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k= B Analogové fotogrammetrické kamery

PPA
PPS

F
Distorze

Fotogrammetrické kamery se znamymi prvky vnitrni orientace
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Kamery soucasnosti

¥ ULTRACAM

Larpe Format Digital Aerlal Camera

PPA
PPS

F
Distorze

Fotogrammetrické kamery se znamymi prvky vnitini orientace
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RZ, f, PPA Fotogrammetrické kamery se znamymi
prvky vnitrni orientace

Large Format Panchromatic Output Image

Image Format long track 67.860mm 11310pixel
cross track 103.860mm 17310pixel
Image Extent (-33.93, -51.93)mm | (33.93, 51.93)mm
Pixel Size 6.000um*6.000um
Focal Length ck 100.500mm + 0.002mm
Principal Point | X ppa 0.120 mm + 0.002mm
(Level 2) Y ppa -0.120 mm + 0.002mm
Lens Distortion |[Remaining Distortion less than 0.002mm
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DISTORZE

Fotogrammetrické
kamery se
znamymi prvky
vnitrni orientace
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DISTORZE terminologicky slovnik VUGTK

souhrn zbytkovych vad objektivu projevujici
se posunem obrazu bodu od jeho spravneé
polohy v roviné snimku; distorze ma radialni
a tangencialni slozku a vyrazne se uplatinuje
u objektivu, které nebyly primarné uréeny pro
fotogrammetrii
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Nemerické kamery
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Nemeérické kamery

ONE

INDUSTRIAL
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Nemeérické kamery
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bs B Nemérické kamery

Hodnota ucéinn

Marik Il
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Staticky laserovy skener
pozemni fotogrammetrie



Vyzkumny ustav geodeticky, topograficky a kartograficky, v.v.i.
Research Institute of Geodesy, Topography and Cartography




V“@IK Vyzkumny ustav geodeticky, topograficky a kartograficky, v.v.i.
Research Institute of Geodesy, Topography and Cartography

e B ) 5T0ORZE

Fotogrammetrické kamery s neznamymi prvky vnitrni
orientace

Nékteré z béznych postupu pro vypocet hodnot distorzi
objektivi nemérickych kamer :

A) distorze K ktera vypocitava 16 matematicky
odvozenych koeficientu definovatelnych distorzi objektivu;
B) distorze H ktera vypocitava pouze 5 koeficientu

C) Distorzni model pouZivajici Ceby$evovy polynomy
az s 45 koeficienty pro kazdou slozku souradnic.

D) Brownuv model symetrickych sloZzek

E) Heikkiltiv étyrkrokovy postup korekce distorzi
Bl s
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DISTORZE : L \
Fotogrammetricke 11} 4 /
kamery se Xo'= +gx + gy - g(2x2 - 40¥3)  + gxy
znamymi prvky Yoi= — &Y + gpX + 8yxy ~- g(2y? — 4b%13)
vnitini orientace 7 & g

\\ A -
L LN

o
i
O

] - N
Xo:= + g5 (y?=2b%3) + 0 + g;x (y2-2b%3) +0
Yo:= +0 + ge(x2—2b%/3) +0 + ggy (x2—2b%/3)
T —
p— / gl s
Xo:= + 8oy(x2-2b%3) + 0 + 25,(x2-2b%3)(y?-2b%/3) + 0

Yo : +0 + g ox(?=2b%3)  + 0 + g,,(x2—2b%/3)(y?*—2b%/3)
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Prabéh radialni distorze pri pouziti volného ohniska

1200
1000
800
600
400
200
0
-200
-400
-600
-600
-1000

=& 18 mm
=28 mm

“ 34 mm
“# 44 mm

r.dr [pm]

r[mm]



Vyzkumny tstav geodeticky, topograficky a kartograficky, v.v.i.
Research Institute of Geodesy, Topography and Cartography




V[l TK Vyzkumny ustav geodeticky, topograficky a kartograficky, v.v.i.
- Research Institute of Geodesy, Topography and Cartography

k= B Vyvoj metod automatické korelace
leteckyCh 'shimki™

image plane 2 image plane 1

/’\ Line of flight /7\

/ /7

1980 Barnard a Thompson , ,

/
#
//
/s
v

ground surface
fixation point

Fig. 5. Schematic of third example.

the problem of ambiguity, but the necessary adaptive window-
ing or extensive preprocessing can also reduce the efficiency
and reliability of the matching process. Geometric distortion
may prevent accurate similarity measurement by cross correla-
tion. Constraining the search with a precisely known camera
geometry restricts the process to special cases.

