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Image/video coding using content-aware resizing
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We realized ROl (region of interest) image/video coding using content-aware
resizing. Content-aware resizing is an image resizing method which has emerged in computer graphics. It
automatically extracts ROl from an image and resizes it so that the resulting image preserves ROl as
large as possible. We integrated it into image coding, and extended the method to video coding.

In experimental results, content-aware image/video coding was realized with a small amount of overhead
bitrates from image/video coding without considering ROl. We further extended our approach to other image

processing applications.



# XL C—19, F—-19, z—19 (@)

1. WML DOE &

ik - BB AT SR ETEH D JPEG2000
[1] X H.264/AVC [2] TiX, ROI (region of
interest) fFEfbZFIHAEETH 5. ROI £F
LTI, =—¥REE L EROfF 5y
vy b — b A2 EFTBHZEITLD,
content—aware, 372 HE{EF O FE B EIk
EBEE LIS bEEBR LTS, Ll
Do, MANFET DT 4 VX VEBOHIT
BIEIZHMLTRBY, Z2O—D>—D|Z2—
W 2NE H fEIK A R E L RO % 54L& 1T 9 DIk
BISER)TIE A0,

i, av¥a—%727 v A (CG)
WWBWTHEFEHEZED TWHDHON
content—aware resizing (CAR) T&» 5. CAR
LlE, WEVICE AT HBENTROI 24 L,
Ba ) A X 58N TH L. KON ER
EEDDLER LoD —22 seam
carving [3] T&» 5. Seam carving (2B T
X, seam &I D, HRO Eim ()
O i () ~E BN 5 1 mFRNE O mERE
DI LEY RS Z ik, Wi
A AN Tbivs. —KIZ seam 1IA4 TV =7
N DRI T 7 AT ¥ 7 £ O Big O )R T
MR RN —PNE VI ERT 5 X )1
BlE SN D72, fHR L LT seam carving
WEST AR fTONDZ L ERD. M1
R X DI, BIBRICY A AN ELT D A
— YT LEY | seamcarving TIIA T Y
BN b TR S QB IRAY: S aoN s
A RZTp o> TWNWB I ENbND.

rrEEE (LIRIRERE) HiX, CAR ZH|
M L7725 bz 8 LT\ b, RFEEIZ
BWTIE, HEOZ R LF—FEKICL-T
ROT 23 HEhAYIC Al S, #4023 ROT i &
LCHelbahsd. £/, ROI 40K
(non—-ROI) 1XHE SN\ TEEED ROI 2>
DA TS,

E e i
<z

X 1 Seam carving D

StE SN cSeam (RER)

2. WMHEOHM

CAR 1ZH:2D < W ELTIE, 1ERDMEE
A & e L7-8%4, [F—TE#&E T ROL @
WEMZEE N ENAREE 72D, b B AA,
22— Y REHCHEE T UL ROI 2 FE) TIRET
HZELAEETHD. FD8, KAWL TR
R 5HEZI71E, RO 1Txt LT LY —itEn
HOHWEBHFEFALFETHDLEEZDZ LN
TX5.

CAR ZFIH L7cmfgfF51bix, LLTF ORI
BWTERIEBERTDILENRNDD.
(1) JFfiE E O mE TREROK L TIE L
R AMERENERTED LR B L
(2) TS T, BBk
WTH CAR Z W b EBHT 52 &
BFZEBH A6 S g TlIE, ROT 2B W CIHEN
TFEEAZFERTE TN, L LD, ROI
EERBLTWRWHEFESLE kT 2 &,
non-ROI OW'EHILAR, mEy hL— kK TD
FELDOGAEBEETHDLZ ERNbho T
7o, Fiz, BIEEF CITREBEOSPIREL T
% CAR FF B AL N # IE B 256 LT O
Tho7h, CAR FFo{bIXBEE{SIZ & FIERIC
AHTHDEEZLND. LLENRDL, )
MR O MR X g & B2 57, YR
BhE {5 CAR LK OV BB & Fric Ic iR 2
TOMEND 7=, R, AL TIILL T %
HoL L CrgE a2 T~ 7=,
(1) non—ROT DWFHEEZZhFINZFFFILT 5
FIEEMESITH L

