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Depth Map Refinement with Weighted Cross Bilateral Filter
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Abstract In this paper, we propose a refinement filter for depth maps. The filter convolutes an image and a depth
map with a cross-computed kernel. We call the filter a weighted cross bilateral filter. The main advantages of the proposed
method are the filter fits outlines of objects in the depth map to silhouettes in the image, while the filter reduces Gaussian
noise in other areas. Additionally, its computational cost is independent of depth ranges. Thus, we can obtain accurate depth

maps at the lower cost than the conventional approaches, which require Markov random field-based optimization methods.

Experimental results show that the accuracy of the depth map in edge areas goes up and its running time is low.
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BEGTET RS B 72012, YA #HWTHEDSH
B bEFIZTIHK o 72 b 4T . YAV, HHES
Lo (13 X 13) OFDBEAT &% Ground Truth
EHBL, IELWES—D SAAAE L 2 WS IEEHli2 & B
T 5.
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-

B F R

BB D JTETHUS L 72 BT S WEO KR IR L O X

5.

* http://www.rainsoft.de/software/libelas.html.
** http://vision.middlebury.edu/stereo/.



(d) cones

1 A7LVATF—=%+tv b
Stereo data sets.

®1 oMyE
Error rate.

Mask Method tsukuba | venus | teddy | cones
BM 4.35 2.42 | 13.24 | 7.08

WCBF 4.08 1.59 | 12.29 | 6.74
Proposed 3.22 1.23 | 11.89 | 5.91

MF 3.99 2.16 | 13.12 | 6.89

BF 3.91 2.59 | 12.93 | 6.69

CBF 4.36 2.77 | 14.04 | 8.49

CTF 3.87 1.82 | 12.93 | 6.70

CSBP 3.55 2.78 | 12.48 | 6.24
NoMask SGBM 3.26 1.33 | 7.60 | 4.55
SGBM with WCBF 2.97 1.11 6.98 | 3.78
SGBM with Proposed 2.73 0.68 6.18 2.62
ELAS 3.99 1.84 | 7.99 | 6.85

ELAS with WCBF 3.43 1.42 | 7.00 | 5.88
ELAS with Proposed 3.25 1.22 6.63 | 4.88
DBP 0.88 0.13 | 3.53 | 2.90

DBP with WCBF 0.86 0.15 | 3.60 | 2.96
DBP with Proposed 0.85 0.12 3.72 2.89
BM 3.86 2.29 | 4.03 | 3.76

WCBF 3.59 1.47 | 2.92 | 3.40
Proposed 2.71 1.11 | 2,47 | 2.54

MF 3.49 2.02 | 3.89 | 3.57

BF 3.41 2.45 | 3.70 | 3.42

CBF 3.85 2.64 4.92 5.24

CTF 3.37 1.68 | 3.70 | 3.43

CSBP 3.05 2.63 | 3.14 | 2.90

Mask SGBM 3.78 1.14 | 4.70 | 3.85
SGBM with WCBF 2.74 1.02 | 3.86 | 3.11
SGBM with Proposed 2.53 0.60 3.26 1.96
ELAS 3.13 1.53 5.19 4.46

ELAS with WCBF 2.50 1.98 | 4.16 | 3.36
ELAS with Proposed 2.32 1.21 3.59 | 2.63
DBP 0.90 0.13 1.81 1.95

DBP with WCBF 0.88 0.14 1.86 | 2.02
DBP with Proposed 0.87 0.11 1.86 1.94

NIk DH. F£1 T, EEDSEEORYEFM, TESE
B Cm L 72 E ORI D 585 712 R ST
YAV HY)DFMTHALH. OB, Hnizv A7 I3&T—
Yy hZTEIZE2, 5- 7 D (b) Lo TWhb, YA
Tld, BCTERENBIEDILHEDOEMD Y, HTERS

OMOEAMEIOINAITITINT I RICLBRITEHERENE L

=2 FEATHH

Running time.

