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StM

SfM - Structure from Motion

mozgo kameraval, mozdulatlan objektumrol kesziilt felvételekbdl 3D rekonstrukcio

JPG képek

EXIF informacio: fokusz, kamera modell, GPS pozicio, stb.
Képek forrasa:

Digitalis fényképezdgep (foldi)

UAV (légi)

Kdzdsségi média (pl. Flicker, Instagram, Mapillary)

OpenCV

OpenMVG

Mapillary
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Feldolgozas lépései

* Képek megadasa
* (lllesztbpontok kijeldlése)

Szoftverenként eltérd
helyen lehet, de van

* Kulcspontok és pontparok keresése | EneL, ¢
ahol hianyzik is

* (lllesztopontok kijeldlése)
* Haromszogeles, ritka pontfelho B
* Surd pontfelhd

* (DSM, Ortofoto. Halo, DTM)




VisualStM

Visual SFM

* 2011 ota fejlesztik

* Csak non-profit hasznalatra
* 0.5.26 verzio

* ] fejleszto

* Alapértelmezett max. képméret 3200 pixel, de
megnovelhetd
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I.'f. Visual5FM - [Sparse Reconstruction] - [0] - []
File 5fM View Tools Help

|

X

Bl o BB S5 S

LiarmEa X wwmmiEn | SGwasd

——

&

Ritka pontfelho
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Regard3D

« 2015 ota fejlesztik

* MIT licenc

* 1.0.0 verzi6 2019. marcius

» 1 belsé fejlesztod

* Evente 1-2 Uj verzio

» Kezdbknek is gyorsan elsajatithato
(https://gita.hu/e2019/B2/gita2019 workshop.pdf)



https://gita.hu/e2019/B2/gita2019_workshop.pdf

Ritka

4 Regard 3D - regard3d

File Options View Help

ey

w . Project: regard3d
. Picture set 0
v -Matches 0
~ Triangulation 0
‘... Densification 0

pontfelhd

Triangulation |d: |'D | "

Parameters: | Mew Incremental, Ma:|

Cameras: | 1217121 |

Mumber of points: | 61341 |

Residual errors: | z.sae-ﬁafa.ng{:.19?m.|

Running time: |05:53.95D |

Create dense pointcloud...
Show triangulated points

Export to external MVS

3D View controls

[] Show trackball
Point size

v
]

[] Show texture
[] Enable lighting
Polygon mode

@ Fill
(O Line
() Point

Shading model
(® Smooth
() Flat

Reset orientation




< Regard 3D - regard3d
File Options VYiew Help
QLS

/=

~ - Project: regard3d
+ Picture set D
~ . Matches 0
v -Triangulation 0
. Densification 0

S(rd pontfelhé

Densification ld: | 0

Densification type: | CMVS/PMVS

Parameters: | UseVis: yes Level: 1 Cell 5

Running time: | 28:07.814

Create Surface...

Show point cloud

Export point cloud
Export scene to MeshLab

Delete

30 View controls

Show trackball
Point size

i
]

[+] Show texture
[] Enable lighting
Polygon mode

@ Fill
) Line
) Point

Shading model
®) Smooth
_J Flat

Reset orientation




wl&gl‘

aEy

J COLMAP
* 2016 Ota
* BSD licenc (korabban GPL)
* 3.5 verzi6 2018 augusztus (3.6 dev 2019 majus)
* 32 fejleszt6 (1 f0 fejleszto)

* JOl paraméterezhetd, kiemelkedben sok allithatdé paraméter
* Akadémiali felhasznalas elsGsorban
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171 COLMAP - O X
File Processing Reconstruction Render Extras Help

DLW ER||E@@0cr Wi @ 088 3 Newestr ]|

Leg =

Save Clear

Undistorting image [51/72]
Undistorting image [52/72]
Undistorting image [53/72]
Undistorting image [54/72]
Undistorting image [55/72]
Undistorting image [S€/72]
Undistorting image [57/72]
Undistorting image [58/72]
Undistorting image [59/72)]
Undistorting image [60/72]
Undiscorting image [61/72]
Undistorting image [62/72]
Undistorting image [€3/72]
Undistorting image [64/72)]
Undistorting image [65/72]
Undistorting image [66/72])
Undistorting image [67/72]
Undiscorting image [68/72]
Undistorting image [69/72]
Undistorting image [T0/72]
Undistorting image [T1/72]
Undistorting image [72/72]
w::l.t..'mq reconatruction...
Writing configuration...
Writing scripts...

