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A Novel Inpainting Algorithm for Kinect Depth Image

XU Huan, ZHENG Jiang-bin
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Abstract: The quality of a Kinect depth image is easy to be decreased due to the influence of the instability of depth
data, image noise, holes with unknown depth and bias between depth and color image, this paper proposed a novel
algorithm to inpaint Kinect depth image. Firstly, this paper designed a Kinect calibration scheme and used the
calibration results to align the depth image and the color image. Secondly, according to the temporal correlation of
depth data, an optimization was applied to improve the data stability, Thirdly, this paper proposed a hole—filling
algorithm by combing the spatial correlation of depth data and the color consistency constraint. Finally, an improved
bilateral filter was used to smooth the image as well as reserve image edges. Experimental results show that holes
are reduced and a smooth with significant depth—edge image could be obtained.

Key words: depth image inpainting; Kinect calibration; temporal correlation; spatial correlation; color consistency

constraint; bilateral filter

Vol. 30 No. 11
November 2013

1 35

Kinect A] LISERT RS R IR E AR B, LK
FrEM TSR . HERE. B RESMR
s, {E Kinect TR EGURFELE LU T [RIRE: Q&
R EOEREL, 2 FBER BN R EREARTRE;
O TR RTE# R AR S Rt X S0 P 4%
R, PR RIS ; O SR A BRI ERE.

£F3F Kinect IR R E RG BB EH LR

il

KRB 2012—12—03; {6E H#F: 2013—02—21

EE&WH: BXARPEIEL IR B (60970069) ; BF“/A\A="HRIT H (2012AA011803) ; it KAIFT H: 4 H (2011XW0001)

JE) R, SCRR(1-5 148t — SE A PR J7 Bk, (X S B4 7
VA T F AR € BR 5 B R sz T R, 7]
A % 8 Kinect 3B BB G E R 2 18] #) 1
Z. AR Kinect REERBRBEE .

2 EiE#hik

3¢ Kinect FIBREERGIHE, RN 44 ¥ AR
S5 8, AR Kinect BERBBEAEHRNE 1
PR BEERSERMT






100 R T2 5 E

2013 4F

R —MRR A B EE AR R 2 1k
B, e —suliieh, SO MR EE B TTRE LB, K
BHREERRANERASERERGHPERS
. AR 8 2o TR B 2R A st (AT AR S M , AT DA i 24 IR
P& BB B BT T WUR & 2 T 0l B B4 2 T =5 iR
KB R R R B,

B 5EXt Kinect FIRRERBEHTRA, BIEE
fEF%B] 0 ~ 255 X[H], { F BRFHE.

= Za
D= Z.* 255 (5

He Z, 2 Kinect %y 4 BIR BE(E 5 Zumax 1 Kinect
WHMBEREEME,D EEHEEE.

XNTRUEGEERGFIHEE-MRES B
MR R (u,0) , SRS HE N WUR B BUR S — WA IR
EAE D; (usv) , AE T EGITF B S IR
S 1E O FE BT B, e U (B %of L A R B, B
HARBBEENEEEEIRRESNRLEE
D(u,v), 30z (6) :

N
D(u,v) = peak{hist{ >, D;(u,v)}} Q)
i=1

2.3 ZEMEXLHE

Kinect F 3R BB HREE KRB, =4 X sk
ZWARERR L, B Kinect & HFREFRH, F 7
FCERRIE L, Py ik 2 A B RO £ A1 & 54 1k A R (X 48R
ERE. AP EERSH NFE, WE 3BT
N LA RGN — R, FERH TYERISX
BRI LM RS R S, X — RS HEE
FEHBEDEPE, WE 3O BRERRPHILE
FRig B X3 ; a8 3(a) FR I8 B XM A58 =28
W, AR EER G TXEEREERLN, X
s HERREDENDLE, A 3(0) FEEK
IR bR IE B X I,

@) ZREARREE 0) FHARNTR (o) ZHASR () FRFTHR

™™~ o >

() REATH (DRBBKENZR (2) WAL

B3 ZEEXUIN
X2 I A SR R A, A SR LT B
HEH TR E EGANA B RRMA 4 R,
BERE B RE RGHET —EAL . &
Kinect REEH D o, & Lk &8 S8R E

reiL =
“om | prbos

B | (A [wm| A -

—EA [ | Bk [ A — -
e
|

4 WENEHRE
DCu,v) Hith R 0 X FIHREERK D FHE—MEE
FOIERE Du,») 5 0 MR ESMNKEME 1w, v
A 0, RR(D). —EKNZERIMA 3(0) iR,
0 D(u,v) >0

