Digitalni model povrchu Ceské republiky
vytvoreny obrazovou korelaci leteckych mérickych snimku
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Zakladni informace

e Digitalni model povrchu (DMP)
Pribéh georeliéfu s pfirodnimi i antropogennimi objekty na ném se nachazejicimi
* QObrazova korelace

Automatizované vyhledani odpovidajicich si bodl na dvou ¢i vice prekryvajicich se subobrazech
— Urceni vysky kazdého zkoumaného bodu nad referenéni rovinou

e Tvorba od roku 2024

o TotoZné snimky jako pro Ortofoto Ceské republiky
GSD: 12,5 cm/px
+ 65 % podélny prekryt, + 35 % pricny prekryt
e EsrinFrames SURE Aerial 2025.2.3 — (Esri ArcGIS Reality Studio — 20267
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Oblasti tvorby

OBLASTI TVORBY

digitalniho modelu povrchu v CR

OBLASTI

- oblast Zapad
- oblast Vychod
- prekryvnd oblast

Mgr. Jindfich HORAK
Zeméméficky ufad
Pardubice, 2025
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Bloky tvorby

———— hranice bloku SM50
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SURE Aerial: Vstup a vystup

e \stup

LMS po automatické analytické aerotriangulaci (AAT)
— cely Trimble Inpho projekt s navazanymi snimky, s prvky vnitfni i vnejsi orientace po AAT

Vrstva 3D vodnich téles bez mostl — k opravé vodnich ploch a tok

Vrstva ohraniceni daného bloku LMS — pro orez

e Vystup
DMP jako obarvené (RGBI) bodové mracno
* Pravidelna sit bod(
* Ve Ctvercovych dlazdicich
* GSD: 20 cm mezi body
,Pravé” ortofoto (True Orthophoto) jako vedlejsi produkt

(2,5D texturovana mesh, 3D texturovana mesh)
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Hardware

CPU: AMD EPYC 9274F 24-Core Processor 4.05 GHz
GPU: NVIDIA GeForce RTX 4090
RAM: 384 GB

SSD kapacita: |38,4 TB

Systém: Microsoft Windows Server 2022 Standard
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SURE Aerial: Parametry

Scénar: AERIAL _NADIR
Podélny prekryt snimk: 65 %
Priény prekryt snimka: 35 %
Délka strany dlaZdice: 1 000 m
GSD: 0,2 m
Kvalita zpracovani: ULTRA
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SURE Aerial: Grafické rozhrani

) sure - a X
File Project Window Help Tools

Image Info - Current project ~
2] LMSD32.2024.B05K00.01527.4if [ 202435
(5] LMSD32.2024.BOSKOD.01528.tif ] S — - A A
5] LMSD32.2024.B05K00.01529.if SURE Editor (7 — [l = E | Oeditmode |2 | auto X T
(5] LMSD32.2024.B05K00.01530.4if 10000, 00 -10000,00
23 LMSD32.2024.BO5K01.01535.4f Analysis

5] LMSD32.2024,BOSK01.01536.4F
153 LMSD32.2024,BOSK01.01537.4F
153 LMSD32,2024,BOSK01.01538.4F
153 LMSD32,2024,BOSK02.01691.4f

