A T ANFE IR S F o sz
A AR SEBIA N B 5 AR M 3h &5 SRR IE SR PIRIE R . i 2-12 fhow, 2E
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PR Gy o FLrh B AR BE R SORT DL SR I N ah 256 AR Z A8l 25 = # 8 5 J= P il
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A AR T A BN S AR b, A 4R KT 5 1 225 BT AR (R 2 o R S AR A ke
75 I B RHE Aligned Feature, RJ5540d 1x1 BRIP4 EARRRELEE,
o N EEFE AR Z AL B N 48 T BEATRHERL S, R BIR G EIRHE G, o R
EIRHE RS SRR E @ 2%, R EEIRE. SN0 B, Al 2 KR AE AR
JNSRAN, 45 2075 071K 25 Wi R,

Aligned Feature

Kl3-3  FORBAAHEZRIA
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W IRV Tk R 2 TR 24 A 18 S
3.3 FEERA Sy %t 55
3.3.1 EFEmait gy EB& X ST R AEXT 5T

X — /N AT R GRS TH T E o AAE S E TORUREAE J2 T s AT
FHATAATML % 55 o @I PR e AT R4 R 22 R, A3 T EA R Bl
IR AE R R 47 AH AR MU0 55 i — L6 JB %, 3 26 J8 3 3 OR 7 3RATTRI FH 22 R S g
255 A AT A RN 45 (0 J LA TR A G AL RE 77, S BILAH @0 Wt i B 2% 5% o FRAT 148 A
PWC-NetlPOWE R G iat i v W 2%, tF SAHSBMURT 2 2 il 2 [ RO6 T . 45 8 —
PP I EE T MU F, « 58 THIWF,,;, 24 R, X553 F b Z1, 2R H
PWC-NetBPI 281+ 5 F L B F Z DGR U, sy AT (3-1) FioR:

Utrimst = Ny, Fryp) (3-1
Hoh N R RA, B) PWC-NetBol, FRATH 3L T3 43 BIAE FA% 2 T ARE
AIE J2 T HRAT A SRR AT 4 % 5%
(1) BB 5. il 3-4 i, ZFRATI DVDPELHE £ A
PrE B LA B R EE T-2 il 25 T il Rt B e RIFER U, oo, -

‘ (a)frame T-2 (b)frame T (c)optical flow

B 3-4 &5 T2 Wi, T WiAeENTH 65

s (3-2) fos, BATHHEREIROEHR, AT F, -, #E47 SCHR[41, 421+
(Y] Warp 22 JE45AF, Sk Ho 55 20 2 % i F, B A I 20 RS 5

AN

Frp = W(F-2,U;2_5() (3-2)

N3 (3-3) FOREX ST A 1 EHEA G RUR AT RA AL SR O 1 R, 13 2R 5% )5
HIAH B WU AL, &l 3-6 (a) From.
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WG ZRYEE b K2 TR 277 1

N N

I,-5 = C(F,_») (3-3)

St By (RFRE RIS T2 B, W AR Warp BTUARIE, C [RFEEBURIE,

(2) RFAEXS 55 mAR (3-4) A (3-5) i, AKX F-,
1 5, 4 BT 25 B0 T LR A FRE 0 B000 51 R AE 1 1, 0 7,
RIGA U, o, AT FRBERIE, WIAR (3-6) Fi @SSR 1, M/,
2 WY, .,

I;—2 = C(F;—5) (3-4)
Vico—st = DUs-2_5¢) (3-6)

Hob CfRRBTRIE, DK FREE. AR 1, F1 7, A2 8
W, o M 35 .

L
r

™

(a)feature T-2 (b)feature T (c)optical flow
3-5 5 T-2 WURRAE. T MUREAERTE AT R 6

WA XS 1, 34T Warp AR, WA (3-7) Proas, RHXSFF2] 1, Brabi %)
WPIRZS, 320X 555 BRFIE Al 3-6 (b)) Jras

A

Loy = WU;—9,Vi—g_sy) (3-7)
I 3-6 (a) BIMEXFFFRIE 3-6 (b) BRAEXSFRISE R, RATKRI:
REAEXS R AR BT BUE SO/ B T 38 2 4R BB M S E B s s 2, i ER
XS4 TG 2 1 B R A R4S R G, R RRE X 55 (1
J5 5 R BGOSR 75 S R 1 R
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m‘_ (b)Feature Warping
Kl 3-6  EIMG XS 5745 B (a) RTRFE X 5% &5 S (b)

XA RS AT AT ALE AN [R) RO (A AR AE J2 180 AH AR RR AU 47 08 5%, mla AN
[F] ROBERT FF 25 5, K F MK B BRE 4B 55 1 77 e 2R — /NI ERATTR A T
XA RPERIFENE, B 5E 1 A2 RO S50 di 25 R K6 55 5 s

332 ETZREWNERERMERREFIEXT

FE LN, FRATTHR TR P b I 7 (5 2 T AR A U2 T A A0 R A5
I R, RILEA L T A S AR . SR TR g,
HO TR R AERI I . AT, 2 S BORBIE R 6 R 5% 2 J5 51 A bl
W, MOPLNUR . T R B, BB T AR B 4 1 LT
AERIAE S, SCILT AR B R AL 3, 4 T BRI .
Bk, RAVZRHESF IO K, EX R RA T £ RN, e
R R G S R 5o ol TR R R RRAE I, A I 6 B R,
ZEPR PR . LA R BB A 5r 45 B, B R R 8 S B
AERE 3R TLAT {5 AL RS Jy o 1T 0 26 FRBE (OB, T LA 70 49 R0 PR o R 4
L9 S A TS 58, AR 2 0 35 5 S SR 0«

1 37 FF 7 S AT LT 55 R AT A T 3 I 2 R AL e
S TR RAR AT B, = 1o W x 3, E T ISEERAR R BRAE , R0 %4
S50 N BT B AT SR TR T SRR, T K 7 A 2 35 B 4 H 1 o 0 S5
KHERE £, o 0547 PR32 Don Align A% B 16 ) H 1% 55 5 FO 65 GE 1.
S 5 G P O A E L. L2 L3 I A PR 4 R
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16 x Hx W, 32><1H><1W$[l64><1H><1Wo
2 2 4 4

