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Abstract: The video magnification technology gives people an opportunity to observe and study small changes in things.
A video is decomposed by the complex steerable pyramid and the motion in the video is manif)ulated by analyzing the
phase differences at different scales and in different directions. Magnified signals-at some scales in the complex steerable
pyramid exceed their phase shift limits, resulting in artifacts and blﬁrring. This problem can be solved by adjusting the
magnification factor for each scale. In this study, a video magnification algorithm based on multi-scale filtering is
proposed. A relation between the spatial wavelength of a video frame image and vibration displacement is established to
determine the upper limit of the magnification factor for each scale. The manual setting of a cut-off wavelength is no
longer necessary, and the amplification factor for each scale in the complex steerable pyramid is adjusted automatically so
that magnified signals“can adapt to their phase shift limits. The vibration attached to the large motion is magnified to
verify the performance of the proposed algorithm, and the result shows that it has obvious advantages over the existing
video amplification algorithms.

Key words: video magnification; multi-scale filtering; complex steerable pyramid

i
RIS EEYA S HERE R, fER X A Ea TR GHATIESI 2, 47 T NTEER

kS y e R eulink XYL veRcE T NI R A A B T4 S AR T U AT B A At B 52 7T

O HETH : LR FEIHTIE (GXXT-2019-003)
SRR T 2021-10-27; A& 2 [7]: 2021-11-29; SR A A]: 2021-12-13; csa 7E2k H AR A]: 2022-04-18

Software TechniquesAlgorithm FXFH7 R 577 231

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/8608.html
http://www.c-s-a.org.cn/1003-3254/8608.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.008608
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20224F #5314 57

PRAAIE BLIIHL 2, FARNLIC S T Mg sh, Fxs L
PR 5 AT AL B, T LATBORHR B L, S0 2 (17
AR DL, 0 TR 2 Je RS AR AT B R S i,
PN Gt S I R ol W SN -3+ LN UE T
Sy e e] s P AR RS, 4 A R R Bl 15 0 T
Gl R D 4

(EALI TR AS BO2 A BRI, JF BB A T8OR35 £k
RIS N, FEORAW A R i o B 2 kP AR, XA T
S e TR — RIEZMABARARE, X T — 80
R, BOKJE KI5 5 20 iz RER R LR, &
SO RSO A e et ity s S S A
I RERCR T, £ — @R B _L3RTT 1 mi i B &, {2
BAEAE R S BN TE 1 1AL AR SR Y T — Al

FET 2 RO YR A BUSOR B, B30 H AR RN

2 31 B A L, S S T SRk iz )
T4, S L MR e 5 B 0 1
PR, AN THGE B, FIE R &5 4 RUE 0
FOK A, M B B VLA I o 0 Dy 2 R, 32

T i ] i

1 MAE N BOR

L IR AN A, LS SR BOAR R B 450 3 2%
DA% B H VR BRI AR R b A% B H IR A9k, H Al
HIRLIIE B BRI i KA T WRR AL A Bk B H ik
I T AR B S35, T8I O BORL T 132 Bl 32 Rt
FUMG R ERREIE. Liu 25 AP IR T 58— N F 4k
BT 1H A MR IBCR T 9 . 388 3o G e i ) A 1 B

TOLUIE Bl Tk, RIX 701 5SS AR B 1. |

FRRIEE, FEX EBRIEBIHEAT OK. ZAT 2% o A
[ A 1 B A N

Wz 77 v SR L BRIB R, T2 4 4 Pl b [
{4938 10 0 I o 1D 8 £ e 2 M R ROK T ik
T PR30 33 e 5 ST P 31 1 25 40 53 8, 9F
s 2 A HE A7 I SR i, B AR 1 /N R B
{5 B AR RS O 75, I LR T I3k
U, RSCHRUNBOR T . [t Wadhwa 25 A1) $211
T AR UK S, M 5T e 7 59 5
e JRURE 7 T AR A5 Ak, MT AR e 7 068 7 i L, D
e 8 AT 4 e T ISR TE T ROK BT B PR, (3%
T SRR ] X, Wadhwa 25 AU U4
T Risez &7 HJ7 BMPGEATHE. th T HHEX 400