Elapsed time: 0.843 [minutes]

Ritka pontfelhé

Time 00:00:07:17 | [ 72 Images - 17687 Points




Sar

B COLMAP

File Processing Reconstruction

Render

Extras Help

EREE R =

V4

G pontfelhd

@ ;
_

we b M W Q/*[|||lj = ! ﬁlMudeIh*”H.

Leg

Save

Clear

Fusing
Fusing
Fusing
Fusing
Fusing
Fusing
& | Fusing
Fusing
Fusing
Fusing
Fusing
Fusing
Fusing
Fusing
Fusing
Fusing
Fusing
Fusing
Fusing
Fusing
Fusing
Fusing
Fusing
Fusing
Humber

image
image
image
image
image
image
image
image
image
image
image
image
image
image
image
image
image
image
image
image
image
image
image
image

[49/72]
[50/72]
[51/72]
[52/72]
[53/72]
[54/72]
[55/72]
[56/72]
[57/72]
[58/72]
[59/72]
[60/72]
[61/72]
[62/72]
[63/72]
[64/72]
[65/72]
[66/72]
[67/72]
[68/721
[69/72]
[70/721
[71/72)
[72/72]

in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in

Elapsed time:

of fused points:

I —

0 Images - 2778762 Points

1.695a]

0.792
0.691
0.442
0.414
0.307
15.01
0.034
3.4861
0.034
2.141
0.035
2.692
0.032
2.137
0.033
1.361
0.033
2.543
0.040
1.030
0.040
0.528
0.040
21187

10.851 [minutes




€) OpenDroneMap (ODM) és : §°DM

WebODM

* 2016 ota

siki@IPA: ~fkamara/mernokgeod2019/odm/odm_orthophoto

[sudo] password for siki

DTM is turned on, automatically turning on point cloud cl:
Initializing OpenDroneMap app - Wed Oct 23 11:08:55 2019

build overviews: False
camera_lens: auto
cameras: {}

crop: 3

debug: False

dem decimation: 1
dem_euclidean map: False
dem_gapfill steps: 3

dem resolution: 5
depthmap_resolution: 1288.0
dsm: True

dtm: True

end_with: odm_orthophoto
fast orthophoto: False

* G PL 3 Ilcenc sF:tl@EIdI::«YIEIV:s:??i :-i-m:njl-itmlpds . /docker_odm. sh
* NumPy, SciPy, PyProj, ExifPy, GpxPy, ... [INFO]
* 0.7.0 verzi6 (Docker ), 2019. junius EEEE%
. 77 77 . 77 INFO
* 65 fejleszto (4 f0 fejleszto) [INFO)
* Evente ~4 verzi6 el
* Magas belépési szint Docker, CLI e
* JOI paraméterezhet6 (60+ beallitas) [INFO]
Fnro]
[INFO]
. , . . , . . [INFO]
Web ODM - interaktiv felllet bONgészobol e

[INFO]

force gps: False
gcp: None
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CloudCompare v2.10.1 (Zephyrus) [64-bit] - [3D View 1]

Edit Tools Display Plugins 3D Views Help

PE & EFLUmX SwaB . NgsMag ~+& « - "5 m+ 8L el B

DB Tree

default peint s
¥ & @& mve_dense_point_cloud... d
(o] & mve_dense_point_cl...

