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Omni-directional depth-map estimation by multi-baseline stereo using interest points

oo oot
Tomokazu SATO

1. 0O0Oo0o

oobobooobooooboooooobooooooaon
obobooooboooooooboooboboooboooon
oooboooooooooooooooobooboobobooo
oboboooooooooboooooboooobooooon
oboboboooboooobooooboooboooboooon
000000000oO0ooo0oooooojoooo
oobooooboooobooobobooobooooooon
0000000000 ooOoUuoooooo [2,3,4,5]0
obobooooobooooooboooboooooooboon
ooboooobooooboooobobooobooooooon
O000o00o0o0oooOooOoooo ,2,5|00000
obobOoooboooboooobooooboooooooon
oboboooboobooboooooboboooooboooon
000000000000 3,40000000000
oboboooooooboooobooobooooobooooon
obobooooooooobooobooobbooooboooon
oboboooooooooboooooboobooooboOooon
oboboooooooooboooobooboOoooooooon
oboboooooooooooooobboooboOoooon
obobooooooooobooooooobooooboOoooon
0000000000000 00 SSD(Sum of Squared
Differences) 000000000000 OOOOOOO
obooooobooooobooboogoon
obobooboooooboooobooobooooooboon
oOoooooooOoooooboogoo ssboogo
obobooobooooboooobooobooooobooooon
TNIP(Total Number of Interest Points) 0 00 00O
oboobooobooooboooobooobooooboooon
obobooooooooobooobooooboooooon
obobooooooooooocoooboboooobooooon
oboboooooooobooooboooboboooboooon
oobooooboooobooobobooobooooooon
oboboooooooooooooooboooboOooon
obobooooooobooobooooboboooooooon
oboboooooooobooooboooboooooboOoooon
oboboooobooooooooobooooboooon
obobooooooooobooooboboobooooboOooon
obobOooboooooooobooooooboooon
obobooooooooboooooobobooobooooon
obooobooooobooboobooonog
obob200000000000000000O00¢0
obobooboooooboooooboooo3ooooon
obooboooboobooboooooobooboooooo
goboboooooooooooooooooboooobooo
40000000000000O0O000O00

0000000000000 0000000

oo of
Sei IKEDA

oo ogf
Naokazu YOKOYA

(A)BAFEROBRH

(B)BAFHRIZLDIILTF
R—RSAVATLH
I
ORFEHEOERED
HHLBREEORR
I
| omFEEROER |

0100000

020000000

2. d0ooooooooooouoooond
010000000000000000000000
0002000000000000000000000
0000000000000000000000000
000000000 (A)DDO000D00000000
0000000000000000000000000
0000000000000000000000000
00000 (B). 0000000 (B)000O0O0OOO
0000000000000000000000000
0000000000000000000000000
0000000 (C)0000000000000000
0000000000000000000000 (D)0
0000000000000 (A)D(D)00000o0o
0oo
2.1 00000000 (A)
000000000000000000000000
00000000000 Harris0OODODO (60000
0000020000000000000000000
000000000000000000SchmidO [7]0
O0D00Haris 000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000

Harris 0000000000000000 x = (z,y)
0000 H(x)0DOOOOOOO0O0O0O00000000
0000000000000000000000000
O0wWOoODODO0O0O0DO0O00o0 000 05,0000
0000000 ADDDODOOO0O000000 A,
0000000000000000

_ Ix(X)Q L (x) I (x)
A‘x§V<Ix<x>Iy<x> F)

I,(x
H(x) = min(\1, A2) (2)

0000000000000 0O0oO00ooooO Hx)
0000000000000 00000000O0nO Hx)



|

FHizLr—

(X,y) %;;;ﬂ~A

i L—A

0300 (xy 0000000000 0OOOOOOO

oobooooooooooOooooooboooboboooo
obobooboobooooboooooobooooboooon
obooooooooooon

2.2 0000O00O0OOOOOOOOOOOOOOO (B)

0000o00000ooo (A)oooooooooo
obooooooobobooooboooboooooon
oboboooooooooboooooooboooboooon
obobooooooooooooobobooooobooooon
obooboooboobooboooooobooboooooo
oobooooboooobooobobooobooooooon
obobooooooooobooooooobooooboogon
obobobooobooooboooobooobooooboOooon
oboboooooooooboooooboooooboooon
obooooooooobooon

[D0000000000000000000000]
000000000000000000000000
000300000000 f00000000000
0000 (¢y)00000 000000000000
0,;0000000400000000000000
0(G<f<kOOOOOOOOOOOOOOOO10
00000 0000000000 (z,y) 00000
00000000000000000000 (22 yz,2)
0000000000000000000004000
(j<i<k)ODDODOO (4,4)0000000

ar; Tz

afi | _ npaa—1 | vz
" = Mle . (3)
1 1

0000e0D000D00M,;D00 f000D000000
0000000000000000000300000
00 (;,9;) 00 (z2,y2,2) 00 000000000
0000000000000000000000000
ooo