L1 L2 L3

Coii Conv -

32 64

Dcn Align Dcn Align Dcn Align

|
|
I
|
|
|
I
|
¥

|
|
|
|
|
I
|
|

|
|
|
|
|
|
1
|
|
}

Conv ’ ’ Cony - - Conv

16 R~ 64 N~——— 64

Concat

Allgned Feature
Concat

3-7 FT 2 RUBETT AL TE 46 AR M 46 R R AR X 5 A e

PR — RE AR F R T AR, AT A2 & RO T
Den Align, HitHESREIMAL (3-8) Fris:

A K
Fivi(p) = Y. wp ® Fi(p + py + offset) (3-8)
k=1

H K ZERRCREEHE, wy M pp 203RR 5 k ADNRFIERAE RS R R
frE M E. Gl K EMEN 9, W p ATRRNAK (3-9)

Pe = {-1-1,(-1,0),... (0,1),(1,1)} (3-9)

Hog LT —A 3x3 MBRIZREALE . offsen ﬁi%FHi 38 &k A SRFEAL B AL 1Y
RFAE 5 R 22 2% WUt I REAE R I o B b B, AR B AR A 2R (3-10) Fios:

offset = C([F, ;. F1) (3-10)

HA[RIEZERNE, CREBMEM. 230 (3-8) MR EIRZI AR Z 4k
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T, offset M RULE BB E L. FEAR (3-10) o, 54 R
HORI AR IS IE £, AIB B WU L, 75550 4 R R, SR EHINE]— R A%
BUZ b 322 ST R offser, E HOAER 5 UM A ISTASE AN A 150R1 55 X ARG
VIR E RS i . BTEAASY (3-8), SCBL T 7E AT AR A e AR o, MRS A3
B offser % 38 RERRE S S5 WO BRI £, S0 T Kb 13t 5% .

75 L1 REER SRR, 5B % AR RIS E G, L) L2 % 9 BLA
L2 R 5 B A PR30 10 24 B ke, S i 35 U2 S R R R 5 45
FoRdr, FIAEREE] L3 RUE, J5 TR R . TR b8 I 2 i i % 2 4
G177 RAR IR, AL T 7R IR 2 Y 8 1 8 L R K/ 2 B A 43
YEse, R RN B U BRAER NS, (AR, ST
BRIER /3 TR RN R B R, 8 LS BRI A 8, (R e
HOASHEEAG, TLATS L RO FRAERE 138 . 7 DR SR Be b JRATTERE T A LI L2
L3 SRS BRI 4 B, 1605 RS AR AR ISR E 7, , %05 502 i
i 7, AR 00K S, 96 EL7E L2 REARG L1 REEXFIIZ S, L3 KA &
L2 JRRE S 55 B 5 5 o ST 3R MK B4R B 25 R RE SR 577 2K, 5L £ 0 45 5 44
A B 5 L B AP0 SUL RS S L, T ELR 55 45 5 SR 4

3.4 SRS MPBFIEEES Y
3.4.1 $F{ERLE

AR E AR AR S5 T, AR IO 55 AR AL A 7 SR o R BE R P BB 20 e
vy A0 5 X 5% J PR A 48 P S AR AIE A 2 23 B A e

HT A2 TR R A, AT T AR AL AT X 55 o i DLRFAE Al S A B A BN
FEAEAN [ 23 18] A BB A IR P X6 N 5 28 FRAH QR URF AR AT 2525 URFAIE . AT S 18
PRI  1x1 SRR 2%, FEI8 T8 45 5 SO0 I P Rkl & . Al A,
G R 25 2 R AT ML BT AR 2R 0 0 FE A 2 25 U0 AR 2R I REAE IR M. (H i
T8 R 25 1K) 6 AR A% 2 B R AL B A R 22 8] o B A BUE 3L, i BLEE AT
22 B A7 B A EL I PP R AR i BB R — R R [R) — LA A, AN (R 22 TR
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AR BRI P ECENTI AR th N AZ AR . (B0 T b A A
o, FATX AN R 1x1 BRI ESLIRE S . WP FE RS S
MIRSAE L, AN B — A5 B M A ik 22 B2l 1) I 2% v ik — 20 il 45 SRR AL
BRI E 5 RHIE ¢, o BEE PR R EE RGN, SRR M 2 2 B AR, Al
LA Ak P A A I A7 SRS o

3.4.2 $FIEER

REAIE H S ) 4% 7 TR il IS AR AE ¢, HE 8 ORI 25 WA [ 43 1% 26 1 5k 22
B, e 20 1% T 1 1) Bk 22 AR RN 2 25 URH I A5 B 52 1T T i 26 5 ) 2%
P BRI AL R, R B BB — A S B2 AP A ik 22 e 4L R
SRR XN R AEEAT FOR AR, BRZERHUR] DUR I H B 1k X 2% 8] g i B2 it
TR 5 BB BE T % o RRAE S U 4% FUREAE 2 28 X 4% B 4 /2 — 4™ Encoder-Decoder
K, 20 ol 75T N BEAT AR AE B 4 T R AR AR AETH 48 EoRFE . R AE SR BN S Dk
P AR A7 AE [P 75, BT LA Encoder-Decoder 25 #4 4 £ i R T B8 2 B0 55 1%
HEARAT 55

3.5 LI E

FAT A S 56 v L A0 37 18 FH U 2R Bt SR AN T iU £ . B e 5 K.
5K bR BN X 28 1| 257 SR 4%

3.5.1 BUREMBEER

s, FAVEH DVDPEHREEARIIZRzHik. 8RR eS 71
B (6708 AU B R X)), 438 61 AN UIZRALAR (5708 S AR 375 Wit P 4%
A1 10 AN AL A (1000 ST 0 B8 o FATTHAT — LE St 1 s 3 A LAt AT
M ko BSEEIZRATNE AR b, BE N Sa B UCR [ Hy 5 A 7 S A0R ot
2 BRI e 5 R AP 51 (10 v Ta] ot %ot 2 PRI I B . O 1 R 3s 3 2 TR S
MEN Rl . BENLSC AL IS o % TR, ST A R ES
AR (1) A[0.8, 121 EISIRFFMSEEE, XL SO (2) &
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BEEPLKCT A HEIEE (3) 5 BB REHL#DY O 256x256 BRI bk, RJF N T
2% B ARz AGRE ST, K N (0, 0.01) e 357 Bl AL e 75 92 0 381 BT A i\
B

