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1 Introduction

TheSMX MultiPhotas an easy to handle software component for the reconstruction of 3D models from multiple
overlappingsingle imagesypically gained from aerial imaging using UAV systédmee all input parameters

have been defined by the user, the reconstruction is performed automatidallgddition, SMX MultiPhoto

features referencing of the 3D model to a superiorardinate system by the use of externally survey&eund

Control Point§GCP. SMXMultiPhotogenerates dj dzi £ A G & NB LR NI 0 a @ LIRAdandthd S0 T2
LK 2 (2 6 afdilyaa@raatically &ft& beconstruction.

Definition:
A 3Dmodelis a digital photograph combined with spatial information on the objects/surfaces shown within the
picture.

Definition:
A GCHs an externally surveyed 3mint with known ceordinates.Note thatthe absolute accuracy of the final
result is directly related to the accuracy of teCP

This user manual addresses all topics related tdWX MultiPhotoi.e. installation, user interfaces, features and
operations. Let us know if we can support you, and give us your valuable feedback. Only this way it remains
possible to keep the system both, flexible enough for broad usage and sufficiently specificifapptioations.

We wish you success with ti@X MultiPhoto.

The Team of 3GSM

Graz,October2024
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2 General

TheSMXMultiPhotois part ofthe ShapeMetriX/BlastMetriX packagad not available as a staredone program.
The installation takes placéuring the installation of ShapeMetriBlastMetriX @d is described in the
corresponding user manual.

Note:
TheSVIX MultiPhotosoftware component is used under this nameSimapeMetriXand BlastMetriXpackages, i.e.
there is no dedicate@MXMultiPhoto. The same may apply to otheoftware componers.

Note:

Aa |l S . B¢ puttonis provided in the lower left corner of the user interface, which opens the user manual
of the SMX MultiPhoto.

Attention:

05 Y2RSfta oad2Yoé BMXMulERhoto&ES Ndt siippdrteddby sofivaré ¢oiBponents
older than version 4.1. ThEMX SurfaceTrimmeairovides a conversion of 3D models into former version
(ShapeMetriX UAV BlastMetriX UAW?2.1 - v4.0). However, he current versioreadsT A f Sa 6 a ®a YYé
files) from formerSVIX MultiPhotoversions. Note, that referencing of such Biddels is not supported.

October2024 2
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3 Softwarelayout, features and use

3.1 Procedure
SMXMultiPhotoprocesses the data in a sequential procedure. The essential steps include:

1 Coarse Reconstruction
TheCoarse Reconstructiatetermines the camera orientations and positions among all photographs
relative to each other and relative to the coarsely reconstructed object. The result @dhese
Reconstructiofis theProject Fildd @& YY £ FAf S0

1 (Optional)Region of Interest
SMX MultiPhotdeatures the definition of &egion of InterefROI) which limits the generation of the
3D model Pense Reconstructipno a selected area. The definition of tR®lis an intermediate step
in the SMXMultiPhotoand it has to be outlined on the coarse point cloud after Cmarse
Reconstruction.

1 Dense Reconstruction
TheDense Reconstructiaralculates the detailed object geometry including a detailed point cloud,
surface mesh and texture. The result of thense Reconstructids the3D modeffiled d P2Yoé FAf S0

1 Referencing and/or scaling
SMX MultiPhotsupports referencing by the use @fround Control Poin{&GCPas well as scaling of
3D models in a local eardinate system. Several options are provided described in the following
chapter.

3.2 Reconstruction features

SMX MultiPhotsupportfour different workflows that can be selected by the ugleigurel):

1. Generate new 3D model

2. Generate modified 3D model

3. Perform referencing

4. Perform constrained referencing
Note:

The sequential procedure described in Cha@drmay differ due to the selected mode.

October2024 3
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= SMX MultiPhoto — O w

Workflow selection
Choosze a workflow

m Generate new 30 model

Generate modified 3D model

{:} Perform referencing

H Perform constrained referencing

Help Mext =

Figurel: Start interface

3.21 {D Generate new 3D model

Load photosdefine the ceordinate system (optional) and perform 3D model reconstruction (coarse and dense
reconstructior). Procedure:

1. OpenSMX MultiPhoto

2. Select the workflowdGenerate new 3D modeby clicking the correspondirigonQD

3. Follow the standard operation procedure as describe@lmapters

3.2.2 % Generate modified 3D model

[2F R} LINR 2501 FALS 6 a3 Ynydify thHeAsktthgs a2 derfoBnS 3D Ndsd@l2 y a G N
reconstruction Procedure:

1. OpenSMX MultiPhoto

2. Select the workflowdGenerate modified 3D modgeby clicking the correspondirigon%

3. 2+ R { K Sfilecagddihy ¥oftware automatically switches to th®elect Scene Regionloferest
window.

4. Follow the standard operation procedure as describe@apter5.2
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3.2.3 @ Perform referencing
2FR | LINR2SOTm TRl NESG NSORY aTNWDHIA2y0 YR 05 Y2RSt
perform referencing using surveyéround Control Pointr scaling of the 3D model

Standard referencing
To perform omodify theStandard Referencingf the3DModel the 3DY 2 RSt 2 ¥a £ SI R G KS 02 NNJ
t N22SOl FAES daPiogediyeE || NB NS Ij dzA NEBR®
1. OpenSMX MultiPhoto
2. Select the workflows t S NF 2 NI  MyBclicKinghy cdiegpdriding icn
3. 2FR GKS a®aYYé | yR ( KFgur@p TheRB@dt RighR the/3D model B adéd T A £ S
and the software automatically switches to tB® Modelwindow.

4. Choosethe actiond / 2 ¥ (i NB fromtth2 puyff dodvid menuReferencing Referencing .| gnd
follow the standard operation procedure as describecCimapters.4.

: Postprocess MultiPheto 3D model X

Flease select a MultiPhoto project file and a corresponding 30 model which has
been created from the spedified project.

Project file: ﬂnstaller 4,5/03_UAV preblast/Images/03_UAY preblast,.smm

3D model: i a/Installer 4.5/03_UAV preblast/Images/03_UAV preblast.jm3

Cancel
Figure2: Loading Project File

Add or modify Stereo Setups

For adding or modifyin§tereo Setups a 3DModelthe 3DY 2 RSt FTAf S a®d2Yoé¢ FyR (GKS O
GPAYYe | NSterewSdtumads added or modified by following procedure:

1. OpenSMX MultiPhoto
2. Select the workflowd t S NJF 2 NI  NgbclcKingEhy €okegpdriding it

3. 2FR GKS a®aYYé | yR ( KFgur@p TheRB@Edt RighR the/3D model B ardéd T A £ S
and the software automatically switches to tB® Modelwindow.