1600 = 055 Dausoy = 0 D

X 3(e) HrigEs i, 5 X0 i A
XMW HITIRIC, WE 3(d) MIFICTERE
R.E-MBEARFE-TEENSHKE,

BT A Kinect KB =W R B AHF
B AEXESHRRARNGRESEERE
FRM, A F AR BESR ENEER R, kB
A REEFAXEAREES. N TFE— W, X8
LA 3(e) FrRBIZ=iRRIR Ho il B 5exd Hoattr
BB E, b K2 1 KIS TE L 5
AR — SRR R EE R, SR mAE 3D
iR He, B3 (8) ¥k 2 j5 iy IX
B5 R AE 2 TR X i 2 , B AT A4S B 2 3 X 4R
£B3 Hap » (A 3(g) WIFTR.

Hyw = Hp — Hop (8)

HWH® He PHRABRANEEENTE RS
BT AR E 7 2 R/ AW 2 W27, LR
(9.

>Threshold e » F—KZTH

St "‘*‘{g Thresholdsn » 85— 2525

QMR FEEMI E stdion /D TH T RME
Thresholdugs , WZZTHEB THE —HR W, BIEY &
FEE SR, XBRIEYEREERES R, Bt
Y 2 T A — /0N DK 3 o ) O At B R AR
3]

€))

QIR BRBEETT 2 stdsen X T BI{E Threshold
doptn > IR RS T A E RO R RBIRBEZ R B =
TF BL % BAE N & KR, = TR T8 K= .

2z ) BRAE At g e, HAB A SRR
BENRNERNER L WRERERAMAERR
RBEATHM BB M R R R, 30T
THE—ZHEYR, REFR P 5= RBEE N E
ERBRAERATERE—BRARNBRR SR
HEATTB , TS BB HERR F A4S R



113

B, % Kinect KERGBER Y 101

B RERAEGRTRIIZR Ho FIR A X
Co» 4t Co FITAR AER, RER A0 8 Co

- RGB Bifafi V.

V= mean {V:(u,0), (u,v) € Co) (10)

SHF Hye PHE—MIBREE (w0, ERB
B R B0 R B AR AT (e s ve) » BAEH B R B
& —BIEAR.

A= > (V= ViCu,v))? (11

i=R,G,B

A {< Thresholdo: » 1 B Bl —BUHEL R
> Threshold. » AN 2B — B4R
12

BERQD HEA (w0 5 Co BB GE
WERA MR AMTFETFHEE-HERE
Thresholdeor » Yt X B R 5 25 T K IR B B 6. 8%
SR, W DU SR B A W RIS E; RZ, nE
A KF Thresholdwe » LA IZ IR E R 52 W X1
B2 Rk, RA T REE B T H M K88 & R 8E
ST 23 T KSR AR . B — B R AT
DLHE R T B T A v B A TT A5

TERATH A — SR, BB R ERA T
MRES, RIEAERL ARG P MMRE S &
2. 1959, @ AR EEEME AR #ITT
X Y » DORE— S BE AT LAZE B 40 R B O HE TR N 3R
BURT RS, AT & R BE B E Il {E.

Hyw WRBIE—BHEARNBER AHWEAST
HH. 3t H PHFERRENEEERTEFE
giit, R MG RTINS R85 R E
A Ho f TR EE D, «

Dy = D) w* {hist{Dy (u,0)}) (13)

A NE o RRREERGRNBRLUH. PR

2.4 BUHBIDGBIEK

25 MR AN IR F5 R Kinect R EF B4R, A
FHELENTER S RE =T, Fat B RREAESE
TR BER , TEAE IR B R B AT U B g s
AT BRI EE R, Al E IR B EE RS,
BERRERIRF X BB AT LR, BREASEY
LR, R KB HE B, DUh I
AT DATE 22 BR R G0 MR 75 -1 B ) (R s AR S 4R B8
BINEIER B 12 P R BE S Ab i . 3T
BB ARIT

S(p) =1—1021(q)GS( I p—q DG I(p) —

g€EN,

I 1> CEY)
w= 2 G p—qIDGC| I(p = I I

9EN,

(15)
S FHRE B RFH— MRS prg B p I
N, FHE,S ERBEZENEBR.G ETHREE
BERNERRE.G RETREGAERNBHN
B, IR B G R R 6 B, w I IH— L5
18 X5 0 AL 4 0 SR R N » B £R
BRI & L SCF ER, S R X A
%, HIAEREHREERY P, [FHEAEEER
WA A IFRITERMAST R, T B A0

B, A SO R DGH IR R
S(p) = = S D@G. || p—alGuC || D(p) —

qEN,

D@ )G I — I ) (16)
He,
G| D(p) —D(@ |
1, | D(p)—D || <8,
= an
0, | D(p) —D( || =>6.