ARAFSETIX, 5N BV TR 72 HIZ ROT
235 OFE LR T non-ROI Z HHERKT 5D
TI1%72 <, non-ROI 123 L 7-fF b FEE E
BLL, ARG E I3\ T, RO 2 & E LT
WAL R (B Vv iEERLLE) @
BRI bR Z R T D LA EEE T
5.
(2) BHEE O CAR fF EALIZB T 5, ZhEM7e
CAR FHER LI HES S BB AT 0D
FEEBL

E G IR EG S By, T — A
TOEENFEET D20, FHIEEBGE D CAR
EEOFEEMMT L2 LR TRV, F
7=, CG ¥z isif 285 CAR Tk [4]
WEIEEICEITE BN S W0, & s B g
® CAR FIEDORE L, Tz M= CAR E)
EBG B AT LB EBT 5.

3. WD IE
(1) arF oY ZERIPHE (content—aware
resizing: CAR) Z HW=E&EF LIz
T, ROI (Region—-Of-Interest) #h @ fH i
(non-ROT) % ZhIIZFKF H1bT 5 FiEICH
L CEICHFFEEITo 2. BARANICIZLL T D 2
HoOT7T 7Ta—FE R,
@ CAR Z#ATOBE, Frx BN ETREL
C &7~ rate-dependent seam carving %
FIH$ % Z & TCAR DVEREZ R DD, &4
YA NER(ZEM~EBEEIND)
D FEEM AT,
@ CAR 2 & » THY BRI 7o B (72
B, non-ROT) D & BN RANARET D
729, Fi 6 OHEFE % wavelet /NA /NA T
SAVHIZE D AR LT IS, TOREE
ks L, ROL % wavelet B L TH SN
2 EMBERGERA LB %R E
ML, WG ELEITo7z. EODR,
478 wavelet (S < WG 5L TIE
TH D SPINT #FA L, FDOH TEEfRD—



fiefe & U CHlig iy 5Tk 2 8L LTz,

(2) a7 Y EERIYLHE (content—aware
resizing: CAR) 7 (2 JA i PH o [ {4 LB ~
T A0 EGET AT Y X AITH
L TR EIT-o 7. BRI, migo$E
iR ERBFEOFTILS AnbNRTND,
77 Y7 v EZ I v K (Laplacian
pyramid: LP) 2B 5, Kiga@iE > « v 4
EHE YT ) AP A CAR TEH L 72,
retargeting pyramid (RP) Z#EZE L7-. RP
X LP &Ry, EfgE NS 50T
1372<, CAR Z W CEEHOEE /LRSI
LR L, EETRWHSIIRESHMi/hEN5.
FOME RPEZFALIZET I v REHTIZL,
AL oBERE (LP (23 B KB I £ 4y) o
BIZBNTY, BERES OV A X LIBIRA
BRIFIND.

N Ot
{fb. (PSNR: 40.91 dB) (1) F£RD CAR 75+

{fk. (PSNR: 38.40dB) (TF) #®Z£EF¥= (PSNR:
40.41 dB)

(3) L3 2 FEOMIED FHLL EOHEE DS 55
BAEET, BEGEFUES CRERER%
EOTNWDL T T 7EFUBEICET HMAED
1ToTz. 7T 715 BAVERIIEME « KEF2T
—% (F%) T HEELHETIETHD,
Rl EgIZBA L T, RP THW SR TWA &
VA Y v aDERTFIELTERNDORNB YN
b5, KR TIX, 7T 715 50O IR
Wate LT, 7o 71G5% 77 7 B EC ik
T A~PEITHT T T T 4N E N DB
REAT- Tz, I, BB~ H E LT,
98 ) 72 iR O VgL FIETH D Trilateral
filter 27 7 7R 50 L L TERKLT D
ZEICHRD AT,