4. Choose the actiond{ G S NB 2 frofnShe guilldlown menuwReferencing Referencing .| gnd
follow the standard operation procedure as describeimapter?.

The following properties apply:

1 The current list of selecte@tereo Setupare stored in the 3Model file always. Previously added
StereoSetupswhich are not part of the list dbtereo Setupare removed from the 3Model.

I The project file contains only the last edited listSiéreo Setups

October2024 5
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3.24 Fi Perform constrained referencing

[2FR F LINR2SO0 FAES o6adayvYYeé FAEST O2FNAS NBEO2yadNU
surveyed Ground Control Pointeind perffoomo5 Y2 RSt NBO2yadNXz0iA2y .0ad2Yo
Procedure:

1. OpenSMX MultiPhoto

2. Select the workflowdPerform constrained refengingé by clicking the correspondirigon E

3. 12+ R { K Sfiledaddihe Yoftware automatically switches to th®elect Scene Regionloferest
window.

4. Follow the standard operation procedure as describe@lvapters

3.3 Referencingusing GCP

SMX MultiPhotdeatures referencing using externally survey@@Fby two methods, i.eStandardReferencing
(Full Reference Mode) and Constrained Referen@@Bshould comply following conditions:

1 Surveyed points are visible in the images
1 Surveying grade accuracy is in the lower cm range (total station, RTK GPS, Differential GPS)
1 Atleast threeGCRare required, more than five are recommended
1 Ewnly distributed over the surveying ar¢dOTlinear aligned)
Attention:

Referencing bysPS cardinates obtained byhe UAV system onl\eXIF GPS Referengiisnot recommended,
as the precision is not adequate.

Attention:
Marking and surveying @CFon the model is crucial for the absolute metric accuracy of the 3D model and thus
should be performed carefully.

3.3.1 Standard referencing

Note:
Standard Referencing a postprocessing step which is performed afteense Reconstructiarf the 3D model
oad2YoeL D

SMX MultiPhotgrovides three different modes of standard referencing:

1 Full Reference
The 3D model is s transferred into a superiofocdinate system byising known cebrdinates of
externally surveye® CRat least three) by similaity transformation. See Chaptér4.3

October2024 6
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1 Single Point Mode
The 3D model is transferred to a-oodinate system by using the ewdinates of a single externally
surveyed poin{GCP) by similarity transformation. This mode is only available if the model is already
referenced EXIF GRSt allows to transfer the 3D model to a user definedocdinate systemSee
Chapter5.4.4.

1 Sample Mode
Saling in a local ceordinate systemsee Chapteb.4.5

Work flow (seeFigure3)

Once the data is loaded and reconstruction parameters are defined, the 3D model is generated fully
automatically by th&sMX MultiPhotoln principle, no user intervention is necessary during®oarseand Dense
ReconstructionThe 3D model is referenced by the use of externally surv&@HStandard Referencindn a

final step.

Note:
For the definition of &0] the generation of the 3D model has to be performed by a four step proceQaa&rse
Reconstructiorg Definition of RO¢ Dense ReconstructianStandard Referencing

3.3.2 Constrained referencing

Constrained Referencirig based on the optimization of the 3D model using the position of the externally
surveyedGCRo obtain a better spatial accuracy of the 3D model. Initial camera positions aadjusted and
optimized. Generated 3D points of the dense point cloud (3D model) are forced into their position on the bases
of the GCReo-ordinates.

Attention:
Constrained Referencirgfrongly depends on the accuracy of the provided tfgmtions and their respective
image measurements antkedsreliable andprecisedatafor a successful application.

Note:
GCPconstrained optimizatioris an intermediate operation of the 3D model reconstruction and cannot be
performed ex post.

Work flow (see Figure3)

Constrained Referencimrgquires a step by step procedure for 3D model generation. Once the data is loaded,

SMX MultiPhotogenerates the coarse 3D point cloud of the 3D modebgrseReconstruction In an
intermediate step,GCPconstrained optimization of the model has to be performed by user interaction
(Constrained Referenciagb ! FGSNI 2 LIGAYAT F A2y S bDénSRezdhsumignRSt o6 da d2Y

October2024 7
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Note:
For the definition of aRO) the 3D model generation has to be performed by a four step procedboarse
Reconstructiorg Definition of RO¢ Constrained Referencinddense Reconstruction

Standard Referencing Constrained Referencing

Loading of Data Loading of Data

Coarse Reconstruction

/ Coarse Reconstruction
Definition of ROl Definition of ROI
No user

interaction Q
Dense Reconstruction Constrained Referencing
=
Standard Referencing Dense Reconstruction

Figure3: Different work flows in the SMX MultiPhoto. Note that the definition of a ROI is optional and requires
user interaction.

|<]|

3.4 Scaling

Sample Mode

The mode is used to scale the 3D model in a locadrdmate system with a horizontal reference plane. It is
especially suitable for underground environmemfhe mode requires defining three points, two poiptovide
scale and orientation of the-axis while the third point defines they plane.

TheSample Modés based in a right handed -@vdinate system and requires the definition tiiree points i.e.
First PointSecond Poirdnd Plane PointThe local cardinate system is defined as follows:

Thex-axis points from th&econd Poirtb the First Point
ThePlane Pointefines the orientation of the xplane by fixing the orientation around theaxis

The yaxis points from thélane Poininto the direction of the »axis

=A = =4 =4

The zdirection is either to the observer or away from the observer, respectively, depending from
orientation of the other axis

In addition, theSample Modeequires the input of the pointlistancebetween theFirstand theSecond Point
According to the setup of the three points, four scenarios ebodinate system are possible (sEgure4).

October2024 8
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1 <— z-axis ® First Point —p 7-axis e First Point
x-axis x-axis
° °
Plane Point Plane Point
z-axis
<— y-axis — @ Second Point Second Point @ == Y-3XiS m—p
Z-axis
z-axis
Second Poir; ° y-axis > <— y-axis —ogecond Point
° z-axis .
Plane Point Plane Point
X-axis X-axis
® First Point ® First Point

Figured: Orientation possibilities of the Sample Mode as a result of the marker setup
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4 3D viewer

The 3D vieweallows the inspectiothe coarse point clougCoarse Reconstructipand the finally generated 3D
model Pense Reconstructipnin addition, the viewer servder outlining theROland for the localization oGCP
positionsrequired forStandardas well as foConstrained Referencing

4.1.1 Navigation bar

Hint:
TheSMX MultiPhotdoggles between thé&ditandNavigateY 2 RS 06 & LINB& apy&8e 6 KS «

Edit
/ Z Performsactions within the 3D model such asmarking annotations, etc.
(active = blue)
Navigate
‘ @ Controlsthe motion and inspectin of a 3D model (active = blue)

Seek to a Selecteaint

w
» 4
- Zoomstowards the selected location on the 3Bodel

Move to Home Bsition

ﬁ Setsthe viewer to its initial position

Zoom out / Zoom in

Q @\ Zooms out from theurrent view. Zoms to the previous view again

Top Down View

i Orientates the 3D modetdm the camera view (top down)

Auto Rotate(fixed or view)

& g

Rotates the 3D model from a fixed point (top down) or from the current point
of view

October2024 10
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Toggle Perspective/Parallel Projection

Toggledetween perspective and parallel projection

Thumb wheels

The thumb wheels & used for rotation and zooming

4.1.2 Navigationmode

The devicsused in theNavigatemodearethe mouseand/or the keyboard

Mouse navigation

1 Rotation: The left mouse button rotates the 3D model. Just keep the left button pressed and move the
mouse around to see the 3D model rotating.