3.5.2 MKEHE

KT A RONGRAZ N2, FRATE Y 3w %2 (MSED $i 8 iR 20, A= (3-11)
Fran, e K S AL AR I R A H X N bR 48 1 7 BT AR ATt S 22 [A] ) 22 57

1
L., = ——
e CHwW

Hr Cyo He W 2 aR R RETE S A

M—qz (3-11)

o
=

3.5.3 RBISCIRFNVIGR AT

AV Xavier W46 b 77253 W 48 AT R 9640, R Adam M1t 38
SFHFEAT I, Hd B1=0.9, B2=0.999. HF ] AL 45 A1 W 48 76 5 o) FRAE i F2
I R AR E BT DA SRR )06 % S S BN 1e-6, HEARBLHYILA
FOVRUN le-4, BEAM LG — AT v B I 2R FTA B 2 ) 24 400k
UOEACE IR 0.1 15, PILR A AE 850k YA G s, Felil1fdi ] Pytorch HEZR
SLHLZ 5L, FFE NVIDIA GeForce 2080Ti b 3#E 47 Il 2R AR .

FH T 0 555 He v AT AR TR A AR I 28 A iR A A B I A% B O FE AN T R, 2
BN BT FEATR 8, W 1 00~ 2 LA B W A2 (B tH s Ol . WIS TE
FURVRFAE R U B B B i, 5 HORFESHIREAE Y 0, IO AL55 2 150k
AR AY R R G 2 AS0R o A AR T A TE R S Sl B TCIE R, 4 M R 2 35
Wi o FRATTREL AT I 25 S W 2 AE A — 56 epoch #FARAF 58 BEMIBL UG A5 57, SR AE
H—% epoch YIZRid fE b BN BIRTE DL, A ALR B 3] B —%6 i) 2R s B H 3T
a4

3.6 SRIGLE RS

HAE DVDPHE LA GOPROMIE s 5 Xtz 5kt 4T 1€ B VP AN E
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I JR Y b K2 TR A - 224 18 5
VA
3.6.1 BAESITEER
AT VR SEE R VERE, FRATK S TLAR IR 2 SO 51957 DVDIUE

FEF GOPROBIEHE4E F k4T T @ R L, W3R 3-1 f13R 3-2 Fros. sSEi6 g H
PSNR A1 SSIM 1E N TEALFR bR, TATRME T B FIE R

*®3-1 BEPEAE DVDPME S L) E B4R

Method Taol!0] Sul’] STFANP? Xiangl3! TSP Suin B¢ Ours

PSNR 29.98 30.01 31.15 31.68 32.13 32.53 32.15

SSIM 0.8842 0.8877 0.9049 0.9157 0.9268 0.9468 0.9302

% 3-2  HHIEE GOPROBEHE4E b i e & A 45 3

Method Taol!0] Sul’] STFANI[221  NahB7] TSPI30] Suin B9 Ours

PSNR 30.29 27.31 28.59 29.97 31.67 32.10 31.72

SSIM 0.9014 0.8255 0.8608 0.8947 0.9279 0.9600 0.9283

3.62 BIAEMITMER

AT BAESEVERZ AR J1, BATA HAE DVDEWIREE & 1 AT 1 e 1
e WK 3-6. 3-7. 3-8 Al 3-9 iR, &% Bk AL DVDUOTI i HdfE £ o i 2 AH]
g5, DL 3-6 9, 1B 3-6 (a) 2EEMIZHE T, & 3-6 (b) /&% S HAH,
K 3-6 (c). (d) Al (e) 452 EDVRIZ7, PVDNetB37RT TSPBONT 2 2 it f) 4b #
iR, B3-6 (O RIRATEEMAILE R . vTLUEH, MET HALE L b2 45
R, BAVWEZRE L TEZMEMEGQT MM ER, WA RS
s AR SR
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Kl 3-9 DVDEIIAEE 4 IMG 0030 1 45 FF 41 ) 2 W4 25
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~(@)lnput G | " ()EDVR

T §e

LU

(d)PVDNet ’ (¢)TSP ' (HOurs
Kl 3-11 DVDUERIHAEESE IMG 0039 #4751 i 2 1R 45 5
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3.7 REINGE

ARENG T IRATEE — A LAF: T 2 RS R AT A6 B X 45 (1 400 25 11
Bk AR 2 REER RIS 4 &R E RN K LR R /1, 18
R I 2R TR AR <0 WURF FE AN 225 VR A HEAT X 55 BEZ R (AR 1x1 B
0 48 X6 368 55 i BVRFAE REAT I PRl 5 o v T — D RGBS 12 B, iz
A LA B A AN AR AT R AT BEAE AR B BE R, AT — DB RRZ APk
72 DA R X 4 AR SRR S R AR o B RS 1 RO e N B R X 4 R AT R AR B
&, IS WA IS BV R WK TE . 3 AT14E DVDPIA GOPROMIAHE £
XZFAEREAT 18 BV AUE VE VR, S5 SRR WIAR R T3 J LEE A AU 25 5000 55
%, WATMEZRAA R R, i H b T IRAEN 7R R S R A R
Pz, HASHEE D,
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F 48 ETEENNZERMEIW NSRS L
4.1 5|5

MU 25 AR AT 55 1R 9 A S B 1 Il i 5 ) A A <05 4003 it F) % A 6 5 AR 3 B
I P RFAE R & . 28 3 B LAE, JATAH 2 RIEWAARER MM 1x1 SR
LA R TIPS A L, (B 1% 5 Sk T A HE— B A3 B A it  fE AR =
FATIE 7 38T B & B IR 226 AR R0 2% AL 25 AR 05, e A BRAT A R IR
X T D [ I ST B S 35 SR, JF B Tl SRR & SL L 1 E N
RPN PR AL R o W2 SR T A AR LR 1 30 2537 S5 AR 24 SRR 25 Bk 1Y i) it
BT 5 —ANHIEA TIRKITER T

4.2 [EIRHEE A FNEE R X 48 L5 F4

A% 3 B4, SCRAIES: 5 WifE i A KK = H 15 W A o e i 32 45
5 ML) A TR sy 2 i, AR IR IR AR R T, SR AT 7 RE i A YA
SR R TE IR 2, S S5 Wb B R, TS0 23 S A LU 51
M 25 R . (Hl FARLEZh s H iz ah & R AL A AR IR 2 25 ol 2 8] 47 4
Bhah, & BESPATH T A et — D AR B U AR a5 S . AR S
WO T2 5, EATIE s A A B A IR AR B B R R . AT B A
FAT B2 (AR AL, 73 ) il £ 3K 28 HLAT I PP SR AR RS AE o 1R 3K SRR Ak BT X
(AR AT AR AR R BE AN IR, I Rl B S R R AR BT o5 A B agft S A [ s i [
N RRATUAS 7] 2 18] i B AL AR 2R A R P2 AN ], e AT T A R 5 LBt B2 AN [
It ARS 55 Ja I I A I, AR PR ARl & S R T BZ A B R AR SBE
ET I AL EMA AL E) o AR A F RS AR, T2 E & B A XA
BRAERKENE.