Data Set BM | Proposed | BM+Proposed | SGBM | ELAS
tsukuba 5.7 4.1 9.8 28.8 61.1
venus 8.4 6.7 15.1 45.9 110.0
teddy and cones | 10.5 6.8 17.3 71.4 168.2

(ms)

NLMAEEHZORBRLERD, 22 TlE, HEOE
Wo7: BM & EfR AT LAYy F U S TIRO SN
WES AR EHEDOEM R LE o TWA, LT, &FEIC
& o THUS L 72347 S Wi{21EX 2(c)-(p) THA. I TlE,
F—%+tv b teddy 228155, 22T, WCBF O&%7—%
oy MIBUT BT A—=F13, teddy TIE, EAMGVERE
& (05,00,00,0,3,7) = (5.8, 3.0, 9.8, 1, 10, 205) TH V),
TANE ) YT (05,0.) = (13.5, 16.4) , tsukuba T
&, EAMEEIERKL (04,00,00,0,68,7) = (6.4, 6.2, 13.2
,1,10,54) THY, 714V5 ) ¥ THEE (0s,0.) = (10.9
, 10.4) , venus Ti&, EAERIEREEL (04,00,0.,,08,
v) = (8.5,2.6,10.3,1,5,56) TH Y, 714NV 7L
(05,00) = (14.4,6.6) , cones Tld, EAMGIERIFZ (0,
,00,00,0,3,7) = (6.1, 3.9, 6.2, 1, 10, 113) TH b, 74
WE ) v TERE (05,0.) = (10.9,84) Lo Twh, Zh
5 OEIZFEBRII I IE L, 2 O HHE 15 W 1% O i 31 %
MEFF L 7ZIRBECRRD SR e B Ko IcikE L7z, 72,
fe7—% v FOKERIE, WELYUET7 VY ThHDH MF
EREFHEFBREORETHIET 5 CTF 2 LIK5
ST ko TWA,

¥, £1 XL, BM % AHE LZRETH: (WCBF)
DREATEYE/E DT RTOTFT— 5ty MZBWTHELND S
YL, FNENOT—F+ v T, BM THL
AR BAT S EGUETECH I RETHEICL > ThE
AT, YEICL LR BOFDEIE (A7 2L, A
7®HY)) THEKILT 5L, tsukuba Tl (1.13, 1.15), venus
T3 (1.19, 1.18), teddy Tid (1.35, 1.56), cones Tl
(117, 1.22) & o7z, RETFHEEFE L, BAT S WG
ERITIRT AN ERRTOY AT HY, A7 LIS
b o TREFESR D EHVRIEEZA/2. T, BITE
WG E 7 4 V7 IZB W TIRRERDH 5 513X T
FL72DTHb. Tz, REFENFD o L OFVHRELR
L7282 LTid, MF ® BF Tld/ 14 Z3BETE LD
BEs O HIE 7 {, CBF % CTF T3/ 1 ADkE=
W S OUGE I REZZATBAT SHEORE L D IZTTAET
B, RLT, BETHETIR A ABRECHIOSE, RE
12X IO ZAT) 720, MOFHELD EVRhRE
RL7-.

RIZ, RETEZHBHT S WCBF RAHHI 7+ V5O
BFEZ L OMPEWEET A, BM THUS L 72847 S i1
WCBF %] L7-BByCORR Y EoRMEL, €205
G 7 4 V5 & VIR D B EIE (WCBF TOM

J439



MBI X 7 1 7F 55 Vol. 66, No. 11 (2012)

E, RAE 7 4 vy TORAME) Ltk dbE, YA 7
7 L O tsukuba Tl (0.27, 0.86), venus Tl (0.83, 0.36),
teddy Tl (0.95, 0.40), cones Tl& (0.34, 0.83) & 7
272, YXAZ H YD tsukuba TIZ (0.27, 0.88), venus
TE (0.82, 0.36), teddy TH (1.11, 0.45), cones Tid
(0.36, 0.86) & o7z, ZORRENPS, YAT OFEITHH
D57 venus, teddy Tl WOBF D255 <, tsukuba,
cones TIXIRGHIH 7 1 V& DREDE N EHD2 b,
DA 5, venus, teddy TIEFHEERDTD / A4 XFEDOF)
RO FOWAIZKE {HFS L, tsukuba, cones T,
B #E0 DIE T ORI AR ) BOFAITKE (FH L Tw
B2 Enbhrb. T, EmEE OBIEAY venus, teddy
12T, tsukuba, cones DAL\ 728, FEEERG D
I 2P S BIRATIH 7 4 vy OREDRE S
TelebiZlEZoND. LoT, REMH 7 4 V7 ORhHE
X, 7—% 1ty MO GOEDHEEITEL, WmE
DB SZ T =5y M LT, EAffE 70
ANATTINTANE L) SREEET LD EER
5. LaL, mifesfe LT, BAETH 7 1 V5136
FHERASIE L S TV B 28T T L E ) IS L TR R %
AT 570, BAFEXIOANATTFINTIANT % F
THEHTHZ EDLEIIRB.