1 Context menu: The right mouse button opens a context menu where the representation of the 3D
model can be influenced.

1 Panning: The middle mouse button is used to pan the 3D model. The same can be done by pressing
Ctrk  BINE a I YR dzaAy3d (GKS STl Y2dzaS odzidz2y o

I Zooming: Pressing the left and middle mouse button at the same time is used to zoom. The same can
0S R2yS oGukLINSEM vy ARGdzaAy3d GKS € ST Y2dzaS odzidz2y
wheel mouse the 3D model is also zoomed.

Hint:
It is preferred to have a mouse with 3 buttons, or a wheel mouse. Usually the wheel acts as the third mouse
button.

Keyboad navigation
§  Straight motion is performed by pressing the corresponding arronskpyS & W £ K (laid 5 2 6 Y £

1 Zooming is performed by pressitg{ K &iffultaheously with the arrow ke§t | Lfd¢ zooming in and
the arrow keya 5 2 dfogf Zooming out.

¢ w2idldAaz2y 2F GKS 05 Y2RSt Ay | G ANBRIZRANSOA detys
corresponding arrow kegt [ S & W & K (laéa 5 2 6 Y £

October2024 11
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4.1.3 Context menu

The context menu of the 3D viewer allows the change in the display of the 3D model. A click on the right mouse
button in the viewer opens a pop up window and several options can be chosen:

Draw as is The 3D topography is completely overlaid by the digital photograph
(3Dmodel)

Wireframe A triangulated red coloured point cloud is forming the topography

Wireframe Overlay The 3D model and a red coloured overlay of the wireframe is forming the
topography

Points The point cloud of the scene according to the topography is shown

All Points All available points of the 3D model according to the photograph are shown

Show Texture Displays the 3D model with texture in the viewer

Fullsreen Switches between the fullscreensgllay and the windowed display

October2024 12
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5 Generate new 3D model

5.1 Data input and CoarsedRonstruction

In the start windowdt / 2 Y F A 3 dzldlBws tfoNBa8ii) Gnagder processigas well aslefiningparameters
for the GoarseandDense ReconstructioAdditionally, the user can modify the camera calibration of the photos
and visualie positional information stored in the photos.

5.1.1 User nterface

The user interfacé / 2 y T A 3 dzN@nprisdsBe®eBaDféatures shownRigure5. On the left hand sidet i
consists of the list of loaded imagasd functions for defining and modifying camera calibration data, and
visualising positional (GPS) information. On the right hand #idensists of asiewer showing a preview of the
selected imagand functions for defining projectettings In addition, GPS referencing possibilities aatlings

for the Coarse Reconstructi@and Dense Bconstructiorare available.

2% SMX MultiPhoto - o x

Configure project

Choose image files, set calibration,

Images
(@ Load Folder | (g Load Files

Folder: D 4.

and other

Images: 195 total / 0 calibrated / 195 generic / 0 incomplete / 0 invalid

Name Camera

%] - DJI_05420PG

Calibration type  Focal length Referencing

|
|«

Use None  Right-click selected images for more options.

Use All
e Calibration
® Registered calibration Camera

Show/Selectin 3D 'Show in Google Maps.

[ Constrained referencing
[ Automatically start after

EXF 88mm WGS 84 (EPSG:4... FCB510
%] DIOS43UPG  EXIF 38mm WGS 84 (EPSG:d... FCES10 Low-resolution preview. For full resolution ci
(%] u DJI_0544.0PG EXIF 88 mm WGS 84 (EPSG:4... FCE510 ™ Project name: MultiPhoto
Export options: %5 Report, Ortho-photo
3
DIOS4SIPG  EXF 88mm WGS 84 (EPSG:4... FCES10 T | Referencing e
Co-ordinate system: | WGS 84/ UTM zone 33N (EPSG:32633)
DI 0S46PG  EXF 88mm WGS 84 (EPSG:4... FCES10 ™
Import Co-ordinates
DILOSATIPG  EXIF 38mm WGS 84 (EPSG:d... FCES10 77n | (Coarse reconstruction
. Coarse density: Normal -
n DI 0S4BIPG  EXF 88mm WGS 84 (EPSG:4... FCES10 ™ Auto-calibration: Enabled
Project file name: - 0 4. .smm
> | Densereconstruction

nells

Lens Normal
Generic | Generic v Disabled
O Calibration file -
Assign to Selected Images Assign to All Images Reset Assigned Calibrations = D t MultiPh Ph

Help Start Coarse Reconstruction >

Image data

Calibration

GPS datg Previews and Referencing

Image preview

Project settings

Coarse Reconstructiaettings

Dense Reconstructiaettings

GCReferencing

Figureb: User interfac&Configure Projeadf the SMX MultiRoto

coO~NO Ol WNBE
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List of loaded images

The list of the loaded images (number FHigure5) shows the following information for each entry:
1 Picture thumbnail
1 Name of the image
1 Calibration type:

0 EXIF- SMX MultiPhotodza S& OF f AONI GA2Y AYT2Eehdédithage FNB Y
information)

0 Specific Calibration NameSMX MultiPhotouses calibration information from a registered
calibration installed via the Start Window Settings dialog or uploaded by clicking the

éCaIibrationFiIeéﬁ icon
Focal length
Referencing- GPS datandco-ordinate system
Camera information

Serial number

=A =2 =4 =4 =4

Additional information

The bllowinginformation on the loaded imageis givenat the topof the list
1 image(s): total number of images
1 calibrated: number of images with registered calibration

f generic: number of images with calibration information gained from ¢he S E A(&@tended Anfage
information)

1 incomplete: number of images without calibration (neither registered calibration nor calibration
information fromthed ®SEA FT£¢ blepAf S A& | B Af |

9 invalid:number ofdefective images

5.1.2 Features

The followingsection describes the available functiooisthe Load Datavindow.