4. HFFERLE
(1) Ty EERYLNZ2 RV mg s

e
WERTFEALFIE (725, ROI 25 fE L T
W WFRE) SR, B 10%f2EE DO e
FL— MEINIT CAR EREDSHEA T H 2 &
Lo, £, CARICBAL T, # 4 K
THMOF L EBE L TR0 CAR BIET
5 seam carving &REARVWIEREE R L
DO, MY A NMEROF &L+
D—=~BEZD—~NFDPTELZLEHHH
Ml olz. E£7z, BEBRIZIBVTE CAR
TPt RB L. K12, #EFIEEN
KFiE & CHBIF ST BB Z T
A% I3 SCEE APSIPA Transactions on
Signal and Information Processing % 1
D LTEEBOEGEICB W THRE ST
¥ Y, ¥ |Z IEEE Signal Processing Society
D7 Ty Yy TEHESHE TH D ICASSP,
ICIP 2B W T HEE DR ZHEK LT,

(2) Retargeting Pyramid
RETHEOMREOMBOT-O, HREE#
T D contourlet transform (LP & J7 i
T4 NE N BRIA LT 2 RoTlE A
FiE) ~RPEHAL, B A XfrET
2 b—IarEfTom. RELT, B—
7155 RS (PSNR) 128\ CRIE M
e L2 R L7z, BIZ, RPIZEWT, A
A7 NVT7 4% L Tikhonov EHI%
MAEbEDLZEICEY, /A XEEMEE
23 EF2 RP & LRl LT PSNR C 1dB LA kA |
THENWI R EST-. Fm, KFEEME
OB « IERICHAW= & 2 A, fEkiEL
e L TR ptkgeom Ea&-. X
[EB 25 ICASSP, ICIP (ZHREkShiz.

(3) 75 7{EEp

KD T T 7EBUETITEAIN TN
mole, LRI Z T T 4 NF N7 DF%
HIEAHROIOR L., AFREITEES
oy hu—REETHY, 777 EEEY
iR & W OAKITER B O i 572N RK AT HE
5.

F7-, Trilateral filter IZBWTiX, 7
FZIEBED A XFRRIZKHL, K2 0L5
e REpMEREM L2 =R LT

(@] (d) (e)
2 I 75 ERMA L trilateral
filter IZ24& 2 3WILA v ¥ 2 DFEiEk. (a)
JFAE 5 (b) #MI{ES (SNR: 17.7 dB) (c)
Spectral graph wavelet & X % Y iF 1k
(SNR: 26.42 dB) (d) 77 715 B MLE % Fi H
L7 bilateral filter (2% %3 L (SNR:



26.07 dB) (e) RETIEIZ L DL (SNR:
28.33 dB)

< 5| 3Lk >

[1]

[2]

[3]

[4]

B. E. Usevitch, “A tutorial on modern
lossy wavelet image compression:
foundations of JPEG 2000,”  IEEE
Signal Process. Mag., vol. 18, no. 5,
pp. 22-35, 2001.

T. Wiegand, et al., “Overview of the
H. 264/AVC video coding standard,”

IEEE Trans. Circuits Syst. Video
Technol., vol. 13, no. 7, pp. 560-576,
2003.

S. Avidan and A. Shamir, “Seam
carving for content—aware image
resizing,” ACM Trans. Graph., vol.
26, no. 3, 2007

L. Wolf, et al., “Non—homogeneous

content—driven video—retargeting,”
in Proc. ICCV’ 07, 2007

5. TR ILE
(WFZERFRAE . WFFEr A S ONEEERTFE# (1
=Y

(MEsGEm ) (Rt 4 1F)

@

Y. Tanaka and A. Sakiyama, “M-
channel oversampled graph filter
banks,”  IEEE Trans. on Signal
Processing, vol. 62, no. 14, pp.
3578-3590, 2014.

DOI: 10.1109/ TSP.2014. 2328983

V. H. Le, K. Shinoda, M. Hasegawa, S.
Kato, and Y. Tanaka, “Modified high-
order edge-directed interpolation
for distributed video coding based on
selective data pruning,” TIEE]
Transactions on Image Electronics and
Visual Computing, vol. 2, no. 1, pp.
26-36, 2014.