Dense Matching
¥ 2.5D Workflow

53 LMSD32.2024,B05K02.01692.tif oSt

53 LMSD32.2024,B05K02.01693 tif [ True Ortho
5D LMSD32.2024.BOSK02.01694.tif

53 LMSD32.2024.BOSK02.01699.tif [ DSM Mesh

5] LMSD32.2024,BOSK02.01700.4F
5] LMSD32.2024, BOSK02.01701 4if
5] LMSD32.2024, BOSK02.01702.4if
5] LMSD32.2024, BOSKD3.01855.4if
5] LMSD32.2024,BOSK03.01856.4f
5] LMSD32.2024,BOSK03.01857.4if
153 LMSD32.2024,BOSK03.01852.4F
153 LMSD32.2024,BOSK04,00003.4F
153 LMSD32.2024,BOSK04,00004.tF
153 LMSD32,2024,BOSK04,00005.4F
153 LMSD32.2024,BOSK04,00006.4F
5] LMSD32.2024,BOSK05.00159.4F
5] LMSD32,2024,BOSK05.00160.4F
5] LMSD32.2024,BOSK05.00161 4
5] LMSD32.2024, BOSKDS.00162.4if
5] LMSD32.2024, BOSKDG.01863.4if
5] LMSD32.2024, BOSKDG.01864.4if
5] LMSD32.2024, BOSKDG.01865.4F
5] LMSD32.2024, BOSK06.01866.4f
153 LMSD32.2024,BOSK07.02019.4F
153 LMSD32.2024,BOSK07.02020.4F
153 LMSD32.2024,BOSK07.02021 4f
153 LMSD32,2024,BOSK07.02022.4f
153 LMSD32.2024,BOSK07.02027.4if
5] LMSD32,2024,BOSKO7.02028.4f
5] LMSD32,2024,BOSK07.02029.tf
5] LMSD32.2024,BOSK07.02030.6F o

[ DSM Mesh Texturing (3
3D Workflow

Parameters

Scenario Aerial Nadir 65 35 -'@.’

Quality Ultra i

Advanced configuration @

0 %% ;- elapsed —=i=-i=- [EMEining

>

Images Results Terminal € Project Status € SURE Editor € Image Viewer €
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SURE Aerial: GUI — Project Status

202447

Basepath: D: Kopie /SURE/02_SURE_projekty/202447

Densze Matching

Analysis FnisHeD | Dense Matching | FINISHED |

2,50 Workflow

DSM FnisieD | True Ortho FinisieD | DSM Mesh DSM Mesh Texturing
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2024: DSM Creating Tool GUI

folder: 282439
2824-0ct-31 :11: 12.8/383.76GB 100020080 [SURE ] started
2024-0ct-31 23ll= 12.8/383.7GB 1200208000 [Project Generator ] Started
2024-0ct-31 23ll= 12.8/383.7GB 120038019 [Image File Existence Checking] Started
SURE Input Data Preparation 2024-0ct-31 12:11:43 12.8/383.7GB 120038919 [Image File Existence Checking] Finished in 1.3@ s
2024-0ct-31 23ll= 12.8/383.7GB 120030019 [Orientation File Writing] Started
2624-0ct-31 3ble 12.8/383.7GB 126038019 [Orientation File Writing] Finished in 8.48 s
2024-0ct-31 23ll= 12.8/383.7GB 120038019 [Orientation File Logging] Started
SURE Processing 2824-0ct-31 3Gle 11.9/383.7GB 126030019 [Orientation File Logging] Finished in 1.48 s

2024-0ct-31 23ll= 12.8/383.7GB 18020000 [Preparation ] Started
2024-Nov-81 126: 11.5/383.7GE 10090000 [Preparation ] Finished in 16 hours 15 minutes 7.81 seconds = 58587.81s
20824-Nov-081 126: 11.5/383.7GB 126090000 [Project Generator ] Finished in 16 hours 15 minutes 12.89 seconds = 58512.89s

Calculate Total SURE Processing Time 2024 -Nov-81 127: 11.5/383.7GB 13e020000 [Analysis ] Started
20824-Nov-081 = 27: 11.5/383.7GB 1340200008 [Analysis Triangulation] Started
20824-Nov-081 153: 13.3/383.7GB 13409000@ [Analysis Triangulation] Finished in @ hours 26 minutes 22.76 seconds = 1582.76s
2624-Nov-81 =17: 21.2/383.7GB 13098000 [Analysis Finished in @ hours 56 minutes 33.3 seconds = 3833.3@s
20824-Nov-081 =17= 21.3/383.7GB 1400208000 [Dense Matching ] Started
2024-Nov-83 154: 3@.8/383.7GB 1480988808 [Dense Matching ] Finished in 2 days 15 hours 37 minutes 8.34 seconds = 229820.34s
2824-Nov-83 154 38.8/383.76B 170020008 [2.5D Workflow ] Started
2824-Nov-83 154 28.3/383.76B 1718200608 [DSM Started
2024-Nov-84 143: 31.7/383.7GB 171e9@66@8 [DSM Finished in 3 hours 49 minutes 5.98 seconds = 13745.98s
2824-Nov-84 143: 31.1/383.7GB 173620008 [DSM Extender Started
2024-Nov-84 :23:55 34.5/383.7GB 173090608 [DSM Extender Finished in 6 hours 48 minutes 12.27 seconds = 24812.27s
2824-Nov-84 :23:56 34.4/383.7GB 172620008 [True Ortho Started
2624-Nov-85 :36:39 27.1/383.7GB 1726966088 [True Ortho Finished in 26 hours 12 minutes 43.82 seconds = 72763.82s
20824-Nov-85 :36:39 27.1/383.7GB 176090000 [2.5D Workflow ] Finished in 1 days 6 hours 42 minutes 3.73 seconds = 118523.73s
2024-Nov-85 :36:39 27.1/383.7GE 188090000 [SURE ] Finished in 4 days 15 hours 24 minutes 57.17 seconds = 481897.17s