Images

Load Folder

it Opens a dialog to load a series of photstored in one folder)

Load Files

October2024 14
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{mm Load Files Opens a dialogp load photos individually

Use Al

vse Al Selects all photos from the list of loadedages for reconstiction

Use Mne

HanHons Deselects all photos from the list of loaded imaf@sreconstuction

Show/Select in 3D

S sl GPS cordinates of theindividualimages are shown in a 3bewer (Figure

6). The dialog supports the selection of images that should be used for 3D
model generation diretly in theviewer (see Chaptes.1.3.

Show in Gogle Maps

show in Google Maps The location of the imagesre shown inGoogle Maps

A click on the right mouse buttoon a loaded image in the lisipens thecontext windowproviding following
options:

Use Selected Enables the checkbox in front of individual images; the image will be included
in 3D model generation

Don’t Use Selected Disables the checkbox in front of individuahages; the image will be
excluded in 3D model generation

Remove Referencing Data Excludsthe GPS measurements of individual images. The image is included
in 3D model generation.

Show in Gogle Maps Shows the location of thmdividual imagesn Google Maps

October2024 15
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2 View/Select Camera Positions

Rotx Rotv NI TN

4@\

»,

DJI_0542.PG

DJI0S43.PG
DJI0S44JPG

DJI_05450PG

ACleo>»

DJI_0546JPG

DJI0S47.PG

DJI_0543JPG

DJI_0549.JPG

DIIOSSOPG

DJILOSS1PG

o
(o

.
L
.
o
.
.
.
.
g
<
ﬁ | PR | i P
% | %
e SN S
g |

3D viewer
Navigation bar
Thumb wheels

g b~ wbNE

Image selectioty multiple selection of images in the list
Image selectioiin 3D with the computer mouse (lasso function)

Figure6: Dialog window with GP&-ordinates of the individual images

Calibration

Registered calibration

Calibration He

Assign to Selectedibges

:Assign to Selected Images

Assign to Allimages

Assign to All Images

Reset AsignedCalibrations

Reset Assigned Calibrations

October2024

Allows using a registerethétalled or genericcalibration

ﬁOpens a dialog for selecting®l f A 6 NI cakd2R/ (iFeA £ TSA {60

Assigns the selectecalibration to selected images

Assigns the setted calibration to all images

Removesghe calbration assigned to all images

16



SMX MultiPhoto v4.14 Manual

Image viewer

JGSM

The image viewefFigure7) allows a detailed view of the selected image and comprises two scroll bars and a
toolbar supporting the image display.

=3 DJI_0550.JPG

OITEENC 2

D:/Workspace/Images\DJI_0550.JPG

1 Viewer

2 Toolbar with zoom functions
Figure7: Single image viewer opened in the context menu of the image data list

Project settings

Project name

Export options

Title of the project (optional)Updating the project name updates also the

Project e nameand theOutput fle name

= Opens a dialodor selectingexport possibilities; i.e. the reconstruction
NEBLR2NI O0G-WWKRGTEOBADNHFRL2OLYE DS2¢LCC

Chapter8.

Referencingonly if postional information is availab)e

Coordinate system

October2024

The UTM zone is autdetected from the referencing information of images
(WGS 84). The useanselect a user defined eordinate system by clicking

06 i

on the =] putton and selectingy . N2 6 2 SIRA ¢ ( SThé diatbgi S Y £ @
0Select Cordinate Reference Systémppears vhich allowsfor the selecton

of a specific cardinate system(Figure8). The 3D modelis transferred
automatically into thedesiredco-ordinate system after 3D model generation.
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JGSM

l:' Select Co-ordinate Reference System *
Show only valid co-ordinate systems
|FiItE|': e.g. EP5G code, name
Recently used co-ordinate systerns
Authority Code Mame
EPSG 31285 MG / Austria M31
EPSG 2205 NADE3 / Kentucky North
Predefined co-ordinate systems
Authority Code Marme (]
EPSG 32626 WG5S 84 / UTM zone 26N
EPSG 32627 WG5S 84/ UTM zone 27N
EPSG 32628 WG5S 84/ UTM zone 28N
EPSG 32629 WiES 84/ UTM zone 29N
EPSG 32630 WG5S 84/ UTM zone 30N o
+proj=trerc +lat_0=0 +lon_0=13.3333333333333 + k=1 +x_0=450000 +y_0=0 +ellps=bessel +units=m +no_defs +type=crs ™
PROJCRS["MGI / Austria M31",
BASEGEOGCRS["MGI",
DATUM["Militar-Geographische Institut”,
ELLIPSOID("Bessel 1841",6377397.155,299.1528128, v
Figure8: Select Cordinate Reference System
Import Ceordinates
Import Co-ordinates - A x . g
L Imports GPSe8 NRA Y | 1 S& T ®Buwedl GolE

=3 Import Co-ordinates m} ¥
Encoding | Utf-8 ~
Separator
O comma O Semicolon ) Tab ® One Space O Multi Space
Decimal Separator
® Point (O Comma
Mame ~ | | Latitude (M) [*] | |Longitude (E) [* | Altitude ~ | Ignere |~
Ignore ~# Exported from old format
Camera Position | DSCOO005JPG 47.8139803 14.1500648 993.442 o
Camera Position | DSCOD006.JPG 47.8139814 14.1500678 993,934 o
Camera Position | DSCO0007.JPG 47.8139847 14.1500683 997.117 0
Camera Position | DSCOD00B.JPG 47.8139862 14.1500669 1000.769 0
Camera Position | DSCO0009.JPG 478139859 141500634 1003.13 0
Camera Position | DSCOD010JPG 47.8139849 14.1500616 1005.741 o
Camera Position | DSCO0011JPG 47.8139852 14.1500608 1009.644 o v
Source co-ordinate reference system
E‘ WGS 84 (EPSG:4326)
Destination co-ordinate reference system
E Autodetect from WGSE4 (EPSG:4326)
Cancel

October2024
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Figure9: Import Coordinates. See Chaptér.1.3for further information.

Coarse Reconstruction £ttings

Coarse Bnsity

Auto-Calibration

Project He Name

DenseReconstruction

[] Constrained referencing

Automaticallystart after X

Note:

Normal Normal feature densityused br photos with reasonably high
overlap

High High feature densityused br photos with low overlapor strong
angularchanges

Enables or disables autmalibration Auto-calibration is mandatory if
uncalibrated photos are used (generic entry)pliotos frompre-calibrated
camerasare used (calibration entry)auto-calibration can beenabled or
disabled

o
- Opens a dialog for entering the directory and name of gemerated
Project Filéd d daYYé FAf SO

EnableConstrained Referencing

The reconstruction procesontinues automaticallgfter a userdefined time

from CoarseReconstructiorinto Dense Bconstructionif no user interaction
has beregistered by the software during the waiting perioghablingalso

activatesDenseReconstructiorsettings(see below)

Automatically Continued®onstructioris only possible iStandardReferencings enabled.