Fault line wi

S(rd pontfelhé
+-

Properties

¢gCubbuwnmn

Console

[10:28:37] [ccGLWindow] 3D view initialized

[10:28:37] [Global Shift] Max abs. coord = 1e+04 / max abs. diag = 1e+06

[10:28:51] [PLY][Comment] Export generated by libmve

[10:28:54] [1I/0] File '/home/siki/kamara/mernokgeod2019/odm/mve/mve_dense point_cloud.ply' loaded successFully



Task of 2019-10-23T16:08:50.459Z - WebODM - Mozilla Firefox

Bookmarks Tools Help

Task of 2019-10-23T16:0 X e

€« > C ® @ localhosk:8000/map/project/1/task/4c212765-cc6a-45af-ae w Yy IN@DO ® =

-

@ Dashboard @ Task of 2019-10-23T16:08:50.459Z ortronoro | SRGEENGEH

€ Diagnostic -
Ortofoto

& Lightning Network

@ Cesiumion

& Cloud Import

A OpenAerialMap

9 GCP Interface

# Processing Nodes <

&5 Administration <




Task of 2019-10-23T16:08:50.459Z - WebODM - Mozilla Firefox
File Edit View History Bookmarks Tools Help
OpenDroneMap/WebOl X Task of 2019-10-23T16:0 X

localhos

@ Dashboard

“% Diagnostic Textured Model

Sl,jrl,j pOntfe|h6 Appearance
¥ Lightning Network ==

n e - ol
& Cesiumion Measurement

& Cloud Import

A OpenAerialMap

Clipping

@ GCPInterface

# Processing Nodes

s r s : Clip Method
£ Administration e P
Navigation ——

i oAy
¥ “@‘-:’LOJ

|




*Untitled Project - QGIS

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help

NEEBRRY ISPLHIPPLRAABAHNS @ » @ @R B -
BEV. A2 w2 9 | I Y A

Browser 3
Vo noevrre
'3 7 Favaorites [«
» [l Home
3D Map 1 (=]ES)

20 » 8 %

3D megjelenités
QGIS-ben

gen wordina 358918.452829162 W z|1:627 ~ | @ sonifi| 100% 2| static |0.0° 2| |V Render @ EPsG:32634 @




A

3DSurvey

e 2011 ota -forgalmazas 2014- (Szlovenia)
e Foldméroktol foldmeroknek

» Kereskedelmi licenc

Alacsony parameterezeési lehetdségek
11 fOs cég (3-5 fejleszto)

 Evente 3-4 frissités

» Gyors es kdzvetlen tamogatas Surveying

3Dsurvey

like nhever before

_ L
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lllesztGpontok felautomatikus azonositasa

eeeeeeeeee
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y\Horany vy _project.3Dproject]

Project Images Data Peintcloud D Orthophote O s Help

Canvert to point doud Togale text CAD Paint cle D5M Orthophoto

Image name X [m]
DJI_0001
DJI_D

y

" GPS0007 GPS0006
d

A \[ -\ '&rse003
\/ GPs000T ).

108.27 w
>

\ GPSpo02~ "

B

Bundle Adjustment
Crientate

onstruction

rdinate system: Loc rdinate system




& 3Dsurvey my_project [E yiHorany_3dsurvey\my_project.3Dproject]

Project Images Data Peint cloud v Orthophoto  Options  Help

Top down Free flight [l Point douds and DSM

S(r( pontfelhé

" e, T

' GPS0002
GPS0008
GPS0006 GPsS0007 b = GP%OQ% §P§0001
GPS0010 X
A

GP 50005 . GPS0009
\ GPS0004 ]

Images CAD Point doud DsM Orthophoto
Paint d

ist of point clo

options:
Heightmap Point snapping

reate textured object

Undo
Point selection:
Paintpicking | ] 5[] 1

Profile calculation:

Calculate profile

oordinate system: rdinate system




N

Metashape

€) Agisoft Metashape
(PhotoScan)

e 2006 Ota - forgalmazas 2010- (Oroszorszag)