232 AR H 1 Software TechniquesAlgorithm

S BRICGERNE S, Ed ROy B H & T
LA A L2 R 2 A, B R0 T o
18 B b S NG S,

SRTTT H AR 65 KIZ BN 5t R B R AL R0,
\TE B I 0 SR 0. 011 25 B KA B R BN AL
T PR 7 S8 . Bai 2 AU i 8 R
32 B 690 BB, S P B R T ) 7 22 kg
2. SRR B VR &9 9 DVMAG!2 3l it b
BT 7 5 X oK 5 R KRG B, e
T TN X 5 0 4 30 AT SR HANOK . e T
o\ T B SRR X 350 T TG P e b 2 i
FEEAMHE R Kooij % A BIN T HERZE, B
et AR R 5 2 9 45 2 2 40 SR 0 2 K 0 X I
VTR FRRIOVR AR, AT A PR K DAL,

Zhang 2 NVERI T —AMEE, B KIZEHTE 1L,
O BRF )RR R e 1, SBT3k K iz 3 b i
N BIER JBE AB Ak, . %07 R i T 4 4 AR IR
HIREAS J8, 4 JRFE BUBOK B T4 AR R B, (B ST T 43 4
T4 R RO FO 2 SRR R TR, e LR £
U bR R AR 5K R e 2 1, 340 RLBE, HOA
45 B e LUK B 75 1T g 2 ) 2 1) S 4, 3
i LB O B B R, 35 VR 3 4 4 R ORI
T3 AT AH AV Xue 2 ALS) 6t 2% il F R A
S TR ST AT T S, Sl 5 1k b
4 57 TT 43 G B R A I B, T — L ORI
T 5 LB TR R A, LU T Rl i B A
R AR . %07 TR AR S 2 A AE T O b K
FRABUN T e 2, oV v T S I 4% R MO THOK_E R, TR
TE TR R A2 5 R PRI T 30k 0 0

2 HET 2 REEREB AR Sk
AILERR/NIZENRE K5, f T MR T
2 REZIEB ALABCR 53, SERE R & 1 FoR,
B S AT 9 < B O LA A 24T A [ 03 i,
19 B [ RUEEAS 6 J5 i - 455, 3t e g e
LERRIEE T, 1538 AR RUNMREIE 5. )5
Bt — 2 R PR AT, o7 & RO 25 [/ K
AAVBENALRZS(n) IR 2, B IE B IR B 48 RO R BOK A
Tay. TR AR AL & IT AR B 2 AR 245 5 47
HMGALE, # R REH . REkmilifEs s
Xt R e, 3, BLEE SR AT 6 73, I HH SO

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20224 3146 7

http://www.c-s-a.org.cn

i EN RSN

EIFL Sy

A

RGl0) ©
B 771 1 -
n e
| |
b
R &—I:ﬂﬁz
B Ji -
e &
J7 1 2 L |
(IEE 5 ' \ -
- *
B 1 BL R
" -
2.1 AR )\ y ! 23 SREEE

ST A R B R — R
B AR DL I R 5 86 e R e U,
195 P4 10 R 0 P 5 R R AR %, 3G o L 3 i
B GBI AR R En. RRD7HG, Ik (1),
1(x,) ® g = Apg(x,y)ene) (1)
Hoeb, T00y) N R R IA 15 5, g o 4 5 HE U8 3 53,
AngCoy) IR 5 5, o, y) SR 15 50 WU
Y A o ) R R RS Ry L ARz, AR5
FE Bl A O A B 5 20T 5 B0 5 B AL B T 30 22
AR 2 TE A G S WL R R
SEEE B A TERIRL A, DR, T AL B R A 15
BT DA ST LR A B AL L. .
22 MEREEIRR <\ <i
TEARSCHTRE 50 1, o T E AR 72 /N B
Bl 0, SN LR B 4655 B, ()
b 4 K IZ B RN Z B, P I R
SRR ) T4k

PI(x,y,1) G(x,y.1)
% ®G(x,y,0) =I(x,y,H)® oz 2
, PG(x,y,t
¢w (x’yvt)=¢w(x’y7t)®% (3)

2
S0P, Gy AT NTIEE B, T Col ) 0407
%8, BN RENE 258, 6, (o) 0 M FE 8 6 51
NEE RIS 5.

i

TEARSTUROR B, e 2453 20K 5 IG5 08
$o(X%,3,0) = Gu(x,y, 1) + s, (x,3,1) 4)
Hr, e NHCK £
SRR A Fa R RETC R K, Wadhwa 25 AP Fl &
Wi P Z o 1 R 5, Hah AR
ad(t) <o &)
£ ?%ﬁﬁ’ﬁﬁ@%d%fil‘?i@%%ﬁﬁ%%
Mz%ﬂﬂ%?iirﬁ@ﬂ B

npdy

@, 0(1) <

(6)