Preset

Denoise data

October2024

Fast Preset for fastDense Reconstruction
Low resolutiontopography low resolution texture
(for e.g.volume calculations

Normal Default Dense Reconstruction settings
Medium resolutiontopography high resolution texture
(for e.g. blast design)

High Preset forhigh detail Dense Reconstruction settings
High resolutiontopography high resolution texture
(for e.g. rock mass characterisatioinagmentation analys)s

Disablingnoise suppression. Thmint cloudshould be usedor applicatiins
with standard requirements on surface qualitfNo special geometric
resolutionpresetis needed(e.g.for blast design, volume calculations)

Enablingnoise suppressiarmhe point cloud can be used for application with
enhanced requirements on surface quality.
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Limitdense points Defines the upper limit of points wth generates the reconstructed
3Dmodel Default value is .000.000 points.

o~
Output file name ® Opens a dialog for entering the directory and name of the final
3Dmodeld a d2Yoé¢ FAE SO

Start Coarse €tonstruction

[Star Coarse Reconstruction >| Starssthe reconstruction procesand continueso the next stg

5.1.3 Standard operation pocedure

Coarse Reconstruction

1. Load image data bglicking thedLoad foldeg 2 d&dl I%ileé;@ icon. A progresswindow (Figure10)
appeasduringscanning and loading.

: Scanning for Image Data X

Scanning for image data

Scanning for image data - Scanned (30/237)

FigurelO: Progress windowScanning for image data

2. Check if altequiredimagesfor processingare selected.If not, adapt the list of images bgnabling or
disabling the checkboin front of the imagesrespectivelyor use thebuttons dUsealle | Y4 or
OUsenonet | Ysetione

3. Check if the pictures for processing have a gen@&lXdlror calibration entry assigned.

4. If GPS cordinates are availablehe user carcheck the relative camera positions ageéographical
positionby clickinghe dShow/Select in 3L &=cednt= K tton, In addition, the dialog supports the
selection of imagesdirectly in the 3D vieer by using the computer mougeefer to end of chapter for
further information)The position of the imagesan also be displayed in Google Maps usingiStgow

in GoogleMapsg ShewinGeedeMaps| 11,

5. GPSc@ NRAY | iS& Oly 0S A YLktio®ml ofEmapter forfurtibedinfoEmaton ¥ A £ S

6. 9YGSNI I LINE280OG yIYS FyR ast 800 o Efortfoptiok NBR SEL

button (see ChapteB). The export start automatically when leaving 8B X MultiPhot@fter 3D model
generation.

7. Select the cerdinate reference systend TM Autozonédefault) or select a specific @rdinate system
by clicking the ' 6 dzii (i 2 y dBrojvse iCHrdinate Systemr | Y B { & K Sofdihate/ Réference
{ & & (d&og appearsHigures). Select the reference system from the list and confirm the selection

by clicking thes { & tL_s=et | putton.

8. ChooseCoarse ReconstructiaettingséNormak (default).

October2024 20
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9. Rename theéProject Fil® & ®a Y Y € 0

FYR &

St SO

i K S & & NI Goiné e

JGSM

a2
iconin General Settings
10. Start the reconstruction process by a click on ti@art Coarse Reconstruction [t coarse reconstruction »|
button. The progress window revesthe current status of reconstructioimcluding a live displafFigure
11).
Note:
Auto-calibration is enabled by defaulf uncalibrated photos are used (generic entry)pHotos from pre
calibrated cameras are used (calibration entry), acédibration can be enabled or disabled.
2 5
e
Vi iting for L t, - ‘ ‘
e i
<y w P
[ 3
- 0 ©
Adiust live dispiay 11 Pause X Abort Adjust ive display 11 Pause X Abort
1 Current status
2 Progress bar
3 Pause/Abort process
4 Number of cameras/points reconstructed
5 Live display of cameras and points
6 Activates/deactivates the live display
Figurell: Progress A Y R2 ¢ 2F /2 NAS wSO2yaidNuzOdiA2yd® b20iSz (KS
arrow).
Coarse and DensedRonstruction
10. Followsteps 1 tddin the procedureCoarse Reconstruction
11.9y I o6t S G KS AQdratddid 2dentinueér  reconstruction  after  xxx  secdnds
The DenseReconstructiorprocessand3 Sy SNI A2y 2F (GKS a®d2Yoé TFAES
userdefined time. Enabling the checkbox activates lense Reconstruction Settings
12. Choose the reconstruction mode i@ ast, ctNormak or éHighe (for details see Chapté.1.2).
13. Optionally, imit the number of 3D pointby enabling the checkbat.imit Dense Poinds
14.LF ySOSaalNEZ NBYylIYS FyR aStSOG G§KS RQuwypkGile2 NB
o
Name: [ icon.
October2024
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15. Start the reconstruction procedsy clicking theStart @arseReconstructio B Gesefeonsructon] 11
The appearing progress window revedhe current status of reconstructiomcluding a live display
(Figurell).

Note:

Select Scene Region of Interestskipped wherDense Reconstructiooontinues automatically afteCoarse
Reconstrugon. The automatic mode can be interrupted by the user by an interaction on the computer;
i.e. movement of computer mouse or keyboard entry; afteoarse Reconstruction

Selection of images in the GPS viewer
LYF3S&a FT2NJ LINPOSaaAay3a OFy 0685 shéw/SeléxiisRopéhadbipoickifigéhe A y i K
corresponding buttor"ews=tin®®. The jmages represented by their GPS position as dots in the viBnaredure
(seeFigurel?):

1. Activate the user selection In the viewer by clicking the butioh St S O% A y 05

2. Select the images to be processky using the lasstunction in the 3D viewer. ebected images are
highlighted in the viewer and in the image list (rigth hand side) immediately after releasing the mouse
button.

3. Clickonthet ! LJLIEttenéto confirm the selectionThe dalog closes and the selection is applies to the
Configure projecinterface.

4. Follow tre standard operation procedure

October2024 22
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':' View/Select Camera Posttions

2Pty el gdie
* mTeee% s e

M R N P

Lo KR RN

@]\

ACle o>

Roti Roty IEECTTT TN

v

- m

DJI_0605JPG

DJI_0606JPG

DJI_0607JPG

DJ0608.PG

DJI_0609.PG

DJI_0610JPG

0J10611JPG

DJI_0612JPG

DJI_0613JPG

DJI_0614JPG

e View/Select Camera Positions

® @e e camy
V8w,
90000000, ‘w&.v‘

©0 o .0‘.;“000.... Od
000.... 0.’