DOI: 72 L

Y. Tanaka, T. Yoshida, M. Hasegawa, S.
Kato, and M. Ikehara, “Rate-
dependent seam carving and its
application to content—aware image
coding,” APSIPA Trans. on Signal and
Information Processing, vol. 2, no.
el, 15 pages, 2013.

DOI: 10.1017/ATSIP.2013.3

Y. Tanaka, M. Hasegawa, and S. Kato,
“Flexible combination of
time—domain lapped transforms with
various  downsampling factors,”
IEICE Trans. on Fundamentals, vol.
E95-A, no. 11, pp. 2049-2058, 2012.
DOI: 10.1587/transfun. E95. A. 2049

(K] GE 211

@

@

AW, BHPHE—, “Performance
analysis of retargeting pyramid and
its applications,” % F1FWBIE R
& A5 BENFFE S, 201545 03 A 02 A
~2015 £ 03 H 03 H, A7 /vI¥EZ

(T - PPiEIR)

A. Hamamoto, M. Onuki, and Y. Tanaka,
“Multidimensional linear—phase
perfect reconstruction filter banks
with higher order feasible building
blocks,” ICIP 2014, 2014 & 10 A 27
H~2014 410 H 30 @, XU (7T
)

M. Onuki and Y. Tanaka, “Trilateral
filter on graph spectral domain,”

ICIP 2014, 2014 4 10 A 27 H ~2014 4
10 H30 H, ~NU (77 A)

A. Sakiyama and Y. Tanaka,
“Oversampled graph Laplacian matrix
for graph signals,” EUSIPCO 2014,
2014409 H 01 H~2014 409 H 05 H,
VAR RV RHNL)

Y. Tanaka and A. Sakiyama, “M-channel
oversampled perfect reconstruction
filter banks for graph signals,”

TCASSP 2014, 2014 4 05 A 04 A ~2014
FEOSHOOH, 74 Y=(ALZU7T)

R. Morita, K. Shirai, and Y. Tanaka,
“Retargeting pyramid using direct
decimation,” ICASSP 2014, 2014 4 05
H 04 H~2014 05 H09H, 74 LV
VENEE Se

HYyHE—, “7 I 755 0UHEOT S D7,
28 [ BALER S AR YT A, 2013 4
1119 H~11 H 22 H, #WEX v+ T
B (LU BRTBEIM) (FRfrakiE)

M. Onuki and Y. Tanaka, “Design of
optimized prefilters for time—domain
lapped transforms with various
downsampling factors,” ICIP 2013,
2013409 H 15 A ~2013 409 A 18 H,
ANVENY (A=A T VT)

H. V. Le, K. Shinoda, M. Hasegawa, S.
Kato, and Y. Tanaka, “Selective data
pruning based distributed video
coding with modified high-order
edge—directed interpolation,” ICIP
2013, 2013 4 09 A 15 AH~2013 4 09
HI18H, A/NAR)Ny (FA—AFFVUT)

Y. Tanaka and K. Shirai, “Scalable



image representation using improved
retargeting pyramid,” TCASSP 2013,
20134-05 H 26 A ~2013 405 A 31 H,
N == (BT )

Y. Tanaka and K. Shirai, “Directional
image decomposition using
retargeting pyramid,” APSIPA Annual
Summit and Conference 2012, 2012 4
12 A 03 H~2012 4212 A 06 H, VU
vy K CKRE)

T. Yoshida, Y. Tanaka, M. Hasegawa, S.
Kato, and M. Tkehara, “Wavelet-based
content—aware image coding with
rate-dependent seam carving,” ICIP
2012, 2012 4 09 H 30 AH~2012 4 10
HO03H, A—Z 2 F CKH)

(XF) Gt 0fh)

(PEEIA PEHE)
OmiRd G 0fF)

OWfsiRdL Gt 0 )

(Z DAfth)
R B_N— U
http://tanaka. msp—lab. org/

6. WFIEAfK
(D) A FERERE
i H— (TANAKA, Yuichi)

FOR R LR« KRB Lo gebe - B

BFFEE &5 10547029

(2) WFgE o
L

(3) I HEIF 2T
L