BATHIHIZ D NI AP BL: FFAEIRIUN 2% . RIS TE B AR SERE e I s
Ik fih 5 A R AR L A X 2% . LA ARSI 4-1 From CRAEESE 3 i A\ 9
BAT D . N T IRESHEWPRER, MERBERIIRZENSEN .. 25 WA
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ik 7 X 4 i ) P B AR AL AT DN, A5 B B R TR BT B R . el R S AR R
FRATISE FH AT 22 T 25 A5 I 28 7E BT A 408 B 737 6F 5 11D [ B S B Py 2 30 R R
Rl AR A ] T A YR AR SEBL T B G N R R SN PR AR R, T AR
MIFRIZSHIE N EE T 2 LA 2 55 AR X 45 [ A0 25 1M 505

t—=1t t+1
Aligned Feature

K 4-1 FEBAIERE

BN LA, 73 5k Feature Extraction W 4% AT T RAE FIRFAE£2
B, B R HONEAR 0 HE R R AR, AR Ja 2R A% v 15 48 A7 AT B B R Y
THAE . ANEI AR AR, ke SLARAE 4R U 2% 12 48 . Feature Extraction [%4% i =4
GRERM R, BN EPRRAE DK 2 WERZEMM AR,
B KA G SRR BURFAE B R I FRAR L 0 9 32 o i 2 22 A e m] DAAR 4 b i ok
BT YN ZRad 2 ey T 190 255 0o R T SO AH BV 2 1) R, A 4 AR 19X 2% P DA SE T 1)
SR, TG R 2% R 32 B o IRl 1908 B2 1 22 X % T LA 4k B PR o B R R A
1 . Feature Extraction [ 4% ()% 2 fan AN RE A ot = 2 (O INf 2 P A1, X SBAFAE 2 R
X 5% ]« Den Align Module K fERFAE /2 [ AT X 55 o % 5% 5 IRFAE 4 Temporal
Feature Fusion Module #4714 2 200 (1) B FP e ik k5, AH Q1M 3 IR 2= 1 4
TES A T2 b oo BARHR RAFIERI B, IR BRI R RCR . BlE 5 %y
fit, ZFFAEEFER LS, BEESHWE A ME PR ZE R, RE&K
2 B Ak 22 BB ORT 2 25 WA N A5 21 1 &2 HE BT T ot o R S X 4% ]l S A S A AR
BHA RN, A REPEIH — N ERE AR ZE R N . &R E X
N HVRFAEBEAT FoRAE,  FRZERE AT AR G 1 57 1 X 255 R] Dy 6 2 e R 5 B0mh 3
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I o HRFAIE R N X 258 FIRR AL B 222 Y 4% 44K & — > Encoder-Decoder 454, 7] LA %K
LRrEGE TR,

4.3 F-T 1858 A T A SR M 4% B AE SR X 5T AR £R

£ 3.3 =, EATRIC TR AT B GO 57 BT Ak, I B2
H T T 2 RPE AR R 2% i B sURp AR TR, B A T AR e roe it i
7k, KBl T RREAIXT T Bl X SRR AR R R 2, A AT A 2
B WU NARFAE S AL B WAS B offser AT RE R KA R EESH. FEIM%
WERATRE, BImfEIL T 2 I offser EE MM BERF, A ARREBRTE
offset KA BN RFILE AT, WS 25 A i AR A0 ple el PR A B8 o FRAT 7k
A A RBWUh TUAR S5 B . TR — L, AT 1 5 A R AR
AR, A HL A AT AT AR AU T 1) R U A5 B X 7 £ [ s S B od PAY 1) 2 35
BRE . WK 4-2 Pros, ERATHE ST 0 9 ] A A B 48 (1A AR WO 55
PR

Neighboring @ Optical Reference
Feature Flow Feature
(‘{\ | Wy . Corr
Feature
Conv

I | LTl | | Cost |
I I I I )
~—r

s | |

/TN Residual
]/

Offsets
Spatial { Den ) DCN
Masks \ Align / Offsets

AN S Feature |

B 4-2 J T 8 o ] 2SR 25 B 46 1R R <0 Rt A Bk
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FATSCHE T R AT AT AN LS, R T — OB BT M4 . Den
Align, EREEHEFER AT : (1) Den Align (B RS EERMLE: LA N
FMUEERZSH, BREEREN RN EME DCN Offsets R FEALE
Spatial Masks. (2) Dcn Align B Z: K &R Z A T HABMUREE,
47 5% 55 14 ) B SE BT Y 25 e BB & . DCN Align (i E I FE AL (4-1) fr