..... ...

JOAN

ACle o>

Rotx Roty RIS

'§

'E

g
s

E

Figurel2: Image selection in thGPS viewer
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Import of co-ordinates
Dt{ RFdGF OFy 0SS AYLRNISR aSLJI NI (St dmpdit2CeonlifaieE @A R dzl f

Import Co-ordinates

button. Procedure:

1. Choosea text file containingthe positional informationand a dialogappears Figure9) requiring
following input

a. Character encoding

b. Used separator

c. Data classification (E/N/H and naroelatitude/longitude/altitude and name)
d. Select the source and destination-oodinate reference system:

i. Select the unit from the puliown menu for undefined source ewrdinate reference
systems. Available units amillimeter [mm], meter [m], inch [in], international foot
[ft], US survey foot [ft])

ii. Select a customized source and destinationocdinate reference systems by
selecting the radio buttoWVGS 84r Customand click in the button and select the

system in dialog (seligure8).

2. Click thea h Ydtton to import the ceordinates

Note:
For a successful importhié picture name of the loaded images and the importeebcdinates have to match.

5.2 Select scene Region afterest

Select 8ene Region of Interestllows to confine the reconstruction area toRegion of Interes{RO). The

definition of the Region of Interesis optional.lt is skipped bydf A O1 ANg@& == I&uttan. If noROlis
defined, the entire 3D point cloud of tHeoarse Reconstructiés used foDense Reconstruction

Note:
It is not mandatory, that thé&kOlincludes thamages with thesCRocations GCRanbe located outside th&OI
(see Chapteb.4.3for further information).

5.2.1 User interface

The user interfacecomprisesthe features shown irFigurel3. It consists of the 3D viewgewhich dsplays the
coarse 3D point cloudnd the coarse 3D modalith correspondingcameraand GP$ositions.The list on the
right hand sideshowsthe pictures used fo€oarseReconstructionData onCamera Referencirigonly available
if positional informationof the imagesds availabldEXIF information or import of eardinates).The number of
points used for referencing as well as statistic parameters are given.
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SMX MultiPhoto v4.14 Manual

JGSM

Region of interest
Camera distance based: Nearpois | B
Scene center based:  earpoins | B
Custom ROE: o |

| byimport | |l save

©

Visualization

[ show preview 30 model [G] &,
[ show cameras

[ Show referencing positions

Camera referencing
Cameras used: 195

Mean error: 164328 m
Max error: 4.314% m

Std.dev.: 0.94041m

=5 SMX MultiPhoto - o X
Select scene region of interest
Confine the region of interest based on the coarse 3D information
| ) ~
| Ve g
| [II 0DIL0S42PG
|
| 4 e
Q 1DJI0S43JPG
(€3
- 2DJ10544.PG

e Dolly

Coarse scene
Cameras total: 195

3Dpoints: 134873

v

i W
% 7DJI_0549.PG

3DJI_0545JPG

4DJI_0546PG

5DJI_0547PG

6DJI_0548.PG

= O NI_NSEN ING.
[ Show verified feature locations

% projectsetings | | Help |

Finish Using Preview 3D Model Next >

Camera eferencing

OO WN PR

List of images

Information of the coarse scene

3D viewer with point cloud and cameras
Features for defining thROI
Visualization in the 3D viewer

Figurel3: User interfaceSelect scene region of interedtthe SMX MultiPhoto

5.2.2 Features

The followingsection describes the available functionsSaflect Scene Region of Iegtwindow.

Region of hterest

Region of interest
Camera distance based: Nearpoints I Farpoints
Scene center based: Near points I Far points
Custom ROI: X Clear

! &,Import u Save

Camera distance based

October2024

Points whichexceed a certaitimiting distarceto the camera are removed
from the ROI The limiting distance decreasiéghe slider is moved frorfrar
pointsto Nearpoints The limiting distance is scaled relative to the size of the
coarse point cloud.
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Sceneenter based

Custom ROI

Select

0 Select

Clear

X Clear

Import ROI

I.il Import

Save ROI

H Save

Note:

A specificROIOF Yy 6 S

Points whichexceed a certaidimiting distarce to the scene center are
removed fom ROl The limiting distance decreasiéshe slider is moved from
Farpointsto Nearpoints. The limiting distance is scaled relative to the size
of the coarse point cloud.

TheROlcan be defined with @rawnpolygon by the user

Activates the drawng mode

Clearghe definedROI

Imports aROI@ PEYH ¢ FAE S

SavesthecurreROli 2 |y G PEYE & FALS

& SR O64a®EYf & F2NXIGO FyYR AYLRNISR

reconstruction of exactly the same area at different time steps. This features are only available for 3D models
with GPS information and enhances the processing afitoring rock masses.

Visualization
Visualization
Show preview 3D model LAY

Show cameras

Show referencing positions

Show preview 3D model

Update

O

October2024

Shows/Hides theoarse 3D model in the viewer

Updates thecoarse 3D modeb the outlinedROI

26
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Export

Lr
Show camera

Show referencing positions

Camera Referencing

Camera referencing

Cameras used: 195

Mean error: 1.64328 m
Max error: 431456 m
Std.dev.: 0.94041 m

Camera used

Statistics

Coarse Scene

Coarse scene
Cameras total: 195

3D points: 134873

Cameras total

3D points

General

Project Settings

f—.;. Project settings

Help

October2024

Exports the preview 3D mode ¢ ®2Yoé¢ 2NJ d d2oe2¢

Shows/hides the poditn of the camera in the 3D viewer

Shows/hides the positn of the GPS measuring points in the 3D viewer

Number of cameat position used for referencing

Meanerror, maximum error and standard deviation

Number of camera positions (images) useddgeneratingthe scene

Number of 3D points of the coarse scene

Allows to adapt the export settings of the current projegefieration ofthe

reconstruction reportprtho-photo, GeoTIFF y R
8.