TOTAL TIME OF PROCESSING: 4 days 15 hours 24 minutes 57.17 seconds = 481897.17s
Repair Holes log_time_of_processing.txt successfully created for project 282439 !

EN

time elapsed: @:80:00.250092

Classify Raw DSM

DSM Creating Tool
CMD & Python & SURE & Lastools

© 2024

Czech Land Survey Office
Magr. JindfFich HORAK
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2025: CMD Launcher

N _ CMD_LAUMCHER running

D5M CREATING TOOL
CMD & Python & SURE & Lastools

Mgr. Jindrich HORAK
Czech Land Survey Office,

Enter year: 2825
Enter block number:

MATN MENU

SURE Input Data Preparation

SURE Processing

Calculate Total SURE Processing Time
LAStools Postprocessing

Repair Holes

Classify Ground and Set GPS Time
Classify Buildings and Vegetation

(W5 I o Wy ]

W =]

Enter a number of operation you want to run:
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PFfiprava vstupnich dat

e 1:SURE Input Data Preparation

Automaticka priprava pomocnych vstupnich dat
e \/rstva ohraniceni daného bloku LMS
e Vrstva 3D vodnich téles bez mostU

* Vrstva budov, vegetace a mostU
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SURE Processing

e 2:SURE Processing

Samotny SURE Aerial

* Automatické nastaveni vSech parametr

* Automatické vlozeni pomocnych
vstupnich dat z pfedchoziho kroku

found - SURE

for p
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Vypocet celkového ¢asu zpracovani v SURE

e 3: Calculate Total SURE Processing Time

Vytvoreni nového logu

Pouze Casové informace dilcich procest — zacatky a konce, doba trvani

Vypocet celkového Casu

2025-5ep-02
2025-Sep-02
20825-Sep-02
2025-5ep-02
2025-5ep-02
20825-5Sep-02
2025-5ep-02
2025-5ep-02
2025-5ep-02
20825-Sep-83
2025-5ep-83
2025-5ep-83
2025-Sep-83
20825-5Sep-@3
2025-5ep-83
2025-5Sep-03
20825-Sep-06
2825-5ep-06
2025-5ep-B6
2025-Sep-87
20825-Sep-07
2025-5ep-087
2025-5ep-87
2025-5ep-08
2025-5ep-088
2025-5ep-088

B87:
e7:
87:
B87:
B87:
87:
B87:
B87:
B87:
28:
20:
209:
20:
28:
21:
21:
23:
23:
23:
85:
85:
18:
18:
89:
B89:
B89:

16:
16:
16:
16:
16:

16:
16:
16:
89:
89:
B89:
89:
148
12:
12:
54
54:
54:
B6:
06:
51:
51:
14:
14:
14:

49

222322 eR

B8
20
21

28
29
88
88
89
18
21
57
58
32
32
32

61.
61.
61.
61.
61.
61.
61.
61.
68.

91
91

83.

82
68

76.
78.
2.
28.
28.
21.
2.
22.
22.
18.
18.

18

7/383.
7/383.
7/383.
7/383.
7/383.
8/383.
8/383.
8/383.
9/383.
.3/383.
.4/383.
5/383.
.5/383.
.4/383.
6/383.
8/383.
9,/383.
9,/383.
1/383.
9,/383.
4/383.
6/383.
8/383.
6/383.
6/383.
.6/383.