FEBRIZED L) REGFUEL 0P ER 2, 5-T7 %
Bl L BRI RS, £, PR ICH LMD 7%/ A
AR AT I RO PETES IR > TV D Z L hhbh
5. LT, MEFEOELERTD WSO EME S
BM IZHARTKIFICEELTWEZ EHbh b, BM TR
3 L72BAT S W TIE, AR RICEE L Tw 5%,
ARTERIGRESIN TV DD E L, WEEs My
DELHFHEL T A, Lal, #REFHED WCBF CTHRAT
EEEOUELT) &, TOMMAPRELLHEINTVS
ZEDRbyL, TIUEE 3 IIRTEAI L o THHEIC
KREBLEADPGZONIZZEIZL AR THL. M3 D&
AL, APHIZEDCIZERELEADGZHNE, EH
(P 7 E1E LWBRAT SEAE S ISP T & 555512
KEBBEAVGZHLNTWA, FL T, WEEks i & RAT
EEPAEE L R DR T WG TIZERDNS 2D, Z
OFER, W% 72 CHAOFEICBWT, WEE /2
WSRO BAT EEICII NS R EANG 2 HN, F—FH O
BATEHO AR E L EANG 26N 5, LT, WKIlH
HEFLVZHOBEARADSKEVHETY, BEALA, VEE
AL o TEAINSCGZONDL. ZO8E, £RICH
LMD EHIZ, MEOWwE L MR L7 F I LSTREL
%A, F72, FHEHHEDTICRELEATGZ LI LT, —&
DTANE ) Y T TREGMEDPHEONL T2, DKL
LR DILFED 5\,

K12, BM DAL Fd:C Depth Map % BUS L 72354712
DWTkR%. SGBM, ELAS, DBP THUS L 7z 4T &
WG AT & L7z, #EFLEOBEMAHFICE T L HEETI,

-
—
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SGBM, ELAS |24 L CldREFEEL VL I LI2ED T
NTOF=%+ty N TE)KROBE TR SN, Ll
DBP IZA LTI Y RO T T2 0 L8INT 2500
HY, T2, RVEOKTFTTLELOTY, ZoOEIIMAEL
“ol:., THWEIDBP TlRE7AYF—varbEEhk
HALERAT D 720, WEAEE L < PTG ORBE S &
V. FOOREFEORIBMHIES ) A AREDORRIFE
NGadolzl EDFERO—2EEZ SRS, LT, Wil
BESEWEZ AT —a vEHWEFRER, FHOM
DAL VEE R EOEILEAT ) Tk EI2iE, REFEO
BHIGEY TR WVwE w2 5. LaL, SGBM % ELAS
EVICHRPEN TV L FEL D L7290, TORELFE
DOFEIC L > THABEASEO N, L EX OND. RETF
FEOREHS, FHEEDIZ ) A XD EAT & B0 55
AR BAT S BRI L TR H b L2 2 6N 5.
ZLT, BMD&L)IZ/ A RENELL, WEbkEE b AT
R BAT Z R LTI R E BRI ESFTE 5.

tels, AT SWERUE  TOFEITHMER 2, K4 12
RY. 22T, FEEBRBREL Intel Core i7-920 @ 2.93GHz
ThHb., £21F, =¥ty b2S5&FHEIZLD Depth
Map #BUS ¥ 4 F TICELEIHEHZ/RLTEY, BM
DFEFRNCRAT EWEOUFZELAT) 7 14 VY & D N
KOEETH L. T Lo T E#ICEET 5 SGBM X
AT & OREFBD L WA ERICEET 5 L ShTw
5 ELAS L) b@E#ETH 5.