[DO0000000000000000000000O0]
000000000000000000000000
00000000000 1000030000000
0 f0000000000 (2,y) 0000000000
0OWOO:0000000000 (4,4;) 00000
000000 WODODOO I000000 SSD(Sum of

Squared Differences) D00 0000000000

S AUs@+uy+o) - L@ +u,5i +v)°} (4)
(u,v) CW

SSbOOQO fO0O0DO0O::00000000000
oooodoboboboooooobobooooouooo
goooooooboobobobobobooooooo
SSSD(Sum of SSD) 00000 OOOOOOOO 200
gogono
k
SSSDf(x,y,z):ZSSDfi(x,y,z) (5)

1=j

[O000D0OO0o0DooOooUooOooooooOg)o
OOoOooOosSssboooooOoooooo TNIPODOO
oboboooobooooooooooboboooboooon
ooboooooooboooobobooobooobooooooo
obobooooooooooooobooobooooooon
U000000HarrisOOOOOOO0OOOOOOOOO
oooon0 obobooooooobooobooooooon
obobooooooooobooobooooor"boooon
obobooooooooobOooobooOoboooooon
(A)ODUO0O0O0UO0O00O00UOooOoUooOoooo
0000000000 TNIP(Total Number of Interest
Points) 00 OO OOOOOOOO

k
TNIP¢(z,y,z) = Z Z Hi(2; +u,9; +v) (6)
i=j (u,v)CW
_ | 1; feature exists at (u,v) in i-th frame
Hi(u, v) _{ 0 ; otherwise Q

TNIPOOOOOOO (x2,92,2) 0000000000
00000000000 (3,4,)0000000000
00 WOOO0OOOOODOOO0O0O0O0O0O0O0o0o0000
(0300)0TNIPODOO0D0O00D000D0 (22,92 2)
0000000000000000000000000
000000000000 f0000 (z,y)00000
0000000000 :00000000000000
00000000 (z2,92,2) 00000TNIPOOOO
000000 :00000000000008SSDO0
000 TNIPOOOOO0OO0D000000000000
0000000000000000000000000
00000000000000000000 (A)D0O0
0000000000000000000000000
0000000000000000000000000
000D0000000000000000000000
0000000000000 000000

23 0000O0OO0OOOOOOOOOOOOO0 (C)

oobobooobooobooooooobbo pbOOOO
UzO00OOOOOpOO0O0O0O0O0O0COODOOODOO
obobooooooooobooboboboOoooboooon
obobooooooooboopOOOobOOOODOOODnO



04 00000000000000 "Ladybug”

¢, 00o0oo00ooooonon

ZieLp {0;p¢ L;,15p € Ly} ®)
|Lp|

Cp =

L, 000000 pO000000000O00000O0AO
oboc,0o00000000000000000000
oo0oL,000000000000000 pO0O0O
obobooooooooobooobooobooboooboooon
OboooooooooooOoOoooooooodc,0o0
oo010o00000000000000 ¢,00000
oobobooobooooboooono 000000000
oooooooon

24 00000000 (D)

oboboooboooobooobooboobooooooon
oboboooooooooboooooboboooboooon
goboboooooooooooooboooooooobooo
0000000000 RUoboooooooooooo
oboooooooooboooboooobooboooonog
oboboooboobooboooooboboooobooooon
obobooooooooboooobooobooooboOooon
ooooooo

3. 0O

0000000 40000 PointGreyResearch O O O
O000O000000O0000 Ladybugl9) DOOOO
OO0000O0OoooooooboOdOdOdLadybugD OO 6
goooOoOoodooooOoooooooogooooo
0768x1024000000 15fps0 000000000
cOooboooooooooooobDsbO0O0ennonoO
30000 (5000000)0000O0OOOOOOOOOO
oooooooooOoooooooUooooooooo
gooooOOoOoOoOoOooooooOoOoOoogoooog
0000000000 o00oooUoOooooo 1000
00000000000 00ooUoOoooo)ooo
cooooooooooooogboeooooonoO
oooooooopoOoooooooUooooooooo
coooooooOoOooooooboOoooosgooo
cooooooooOoOoooooooOoooboOo 20
goooOoOoodooooOoOoooooOogooooo
goooooooooOoOooooooooooooog
ooooOoo s ommO0OOOODOOOOOOO0Or DO
COo0ooooooooooooOooo 29mdnoon

S

Os5 0000000100000000060000

() 0000
06 00000000000000000000000

(byoooo

ooboooboooooooboooobooboooooboon
obobOz2100000000000000000000
oboboboooboooobooooobooboOooooboooon
00000000000 17500 (1000000000
OO0 105000)000000002200000000
obobooooboooobooooooboooooboooon
oboo230000000000000000000O0
000000000 0ooOo (p)ooooooooo
obobO0o0o0oO03x3oboooooooosbOononog
oboboboooboooooooooboboooooboooon
ooboboooooooboooowoboooboooon
20000000000000

