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Robust super-resolution method for depth images based on image colorization
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This work proposed a new depth image recovery method based on image
colorization. Assuming that neighbor pixels of a depth image have almost the same values when
neighbor pixels of a chrominance image have almost the same values, the depth image recovery problem

was formulated as the mixed 1_1 and I_2 minimization problem and provides an iterative algorithm.
Numerical examples show the efficiency of the proposed algorithm.



¥ X c—19, F—19—1,

WFZERR A S F) D 5

Mlcrosoft # Kinect IZfF S5 L)
(2, R o — @ EAb, AR LA HE 2
HETHLMEICEEY Y —Z2FH L CRE
BHREZREGETH LN TELLIICR-T
W5, BEDHIATNLELND T —HE
(RGB H#) CEEXV—EBLND
REHB®REZ 2 WonlZ il U 72 R E B &
(Depth Eif%) #Z[FKRFIZEAST 2 RGB-D 7
AT ZRH LTS AFZED B /U2 T v T
W5, CMOS/CCD # A Z H/Mifk, k=&
Mb. EffgE LS -oiex L, BEEY
P—IXRBREE CICEE LI TE LT,
CMOS/CCD 1 A 7 L RIFRE DA X & fhikg
T, [FIRRE O GREIRE BB 15 DD TRE
T —IIRERFE STV R, FiRO
Microsoft 8 Kinect DHHET /L TH,
ZDWREY Y — ORI 512X 424 &
7w THY . RGB © % — DG ED
1920X 1080 t 27 L /LITEERD & iR BTN
MBI, — 5T, REE Y —0 B A
DI DD S, Google Car IZftF SN D
HEh O BEhEERICFIH S >odh 5, HBE
EVHENER A BT 21T, SR EE R
EERNLEARARTHD, TDmd, L—
P—ZFH LB EOROIEE® o —
DHHINTWDD, 2 X RENI & &,
M., Wizggvy (ELLEFHAITEZ2n) o
Lo b, HIREASOEHIZEB TR0,
BAEOHIRE ClL, BEEEFM#ELZ NS L
T BE W Y T — 1 X D RE G RIS £
Thbd, ZOLD72H#HY F—I3=AH&%
JFELE UCERERHREZFRL TR, F0%E
R B 1T D TRV, Z D72, HEJEO
EREEEEERICNE L R FIETHD
A7 & HEE & BR BT X E R & R IRF 24T 9
SLAM(Simultaneous Localization and
Mappmg)%ééfﬁﬁ—é EMTERN, S,
RLEICENI UL —F— %ﬂ%btﬁ
E#M XD RE B GISEIR SRS S
ZE LTINS, TSRS SLAM A
FEHL AT RE 72 R O i MR TRTE BB 315 B
HETHEEL, RGB 7 * 7 LFEREREE CTK
aA MeahdZ EiFfBTERY, ZOX
I IRRBLDOH T, LMo mtERe TR ' v
P —DRRRNEEN TN D,

2. MFEOBEM

AWFZETlL, o mEmrERe R E v Y
—%FEHT57-D. RGB 73%7T?%E>i’bé
RS T T — WG & R EE v —T
153 5 3 2 AR FRAG R BE W0 {5 > © o i 152 1 5 ]
BEEILT D FEOMNLE BT, ZHuk
D, TTIZEEE RGB 1 A TR ST
WD HERIR AR SO H B HLIC ial/\’C\ KA hT
F G TR EIGBUS A ATRE & 72 0 | TRIAWT
V=g, kiU FfEME: « et
FEWHBIEOFEBNAREL 725,

Z—19,

CK—19 (L)

3. WrgED ik

AT TIL. 7 L— R — Vi & 7
BOBEFZEDOBIERO BN 7 VT T —HE
EEILT AT V- a VFREEEES
5 & CHEMBEREE G EE LT S F
BT 5, R OEmE L — A r—
JVEGR D T — BB A T T S I
ill-posed 72WETH DN, TV A 5l
FOBEEMSLWGSIE, 1FEAER LA
EWVIOREICHES X, Z ORI % i
L LCEREL., ZoORMEA RS Z & Th
T —EBEEICT D FEERELTND, =
DHZ7VE— a3 VFREIZBWT, R
DOEFERFFOONEREZREHHRICE X2
5HZ LT, ARBIERERBECNER I ND,
SFVY | BEET D ERE ORGSO AIC
. RELITWEIREL CREEE T )
EEEHT D

4. WR7ERR
Kﬁnfi [BED & O iR OBELIEDN T
GBI, 1ZE AR CHREMD &) g
%O%ﬁ%@ﬁfﬁﬁﬁﬁi&%%ﬁbto
{5 DRBARG EEALITIT, TV /b b ERREILS
BE v & 5 MR O ) VA EF/NMCT D F
ERRLOL, LTk 5 R s LTER
b5 EnTED,

Minimize ||Jz|

subject to ||z —d|]3 < v

722U, x I THEGEG, o 135 % bivToE
Efl, vIhSWHEOEHTH 5, 1741J 1%
M o MIBREOES ZFHET 2175 TH D,
AT TlE, ERRoMEEEE L, THY &
2 [ 3 OREEE A TG A FEALRLT
WREM] & W HORE & 7= & 0 (BRI
EEBEE T HMEEZLLFO X 5 IcER
L7,
Minimize
subject to

