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Sound recovery using vibration mode of an object in video
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Abstract When a sound hits an object, it causes the surface of the object to vibrate. Some research has been
carried out on the recovering of sounds by extracting the vibrations seen on video images. This research is expected
to be applied in the field of surveillance and security because sounds can be recorded from relatively far away.
The vibration of objects due to sound is so fast and minute that it is invisible. However, it is possible to observe
such changes in objects by using the high-speed video as the movement of each pixel by using a complex steerable
pyramid. In the conventional method, the movements of all pixels are added together to recover the sound. So it
is possible that some noise source vibrations are mixed because there are some pixels that move independently of
the sound source being focused upon. In this paper, we propose a sound recovery method focusing on the vibration
modes of the object associated with the frequency. The vibrating parts of objects are different depending on the
material, shape and frequency. The vibration is composed of some normal vibrations, and each has different loops
and nodes. We confirm which part of the object is vibrating for each frequency of the sound, and recover the sound
using a filter based on the response of the object. Which part is vibrating is confirmed from the amplitude response
of each pixel when the signal of that frequency is the largest. This response and the reliability of the signal of each
pixel are multiplied to each pixel as a filter. We recovered sounds from several objects in videos and ascertained the

effectiveness of the method.
Key words sound recovery, object vibration, high-speed video, vibration mode

-19-
This article is a technical report without peer review, and its polished and/or extended version may be published elsewhere.

Copyright ©2018 by IEICE



1. B LC®IC

FWIEEHOEF & UTHIET 5720, YRICHHEAD
Wb ZORMTIINIREENEL S, YWEKORHMEIZED
BRXBE R ECHED AR —VIZR LD, WThOBAILE
WTHYRDREZEJN 2 DIZH 72 EMPZ DN X —VIZIFE
EFNTWS. FIZIE, WG SYUEOIRENRM: %2 RE T 5 Ak
PREINTEY, BROBEORE LHADOHEE 2 Y ORED
DEEBRPMTONTWS (1], £72, WkORERM 2 #HET 5
Zeizkh, Az shi EoMROEEEfET S L
MTEB I EHRINA[2]. Justin G. Chen 51F, EIZ LD
B OENE IR UG S B O R ERE 2 T2 5 2 L
R UT[3]. AW TIRZ OWEHA S GHEEETLT S L 2%
Ab.

FWIZ X YR IREI O 2 RA L - SRS, B
ZHEENS ZeNTERVE D @ MNBFTCREL -
OPFFZHHTE S, ZORED S, FICHERPREMER Y
DOHEIZHB T BIGHABMGEI NG, Kk, EEE» S FITL5
YHADIREI ZEL D 13 /e LT L —90 %2 W TS RE
INTE., ZOEIRFHEOLL TEYKRIrSDL -V DK
BIYEOMHEZREL, FAUZE O WEOIRE 2L, L —
YR T REGE 4] TRRRADEDO Ry 7527 M &FIL, ¥
HEHDOEXZRDBZLIZE>THERZFMLTWS, ZD&
S L —PRER O FIETIE, WARE CHEATENC K
SMEND BIED, L —F L RZEMOAMERKRR LS EOET
WBEEIZh D> TL 5. Zalevsky 513, REDEOBESfskEDZ
fbNA A= RARASEAWTELSZIZTUCRELTE
L7 [5).

NA A — RBED A & FIR %2 503 % Fikld Abe Davis
SIZEoTERINZB]. Zhizkbd, FWIZX UKD
@ix, IO FFRETLOFIEIZE W THY SN TV RETE
REVYRIA NEANTEE, MEERYT Z0IH540
BEIZHONITHET A 2D TEE WS 2RI NE. £
7z, BEOT7LV—LL—FOBBKOBEHIZEWTE VT DE
HDHEFIZE>TIEFE2ELTEI N TELLVS ZEHR
Nz, TORRETIE, BEBEOZYE 72z URD7=BE)
B2 EHGHEHBREATRLAEDES I e THFRIEE2EIT L.
WoT, BBz B T 2 EHE BRI W& S NS 2 s
JARXEUTRENTUE S AIREMNEAH - 7. [7] TIX, B
AR EDFRR DK ERBACDFAET DHEICB T, Atz
ZI0 T AR TRT 52 & TUROBUNRE2HLD 4 F
EEREELTVS.

AL T, HRETORKEDOH LDO-OIZ, RET— NIC
EHBH U TYHRIREI OMA ik 20E T 5. WERICZHMERRR
REVIE U TIRE U R WAL LI S WAL SFHES 5. %
LT, WRDIRBIO M AIZIZH I L ICRED X — U bz
EL, ZNSIIIRBIE— NEIFENS. ZOREE— NIZEH
T5ZeT, FHICHRT 2UAOIRE %25 L CHili$ 5 2
EMTEBLEZT. FERICIAPERZ L 2O D IRE) L
TWBOP%MERL, TOREED LIZT7 1 VR EMER LIS

WAL 7205 HFEETETT S, ERICEROYADMED 5
HEfml, FROAMEEH»D .