7N

A K
Fivi(p) = ZWk o Iy i(p + pr + offset;) ® mask;, (4-1)
k=1

Horp R AR A AR MIRRAE, IC“Hiﬁi%Xﬂ‘HﬁE’ﬂffH@BfPﬁ%ﬁ, EATHI RS h
128 x Hx Wo KRB RUZRAEEE, w fl pp 20 BIRIRE & ANFRAERFE 51046
AL E L LA B mAs . i K FIMEN 9, W p, iTARIR A (4-2):
pe = {-1.-1.(-1,0),... (0,1),(1,1)} (4-2)
offset = 2K x H x W, REGBRL PRI B mask = 1 x Hx W, &
Nof N RAE SRR E . offset A mask 3 WIXTRIE 4-2 F1H) DCN Offsets All
Spatial Masks. offsen, [RELE k N RFE R BINFE , mask, FRFH kA KAE A
it 7 1A B AL B o E T J5 K SR AE s 0 B — M /N, BT DX L R
oF R O R SR A B 3o O M R A T AR F
KAEAL B M DCN Offsets X B M FE 7% AL 25 ot v 5 A0E i RITAF 41 o
X IR AE SR AL B RS . FTA DCN Offsets FOAE BT RE, 5t A 41 Wi A0 2 2% i
REAE XS S5 I R o XS0 A3 F Ak = S I AR, At (4-3) R, B PIEE
SRR TR NI A B AL, RS E AR BT AU R
TR eI AN ERG, T LLFRATE LS Aty b gk 5] — AR ZE A B AW As, 2
PRS2 B Al T . R ZE IRl i 5 AU 5 2115 21
DCN Offsets = Optical Flow + Residual Offsets (4-3)
R IE IR A PWC-NetPOH 5 AR AR WURFAE £, , 1 22 MR AE F, 2 [R]f)
HRU, sy WA (4-4) FoR:
Upyimse = N Fry ) (4-4)
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SN JE OGRS A B URF AL AT Warp AR A, 15 225 WAL F, B0 X 5%
(IR ABMURFIE Fro i WA (4-5) FoR:

Frii = Wi Upiiosg) (4-5)

B2 T RHG W0 X S AR A WURS A s AN 25 WUARAE £, 34T HAR ORI 5, 13 31T
BCARH 25 & Cost Volume. VLEARAN 255 Cost Volume 74T HAH G I8 5 1M
ANFEAE B2 18] B R AU, BT 6t 55 B R AR IR AE 7y R 2 25 WARAE F, 2 TR) 9
DUTC 1% 22 o % FL P N 380 5 AR X 2% v 2% 21 48 31 5k 22 1 67 B i 7 Residual Offsets.
EREERNAR (4-60 AR (4-7) Fiw:

Cost Volume:Corr(Ft,]_THi) (4-6)

Resudual Offsets= C(Cost Volume) (4-7)

Hrf Corr RERBAHKIEE, CHRELBHEBE.

KFERLEE Spatial Masks K/N N1 x H x W, ‘& 22 7~ A0 A8 AR A5 A A [7] 2 [7)
fr B AR AE ST MR RE . BEHMEAL T (0,1) Z 0], REBEIRI, FHAEBR N
KAERLE Spatial Masks I % AH SBHLSWURF AE AT — R B RAE, &AM
H Sigmoid #uF s 2], HitFdEm A (4-8) Frox:

Spatial Masks = Sigmoid (C(F}, ;)) (4-8)
Hr Sigmoid 83K Sigmoid WG R EUEH, CREEREHE.

BT A 30 (4-1) ATl B B AR 55, 39 1 PRSI B T offser F
mask, RAEH| GBI P AFAE SRR BRI E . BN offser AR T
LW Z: 25 WU R AE U AL B A2, BTl Den Align £E4F4E 2 T SEI 1 AH AR
PSRRI, 550 RN mask JeWe 7 AHSEARARMUREAE FTE AR, £ EPIHE
I, BRI T PR RO S IT o A B RO, X e A IR SR A (1) 5 SRS i st ok . X L
SERE— R R IHUR, LI T A RIS B RS, R R R X
AR S5 R oTBREE K. 1M1 Den Align AHECT 3G 9 AT AR T B A, AP AR (DD
H offset AT FE 52 4 AN, Den Align FH I offser B A LPriH = L. K
AR LN 317 A 26 ORI A 55 v XA S oS 55 )@ b, (615 offser AR RGEE
TOLMMI G T, Mg B AR EREE, f e 1 Al 2T B AR I 2R 8 b P 28 ANFS €
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offset 1H i H 1ML (2) Den Align ) mask FIFEEALFRFIMELE X, EX
I PR 2 AR ATUMURSAIE R AT AR, ORGSR 1 x H x W o T8 58 ) AT AR T 5 A0

Am AR AFIBE, HRTRZK x Hx W (K 2GR RS H ) 7o iffsk
H A [F) 25 0] A7 B S AN FFIEMEEE . AT B Den Align A3 58 ) 7] 28 2 5 1 — /N B
EHIX g TGRSR B B DU e P KW e, #E IRGE AR
7] — 73 B A B AL R R A 50, Den Align A M A mask 5, HARR B w2 %407
BN RRAE SIS AR s T 0 i 1) AT AR TR AR R AR Am B B R R
(AL E A — X — KRR, BT IS RRAE [F] — 23 (A AL B AL )R A URT RE L
AR FIACE, X B AR A G .

4.4 ET 7S8R M 4% 1Y B & N B FHHERR & 1R IR

FERLIR 2 O AT 25 b, AR QR MU0 55 A REAIE Rl & 2 IS B BB 8 20« i)
T 0K R X 5 I R 3 S AR A S X AR 7 B O o AR QBRI 2 25 iR AIE R 5%
ZJa s EAHE R A R B AR B RR AL AT R IR AR . BRATT R BEAE P AT 1Y
AL EAL, oAl E X L B 08 AR MR . T I BRI B A AR A
iR XA RE AN, Iy i I AN [ AR BT o S gl 2 AS ] 5 1 ] — > AR
PRMUAN 7] 25 18] A2 B AR SBR[, e AT Bl S B B B AR T B
XF 3 B B AL, AR PR LR S TR TP NOZ A B R AR AN E (FET
I e A B AT AL ED) o R ASF B S AR, 75 5 E A AR O B R
KRG IE.

N T RRIZA R, BATRI 1 shaS IR M2 1K G B . S AR R 2%
. BRIZ IS BAE XU ZRSE R AR R A\ AR A2 ] 5 1Y o 1 23 A& JE M)
g, JERAR NS HOERE R A BE AR, HEEERMA RN
AANIE, AR IR E U A8 S HUR e 2 AN F] o X P 284 BT B E BRI R A T
SR RAEE, 1 H USRS R R A SIS LR, AR EEINSE, i
ARSI BRE A I 2 RN . ZhaS IR 4% AT DL 2] %% Bl 5% 4 18 B 1
B R R IR A e, X R AR R R E TN . RRE LB R, FrBLEAT BiEN
Peo M0 FA T EAR I PR AR A, B0 — MR E T SN AN S R L) SR AR
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MCAR e W FPRFALRL & AR, RN E TRAMAMER, 2 PMERARE
B .