» Kereskedelmi licenc

» KOzepes paraméterezési lehetosegek

* Feldolgozasi egysegek (chunk) hasznalata,
folyamatok dsszeflizese

* Python programozasi lehet0ség

* Multispektralis kepfeldolgozas

 Evente 2 frissités (decemberben v1.6)
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File Edit View Workflow Model Photo Ortho Tools Help

= - = - - = v iae - - - R -
N N ¥ v o - ) - Ea
€ Mode!
L Et‘ .ﬂ L]
T Workspace (1 chunks, 121 cameras)

3 Chunk 1 (121 cameras, 10 markers, 55,321 points) [R]

Perspective 30°

Ritka pontfelhé

55,321 points

W fEi v
LY ] - - - 5| L} L} = Bom . LY ] L ]
| - X f
¢ l I Bl LN H
I
DJI_DOD1 DJI_D002 DJI_D003 DJI_D0D4 DJI_DO05 DJi_D0D6 DJI_0007 DJi_0003 DJI_0009 DJI_0010 DJI_0o11 DJI 002
e - - o - - L) - - LY - - L) -



File Edit View Workflow Model Photo Ortho
= B B = ,w'

3Bk R
T Workspace (1 chunks, 121 cameras)
= Chunk 1 (121 cameras, 10 markers, 55,321 points) [R]
» & Cameras (1217121 aligned)
» B Markers (10}
Tie Points (55,321 points)
M Depth Maps (121, High quality, Moderate filtering)
=% Dense Cloud (45,685,412 points, High quality}

S(rd pontfelhé

Tools

Workspace

Ready

Help

Mode!

Perspective 30°

poinks: 45,6

1k

DJI_DOD1

DJI_D002

DJI_D003

DJI_D0D4

DJI_DO05

.
DJI_0010
-

DJI_0o11

L)

o

L ]

i

DJI 002
=




®

aEy

N ReCap Photo R
a PHOTO

2016 6ta (korabban Autodesk ReMake) -

Feldolgozas a felhGben

Nincs parameterezési lehetdség

Min. 20, max. 1000 fenykép

Kozvetlen atjaras mas Autodesk termékekkel (.rcp Civil3D, Revit)

LIDAR tdmogatas
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~ Mame = Ascending

33 photos selected

DJI_004

DJl_004

DJl_0040.0RPG

Create Project

Project name:

DJI_D041.JPG

[sh

30 photo-testured mesh (RO
3D point cloud (RCS)

Crtho photo and elevation map (GeoTIFF)

Pixel size (cm):

Target coordinate system:

HD72/7Pa EOY

ReCap Terms of Service

DJ1_0047.

|
o

wi

B




Edsikitharany_ki

-

Jof3

—_—

Filter by GPS

DJl_0021.JRPG

DJ_0040.0PG

GCPG found on 3 images ¥ 655476.6850000001 (m), ¥; 258977897 (m), Z

DJl_00Z3.0PG

DA_0025.JPG DA_0039.JRPG




Editar ReCap Photo

A4 Education license

egeto.czaba

- 0O x

Create 3D

Aatial Ohject

Ity Computer

Load a model

Wty Cloud Drive C: ~ Data + Descending

Browse 360.autadesk.com Uploading sh

Available storage: 25.0GB ) 25.0GB



’mlfl_ |l||‘

Szoftverek, 0sszefoglalas

VisualSfM 0.5.26 Lin, Win, OSX 4+ F (L) CLI, GUI szabad** Pc

Regard3D 1.0 Lin, Win + F, (L) GUI Szabad MTIl Pc, Tx, Ha

ODM Lin, Docker +4+ L CLI, web*  Szabad GPL Pc, Tx, Of, Ha, DSM
COLMAP Lin, Win, OSX 4+4+ L,F CLI, GUI Szabad BSD Pc, Tx, Ha?