¥

S S() RRENRLES, 4, Rl A WK, TE 1/4 15
WRE R W & T H, n, ~ 3, B R B Ok B 7

a, WFH:
3,
45(t)
M (7) BT 0 —HEE A, 6(n) A e, 21T RE
HITBOR R 1 PR 5 23 [ A, 9%, A, B2 (8) A5

B = ®)

sN-n
Hrb, AwAe T RORE 2 BB, s &7 51
INELSES
H L AT RN 46 BE TR 1A — e & T Tl
JUBE, 500N 2 ) A B A5 P A [ 8 B3R DR T
ORI, AT fiE 2 e L2 A SO, AT 205 Hh AU A=

)

ay <

Software TechniquesAlgorithm #1F4i AR« 5%: 233

© ERSEBIK T

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20224F #5314 7

DR SASOR. PR 1h 7 2 R 5 2 TR A RO TR AL 7

BExix — g, Xue S5 AV @ i N T8 #b s K
Ao, P BRI RUEE 73 T 2H., SBR[ K R OR A
TR, T AL/ IN A T (R TBOR R 7 42 X (9) 1977 30
BEAT AR /DN

N LBEE AP A 1 o LR ] 5E 1, AN TR 40 46
JBORIALT, W1 B £ 5 3R e RURE T 18 1O 4 /) Bl e
FUEEAZ GG /N RO R 1 508 46/, LB 240K
MUY S AR TBOR A5 S80S R A2 75 K B30 o B2 50 15
BRI

Xue 55N W2 B3] T LAY 2
JBOR BT X I AL B AR N @l 8 2 R IR

Cc

> 1
s An < Ac ©)

?I?‘?

LSS NIRRT

u(ay max_a’) u(@—apmax)

ap =a @nmax

46( 3 , u(-) AMTER R AL
KF/NEERIES(r), Peng 25 NV i@ i HE G E1{5
5 BE 1 (x, y, ) 55 ¥ IS 5 F (x,y, DI R, 13 212 35)
R o) 5AAL ZEAGHI IR F, ToZTH SRR 7 15 B T B 4%
KA AR A AL RS
F(x,y, 1) = I(x,y,0)®g(x,y;A,4,07,7) (11)
Hr, o(x,v; 4,4, 0,7) 4 Gabor I_Iﬁfx ~/\*ﬁﬁ@%9’1
IE5% 5 R AL, E%‘Z@éﬁlz&ﬁ%@ e LS R AR
PR %L, /ljjIEé‘ZKJ/EZﬁ ',l’xelﬁl%@ﬁlﬁ/]*ﬁfiﬁﬁ&
T B e
_ BRI 1 A 8 S, (1) ] BLdE
5,153

(10)

/H\:EP: Xpmax =

A i

\ ‘x /
wm%%ﬁ@a%ma@%@a$yﬁ&%$7—ﬁ ¢(F(x.y,10)) = =27~ +¢ (12)
B 0005 FIE S el U, 45 AN 22 LA ERT A Ak
%ﬁ%ﬁ%i%ﬁ%ﬁ&ﬂkﬁ%%ﬁﬁ&ﬁ%wﬁ $(F(x,y, 10+ A1) = =2 +¢' (13)
A7) U, T T R N = (1 R A ST AR 2 A
] 2 ST ORI F S5 AT 25 8] v A& A, 80 B FRF 0N Ap = 2nAx (14)
PEFE () 2 (A IR &, A, M6 E B aymax, 4 A V] 2
BICRIH Fa, BB BN A8 Hh 1 %2, 7T 85 Xue 25 N Z s AT A (15) 3773
N T B AT 2 0 1R, 0N T 24 B R A L .0 s
KEanmaxﬁﬁ%gmﬁa%, %ai?anmaxﬂﬁmu%d\y\ja’nmax, B /1 Y; -
=k (10). K 2 ﬁﬁ/%‘ R BE ) JCRIBR {5 AT A 52