Or7OO0o0sO000000b0bOOooboOoooooon
oboboooboooooooobobooooboOooooooon
0000ooo0o0o0o0oooeUOoooOoOoO (@7
00)00O0O0OO0O00OOoO TNIPOOOO 8OOOOO
oboboooobooooooboooboboOoooboooon
ooooooooo TNIPOOOOOOOOOOO0OO
oobooboooooobooOooobo TNIPOOOOOO
obobooooooooboooobooobboooboooon
obobooooooooOoooooboooboooooon
obobooooooooboooobooobboooboooon
O000000000PC(Pentium4-3.2GHz) 00000
o3000ooogn



Oo7o0o00boooocooooboon

120 120 120
100 100 100 {\
o 8o o 8o Qo 8o
Z w A Z w Z w J
L 40 L 40 1 L 40
: S S S A
’ 0 20000 40000 60000 80000 ’ 0 20000 40000 60000 80000 ’ 0 20000 40000 60000 80000
BATEE[mm] BATEE[mm] BATE{E[mm]
(a)000 1 (b)0oo 2 ()OO0 3
120 10 120
100 100 100
o s o so o s
Z w0 Z w0 Z w0 I
L 40 = 40 L 40
n w oy |
0 o 0
0 2000 4000 60000 80000 0 2000 40000 60000 80000 0 2000 4000 60000 80000
BATE(E[mm] BTE{E[mm] BATE{E[mm]
(d)ooo 4 (e)000 5 ()ooo 6

08 00OO0booooono TNIPO

oobooOstoboooboboboobooobooooooboan
oboboooooo9sbooooboobooooooooon
obooooooooobooooboobooboonb 1000
ooo9onolooooooobooooobooooooon
obobooooooooobooooooboOooooboooon
obobooooooooobooobooooboooooon
oboobooobooboobooooooobooboooooo
obobobooobooooboooobooobooooboOooon
oboooboooooboobooooonog

4. 000

obobooooooobooooooboooboooon
oobooooboooobooobobooobooooooon
oboboobOobooooooooooboboooboooon
oboboboooboooobooooboooboooboooon
oboboooooooooooooobooooobooooon
obobooooooooboooooobooooboooon
oboooooooooooobooboboOoboboooboon
oobooooboooobooobobooobooooooon
oboooooooooobooon

09 00000bOO0b01000000000000A0

oo

1]

2]

3]

[4]

[5]

8]
[9]

[10]

[11]

0 10: 00000000000 10000

goodg
[

M. Okutomi and T. Kanade: “A Multiple-baseline
Stereo,” IEEE Trans. Pattern Analysis and Machine
Intelligence, Vol. 15, No. 4, pp. 353-363, 1993.

S. B. Kang and R. Szeliski: “3-D Scene Data Recov-
ery using Omnidirectional Multibaseline Stereo,” Int.
Journal of Computer Vision, Vol. 25, No. 2, pp. 167—
183, 1997.

W. Zheng, Y. Kanatsugu, Y. Shishikui and Y. Tanaka:
“Robust Depth-map Estimation from Image Sequences
with Precise Camera Operation Parameters,” Proc.
Int. Conf. on Image Processing, Vol. 11, pp. 764-767,
2000.

T. Sato, M. Kanbara, N. Yokoya and H. Takemura:
“Dense 3-D Reconstruction of an Outdoor Scene by
Hundreds-baseline Stereo Using a Hand-held Video
Camera,” Int. Journal of Computer Vision, Vol. 47,
No. 1-3, pp. 119-129, 2002.

M. Okutomi, Y. Katayama and S. Oka: “A Simple
Stereo Algorithm to Recover Precise Object Bound-
aries and Smooth Surface,” Int. Journal of Computer
Vision, Vol. 47, No. 1-3, pp. 261-273, 2002.

C. Harris and M. Stephens: “A Combined Corner and
Edge Detector,” Proc. Alvey Vision Conf., pp. 147-
151, 1988.

C. Schmid, R. Mohr and C. Bauckhage: “Comparing
and Evaluating Interest Points,” Proc. 6th Int. Conf.
on Computer Vision, pp. 230-235, 1998.

P. Heckbert Ed.: Graphics Gems IV, pp. 47-59, Aca-
demic Press, 1994.

Point Grey Research Inc.: “Ladybug,”
http://www.ptgrey.com/products/ladybug/index.html.

o0,00,00:“00000000000000O0DO

gobooooooooooobooooobooooon
oooooo0o0O”,00000000000000D0O0O,
Vol. 8, No. 4, pp. 443-450, 2003.

oo,00,00:“000000000000000D0O

00000000000oo0oooooo0r, 000000
o000, CVIM141-13, 2003.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