2. N AE—RIUEERWEERET

2.1 fEZEbOHH

WD 71— WL DIE S (1) KDOWTERS. ZOES
&7 — ) THEUEHT 5 L EERERKBOESL LTES NS,
R w, RIEE A, T BY, UFOESLRING.

fl@y=) Awe™ (1)

W L OEEERKITOVTHEL ¥, 2 BEIBOES
Flz—m0) &, BFDE>IckEN5,

fla—m)= Y Aue0 (2)

DL E, BEBOES L TDEEDEIIZERERBICE
FBRME A ICREND. o TESEMEERIEICAHIES
Z LT, 155 DM I & OB EFEMEE A A & Bk U HY
DT ZeNTES. RS TIE Complex Steerable Pyramid
& FH Tl 5% AAH L IRIEIZ MR L TV 5.

2.2 Complex Steerable Pyramid

ARSI AR DB 2L 2 LD B HART I DWW T W»
5. ZD &S REMD—DIZ complex steerable pyramid 7%
217 54 5. Neal Wadhwa & % complex steerable pyramid
ERWTHEHGZ WO HH T oL, RIS & MO S
BEHZEITLD, MHEIDOHRIZEN D YEDRUNHRE) %
K0 GREH B DML IZ R LT3 [9]. £7z, Complex
Steerable Pyramid # Mgz #fRrL7zE a7 Mz U
Riesz Pyramid (Z & D LB D &I /DI L, LRGN % 7]
HE(Z U7z [10]. Mohamed A. Elgharib 5%, W BELME
BEHOSPLDOIIVFUITTHIELT, MEDRELEED
Hir o, BRI AN O MU R E) & R U 72 MR D VR U b
LTWw3 [11).

Complex Steerable Pyramid (%, HEi#zHER r, Hlo T
IZEB OB NETE 74 VENV I THD. Fig. 11
TANZNY 7 2O EBDRORBORNERL TN D.
AWETIE Fig. 1 LARIZr =207 4 VENY 2 EHWT
W3,

ATTEEZ S U ARSI B T 202175, FTHDIC
RIS E D BRE, o 72 S REFRIEZ D R<.
O BRI LA 7 1 VR E DT, ZhEhD AR
RG2S i B A S - OB ERE S L LT
Ihd. B BRrnARRRESICE LTy Ty ) v o
o, ORUVHEPEZ 52 WE SIS S5 ITEE KO
WX U CABRD ML DS TR IIC#E D 3B X 5. Fig. 2 (ZALH %
WHUZEGOHITH 5.

EMRr=1,...,n, AHO=1,...,m OFHHERE O HA
EUTRS TEERBEG 10 (T4 1T —DRAXNSLTD &
SUTHRIE Ay o(x) EAIHH ¢ro(x) ICAHEST DI ENTES. x

-20-



Output (r, 6)

Input HPFO

High-pass

LPF HPF

()]

1,2

ps | e @

2,2

Low-pass

HPFO HPF LPF

HPF : High-Pass Filter
LPF : Low-Pass Filter
BPF : Band-Pass Filter

DS : Downsample
BPF1 BPF2

1 complex steerable pyramid (Z & 2 H&DFEDHN (r,0) =
(2,2)
Fig.1 Procedure of image decomposition using complex steerable

4 N

pyramid (r,0) =

Output (real part)

High-Pass

Band-Pass

Input image Orientation 1

Orientation 2 \

Scale 1

Scale 2

%

K Low-Pass /

2 B RO

Fig.2 Example of image decomposition

BEGHOMEEEL, n, m IMIEHOWR, fargRT.
Avo \/Re Lr0(x))? + Im(I.0(x))? 3)
_ Im(Ir0(x))
¢r0(x) = arctan Re(lno(x)) 4)

2.3 X F&E

Abe Davis & HMREE U 7= FiFE T ORERTIEI
5. BN, MER v, A0 OIS L ICRAMES ©,.0(2)
ZIWOHT. £9, HBTL—LtIZBFBRZRTIL—Lt &
DALHEZE ¢p o(x,1) EEATFORIZE D RD S,

DWTHHAT

(b:"},G (X, t) = ¢T,9 (X, t) - ¢7‘,9(X7 tO) (5)

RIMHZEDELD H L Dl % Fig. 31259, ZOHITIE, AWH
D1EZELVDTNEEROHLTWS. ZOMMHZEIADE
Y7y )L OBBEEE2BELLZb D25, RIZEE 2RI
TEATHRIE Apo(x,t) D 2 FEAMZE @) 5(x, 1) ZHITADE