72l
o — d} <7
[(Jz)i| = af([(Jy)ql)
7272 U, x TR FRIEIRE G y 1 XA E D&
wﬁf @ d 135 2 & T ARG FE DYERE
[LIEEN i/J\éb‘fﬁﬁ)/E%I
1750 J 1 i[@m HFEED ) %uf%ﬁ‘éﬁﬂ\
i%%@%ﬁﬁm%ﬁfﬁé BE%L £ 1T
D ﬁf“fﬁki'“ffﬁ@*ﬁf%@%?%fﬁbfb\éo
EREBEIZBWT o 3B TH 27, EEI"JE'@
BB LOHIRXOmHICIx 3D &I
H95&, ERRMEIZULTOL D ’Wﬁ/ﬁ‘é
TENTE D,
Minimize ||FJz|
subject to ||z —d|]3 < v

22U FIE3G, DGR LLTO L 9 IckRES
LITHITH B,

1

B = 50090



ZOMBEE FE IR ITITEIRa A P AR
THD, LTFDOX 7T 77 v a i
HE 527,
Minimize dl|3

T IXEHTH D, itk {ERE T
H Y AAFFETIL IRLS (Iterative Reweighted
Least Squares) & AW THEL FiEEZEH LT,
BRI, LR ORUZHES> TR 5 £ T
HHTHFETHD,

) = argmin |[WOFJz||2 4 7|z — d||2

o__
Y VIO +e

e N SVEDOEDER TH D, ZOEHIL
/N REEAZR Z L CHBICEETE 5,
AHIE T C U AR AR R i 45 D 18 T %
M LT 572012, B EORENRMEET
®ﬁ%®@i& WROR I OFEMOIRE
TED 2 DT CREEB 2 1EtT D Tk
%%mbto Hig oK E T A FRIEEL
TiE, ZOHHTHEASHWLRLTWS
super—pixel clustering =% H TR EMN
WK Z i LT, = OMIRoEYiREE 4 15T
L. WICFEMOWEZE LT 5 FIETH D,
PUEFEBRIC LD | 1ERIEL Y bRER HE
fRIGIRE RGN E TSNS Z ENER S
oo X1 &K 3ITE 2 - HEE B, X2 X
4 THERE ER A2 R L CHE I SV EE A
BTH D, BB OB\ GEERIR REE E <
@iéhf‘/\é@ﬁ§ muf%%)

B2 X1 OTREEEGIE o R

B3 M R

B4 X3 OTREE BEAE ik R

5. TR IE

(BFFEARERAE . WHIEHRE K ORI TE# (12

TR

MEEa ) G 0 1)

(Fa%ER) G 8 1)

(1) K. Uruma, K. Konishi, T. Takahashi and
T. Furukawa, “Representative Pixels
Compression Algorithm Using Graph
Signal Processing for
Colorization-Based Image Coding,”
Proc. of IEEE International Conference
on Image Processing, 2017

(2) K. Uruma, K. Konishi, T. Takahashi and
T. Furukawa, “High resolution depth
image recovery algorithm based on the
modeling of the sum
of an average distance image and a
surface image,” Proc. of IEEE
International Conference on Image
Processing, 2016

(3) K. Uruma, K. Konishi, T. Takahashi and
T. Furukawa, “Depth Image Coding
Algorithm Via the Colorization Based
Image Coding,” Proc. of IEEE 59th
International Midwest Symposium on
Circuitsand Systems, 2016

(4) INEFE, NEE, SEEE, SR
f#, “EriEo Ll v A/IMEIc kS



< 77 —Witg % W= RE BT 5L T
EORE” , BTHREErRY AT
T4 RE, 2016

(5) NEFIRE, /DB, milE T, &I

(6)

(7)

(8)

i, “ZR—_—=v v EIE RN
T VB = a VRS RIC S TREEE
b FEORZ

27, H1 5 EEEREI RN T +— T A,
2016

EFE, AlEwl, =S, &0F
{4, “RGB Wi HAFH N5 /NEEH DR Y
B O L DRE R OB GEFIEDOR
27, FE3OREEFLIY VART Y A,
2015

K. Uruma, K. Konishi, T. Takahashi and
T. Furukawa, “Depth Image Recovery
Algorithm using Image Segmentation and
Sparse Optimization,” Proc.  of
International Conference on
Simulation Technology, 2015

K. Uruma, K. Konishi, T. Takahashi and
T. Furukawa, “High resolution depth
image recovery algorithm wusing
grayscale image,” Proc. of 23rd

European Signal Processing Conference
(EUSIPCO), 2015

(XEF) G 0 )
(PEZEIY PERE)
Ok Gt 0 )

OBARIL Gt 0 )

(Z Dfth)

6.

W 7EAH

() Irgefk s
/NP FRE. (KONISHI, Katsumi)
TAFRERT: « IHHFE - B
MeE®eE 320339138

(2) Wgesr R
H)Il Rl (FURUKAWA, Toshihiro)
BORHERL RS« T - #dw
MeEdE: 00190140

(3) HLHERT T

(4) WHIElm 114