L) T

10 \
o5 -1 3 » |
S - 34, Q=m0 -0
Qo™ "2 > nmax
R 400 R T
I3 » L. P
n A
N
:
n—1
SRR MRS
MBI Z Ag % 210)

2 ZRUZIEBERAERE

2.4 REAHK
F AR AT R FF B AR N 25 R IR 3NE 5 34T H 4L

234 A ARH 1 Software TechniquesAlgorithm

B IEJE A EUE T ¢/ (x,y.0), 7301 306 DL H & B 4 5 1
ﬁjzj(.?an, Tﬁ“@]ﬁiﬁ}ﬁ E‘]*B'LL ﬁﬁ¢magn, ﬁﬂﬁ (16)

© ERSEBIK T

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

20224F #5314 57

http://www.c-s-a.org.cn

i H AR SN A

Pmag,, (%, ,1) = Pn(x,y,1) + @’ (x,,1) (16)
AWM B SIGERZE, #T &
B ELA, A HH ORI

3 SEERE R KT

X R/NE SR E M) 5, 5 0K RN BR A
BHURN B 52 H FRANSIUEE AT SI2 56 Sk 38 UE AR SV (1 Mk R I
i 17-6700 AbFEEE, 12 GB N 7E, 7E Matlab 2019a
TFRSLH, FSEH bR IAE oK B 05 B RO kD)
(A TFEE. S )\ 7 [EI1E 1/4 AR 50 S Al 45 4 v Es,
530HR [7] RIIE BEBCREE (EVAM). SCHR [6] $2
1 22 JRUBE [0 8 A2 1) JE e AR At 1 & SR AT X L

53CHR [6] MR DR RS — 2, il BNy

8 73 FRUBE B TROR R 7 DA I 32 HCAH A2 AR PR, 5 BT
RBCRBEZ 00, DRI, S50 K 08 34 52 8 TSR A5 2K
LA B KRR, S8 BRI 1 .

-
R SRS

M o CCHR[7]) o CCHR[6]) o (A3CHE)  (Hz) A FPS
RS 4 6 6 4 16 30
WA 4 6 6 3 48 30
) 5 8 8 5 4230
A3 6 8 8 33230
A4 4 8 8 3 48 30

3.1 LR
(1) A/ NERALAT
RSB T — N KB BN A BN BRI /)

B W 2 00 1604 LA 1 £ 365 AT /K 7
IR, (R 7E L BT 1 — AR (0 D R,
G R vi =Asin(2ﬂi]£), HA=18=%K, f=4/411/
i, f, = 30WU/ED. B EIE200 M. I 44 = 415 F M
P B SO i(‘}rpund'ltruth.

I 3 s, A E SR [6] 5k, A SCHIE I

%

K&t RE R GroundTruth.
(2) B3k HARMA
AR ) 4 TR B A K, 4

BRI TRt RS, LA 0 KA 2R 50 0

IS 7 A KB 30, 9 1 o e o B 28 D) .

B 1 S 4 T, AU A — B AT 3, [

(b7 6 BT T R . S A AT IR I

L, KFAT 3 0 TR 7776 5 77 (30, ) 6 7

92 A LTI T4 B3 1 7

M A S R\

-

| | ‘

PRI

FOR

|

SCHIR [6]

AR
B3 BENERSEIR S,

ST HOR LS TR W, 3 R LR ER AL U XT B AR 101
NIZ T AR KB B HEAT K. 41 T RE A e
At SR [7] 0552 R O AR I T 1
W, BRR IR RS EL I, SOlR [6] R 5 5 A e
SV A R A TR R A i T A, I B A 5
L3 B F ST R T R 1 2R
&{E@E%ﬁm

AL 5 Pl R UG AP AN AR DS XA
TR 4 B3 AT LE 8, 4% SpEED! T, sSIM! vIF!),
TFCPY LA PSNR!. 5 4 ik LA 1 9 45 iR _E ik
5 A PRGNSR AR 0 F #5948, Horh SpEED {9 {1 B/ %
1R BT, HE AR U (A K s PR 7 A

(a) VLB

(d) AT

Software TechniquesAlgorithm #1F4i AR« 5%: 235

© ERSEBIK T

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20224 314 7

(a) VAL

() ik [7)