Another way to attack the ambiguity problem is to use in-
formation other than similarity to resolve ambiguous matches.
The continuity of real world surfaces, a very general property
which is independent of camera geometry, constrains disparity
to values which are consistent with the local matching con-
text. The consistency property can be used to iteratively
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> E Prehled metod automatické korelace snimku

[ Algoritmy stereoskopického vjemu ]

—[ Softwarova realizace ]

S malym mnoZstvim vyslednych bodi ]

S velkym mnoistvim vystupnich bodi ]

Lokalni metody

Globalni metody

Ostatni (kombinované) metody

—{ Hardwarova realizace (pro potieby real time vypocti) ]

—[ FPGA realizace ]

SAD realizace

DP realizace

LWPC realizace

—[ ASIC realizace ]
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- Vyvoi metod automatické korelace snimku

Pocet publikovanych korelacnich softwar

Globalni optimatizace

UZiti barvy pro II "Rucni"

|

vypocet pocatecni
korelace ‘ . podpora

Dynamické programovani
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0 B8 VYvoj metod automatické korelace snimki

Author Method Features Speed (fps) Image size  Disparity levels  Computational platform
Bleyer and Gelautz 2004 Global cost function Color segmentation
Occlusion handling
Hong and Chen 2004 graph cuts Color segmentation 0.33 384 « 288 16 Intel Pentium 4 2.4 GHz
Ocelusion handling
Zitnick et al. 2004 Global cost function Color segmentation ATI 9800 PRO GPU
Occlusion handling
GPU utilization
Bleyer and Gelautz 2005 Global cost function Color segmentation 0.05 384 x 288 16 Intel Pentium 4 2.0 GHz
Occlusion handling
Sun el al. 2005 Belief propagation Color segmentation 0.02 384 « 288 16 Intel Pentium 4 2.8 GHz
Ocelusion handling
Symmetricaly treatment
Klaus et al. 2006 Beliel propagation Color segmentation 0.07 3B4 « 288 16 AMD Athlon 64 221 GHz
Yang et al, 2006b Hierarchicel beliel propagation  Color segmentation
Occlusion handling
Yoon and Kweon 2006¢ Beliel propagation Color segmentation
Svmmetrical cost functions
Gutierrez and Gauss-Markov random field Ocelusion handling <0017 256 % 255 32 Intel Pentium 11 450 MHz
Marroguin 2004 Contnuity
Coherence
Occlusion
Adjacency
Strecha et al. 2006 Hidden Markov random field  Occlusion handling
Expectation maximization algorithm
Zitnick and Kang 2007 Beliel propagation within a Color segmen tation 28GHz
MRF framework Occlusion handling
Hirschmuller 2005 Global cost function Ocelusion handling 077 450 x 375 60 Intel Xeon 2.8 GHz
Mutual information
Hirschmuller 2006 Global cost function Occlusion handling < 450 = 375 64 28GHz
Mutual information
Bidirectional maich
Kim and Sohn 2005 Vector field regularization Occlusion handling 0.15 384 x 288 16 Intel Pentium 4
Canny edge detector
Ogale and Aloimonos 2005b  Left-right diffusion process Ocelusion handling 0.5 384 x 288 16 2GHz
Phase-based mutching
Brockers et al. 2005 Cost relaxation Occlusion handling
3D support regions
Yang et al. 2006a Hierarchical beliel’ propagation GPU utilization 16 320 % 240 16 -3 GHz CPU -NVIDIA
GeForee 7900 GTX GPU
Veksler 2006 graph cuts Prior local stereo algorithm .04 434 « 383 20 Intel Pentium 4 2.6 GHz
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> H Postup korelace u SemiGlobalMatching
algoritmu

Left Images

SGM with BT
(ie. inensity based
matching cost)

SGM with HML,
(ie. hierarchical
Mutual Information
as matching cost)
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ek SGM — postup multi-stereo matching
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Jlatch each base-image pixel against multiple neighbors
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Porovnani nékterych soucasnych metod SGM 4