G| I — I 1)
1, Sth(Np) < Thresholdpwp)

_ _I(p —I(p)?
— exp{— U< )sz( D7y (18)

Sth(Np) > ThresholdD(N,,>

Ga FIRERRIM R YBBAKBERS p A8
B R T BME 6. MBI RS R, SFET R
B BB stdpyy RN p FIBEPHE T 2, IR
stdpovgy ZNT45F B{H Thresholdpo,, 1584838 H BF
FRRERNEEMERK, BELFFHEXE, 7L
HER® T REHT P8 WE stdoyyy KF
ThreShOldD(Np) > LBA &R AL T30 4 X 35, TEMHH
ETHOERORMBERREAZFETEL. B
EERARGHIETRIBIT XFRERRHEX
B, (B RAETR B B 15 P X B R AR AR R 3H R 3
Gy BIE g 1, X020 SR 2% 78 1308 1 55 B B 2%, 3%
FESURT DL D 4% 0T, B B L BB — E FR B B ol
PiHEE.

3 XWERESH

7E PC Hl E ¥ T Matlab iEF X2 1 89 Kinect
RERGBREREHIT TR, BFETHIEN






1

B, % Kinect BEEBEEE % 103

S 3K

(1] Fu Jingjing, Wang Shigi, Lu Yan, et al. Kinect-like
depth denoising[ C]//Circuits and Systems (ISCAS).
Seoul: IEEE, 2012:512-515,

[2] Massimo Camplani, Luis Salgado. Efficient spatio-tempo-
ral hole filling strategy for kinect depth maps[ C]//Three-
Dimensional Image Processing (3DIP) and Applications
1. California; SPIE, 2012:82-90.

[3] Milani S, Calvagno G. Joint denoising and interpola-
tion of depth maps for MS Kinect sensors[ C]//Acous-
tics, Speech and Signal Processing (ICASSP). Koyo-
to; IEEE, 2012,797-800.

[4] Xu Kang, Zhou Jun, Wang Zhen. A method of hole-
filling for the depth map generated by kinect with mov-
ing objects detection[ C]//Broadband Multimedia Sys-
tems and Broadcasting (BMSB). Seoul: IEEE, 2012
1-5.

[5] ¥%,%F, %k, 2. Knect BEERBRRBEEEEE
0] B¥gR¥F2M: B RBHER, 2012, 18(5) : 454-
458,

[6] Matyunin S, Vatolin D, Berdnikov Y, et al. Temporal
filtering for depth maps generated by Kinect depth
camera[ C]//3DTV Conference: The True Vision -
Capture, Transmission and Display of 3D Video
(3DTV-CON). Antalya: IEEE, 2012;1-4,

[7] Johannes Kopf, Michael F Cohen, DANI Lischinski,
et al. Joint bilateral upsampling[]J]. Transaction on
Graphics, 2007, 26(3):96-102.

EEEN:

% W 3,988 ) ARLBFRAE. IR T WA BEEREL
SLHE 5 H ALK,

MILR 5, Q971 HE G4 I HTFTTT A Sk
5 B AL ST E VK.

(E#F 97 30

(2] sk#k, Eikfs, AV —HETFEHMESHTHTN
MINEHE R PR RI[T]. BT %R, 2008, 36 (5):
862-868.

[3] Shunan Ma, Jingsha He, Shuai Xunbo. Application of
fuzzy comprehensive evaluation method in trust quanti-
fication [J]]. International Journal of Computational In-
telligence Systems, 2011,4(5).768-776

(4] ESFE,KH, TN, —fET 88 8 EWEEIT
W IF ()] B A4F2#4R, 201006) : 1341-1352.

(5] Reug, REH. MBEIE TETFZEENGEETE SR
RITEBITELT]. RGLITEEM2009,21(2) : 421-426.

[6] Wang Shangguang, Zheng Zibin, Sun Qibo, et al.

Cloud model of service selection[ C]//Proc of IEEE
INFOCOM 2011 Workshop on Cloud Computing.
Shanghai: IEEE, 2011.677-682.

(7] B4z, #mE, ARE XRTE2EE TN ETER
BT, HHEHLRL A, 2012, 32(1) :5-7.

fEE=/N.

BOZR &,(1980-), WL, BIHEE AR M A HE. T
fE5iHa.

Mg 5,095, B4, #E. HEFEOIMEERL. T
FitE.