7 WS4 SEG AR

R 2 TR S H AR UUBOK 45 2R (T,

AL %ﬁ%%xﬁWLE¢&%AM%ﬁm‘

S 4 R B SR [6], SRR 7E R 3.3 5 ﬁﬁ?ﬁ%ﬁi
%uﬁmuﬁﬁiwm%im6]nﬁwwwmnx
ﬁqauémﬁﬁwﬁm&&%ﬁmﬁﬁm%QWﬁ
Y5 /1N ) L1913 S A PR, B A P AR 2 B T, 1D
KA, BN T8 A RS B L 08 (ORS BT, 4/ 5
(1) 45 SRR — 5 R 8 5 2 AR R AR R o, 4 AR R
S Ml 452 TR
33 ZEREBAEFXIEL

DLARAI 2 J9f, 47853t 21 2, PSR [6] 54
SCSRR AR 11 B 17 EACRA T 3 3 R,
TEWIHEBOR o R R, 2% S0 B8 AR A o 38
3l 51335 7 8 % RE R ROR BT, T SR [6] 150

236 AR B Software TechniquesAlgorithm

() 3Lk [6]

Ol=z’

»)”'Jgs\ﬁ )\I R ARG, R T B R REZ R

P, 15 2 LR IITBCR R 7346 /0, 16 2 2 BL B i)
NSRRI TS

X R AT AT UG T = VP4, 45 Rk 4 froR,
Yo = 8IRF, ARSI I T S5 E B B OSCHR [6], {HSCHR [6]
W SR A TEAGE /N TR BB T4 /N, KKBRAR T Ak 1)
JROR R, T3 R W R, (i 77 ZE4R M W LA R R
T T Mo T E] 16 I, A SRR AR £ 55 5
fik [6] TRAHIT, PRAE T % FUBE (ORI A i e R,
PR b 1 T 5 I T SCRR [6). B kAT, SCRR [6] ARG
HABEMEEE MR e, BIR, ASCHIETE AR

4 én T
AR T — AT 2 REEIE I AU 52,

© TIEREBA LR

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

20224F #5314 57 http://www.c-s-a.org.cn HENRgGNH

T8 I R R A A K S AN IS B A RS R RO &R, 2 Wadhwa N, Chen JG, Sellon JB, et al. Motion microscopy
S} AT 4 PSR R BE B R S B 5 4 B s Y for visualizing and quantifying small motions. Proceedings
HDURAE & R R RS B R R ZE A RS R IR P, L of the National Academy of Sciences of the United States of

America, 2017, 114(44): 11639-11644. [doi: 10.1073/pnas.
1703715114]
3 WM, e, S ST IUURCOR S R ) AR A X

PRI ORI 1 D 5 BB 28 SRER IR, ASCSE S
XEEFEA L, AN TBOE S5, I REW A AR =il

KAL) B T O, S AR SO 258 SRR I T o 2 1) ORI T EHLRGERF, 2021, 30(1): 228-234. [doi: 10.
i A B R . 15888/j.cnki.csa.007739]

‘ 4 Cha YJ, Chen JG, Biiyiikoztirk O. Output-only computer
%2 MR B v prionty gomp

vision based damage detection usi;;g phase-based optical

FA Hik  SpEED SSIM  VIF IFC  PSNR A

- CHRI6] 1.6473 09910 03803 0.0172 31.1058 flow and .unscented Kallr.nan ﬁltéfs.. BEngineering Structures,
A 0.8970 0.9939 0.6459 0.0233 31.3138 2017, 132: 300-313.{doi: 10,1016/j.engstruct.2016.11.038]
SCER[7] 3.1272 0.9305 07612 2.9685 29.9251 s HB 4, N, TRE AR, T CRIE B K BRI

MARL - SCHR[6] 3.1144  0.9335 0.7705 3.3561 30.0039 REN 4 BTS00 BT A 51, 2019, 38(1): 20-26, 48.
A 23626 09341 07753 3.3835 30.9045 6 Xu:e BD, Zheng SJ, Xue WF. Multi-scale adaptive factors

SCHR[7] 1.0252 09150 0.9130 3.9724 30.8942
A2 SCERI6]  0.4084 0.9425 0.9446 5.0501.31.5768
AL 0.6695 09375 0.9310° 4.7046 30.9901

video acceleration magnification. Signal Processing: Image
Communication, 2019, 71: 36-44. [doi: 10.1016/j.image.2018.