5 KPNESI S A, BAIER 1 25+ s 2508 W 2% (1) B 3 B I R A 5 A6
B, il 4-3 Pros. ZBHUR AL BRE TR B AR AR BT X 55 A RALE
FAESCHL T B GO0 R ALl 5

NxCxHxW CxNxHxW CxHxW
DLFL
1 1 conv
=114 il tltt+1 t-1 t t+1
\ Fusioned Feature
Aligned Feature [ Warped
C Spatial Masks

K 4-3 BET B A DB W 2% 1) i LI A A R A R

XGRS E R R ST AN x Cx Hx W, N S A\ B9S2 (3 H
C2FFIEEIEL . B EPMREENCXx NxHx W, HE CHANxHx WK
FRAEKE . B — X PERRHE B, # R A 58 B R N\ GE ST I B R AE, A
(7] 2L 14 AR 1F P 2 A A 308 T 4 B2 P A ()00 82 AT S 0 4 2L AR A PR B AR A
MG, JFR R 2 ) Rl 25 R AR I E 4R SRR, S RIRFEE Q. FAI L x 1
X Q TEIBIE 4 FE MU IERL &, 19 2 B 2Rl & 5 I RHAE .

FE AR AT LA M X 55 B HL 2B i) Spatial Masks, S8 7 AS R AL A T A A 7] 4
6] (7 B AL R I TR B o FRAT K & B I P R R Rl & A AL, IXFE B A
SI I FH A <8 ot v 5 37 T AR 3R Rl S 2 25 b BRI B AR R AN (R R RH AR Ao
Xof AR 2 BRI AT, I R AU S R e B oS A AR . FRATT N SR e i
R4S 3 AR AR AN 2 2 2 (8] (1) 63, X Spatial Masks i 48 45 /E 3515 Warped
Spatial Mask. 4 Warped Spatial Mask F15%F 55 JiF [ 45 KL AT TR AF () 5 AN 41 B
B FRAT 2SI SR E P4 )2 (Dynamic Local Filtering Layer) 1, FLit5& it
MR E A 4-4 s
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w /
A 4.
s 17 S
il | D | P ‘

I 4% | Nt £
Convolve

F(c;) M 0(c;)

LA R O )o8) A Ry N E By VAR AR R 1R SR 82

AR PN Z DLFL MR a s (4-9) frox:

N r roA
O(c, x, ) = Z Z ZF(cl-,d,x+n,y+m)><M(d,x+n,y+m) (4-9)

d=ln=—r m=—r

E¢,N%ﬁﬂﬁﬁMﬁW%ﬁﬁ,r=£§L k & BN R RS = AL
1, M /& Warped Spatial Mask. X B HJERIZEA &EZ S WS E, 2 T
TSR G R . B S HOOR D, RS R . @il 3 &5 R8s 2 DLFL,
FATTSLIL T 0% 55 5 WO 4R AE, BEAT R R ZON R IERL & o B TRHIE R )
B H Warped Spatial Mask, *2MR4EH NSNS LK A F5 A KA, BA
AR ALEE 5 [F] — AT 9 AN [R) = (Al A B AL, R A AR RACE . By BLR A
Warped Spatial Mask X Xf 5 (K] I 3 R AR B0 4 ) D8RR, SRl T4 € T4
ANFIAL B R SRR AR 4, RIRRAERE Ao ik X PR 2 B PR A, 5K
LT IRAT—TT 6 W BIE 5E SE R - 1) R AT ot e 7 BT PR AR 3R 2% 252 ol o DR AR
R, T2 AN B A R

4.5 BT BENRZESRMENRTEEMEE

A TR AL SR I 45 L ik T 4 5 ] AR T 5 AR R 2% AR AT IO SE AR ER B T3h
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ASTETE N 25 1) B 38 L N P Ry Ak ik 5 R SR MR AR B R 4, BRATTSEBL 1% BV

HIE 1 5T & L A AR R 2% B R A 25 SR B

Input: ELE N AMERISAML B _ .., By By ts Horh N=2n+1
Output: 5 M7 ) ZF il £,

o ANUITZR 58 B R ASE B v 48 )9 245 2 80

. ¥ 5% i B, %t \ 2| Feature Extraction W 4%, 15 Z$2HIHRFE £

s Fori=-ntonDo

s ¥ A 4RI B, . ; His N\ 2| Feature Extraction W %%, 152 FEEAIERAE 7 4 ;
s R A (4-4), THEAABWIRFAE £, A1 S WURFE £ 2 18] 1D I
Utti->t

6 AR (4-5). (4-6). (4-7), THEHEIKZERIH B WFE Residual Offsets
y R A (4-3) , HERHA A DCN Offsets
s WA (4-8) , THERFERE Spatial Masks

R AL (4-10 , FAHEBMURFAE 7 055, 19 200 5% J5 BRRE 2t+i

v End

n K0 5 IS I AH AR WURE AR R 2 2B WURRAE , R TE 4E R R, [REIBERN

N x C x H x WHJH#fiE: Aligned Feature

i ¥ Aligned Feature 317 Reshape #1F, #32/EW1C x N x H x W HJHF-E F

s Fori=11t0 CDo

14 RIEA R (4-9), BEHALIN x H x WHEHE £(c;) FIXF R 1K) N A fl&
BLE Spatial Masks fii A\ 2 )45 J5 # J€ 9 2 H it 47 DLFL 15, 15384
A IR RRE O(cp)

is End

w6 F CAMRHIE O(cy) FEIBTE 4L FE 42, B4 1x1 BSR4 Bl & RHIE ¢,

v G Cp BN B AR B X 2% v o EE R R AE RIS B ol B, AHINAS B Ry

s Return 7
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4.6 SERULERFAGTIR

FAE DVDIOIFI GOPROBIE#E 4 FxHZ H ik #ET T € A g bl . 12 A
VLI S28G B E [F] 3.5 15—

4.6.1 HEEEITHER

N T VPG LI YRR, BRI S LA BRI 2 ASOR S02:4E DVDIEUE
H A GOPROBMHE & kAT T8 R ELEL, WK 4-1 F1K 4-2 iR

256 {8 B PSNR A1 SSIM AE A VFAl F8 5, &A1 S 1 AN S0 R v Aff 2
MSEBG S5 AT LUE e, BRATIEVEA R T 1T LA SofT AL R 500, a8 )
TR REAER R . BT GOPROBSIHE 4 A (I RLATUE 51, 408 i A1 2 2% i
Z A IRF S K, B DU I LA 5% . 25 L GOPROBIELHE 48 | (1) R B 45
FECT 12 DVDPIEUE & b #8AT AS R RE FE 0 R B AR RAT S b AR S e i
KT MRS 2RS40 ioes 55 07 2, AR M4 B AT R B, BT DAPERE TR

