IHocTpoeHHe MJIOTHOIO 00/1aKa TOYEK 10
MHOKE€CTBY CHUMKOB M€ETOI10M
[OJYIVI00AJIbHOI0 OTOXKIECTBJICHUS B
IPOCTPAHCTBE 00bEKTA.
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KiaccMyeckuu MeTo MoJayriio0ajbHOro
OTOXK/JIECTBJICHUSA
(Semi-global matching (SGM). Hirschmuller H. 2005, 2008)

xyp =D
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Kiaccuyeckui MeTo MoJyriio0ajabHOro
OTOXK/ECTBJICHUS

E@) =% {Cop+X Pillp—pgl=1]+% P:[lp—pgl>1] }

AN yd
\ // L’
2
A
1T
) N

7 \\
L.(x,y,p)
=C(x,y,p)

+ min{(Lr(x-r, Y P) (Ly(Xp, Yo — 1) + Py, (Ly (X, 1o p + 1)
+ P4, miin L.(x,,y, 1)+ Pz} — mkin L.(x,,y,, k)

S(x,y,p) = Z L.(x,y,p)
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HoctonncTtBa SGM

- XOPOIIKE PE3YJIbTAThI OTOXKACCTBICHUS JTAXKE HA
C1a0OTEKCTYPUPOBAHHBIX YUACTKaX CHUMKOB M PE3KHX
nepenangax BbICOT

Bricokoe pazpelieHrue o0jiaka TOUeK

- XOpoIIMre MoKa3arean o CKOpOCTH 00PadOTKU

Vikue mecta SGM

- TPYIHO OCYIIECTBUTH OTHOBPEMEHHOE OTOX/ICCTBICHUE
COOTBETCTBEHHBIX TOUEK MO0 BCEM CHUMKaM

- OOJIBIIIOE KOJIMYECTBO TPaHC(OPMHUPOBAHUIN KaXKIOTO
CHHUMKA
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IToayriio0ajbHOE 0TOXKAECTBJICHHE B IPOCTPAHCTBE

00beKTAa

F. Bethmann, T. Luhmann Semi-Global Matching in Object Space

ISPRS Wolume XL-3/W?2, 2015 PIA15+HRIGI15 — Joint ISPRS conference
2015, 25-27 March 2015, Munich, Germany

Yuoynuue A.I., Muxaiisio A.Il., Crapmos B.B. ABromaruueckoe
MOCTPOCHUE TUIOTHOIO 00JIaKA TOYEK M0 MHOKECTBY CHUMKOB HA
OCHOBE MOJIYIVI00AJIbHOT0 METOAA OTOK/AECTBJICHUA COOTBETCTBEHHbBIX
Touek. 13B. By3oB «l'eone3us u aspodorocremkar. 2015, Boim 2.




IToayriio0ajbHOE 0TOXKAECTBJICHHE B IPOCTPAHCTBE
00beKTa

i[Diy—Dll-[Diy—DZ]
JZ[Dl - Y[}, - DF

—D2 vaz =1-

1
Cxyz =D Xy

Xy

Pakypc  YumbyHuues A.l., MaKapos C.C. 2017 W3paunb



IHoayriio0ajabHOE 0TOXKAECTBJIEHHE B IIPOCTPAHCTBE
00bCKTA

E(Z) = Z{CXYZ+ZP1[|Z Z,| +ZP2[|Z Zq|>1]}

VA

Z i
L Vi

L.(X,Y,Z) %
= C(X,Y,Z)

+ min {(L,.(Xr, Y,,Z),(L,(X,,Y,,Z—AZ)
+ Py, (Lo (X, Yy, Z + AZ) + Py min L (X, Y, IAZ) + P}
- m}jn L.(X,,Y, kAZ)
S(X,Y,Z) =ZL,.(X,Y,Z) Z(X,Y)=argminS(X,Y,Z)
Z
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Thomas Luhmann, Folkmar Bethmann & Heidi Hastedt
Dense pointclouds from combined nadir and oblique
Imagery by object-based semi-global multi-image
matching. Photogrammetric Week. September 11-15, 2017

http://www.ifp.uni-stuttgart.de/phowo/2017/presentations.en.html
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Matching of nadir aerial images

Aerial images (EuroSDR benchmark Munich):

Part of EuroSDR dataset, inner city of Munich

Set of 15 aerial images, 16 Bit PAN

Camera: DMC 1l 230, 15552 x 14144 Pixel, c=91mm
GSD 10cm

80% overlap in flight and cross flight direction

Urban area, flat topography but high buildings (up to
50m)

T. Luhmann, F. Bethmann, H. Hastedt (W)

IAP G 1] Dense pointclouds from combined nadir and oblique imagery by object-based semi-global multi-image matching JADEHOCHSCHULE

Institutefor

Wilhelmshaven Oldenburg Elsfieth
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Matching of nadir aerial images

Aerial images (EuroSDR benchmark Munich):

* Resolution in object space AX=AY=AZ=10cm (adapted to GSD)