SCHR[7]. 03838 09679 0.9554 6.3894 32.7068 10.010]
M3 HRI6] 03128 09708 0.9560 7.2801 33.2441 7 Zhang YC, Pintea SL, Van Gemert JC. Video acceleration
XX 0.2606 0.9757 0.9710 7.8859 34.0324 magnification. Proceedings of 2017 IEEE Conference on
SCER[7] 0.1481 0.9737 0.9531 5.5572 34.3272 Computer Vision and Pattern Recognition (CVPR).
M4 SCHERI6]  0.1304 0.9744 0.9597 59100 34.5601 Honolulu: IEEE, 2017. 502-510.
A 01111 09751 09637 59607 34.5951 8 Liu C, Torralba A, Freeman WT, et al. Motion

magnification. ACM Transactions on Graphics, 2005, 24(3):
519-526. [doi: 10.1145/1073204.1073223]

K32 LIRS R RO T H

SEHREH Lo nstei
SCHR[6] A SCHRI6] P A 9 Wadhwa N, Rubinstein M, Durand F,\ et al. Phase-based
17 8 8 16 16 video motion processing. ACM Tr;hsaétions on Graphics,
16 8 8 16 15.6740 2013, 32(4): 0. >
:i gz:g: Z ﬁ:igj 1?(1)2(3)2 10 Wadhwa N, Rul;%nstem M, Durand F, et al. Riesz pyramids
13 47682 8 9.5364 93198 for fast phase-based video magnification. Proceedings of
12 4.0096 7.8369 8.0191 7.8370 2014 TEEE International Conference on Computational
1 33716 65900 6.7432 65904 ‘ Photography (ICCP). Santa Clara: IEEE, 2014. 1-10.
- 11 Bai JM, Agarwala A, Agrawala M, et al. Selectively de-
4 A2 S g R KRR = P animating video. ACM Transactions on Graphics, 2012,
a #i%k  SpEED SSIM = VIF  IFC  PSNR 31(4): 66.
SCART) 102527 09150 09130 3.9724 308942 12 Elgharib MA, Hefeeda M, Durand F, et al. Video

a=8 3CHR[6] 0.4084 09425 0.9446 5.0501 31.5768
AL 0.6695 0.9375 0.9310 4.7046 30.9901

HR[7]  1.5743  0.8036 0.7953 3.5945 28.4929 -
a=16 CHR[6] 1.1798 09366 09301 48166 30.8224 Recognition. Boston: IEEE, 2015. 4119-4127.

AX 11587 09379 09326 4.8326 30.8574 13 Kooij JFP, van Gemert JC. Depth-aware motion

magnification in presence of large motions. Proceedings of

2015 IEEE Conference on Computer Vision and Pattern

magnification. Proceedings of the 14th European Conference
on Computer Vision. Amsterdam: Springer, 2016. 467-482.

SE TR 14 Freeman WT. Steerable filters and local analysis of image

1 Wu HY, Rubinstein M, Shih E, et al. Eulerian video structure [Ph.D. thesis]. Cambridge: Massachusetts Institute
magnification for revealing subtle changes in the world. of Technology, 1992.

ACM Transactions on Graphics, 2012, 31(4): 1-8. 15 Peng C, Zeng C, Wang YG. Camera-based micro-vibration

Software TechniquesAlgorithm X AFH AR 7% 237

© EREERREST  hup/iwww.c-s-a.org.en


http://dx.doi.org/10.1073/pnas.1703715114
http://dx.doi.org/10.1073/pnas.1703715114
http://dx.doi.org/10.15888/j.cnki.csa.007739
http://dx.doi.org/10.15888/j.cnki.csa.007739
http://dx.doi.org/10.1016/j.engstruct.2016.11.038
http://dx.doi.org/10.1016/j.image.2018.10.010
http://dx.doi.org/10.1016/j.image.2018.10.010
http://dx.doi.org/10.1145/1073204.1073223
http://dx.doi.org/10.1073/pnas.1703715114
http://dx.doi.org/10.1073/pnas.1703715114
http://dx.doi.org/10.15888/j.cnki.csa.007739
http://dx.doi.org/10.15888/j.cnki.csa.007739
http://dx.doi.org/10.1016/j.engstruct.2016.11.038
http://dx.doi.org/10.1016/j.image.2018.10.010
http://dx.doi.org/10.1016/j.image.2018.10.010
http://dx.doi.org/10.1145/1073204.1073223
http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