4 ®2 6 8ee CHayttdrJ2 NIi 0
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Hel
| Hep Opens the user manual

Finishusing preview 3D model

Finish Using Preview 3D Model

is ready forreferendngin a final step

Next

Continues to theDense Reconstruction

Show verified feature locations

[] Show verified feature locations . L R . .
Shows/hides feature locations in the individual imaffegurel4)
=2 SMX MultiPhoto - [u] ¥
Select scene region of interest
Confine the region of interest based on the coarse 3D information
I / B ~
1A 1 Ij‘ 0DIL0522PG
am e aaas ﬂ ¥
g w -
&;‘ 3 - fQ 1DJ10543JPG
- E 3
s [
. - 2DJ1_0544.PG
‘ ‘ - R
- o
- o
RotX RotY Dolly v
Region of interest Visualization Ca A 7 7DIL05490PG
Camera distance based: Neorpoints l = B showpreview 3o model (Gl Cameras usea: 195 Cameras totak: 195 3
Scene center based:  Neargoins [l oees D show cameras Meanerror: 164328 m 3Dpoints: 134873
Custom RO | @ seteat X Clear [ show referencing positions Maxerror:  4.3149%6 m
std.dev: 034041 m 3 D)l 0550.PG v
odyimpor | [Fllswve £4 Show verified feature locations
Help | Finish Using Preview 30 Model] | iNext>T|

Figurel4: Verified feature locations are outlined in blue in tha@ividual images by activating the corresyiing
checkbox

Note:
A click on a single image in the image list allows the localisation of its camera p@Sitjorel5).
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3 SMX MultiPhoto - o x

Select scene region of interest
Confine the region of interest based on the coarse 3D information

148 DJI_0690JPG
- 149 DJI_0691.PG.
150 DJI_0692JPG

- 151 DJI_0693JPG
=

- 152 DJI_0634JPG
153 DJI_0695JPG

-
-
...

154 DJI_0696.PG.

RotX RotY NS

Region of interest Visualization G A

155 DII_0637IPG
Camera distance based: Nearpoints [l freore & showpreview 3D model (G A Camerss usea: 195 Cameras totak: 195

Scene centerbased:  Nearpoins [l 7ees [ Show cameras Meanemor  1.64328m 3Dpoints: 134873

3 a i Maxeror:  4314%m
Custom RO O selet ‘ X Clear [ Show referencing positions

Std.dev.: 094041 m

156 DJL_0698JPG v
v [ Show verified feature locations

‘ﬁ.lmpuv& ‘ Il sove

Flgure15: nghlighted camera position of selected images

5.2.3 Procedure:
1. Check thecoarse 3D point cloud for plausibility
2. Define Region of Interest
a. using the slidersext todCamera distance basédr éScem cente based
b. directly in the viewer using a boundary polygon
i. Click orthe 6Select ' @== | putton

ii. Click with the left mouse held down in the 3D viewer and draw a polyigurel6).
The polygon shouldefinethe desiredROI

iii. Relieve the mouse buttoand thepoint cloudis reduced to the outlinedROI(Figure

17).
iv. TheROlcan be deleted with a click dhe ¢Cleag [cer | button

3. Click orthe 6Next button to continue to thenext step

Hint:
t NI @hig while keeping the left mouse button pressealdraw a straight line.
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4 SMX MultiPhoto - o x

Select scene region of interest
Confine the region of interest based on the coarse 3D information

~
- o
- o
. o
- -
- ADJI-OWPG
- o
6DIL0548.PG
RotX RotY INEEEIEITTNN Dolly
Region of interest Visualization c ~ » 7DIL0S490PG
Camera distance based: Nearpoints l weees B showpreview 3o model (G A  Cameras usea: 195 Cameras tota: 195
Scene center based:  Nearpoints I farpoins [ Show cameras Mean error:  1.64328 m 3D points: 134873
Custom ROk X Clear [ Show referencing positions Maxerror: 431496 m
Stddev:  034041m 8DJL0550.PG v
[ Baimpor | [ e v [ Show verified feature locations
[ Project Settings| | help | Finish Using Preview 30 Model | [ Next>
Figurel6: Definition of ROI with polygon(greensolid line)
= SMX MultiPhoto - o X

Select scene region of interest
Confine the region of interest based on the coarse 3D information

;‘ - 0DJI_0542PG
|

AA A A p ! A X " .
“----\-\ﬁr--—‘ A
| -

AL D ‘A--h \

p -
. ; B - 1DJ1_0543JPG
SLaBa S = w s

Ao e

2DJI_0544PG

3DJI05450PG

4DJI_0546.PG

5DJI_0547.0PG

6DJI_0548.JPG

RotX RotY NI Dolly
Region of interest Visualization c i A ; 7011054906
Camera distance based: Nexrsois [l 5reors & show preview 30 model (&) Cameras used: 195 Cameras total: 195
Scene centerbased:  Nearpois l mreore 4 show camenas Meaneror,  1.64328m 3D points: 134673 ,
Custom RO [ show referencing positions Maxerror:  4.3149%6 m
Std.dev.: 0.94041 m 8DJI_0550PG v
v O Show verifed feature locations
et tep | Finish Using Preview 30 Model| | Next>
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Figurel”: Defined ROI after relieving the left mouse butfdhepoint cloudand the coarse 3D model afenited
to the ROI. Note the minimized bounding box.
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Note:

Theupdate of the preview 3D model by using the LIJRPraviéwo 5 a 2@ $ufitgn is not mandatory. Is
should be performed only if the coarse 3D model shows distorted or unwanted surface measurements (e.g. sky
or floor at border regions). No update is required for thense Reconstructipthe ROI is considered even
without updating the preview 3D model.

5.3 Dense Rconstruction

TheDense Reconstructiaralculates the detailed object geometry including a detailed point cloud, surface mesh
and texture.

5.3.1 User interface

The user interfac®ense Reconstructiaf the SMX Multifioto comprises the 3D viewavith the navigation bar
displaying the coarse 3D point cloadd thesettings forDense ReconstructidRigurel8).

=2+ SMX MuttiPhoto
LT ——
Compute a dense 3D scene

A= oD u@N\

Dolly

RotX RotY INIEETEETE

Preset: Normal v,
enoise data: Disabled v
imi O %
odel file name: [ E/MBa/Release_4.8/03_UAV preblast/03_UAV preblast_4_8jm3
Start Dense Reconstruction >

1 3D viewer withcoarse 3point cloud

2 DenseReconstructioisettings

3 hdziLddzi FAfS oad2Yo€vv
Figurel8: User interface DensesBonstuction
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5.3.2 Features

The followingsection describes the available functionstoé Dense Bconstructiorinterface

DenseReconstruction Settings

Preset Fast Preset for fasDense Reconstruction
Low resolution topography, low resolution texture
(for e.g.volume calculations)

Normal DefaultDense Reconstructi@ettings
Medium resolution topography, high resolution texture
(for e.g. blast design)

High Preset for high detalDense Reconstructiaettings
High resolutiortopography high resolution texture
(for e.g. rock mass characterisation)

Limitdense points Defines the upper limit of points whiafenerates the reconstructed
3Dmodel.Default value is 10.000.000 points.