Unfiltered point cloud (12 million points) TIN derived from unfiltered point cloud
T. Luhmann, F. Bethmann, H. Hastedt (@
IAPG T Dense pointclouds from combined nadir and oblique imagery by object-based semi-global multi-image matching JADEHOCHSCHULE
T HHH Wilhelmshaven Oldenburg Elsfleth
Institutefor 1 HHH ©

Applied Ph
ar’w)g‘Geeomfg:rivg;:cmsmew © Luhmann 2017 L



Matching of nadir aerial images

Aerial images (EuroSDR benchmark Munich):

Image section TIN derived from unfiltered point cloud
T. Luhmann, F. Bethmann, H. Hastedt C
IAP G ] Dense pointclouds from combined nadir and oblique imagery by object-based semi-global multi-image matching JADEHOCHSCHULE
T FH Wilhelmshaven Oldenburg Elsfleth
Institutefor | H ©

Aifetloe i © Luhmann2017 © 11



Matching of nadir aerial images

Aerial images (EuroSDR benchmark Munich):

» Resolution in object space AX= AY= AZ=10cm (adapted to GSD)

Image section TIN derived from unfiltered point cloud
T. Luhmann, F. Bethmann, H. Hastedt C
IAP G T Dense pointclouds from combined nadir and oblique imagery by object-based semi-global multi-image matching JADEHOCHSCHULE
T HHH Wilhelmshaven Oldenburg Elsfieth
Institutefor | H ©

Aifetloe i © Luhmann2017 © 12



Matching of nadir aerial images

Aerial images (EuroSDR benchmark Munich):

» Comparison to median DSM of the benchmark:

IAPG

Institutefor
Applied Photogrammetry
and Geoinformatics

Dense pointclouds fro

im .,J"

Red : deviations <0.3m

Blue : deviations >-0.3m
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Matching of nadir aerial images

Aerial images (EuroSDR benchmark Munich): True orthoimage, based on DSM from matching

corresponding perspective view

T.Luhman

IAP G | Dense pointclouds from combined nadir and obl GOk & 2 (NG, SCHULE
v s Idenburg Elsfleth

Institutefor
Applied Photogrammetry
and Geoinformatics
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IIpeumyniecTBa npeajiaraeMoro mojaxona:

Bce npeumymiectBa merosia SGM coxpanstorcest (TEppUTOpUHN C OJIMHAKOBOM
APKOCTBIO MUKCEEN, Kpasi OOBEKTOB U T.].)

Het HE00X0MMMOCTH BBIMOJIHATH TPAHCPOPMUPOBAHUE NCXOTHBIX CHUMKOB
1 00BEIMHATH 3aTeM O0JIaKka TOUEK, TOCTPOCHHBIE 1O OTACIbHBIM
cTepeornapam

BwmecTto nocnenoBaTeabHOro 0TOXKISCTBICHHUS 10 IMapaM CHUMKOB MOMKET
OBITh MPUMEHEHO OJTHOBPEMEHHOE OTOXKJIECTBJICHHE M0 BCEM CHUMKaM
HctraHOE 0pTO(OTO MOTyUYaeTCsl cpasy OJJHOBPEMEHHO ¢ 00JIaKOM TOUEK
(2.5D)

[lepBbie pe3ynbrarhl, MOIy4YeHHBIE TPOd. JIyMaHOM MO pa3HBIM UCXOIHBIM
CHUMKaM MOKa3bIBAIOT 3(Q(PEKTUBHOCTH TAHHOTO METO/IA

IlepcnekTUBHI:

- Hcnonw3oBanue cymiectByromux 3D Moneneit 00beKTOB B IpoIiecce
OTOXJIECTBIIEHUSI COOTBETCTBYIOIIMAX TOUEK IO MHOKECTBY CHUMKOB

- lIpuMeHeHue nepeMEHHON BEIUYUHBI Pa3MEPOB BOKCEIIEN B IIPOCTPAHCTBE
00BbeKTa (BOKCEIbHAS TUpaMHIA)

- IlpuMeHeHre MeTOa HAMMEHBIIINX KBAAPATOB ISl OTOXKI€ CTBIICHMUSI
COOTBETTCBBEHHBIX TOUYEK 110 MHOXKECTBY CHUMKOB (Grun 1985) ¢ nensto
MOBBIIIIEHUS TOYHOCTH MMOCTPOCHUS 00J1aKa TOUEK

15
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OToX/1eCTBJIEHHE COOTBETCTBEHHBIX TOYEK 110 METONAY
HAMMEHbIIUX KBAPATOB B MPOCTPAHCTBE 00bEKTA

s, s, ‘.
Lowy) o7
2\*21J2
fa(X3y
FOX,Y)=Kf(x;,y;)=0
(X,Y,2)
X. =x. —f a,;(X=Xg)+a,(Y=Yg)+a5,(Z-2Zy) )
| ’ a3 (X=Xg)+a,(Y-Yg)+a,(Z-Zy) [
_ a,(X=Xg)+a,(Y-Yg)+a;(Z-2Zy)
F(X,Y) Yi=Yo—f
e a3(X=Xg)+a,(Y-Yg)+a(Z-Zg) |
a,0F+a,0Z+a, 0k, +1=vVv
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boJabmoe cnacuoo !
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