20224F #5314 57

measurement for lightweight structure using an improved
phase-based motion extraction. IEEE Sensors Journal, 2020,
20(5): 2590-2599. [doi: 10.1109/JSEN.2019.2951128]

16 g R, ML, ZEA, &5, BB BRI ZRIR . b St BRI 27 B
R, 2017,25(2): 47-50. [doi: 10.3969/j.issn.1004-8626.2017.
02.012]

17 Bampis CG, Gupta P, Soundararajan R, et al. SpEED-QA:
Spatial efficient entropic differencing for image and video
quality. IEEE Signal Processing Letters, 2017, 24(9):
1333-1337. [doi: 10.1109/LSP.2017.2726542]

18 Zhou W, Bovik AC, Sheikh HR, et al. Image quality
assessment: From error visibility to structural similarity.

IEEE Transactions on Image Processing, 2004, 13(4):

238 AR H % Software TechniquesAlgorithm

600-612. [doi: 10.1109/TIP.2003.819861]

19 Sheikh HR, Bovik AC. Image information and visual quality.
IEEE Transactions on Image Processing, 2006, 15(2):
430-444. [doi: 10.1109/TTP.2005.859378]

20 Sheikh HR, Bovik AC, de Veciana G. An information
fidelity criterion for image quality assessment using natural
scene statistics. IEEE Transactions on Image Processing,
2005, 14(12): 2117-2128. [doi: 10.1109/TIP.2005.859389]

21 Sheikh HR, Sabir MF, Bovik AC. A statistical evaluation of
recent full reference image quality assessment algorithms.
IEEE Transactions on Image Progessi'ng, 2006, 15(11):
3440-3451. [doi: 10.1109/TIP.2066.88‘1959]

\ (Xt #: P )

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.1109/JSEN.2019.2951128
http://dx.doi.org/10.3969/j.issn.1004-8626.2017.02.012
http://dx.doi.org/10.3969/j.issn.1004-8626.2017.02.012
http://dx.doi.org/10.1109/LSP.2017.2726542
http://dx.doi.org/10.1109/TIP.2003.819861
http://dx.doi.org/10.1109/TIP.2005.859378
http://dx.doi.org/10.1109/TIP.2005.859389
http://dx.doi.org/10.1109/TIP.2006.881959
http://dx.doi.org/10.1109/JSEN.2019.2951128
http://dx.doi.org/10.3969/j.issn.1004-8626.2017.02.012
http://dx.doi.org/10.3969/j.issn.1004-8626.2017.02.012
http://dx.doi.org/10.1109/LSP.2017.2726542
http://dx.doi.org/10.1109/TIP.2003.819861
http://dx.doi.org/10.1109/TIP.2005.859378
http://dx.doi.org/10.1109/TIP.2005.859389
http://dx.doi.org/10.1109/TIP.2006.881959
http://dx.doi.org/10.1109/JSEN.2019.2951128
http://dx.doi.org/10.3969/j.issn.1004-8626.2017.02.012
http://dx.doi.org/10.3969/j.issn.1004-8626.2017.02.012
http://dx.doi.org/10.1109/LSP.2017.2726542
http://dx.doi.org/10.1109/JSEN.2019.2951128
http://dx.doi.org/10.3969/j.issn.1004-8626.2017.02.012
http://dx.doi.org/10.3969/j.issn.1004-8626.2017.02.012
http://dx.doi.org/10.1109/LSP.2017.2726542
http://dx.doi.org/10.1109/TIP.2003.819861
http://dx.doi.org/10.1109/TIP.2005.859378
http://dx.doi.org/10.1109/TIP.2005.859389
http://dx.doi.org/10.1109/TIP.2006.881959
http://dx.doi.org/10.1109/TIP.2003.819861
http://dx.doi.org/10.1109/TIP.2005.859378
http://dx.doi.org/10.1109/TIP.2005.859389
http://dx.doi.org/10.1109/TIP.2006.881959
http://www.c-s-a.org.cn

	1 视频运动放大
	2 基于多尺度滤波的视频放大算法
	2.1 空间分解
	2.2 加速度滤波
	2.3 多尺度滤波
	2.4 视频放大

	3 实验结果及分析
	3.1 实验结果
	3.2 图像质量评价
	3.3 各尺度放大因子对比

	4 结论