L

* 4-1  HHEPAE DVDPMHESE B e B AL 4

Method Taol!% Sul®] STFAN[?2 Xiang[3%) TSPRO Suin 61 Ours

PSNR 29.98 30.01 31.15 31.68 32.13 32.53 32.54

SSIM 0.8842 0.8877 0.9049 0.9157 0.9268 0.9468 0.9410

42 BHEIAE GOPROBUEHE L I 1) e VT AN 45

Method Taol? Sul! STFANI[221  Nahl*7! TSP Suin B¢ Ours

PSNR 30.29 27.31 28.59 29.97 31.67 32.10 32.18

SSIM 0.9014 0.8255 0.8608 0.8947 0.9279 0.9600 0.9316
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AR T A TR
4.62 BEEMITHER

AT R B RAE LIz AR 7T, FATTR HAE DVDPRUIA B S A0 1 S
W R EEAT T e . E D B A AT A1) e e S 5 sk A AR A
BRI, X AR B % B R R — B

WK 4-4. 4-5. 4-6 F1 4-7 flron, 72 % iR E DVDPNIN R H0HE 5 A 1 25 B0
E5. DK 4-4 9, B 4-4 () REIZSHEm, K 4-4 (b) RN HEAHE,
Kl 4-4 (c)\ 4-4 (d) 1 4-4 (e 45l EDVRET, PVDNetBP7Hl TSPBO Lt
ZHMIPALBRLE R, B 4-4 (O RIWAVEIER AL EE R . e TEVEAL 25 R T LUF
H, AT SRR T Hh 5%, WEH TEBEG P EZ Mg ER, il
A R AL IS A Foh AR S BT . K] 4-8 R 4-9 R AE DVDPIE SEEH
B e LR R, AR AR EBRRAE S MR EE. A
4-8 (d) FE 4-9 (D ATLLEH, BEAREA S8 GO N BAE, AT E
TRARA R0 22 B 1 B SBOR) LR P AR AE 16 e T AL R B AT B bR I8 307 A IR BEH
BT DAL VE HL & B N2 A e
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"~ (d)PVDNet T (TSP (f)Ours
Kl 4-5 DVDEIIHREHE 4 IMG_0030 KA 51 (1) 2= A 45
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(d)PVDNet ' (©)TSP o ~ (HOurs

Kl 4-6 DVDEIHRE G IMG 0037 HL4 5 51 () 25 WA 45

(d)PVDNet (e)TSP (HOurs
Kl 4-7 DVDPIIAEE S IMG_0039 #4717 51) 1) 25 R 25
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g oy >3 2 = |

(bEDVR

% ~ e | S = = 1

(c)PVDNet (d)Ours

Kl 4-8  DVDPIIN X H4E 4L Boat AL P 51 H 25 BOR) 45

(c)PVDNet (d)Ours

Kl 4-9 DVDPIIKH 44 Books HLAFF 51 ) 25 B0k 45
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:\ a—1 .—\‘—. A
4.7 HRESELG

TSR o EE K P AR BR A0 AT 11 32 3 48 9 ] AR FE 2 BR R 2% 1) 4 <08
X 55 A5 B S T 50 285 908 3 W 245 (1) B N I PP R AR Rl S A B . O T SR AIEIX
PR PR AT R, BATT 23 A T DA Y Rl S, SR AT S AR 25 R A T e A AT R

4.7.1 TEEBMIIXS FFAR R

i T 8 8 T AR T A AR 2% 1) AR AT IO SR e, R AR R 2 2 TR SRR AR
MBI offser HIBERIEIRAIR ZMFE AR . T TR ITAH &L MO - A HUnf
LM R, FATE DVDORGESE I T =/MERSEE . Wk 4-3 FiR,
w/o Align. w/o Flow fil w/o Residual 437 & 7 [0 4% 25 ¥4 2 bR AN X S A e
5 BRE FEASTH ) S AN 23 5k SR I R 2 R

*® 4-3 KFFELEAE DVDPMEE A B v Al s g 25

Method w/o Align w/o Residual w/o Flow Ours
PSNR 29.26 31.38 31.62 32.54
SSIM 0.8730 0.9113 0.9148 0.9410

LI SE AT U, 0 AR BT B I B 45 A A B S E M. T
FEXTFERE S, AR AT IR 25 2% WK S RFAIE PR A B % (% 9 350 20 2EL . At U
MERZ WA, #WXFHEE—CHEm. KBRIERERE, ik PSNR fibs
7 0.92db; KERFRZEMmMFE G, ik PSNR #5b5 N T 1.16db; RN 55
i, Bk PSNR #8458 FF% 7 3.28db. JTLAfE Den Align B THE B, 5] A6
BBl 1) 7 B AR i v T A8 B R A UL B R RS A LE Y offser Y H
SRR VERE T BRI TSI NTRZE R R D B IR R A A R, Rk
T RO UG S B ARG B A () A, R R R B 2 R — AR 4R T AR AR
RN 23 2% MUK S ARFAE 1A B AR, LA — i MR 20240 1) 07 SNk AT HE B R a8 3 Al it
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4.7.2 FIF4HERL SRR

R T2 PR PN 48 ¥ 3G NI 3 ARl A s, AR TT 1 3 & R &6
DE I PR A RO R SRR RE I S . ISR 4-4 PR, BESE DR AR RS A
Wrig oK, SEPEREt AW T, (HREHIEMA RN k=3 )5, & L gm, &
IRMERESRTHR D, BEZ A R A2 TH S E R IE g . B DLy 1 P PR B A 2K
K, BATR TR kBB 3,

R 4-4  JEPAE RSTTE DVDPMUE £ bR S0 1 RE 1 52 )

Filter Size k=1 k=3 k=5 k=17
PSNR 32.26 32.54 32.58 32.61
SSIM 0.9347 0.9410 0.9418 0.9420