3D Survey Win +4+ L GUI Keresk. Pc, Tx, Of, DSM
Agisoft Metashape  Lin, Win, OSX 444 L, F GUI Keresk. Pc, Tx, Ha, Of, DSM
ReCap Photo Win (felhd) ++ L, F GUI Keresk. Pc, Tx, Ha, Of, DSM
Pix4dmapper*** Winvagy felh6 44+ L, F GUI Keresk. Pc, Tx, Ha, Of, DSM

o o Pc = pontfelh6
*a WebODM fizetOs szolgaltatas is CLI = parancssor Tx = textura

** csak non-profit felhasznalasra GUI = grafikus Of = ortofotd
*** nem sajat tapasztalatokbol web = bongész6bél Ha = halé (mesh) 28/31



P

@ Teszt teruletek
*Horany mini 12 kép DJI Phantom 4
*Osku belterilet 42 kép DJI Phantom 4P (Oblique)
*Siofok belterllet 116 kep DJI Phantom 4P (GRID)
*Horany kultertlet 121 kép DJI Phantom 4
*Varpalota beltertlet 160 kép UAV Birdie Geo+

l;: *Q’
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hh%l

munka kép gép Regard3D VisualSfm

db p* db** p db

Horany1l 12 BME 11.9 0.9 4.2 0.5
Horanyl 12 ALE

Oskii 42 BME 156.7 2.0 10.2 1.0
Oskii 42 PG

Si6fok 116 ALE

Siéfok 116 BME 100.6 2.8 72.1 1.7
Siofok 116 PG 89.2 2.8 67.4
Horany2 121 ALE

Horany2 121 BME 93.8 3.5 50.9 1.9
Horany2 121 PG

varp. 160 BME

varp. 160 PG 119.7 17.9
BME —i7 core 6 3.5 GHz, 32 GB RAM
PG —i7 core 6 4.5 GHz, 64 GB RAM
ALE —i5 core 4 2.3 GHz, 8 GB RAM

p

16.4

93.8

169.7

74.0

) Futasi eredmények

COLMAP

3DSurvey Agisoft ReCap
p db p db db
2.8 5.6 1.2 N/A***
4.7
8.3 7.0 5.0 21.7 2.0
2.3 108.0 9.5
99.2 8.7 935 59.4 5.0
4.7 51.8 3.7
38.5 45.7
91.5 11.5
119.7 35.7 60.0 140.2 3.0

* futasi id6 percekben
** millic pont a pontfelhGben
***20 kép alatt nem hasznalhat6

WebODM
p db

9.3 0.8

118.7 3.6

124.4 10.6
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7 QOsszegzés, tapasztalatok

Nyilt forraskodu szoftverek (Linux, Windows és 10S)

- Jelenleg teljesitményben és dsszetettségben elmaradnak a kereskedelmi szoftverek szintjétél

+ Altalaban szélesebb korl paraméterezési lehetéségekkel rendelkeznek

A vizsgalt szoftverek kozll az ODM a legperspektivikusabb, magas belépési tudasszint sztikseges (Docker)
Alternativaja a WebODM

Kereskedelmi szoftverek (Windows és 10S)

+ Kiszamithatobb, stabilabb mikodés, felhasznalébaratabb kezelofelllet,

- Kevesebb paraméterezési lehetdség, a ,black box” effektus sokszor megkdti a kezinket

A vizsgalt szoftverek kozul atlagosan az Agisoft Metashape végzi el leggyorsabban és legnagyobb

ponts(irliséggel a szamitasokat.
A tamogatas a 3DSurvey esetén a legkiemelkeddbb, az ortofotd itt a legjobban testreszabhato.

Autodesk Recap Photo késziti a legplasztikusabb modelleket.

Kodvetkeztetések

+ A nyilt forraskdduak mas nyilt programokkal egyuttmikddésre épitenek - gyorsabb fejlesztés,

- A kereskedelmi szoftverek egyre komplexebbek, minden feladatot meg akarnak oldani

Jelenleg a kereskedelmi szoftverek jobbak. Erdemes ezt a vizsgéalatot néhany év mulva megismételni.
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