Profiles Vaihingen O
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b= Bl SGM 4 - porovnani souéasnych SW SGM

Joanneum
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kb= B SGM 5 - porovnani vyslednych profilt
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b= Bl SGM - porovnani vypoéetnich &asu

Komercni SW Mnichov
SocetSet BAE Systém 25h
MATCH-T TRIMBLE/Inpho 19h
UltraMapV3.1 Vexcel Microsoft 1h - odhad
ImageStation ISAEEXxt — Geosystems 21h
PixelFactory Astrium 3h

Vyzkumné softwary

Royal Military Acad RMA 15h
Joanemum resaerch  Graz 22h
MicMac — IGN France S2h
SURE - institut fotogrammetrie Stuttgart 2h

DLR — Hirschmuller H. 19,5h



Vyzkumny ustav geodeticky, topograficky a kartograficky, v.v.i.
Research Institute of Geodesy, Topography and Cartography

LN Nano RPAS bezpilotni

er-mse=ree - |gtove prostredky do
- 25gramu, vydrz mensi
jak 1 hodina, dolet do
1km, dostup do 100m
nad urovni terénu.

'_ ¥ el Y
2y

DragonSiayer - Miraterre Flight
Systems, USA

-

Black Homet

ProxDynamics,

Alcore, France BAE Systems, USA Norway
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X100 - Gatewing, Belgium
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Mini UAS bezpilotni
letové prostredky do
30kg (norma UCL CR
rika nad 7kg), vydrz
delsi jak 1 hodina,
dolet do 200km,
dostup do 1250m nad
i g Urovni terénu

Mini-UAV - Patria, Finland

Koax X240 - Swiss UAS, Switzeriand SR-100 - Rotomotion, USA

l
-’

Karma - Comets UAVS, Spain
. ;,-T'"" TS

-
e

~ i-Copter Il
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he F@ Testy urCeni souradnic podrobnych bodu
snimkovanim z DPLS

Zakladni parametry snimkovani:

GSD 1cm

P=70%, q=35%

Poéet vychozich bodu 32 z 99
Pocet snimkul 1235

Tri snimkové lety po 15 minutach celkova doba
trvani mise v lokalité 70 minut

20ha ortofot s GSD 1cm

7. Cas fotogrammetrického zpracovani véetné
pripravy 12 hodin, prvni ,,nahledova“
ortofotomapa za 40 na bézném laptopu

TS e

2
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zelené oznacené body byly body vstupujici . 2 souiadnice odeétené z
GPS do fotogrammetrického zpracovani ; E vysledné ortofotomapy diference orto - GP$
Eislo Y X H 5 B Y X dify  difX

1 646327 880 1044757 083 241835 52 646327901 1044757064 0,021 -0,019
2 646338 363 1044757 281 241556 51 646338 385 1044757 273 0,022 -0 008
3 646333112 1044762150 241 648 53 646333131 1044762147 0,019 -0,002
4 646327 808 1044767 060 241745 55 646327 837 1044767057 0,029 -0.002
5 646338 407 1044767 22 241 461 54 646338 414 1044767 22 0,007 -0,005
6 646333 138 1044772179 241 548 56 646333142 1044772161 0,004 -0.018
7 646327 850 1044777007 241655 58 646327 869 1044776992 0,019 -0,015
8 646338 432 1044777395 241 373 57 646338 438 1044777 378 0,006 -0.016
9 646333 233 1044782155 241 461 59 646333 242 1044782153 0,009 0,001
10 646327 898 1044787051 241558 61 646327 907 1044787 046 0,009 -0.005
11 646338489 1044787145 241 1282 60 646338 487 1044787 138 -0.002 -0.006

2 646333280 1044792102 241371 62 646333276 1044792 086 -0.005 -0.016
15 646327973 1044797005 241467 64 646327 987 1044796997 0,014 -0,008
14 646338560 1044797076 241207 63 646338563 1044797 070 0,002 -0.006
15 64635333532 1044802111 2411299 65 646333 337 1044802097 0,005 -0.014
16 646328079 1044807006 241393 67 646328079 1044806,992 0,000 -0.014
17 646338622 1044807092 241131 66 646338 627 1044807 087 0,005 -0,005
18 646333432 1044812086 241206 68 646333 437 1044812 085 0,006 -0.001
19 646328188 1044816972 241308 70 646328.197 1044816961 0,009 -0,010
20 646338755 1044817090 241038 69 646338756 1044817 087 0,001 -0.002
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79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