7GB
7GB
7GB
7GB
7GB
7GB
7GB
7GB
7GB
7GB
7GB
7GB
7GB
7GB
7GB
7GB
7GB
7GB
7GB
7GB
7GB
7GB
7GB
7GB
7GB
7GB

leae2ea0e [SURE ] Started
1266260680 [Project Generator ] Started
126636619 [Image File Existence Checking] Started
12@@306819 [Image File Existence Checking] Finished in 8.89 s
126030019 [Orientation File Writing] Started
120820819 [Orientation File Writing] Finished in 8.55 s
1280368019 [Orientation File Logging] Started
1280306819 [Orientation File Logging] Finished in 8.28 s
186260000 [Preparation ] Started
laasagaa [Preparation ] Finished in 1 days 12 hours 53 minutes 2.15 seconds = 132782.15s
128890000 [Project Generator ] Finished in 1 days 12 hours 53 minutes 4.16 seconds = 132784.16s
136020060 [Analysis ] Started
134626060 [Analysis Triangulation] Started
134896800 [Analysis Triangulation] Finished in @ hours 48 minutes 19.87 seconds = 2419.87s
138890000 [Analysis ] Finished in 1 hours 3 minutes 7.97 seconds = 3787.97s
146026060 [Dense Matching ] Started
l4ga908ee [Dense Matching ] Finished in 3 days 2 hours 41 minutes 39.47 seconds = 268899.47s
1766266000 [2.5D Workflow ] Started
1716266080 [DsM ] Started
171896880 [DsM ] Finished in 5 hours 12 minutes 9.11 seconds = 18729.11s
173026060 [DSM Extender ] Started
1738900600 [DSM Extender ] Finished in 5 hours 45 minutes 35.58 seconds = 28735.58s
172020000 [True Ortho ] Started
172896800 [True Ortho ] Finished in 22 hours 22 minutes 34.34 seconds = 80554.34s
17889000 [2.5D Workflow ] Finished in 1 days 9 hours 20 minutes 23.7 seconds = 128023.78s
16609088 [SURE ] Finished in 6 days 1 hours 58 minutes 27.69 seconds = 525587.69s

TOTAL TIME OF PROCESSING: © days 1 hours 58 minutes 27.69 seconds = 525587.69s
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LAStools Postprocessing

e 4: LAStools Postprocessing
Upravy surového bodového mraéna (LAZ) ze SURE

* Rescale, reoffset, set version 1.4, set global encoding
* Index surovych LAZ soubori

* [ntensity into NIR, intensity to O N
* Retile — prevedeni na dlazdice \\\
s ,celotisicovymi” souradnicemi \L
* Index prevedenych LAZ soubor( .
Vytvoreni vrstvy ohraniceni vsech dlazdic *"‘t(
AN
J
J
\
g
ik )
—r _‘_‘.\-‘\ ‘fj \f*\-.-\ J’",J SN
\'-"_"'\\\ \ "-'-tJ k\f t
N e __//
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e 5:Repair Holes

Z neznamého dlvodu se v mracnu
na nahodném misté muze vyskytnout dira

Dira nevznikne, jestlize je obrazova korelace
v SURE spusténa z malého poctu snimkd

TISN62-d

Oprava K \

* Vyhledani moznych dér v mraé¢nu bod = vyhledani
dotcenych dlazdic = vyhledani pfislusnych snimkd
— nové SURE zpracovani

* Totozny LAStools postprocessing Kﬂ_ /
* Nahrazeni dlazdic s dirou opravenymi dlazdicemi

TISN62-b

TISN63-c TISNG63-a

1 km
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Klasifikace terénu a pfifazeni GPS Casu

e 6: Classify Ground and Set GPS Time
Klasifikace do trid definovanych ASPRS a standardizovanych podle OGC