ChUL, EHEEROF —SIE T4V ) 2 T THHIRE
THETIEOH - W) THAHOIZH LT, BM, SGBM i
OH-W-D) k#roTWwh, 22T, HIZHEGEOES, W
FHEGONE, D IZRTZORMETHS. BM &£ SGBM
DA L-FHEREOMME L% L, SGBM O¥éna
FRE W, AT, TR EORREIImIEY A X1
CUTHML T zo, WA X88ms 5128, 2% F
B L O E TR OB IR > T, 2
ELAS 12 D o223 by nhs, 74080 » 712t
NRLEBELZWVILILE i o TS, 41, BHEEE 128 x 128,
AT X ORI 16 2 3R & U TSRS, WAT &S ORFME
256 x 256,384 x 384..., 32,48, ... L nfEOO L Twolzk
X2, KFEOFHEKERMEZY I 2L — P LAKREERLT
W5, JEE, ETOTEOMMERERT 2O,
o2 — V% EIR6000ms TFERLTWA, T2, &F
FEOFMZRT 72012, 413 ERR 400ms T/RLTWA, =
DEDS, REFHED T 4 VY EMMOFTFEELEHNDB L, i}
GESCHATE OMIBAREL B BIZEZOEDIERITK
EL bbb, T, MAGDS, HEECRT
E DRV 7 V41213 ELAS X ) b, SGBM D13
IDVEHTH D EDbroT.

-
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(a) Ground truth (b) Mask (c) BM (d) MF

(f) JBF (g) MLF (h) CSBP

(i) WIBF (j) Proposed (k) SGBM (1) SGBM with Proposed

(m) ELAS (n) ELAS with Proposed (o) DBP (p) DBP with Proposed

2 KFEOME (teddy)
Results of teddy’s depth map.

BHH 7 4V RGBT W ROUEERRFE L. K WA LT, |ETEEZEHLAEE1E, SGBM & ELAS
X TOELRFRIE, HVERLULEEITHLLT, WS LI, CEEDSHERR SNz, FHEEEICOWTIE, REF
DT xEL, TOHMsEHHTILEV) ZETHo 7, HETIERRY R U OLED 7 {, @EICE{ET 5 SGBM
RETHICLY, ZREOF =Ly T, flHETHL R ELAS L) EETHL I LERL.

HFEE DO BM CHUS L 72 BAT X% 5 DR ) O S tA DR, WK ZRAMEHME 20 580 C Ol G O
AiELX, tsukuba T 1.13, venus T 1.19, teddy T 1.35, &, ADORAT WG ARG OREE, 72, &
cones TLI7T &40, WFNIZBWTHUEAMER SN2, FBIZRITT ST A — 7 DIRIEBORENZZ 5N 5D,
FRRIZ, 74 VT2 > CUEEWRER SRS 72 2 L) B %I, BHZA, HEEmE AR ERER#EHdZ, Ml
7B DR O AMEIL, tsukuba T 1.15, venus T 1.18,  fESHEHEZIIEH T 5. AWIZE0 —E81E, BHARIFEE: i)
teddy T 1.56, cones T1.22 &%), 2653 FXTH  £EFWHE (B) (22700174), JST A-STEP, B XU, #
T—% Yy MIBWTEEN R S N7z, MoRAT W BAEMNYIEREEMIEMBHERE (SCOPE) I2&oT
UEEAT) 74 NY LI LR, IRETFEIRD S Tbhi:.

WRIIR AL 2 e DT E 7. /2, BB REOLHELZITF TR . \

C MR OIS & & Z BEA b iR L e

NN - . N 1) Y. Mori, N. Fukushima, T. Yendo, T. Fujii and M. Tanimoto
- = 3 \ 4 Rt ) ) s )
2. 35 L’ 'Ejﬁf“ Lanctws %@’f@@;ﬂ’ﬁ‘ %TE;EEJ':& “View Generation 3D Warping Using Depth Information for

FTV”, Signal Processing: Image Communication, 24, 1-2, pp. 65-
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(d) cones

3 EAWG
Weight Maps.
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(e) MF

(f) CTF

5 HTEOMR (tsukuba)
Results of tsukuba’s depth map.
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Results of venus’s depth map.
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(a) Ground Truth

(b) Mask

(c) BM (d) Proposed

(e) MF

7 KFEORHR (cones)

Results of cones’ depth map.

(f) CTF
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