646388443
646399163
646399 218
646399 835
646410554
646411, 289
646412159
646422 927
646424 697
646425 494
646436297
646437 815
646439 832
646450 589
646453080
646455,195
646465,889
646468,535
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1045352773
1045352 326
1045376.160
1045401527
1045400 987
1045425 453
1045450.005
1045449 435
1045475108
1045498 295
1045497 677
1045521 407
1045546363
1045545517
1045569 545
1045594075
1045593109
1045617.659

236.542
236.263
236,182
236.109
235817
235.723
235.683
235383
235.300
235251
234.946
234 869
234.794
234.497
234423
234,390
234115
234,077

10
11

~

Fy

13
14
15
16
17
18
19

| S I SO O R SO R S S
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646388 4612
646399174
646359 22

646399 837
646410570
646411292
646412 164
646422951
646424 695
646425 483
646436505
646437 812
646439 829
646450593
646453.084
646455,191
646465,894
646468,541

1045352753
1045352 526
1045576.168
1045401.524
1045400 983
1045425 451
1045450.004
1045449 444
1045475113
1045498 298
1045497 677
1045521.403
1045546357
1045545 510
1045569.536
1045594079
1045595096
1045617.630

0,019
0,011
0,012
0,002
0,017
0,003
0,005
0,004
0,002
0,011
0,008
-0.003
-0.003
0,004
0,004
-0,004
0,005
0,006

0019
0,000
0,008
-0,003
-0,004
0,002
0,001
0,009
0,006
0,003
0,001
-0.004
-0.005
-0.007
-0.008
0,007
0,013
-0.009
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> 2.3 Testy urceni souradnic podrobnych bodu
snimkovanim z DPLS

Cetnosti rozdili GPS-orto v soufadnici Y Cetnosti rozdil GPS-orto v soufadnici X
RMSE v soufadnici Y =0,0121m (soubor 99 bodti z RMSE v soufadnici Y = 0,0111m (soubor 99 bodii z
toho 32 pouzito do fotogrammetrického zpracovani) toho 32 pougito do fotogrammetrického zpracovani)

30 - 25
interval rozdil(i -14 az 32 mm interval rozdil(-26 az 25 mm
25 - 20 -
20 -
15
15
10
10
5 - ]
0 - 0 -
~ E E E E E E E E E E E E E E E E E E E
;EEEEEEEEE E E E E E E E E E E
T 4 P om = AR &SN L = e - I T I
E ey m m ig N T - “_"I “_"I “_"I W™ @ M N N N
= m u:, = m m 1] m o o o wn = [3-] [3-] m m
g 3 7 “ 248 8K cow2 T wgasg
E 1 1 1
3
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Testy urceni
souradnic
podrobnych

bodu
snimkovani

m z DPLS
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> B Doporucené kroky pfri pouziti
nemerickych kamer pro merické ukoly

1. Pouzit kameru s objektivem o FOV v diagonale kolem
50 az 60 stupnu

2. Pouzit kameru s velikosti citliveho prvku alespon
poloviny kinoformatu

3. Dosahnout tuhého, trvalého a neménného spojeni
mezi objektivem a telem kamery

4. Snimkovat s p=>75%, q=>35%
5. GSD o hodnoté 60% pozadované vysledného RMSE

6. Nejmeéne jeden vychozi bod na 30 zakladen v
pravidelném bloku

7. Fotogrammetricky zpracovatelsky program zalozeny
na SGM algoritmu
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b B PRO VASiI PRAXI STRAN FOTOGRAMMETRIE BY JSTE
MELI VYSTACIT S TEMITO JMENY SOUCASNOSTI

Christian Hopke Yuri Boykow
David Jonas Yuri Reichman
Toni Schenk Andreas Ulrich
Dieter Fritsch Norbert Haala
Juha Hyyppa J. Kremer
Alexander Wiechert K.Wenzel
Michael Gruber Martin Cramer
Hannu Hyyppa Suyoung Seo

Petteri Alho Heiko Hirschmuller
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Dékuji za pozornost

Dotazy?