/ Amplitude Phase \

Frame t,

n Decomposition

Phase difference

Amphtude

Frame t

n Decomposition

3 Az RN

Fig.3 Procedure of extraction of phase difference

F GRS TR Z L 528 D% FD 7 L — A28 3R
Erothrds.
q)r,Q(t) = Z A'r,9 (X7 t)2¢¥,9 (X7 t) (6)
X

ZDEBRIfESEIANTRLADELE EITRRIZES LD
IZIRHEY 7 b SRR SR LAEDE D DD RMKISRE T E
§(t) &b, 1, 0,13, « HEDHOWIHOHMR, AAETHY,
;13 i HEHDOMAHHIZ L L RAESTH 5.

t; = arg max D (ro, 0o, )"

i

:§:¢mm&¢—m) (8)

2.4 /A4 X038

PERFETHR SN EFITIHMEAREFRIZB VT RER ) A
ADBFELTLES DT, BRon=EEIcLThHy bATHA
WEE T F X NEWEED 1/20 & UTzNA NIRRT — 2T 1
NREHHAST S, 72, ERMEEICEVTRIZ 1 X2
BICIBELE L L TR LADLE SO TRES IHEMT
5. BB SNEETH N L CEEDOEEESIINT S
HOLIEL & 5 HHMEE R EREE 2 ¥ 0 IS U T [12] [13]
RED A AN EEAT 5.

3. IRBE—RFZERBLALERET

3.1 iREIE—FR

YHKIZIZIREI L X T WG L 5 TRWIEFPEIEL, £0
BRI & > TRAE S, IR IREI AT D A D H
HIRE S SN TE Y, HERE T IRT 250 %
5 THRWEGRBEMAT 57D TH 5. I ORMEREHIRH € —

-21-



Image decomposition
r=10=2)

4 PRI e ofifzEES
Fig.4 Phase difference at each frequency

REMEENS. Fig. 4 12HlZRT.

Fig. 4 133y 12 F 10 v DEEZ LE DOITHED AR
DEEYTLLEDHLIBREORFTHS. r=1,0=20
Complex steerable pyramid 12 & 0 3k 725wk DA AHZ AL
THhd. Bh —n, AP 7 OMMHEEZRL, ThENTAHE
FAMORFRE#ERLTVWS. Fig. 4 0256, JAFEHIZL->T
YIHEDIREN 3 280 DR 2 Z LA TE S, £/, 120
IRENE— NIZBWTHE UBRMIC R 5 HRIZZELL TV B
DNWFEHET DI EPHERTED. Ok, FRBMIIzE R
LGN EEE LTI ENEEOWEIIENEEERS
nas.

3.2 FERBIEDIREE—REERBLAET ALY

AHBGE DL t D7 L —LDEY 7 IV DOEFOHY H L
WX RERTF L & [FAIBRIZ complex steerable pyramid % A\ 5.
HUO U 72 AL ZRAE ¢F 0 (x, t) 2L ¢ 12813 2 S x TOW)
KOBEE s,.0(x,t) 2T 5. £TBIEOREWEBELD H &
KB KE nlG"(w) ZRD B0, EEI7 VOB RE
R 7 — ) ZEHB LU, XK n 281 2B EE O INBULL
Fro(x,w,n) 2K 5.

Fro(x,w,n) = STFT[sr0(x,t)] (9)

STFT[] &I 7 — ) TEBOFHEEZRT. ZDOLS K
DB L, &7 XL ORIEDER/IME AT (x) &%
NENEFYLL, ThEhz#iTEabEd 02 FHAND
ZORHDMWE L LTRDD., ZORINV—FBKREL 2 5XH
et (w) &9 5.

neg (w) = arg maxZATé" (x)Fro(x,w,n) (10)
x

TR XD, BEIHIRD AR & DY DIEE D R AKAE
Myg(x,w) B, nlg%(w) ICBTBEIEE LTRDEND.

M;o(x,w) = |Fro(x,w,nrg " (w))] (11)

Fig. 5 \ZWBE DN E RS

IO L THRONIGE R REBZ L OIRBEEBIZIE U727 1
W&, PRIEDOB/MER FTNEND Y 27 X)L TOMMHDIEHEEIZ
U7 4 VR T B IN5DT 1 IVREZTNENIRIHIE
WKISUCTEREL, ZhEFNOXMICE T 2B BRI U AN

Ex Frﬁ(x) w,n) “‘

ny g (w)
X5 REIE—RFIZHIL 7140 & 2RO BUBDFHEN

Fig.5 Procedure for obtaining the vibration modes
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Table 2 Evaluation of recoverd sound for the utterance of /o m
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SSNR [dB] | STOI
Conventional method -0.5806 0.5989
Proposed method -0.4093 0.6227
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