Klasifikace terénu— s vyuzitim DMR 5G

* DMP %2 m kolem DMR 5G - terén

* DMP niZze nez-2 m od DMR 5G - nizky bod

* DMP vyse nez +355 m od DMR5G - vysoky bod (nestava se)
Klasifikace mostu

« Body uvnit¥ SHP vrstvy most (ze ZTM 5) = most/mostovka Cislo tfidy | Anglicky nazev Cesky nazev
GPS &as 1| Unclassified Neklasifikovano
 Kazdé dlazdici je pfifazen &as pofizeni nejblizsiho snimku 2 | Ground Teren
« V podobé Adjusted GPS Time 5 [ High Vegetation Vysoka vegetace
6 | Building Budova
7 | Low Point (noise) Nizky bod a Sum
9 | Water Voda
17 | Bridge Deck Most/mostovka
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Klasifikace budov a vegetace

e 7:Classify Buildings and Vegetation
Klasifikace budov

* Body uvnitf SHP vrstvy budov - budova

Klasifikace vegetace

* Prvni krok — body uvnitf SHP vrstvy vegetace - vysoka vegetace

* Druhy krok — dedikovany nastroj pro klasifikaci vegetace z LAStools -> vysoka vegetace
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Cislotfidy | Anglicky ndzev Cesky nazev

1| Unclassified Neklasifikovano
2 | Ground Terén
5 [ High Vegetation Vysoka vegetace
6 | Building Budova
7 | Low Point (noise) Nizky bod a Sum
9 | Water Voda

17 | Bridge Deck Most/mostovka




Oprava vybranych homogennich povrcht

e QObrazova korelace selhava na velmi homogennich povrsich
Zemédélska pole s problematickymi kulturami —brambory, je¢men
Obrazova korelace selhava v pravidelnych fadcich (precizni zemédélstvi) bramborovych poli
* Selhdava ve vyhledani pozice odpovidajicich si bod( na prekryvajicich se snimcich

Oprava je mozna v mistech, kde se hodnoty DMP a DMR shoduiji v rdémci zvolené tolerance

e Poloautomatické zpracovani

detail
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Oprava vybranych homogennich povrcht

e QOprava problematického mista
Chybna souradnice Z vSech ,neterénnich” bod( = nastavena na nulu
Vygenerovani DMR (TIN) z ,terénnich” bodd
Nova souradnice Z pro ,,neterénni” body - nastavena z vygenerovaného DMR
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Oprava vybranych homogennich povrcht
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Finalni DMP produkty

Formaty

*  Bodové mracno (LAZ)
Pravidelna sit bodu

GSD 20 cm (horizontalni a vertikalni
vzdalenost mezi body)

e Rastr (TIF + TFW)

Interpolovany z bodového mracna
pomoci PDAL + GDAL knihoven

GSD 50 cm
Bezztratova LZW komprese
12 uUrovni internich pyramid

Zemémeéficky Urad, Pod Sidlistém 1800/9, 182 11 PRAHA 8 — Kobylisy

Souradnicové systémy
*  S-JTSK/Bpv

Cesky narodni soufadnicovy systém

EPSG: 5514 & 8357

Publikovano v dlazdicich o rozméru 2,5 x 2 km
*  ETRS89-TM33N/EVRS

Evropsky souradnicovy systém

EPSG: 3045 & 5621

Publikovéno v dlazdicich o rozméru 2 x 2 km




Bodové mracno s RGB hodnotami

T R E

g ]

1,5%x1km
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Color ™ Value Legend

v . 1 Unclassified
Ground
High Vegetation
Building
Low Point (Moise)
Water
Bridge Deck
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Band 1 (Gray)
441,39




Stinovany model rastrového DMP

P N AT TR TR
ﬁ!,"}z'@!-‘-_rv’;ﬂ CRky )
" T

P

s



SR
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lasgrid.exe
-i...laz

-scale_RGB_down
-scale_NIR_down

-copy_NIR_into_register 1
-copy_R_into_register 2
-copy_G_into_register 3
-copy_register_into_R 1
-copy_register_into_G 2
-copy_register_into_B 3

-rgh
-step 0.2

-0 ... .tif

g B AT
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Mgr. Jindfich HORAK
jindrich.horak@cuzk.gov.cz

Zememericky odbor Pardubice
Oddéleni spravy dat a vyvoje
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- e
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