4.8 KB

ARENG T IRATHEE A TAF: T B & BN 22 26 A0 R 2% FX A0 000 25 A0
2o AZFLIR R T K8 B M AT A i R R K LS 225 b AR R R
FEEPR AR F b B A5 R B U B B RRIE SR BN 4% .
T4 9 T AR A BRI 4% R R O TR B L kT 2 25 8 I R 2% ) I R I PR
Ik R 5 R BRI R AL B X 2% o R IR B I 2% AR I B R 4 B AR R A
Encoder-Decoder &5, 735 S STRFAE SR BT RAFAFFAL A FoRAF . Fk i
LA AP 20 A A R SRR BRI A AR B S AR, B AT ) R T AL AR A T
55 TR SRR I P A ) R e A ISR ARG ff X 5 AR g 28 RS A R

FEXS TR R T AT T s v AR B AR, R T A B AR T T
Den Align, AL AT HH <1 URS A 6 55 1) (R S BL 17 ot o9 228 30 S R 5o AR AT 20
WHTAN 2 2 WO B RF AR R 7 B O A% 28 i R v, SRATISE I DCHEL gs 08 40 1) 0y 3t
ITHER I B Al TE o 1 J6 T SR AR AR MIURT 2 25 UK AR 2 IR R Y630, A S B0 00 i
M5 SR A 26 AR R 2% 27 23 R G T 20 368 55 9 AR <1 4 A1k AN 2 25 ks ik 22 [A)

-52-



W 7RV Ml RS TR 2 1 S

I ZE A%, EATRGHA A RS Aot o SRIPUZHE B B0 A A SRS, ik 1 56
3 3.3.2 X TR R A AN A A BRI 2% 2 ) AR AR A% W] BEAFE R offser 1H Vi
Y PO I ZRAS AR 2 R TR o X S B vl [ e 3 3 2 A I 2% = 33 A2l 1 AR At
RRAE R B 3 Aii 8 Spatial Mask, N 1A R 22 (8] A7 B A MR RIS M RE L . £
Den Align AT i, @i Spatial Mask SE3L T 58 37 BT 14 4R AIE 06F fe 24 1)
GG R UTIRE Ko XA WA ) 22385 B R

FEI PP AR Al S A e b, AT A 75 B SE DA T I P o7 B A 2 [ 47 B 1) 4%
RO A, 0 H & EARE AU S BN R SE B B S MR HIE N
& SCRMRIE AT AR, ERESZ W NIERBERENE. HTw
L AR 2% 1) 5 AR AN B AR RS AL AN Rl 2 e 7 B A S 80k =, pr LA REf A 42
JRi [ E B BAZ AT RHERL & . £33 & 3401 71, RAVMEHFERK L x 1HHR
W 2% AT I PR AL R &, B R IR VESUAE T WG AR N B AR 2R 45 R e
B[] — ML AN [] 2 1 57 B AL B R AT AN [ B MR AT, £ IS P RS ALE R 5 I R
AMFARERZE. XEANGER, KOYFE-— A [F 228 67 B A B R
BRMARE L AN, A R e ) v F R Ao 4 2R AR R B BE AN TR o SRATI A B 3
AUE WM 2% B A W B R E T4 AN ANAL B AT R s T AR e K e 0, i 1 E
CHIEh & REIEBUZE . A AEXS TR £ ) Spatial Mask 1E N R &8,
A I A 2 R AU R S 1R A <18 ot e 3 I RR AR X 252 ot e R A A
BRI IR o

Z A DVDPHHE AN GOPROBIEE£E E it 4T 1 € B P05 A1 5E PE I 1K
i RR W EE R A RS VERE, o DI RO B 283 S rh ARSI, L d
LS S e A 0 N AR A ROR AR o i i FRATTE X AH T MU0 5 A5 LR I
L R A BR 7y Jol fi TH RRSEBe, BE 1B A Rk
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& ®

A SR F BOBIAE 55 HEAT T IR AN IO BB B Fe AN S2 G, E U0 i
T AR AH ARG S5 R0 PR AE R A T T A A AR 7S . AR ST A 2 2 )
FEFR AT T D 75 BT A 2 Rl 2 28 W IR 6 AR 3R, 70 424 i N A 4 e 1
(5 B

AR S FE TR AN QE I TAE W R

(1385 S50 B0 E § AH AR MITAE R AIE 2 10 5% U AE B 16 5% B A 5 4 1Y
o

(20 5t TR AT AR T B A 48, S 1T — Rl &R HE 7 2 Den Align.
EAR T A RO S AR, (R SEIL T WP S B G

(3) FIFHZhA R i sk =, MO & 17 R AIE & 1) R AL 31 v 1
2S5 BRI 2, 20T B IE B AR R GO I 5 R E Rl S

HAp AT H 1 Den Align %554 4E, AL SR T4 Ge 6 i il v k47 % 5%
FAAE G TE BEASHER () R, 17 EL AR e 57 A P A A D 8% 2 20 R 408 it A 2 2%
X SERFAIE A PR A B AR B A7 E (R 0 28 I SR AN AR D A2 (A8 H 1) 1) o B — gk 2,
Den Align % 5 8 AE A AE T M4 2 BT 55, 0 m] DU T HAB AR 55 A7
FE FRI0T 55 10] R, 48] G KR A58 43 9% 2% FE AT 55 v R AR AR AR SIS 55 L IR IRATT A
R EN A RIEIE , SR T —FhRe e T N ANAL B HEAT R 1R A e 1 e
FEFRATI AR A, 3Pl ) 348 72 ) A8 450 5 2 I PP R AR R, ) P A 48 M ) 37
REAE T 228 Wi (R0 RFAE AT AR 3R GO0 B R o 3P R 350 2 [ A 46t W] DAY
F BN ARAT 55, AT HRE 58 T N\ A2 8] 7 B PR R AIE AR 4

AR SCH AR W] Lhgk — 5 o AR AR I s 0 R

(1) FEXTFEAEE R, 3l i 45 AR ) 4% 2% ) A2 i Spatial Mask SR 2 7 #8 A5ii H
AN 2 R B AR R TR AR o 3% 4> 22 ST AR I I A T LS B AR K 58
B AR, BL— P T B AR 1 O AR

(2) ZkEEERJT Den Align 7E H AR ML AL 5% b A7 78 1R X 55 i @b Fr 28 B
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