Denoise depth maps Disable Disables noise suppression. Tpant cloudshould be usedor
applicatimswith standard requirements on surface qualityo special
geometricresolutionPresetis needed(e.g.for blast design, volume
calculations)

Enable Enables noise suppressiorhe point cloud can be used for
application with enhanced requirements on surface qualtgrmalor is
required(e.g.for rock mass characterisation)

o
Output file name 8 Opens a dialog for entering the directory and name of the final
3DY2RSf oad2Yoé¢ TFAf SO

General

Project Settings

5= Project settings Allows to adapt the export settings of the current projegefieration of the
reconstruction report, etho-photo, GeoTIFF Y R & ® 2 & 8ek CHayptdrJ2 NI 0
8.
Help
Help

Opens the user manual

Start DenseReconstruction

|S13rt dense reconstruction >|

Starts the reconstruction process and continues to the next step
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5.3.3 Procedure

1. Check thecoarse 3D point cloud for plausibility
Choose thédense Reconstructianode - Fast, Normabr High

5Aal 6t S DbddisellghthanapS &

o &~ w0 DN

+ .
Name: @ icon

6. Startthe reconstruction process by a click on tid8tart Dense Reconstructiér St dense Reconstrucion >
button. Theappearing progress windoghowsthe current status of reconstructior-{gurel9).

7. Inspect the 3D model in the 3D viewer

':' Dense reconstruction =

Dense reconstruction

@ Computing depth maps

@ Merging depth maps

@ Building mesh

@ Generating texture

@ Generating and saving 30 model file

30%
Merging depth maps - Adding depth maps to scene (1/35)

Figurel9: Progress window: Dense Reconstien

| % SMX MultiPhoto - E/MBa/Release_4.3/03 UAV preblast/03_UAV preblast 4 8.smm - o X
|
| 30 Model

Inspect the 30 model

A G« 0D k@

Help Referencing ., BxpotData| [ Bt |
Figure20: Final 3D model
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5.4 Standard Referencing
SMX MultiPhotgrovides three different modes of standard referencing:

1 Full Reference
The 3D model is s transferred into a superiofozdinate system by using known-oodinates of
externally surveye®@ CRat least three) by similarity transformation.

1 Single Point Mode
The 3D model is transferred to a-ocodinate system by using the awdinates of a single externally
surveyed poin{GCP) by similarity transformation. This mode is only available if the model is already
referenced EXIF GBSt allows to transfer the 3D model to a user definedocdinate system.

1 Sample Mode
Scaling in a local eardinate system

To enter the referencing interfacte button | Referencng | ¢Referencingl y Rontrol Poitsé from the pull
down menu Figure21) has to be selected.

Note:
The &tionsControl Point&nd StereoSetupanarked with asterispointing outunsaved data.

2 SMX MultiPhoto

3D Model
Inspect the 30 model

L @ N\

ACleo>»

Dolly

Help 1 Referencing | BxpotData [ &t |

= Inspect 3D Model
Control Points
Stereo Setups

Figure21: Action Control Pointérom the pultdown menu to transfer the model into a superiorardinate system

October2024 35



JGSM

SMX MultiPhoto v4.14 Manual

5.4.1 User interface

The user interfac&eferencingof the SMX Multiioto comprises the 3D viewer, the list GCPand statistic
parameters at the left hand sid®©n the right hand sidé consists of a viewer showirthe currentlyselected
image for referencingrd corresponding partner images.

Note:
TheStatus Informatiorprovideshints and guides the user through the referencing procedure.

2 SMX MultiPhoto - o x

Referencing
Reference the 3D model using Ground Control Points and corresponding image locations

Rotx Roty NI

w Ground Control

Mode: |Full Reference ~|  Co-ordinate system: | .. Generic, Meter [m]

Status information: Ok Status

“w Error statistics

Used  Status Name E[m] N{m] H{m] Repr-error [px. Depth eror ab Residual [m]
g e Ma7 -107406.29900 266937.68300 95251400  0.49114 0.00585 004873
® s 10742041500 26697286400 95227500  0.33803 0.00391 001429
[ Mag -107436.64800 266988.67900 95243300  0.48000 0.00564 002052
[ Ms1 10745736700 266973.43900 95256700  0.28648 0.00354 001164 < o
[ M52 -107415.10300 266917.00500 95170800  0.36609 000458 005354 3¢, Zoom to Terget Region | [ €3 ]
° Ms3 -107510.51000 266998.71300 93532000 038197 0.00643 003099
= e Mss -107439.65700 266908.57700 93218200  0.18346 0.00329 0.02798
et region radius: 1 2000m Bascline®
[ Enable image filter Inliers®
+‘E£Rﬂnmm‘ (@Read Global unit settings: Meter ]

View of the selected image
Partner images
Figure22: User interface Referencing

GO wWNPE

5.4.2 Features

The followingsection describes the available functionstoé Referencingvindow.

Ground Control Points

Full Reference

Full Reference ~

October2024

= ~ =
Depth error rel 001309 % 0.00943 % 0.00281 % DJI_0668JPG (126) DJI_0669.JPG (127) DJI_0667.JPG (125) DJI_0720PG (178) DJI_0670PG (128)
Residual 0.05354m 0.02967 m 0.01624 m < >
b | [Wiswe || deencng | [ExportDaa]
3D viewer
GCHist
Statistics

Mode for referencing the 3D model using three or mGEP
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Single Point

Single Point >

Sample Mode

Sample Mode ™

Coordinate system

Co-ordinate system: IZ'

AddGCP

+

Remove selected GCP

X

Remove all GCP

X Remove all

Read GCP from text file

ri Read

SliderTarget &e

Mode for referencing the 3D model using a sinGleP Only available

if the 3D model is already GPS referenced.

Mode for referencing the 3D model in a local-aalinate systemwith
a horizontal reference plane

Browsea specificco-ordinate systemFigure8) or chooseGeneric

Addsa newGCP

Removes the selectedCP

Removes alGCP

Import coordinates from aext basedfiled ¢ PO0& J¢é¢ = G PUEGES & DF

Changes the size of the target in the 3D viewer

Imagepreview and measurements

Remove Current Image Measurement

X

October2024

Removes the current measurement
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View full image

"

o Fits the sizef the image tothe size of the viewer

Zoom to Target Region

W, 200m to target region Zooms to the target region

Manual Target Mode
|

- . . i
] Activates manual targeting

Automatic Target Mode

ﬁ} Activates automatic targeting

Target Region &lius

I Definesthe zoom(radius)to the target region

Enable Image Filter

b4 Enable image fiter De/activates the image filter. Enabled filter: Images of the currently
clicked position in the 3D viewer are listddisabled filter: All images

used for 3D model generaticare listed.

General
Save
bl save wSTSNBYyOSa IyR at98a GKS o5 Y2RSt 0640
Referencing
Beferencingl > Choose another actionnspect 3D Modedr Stereo Setups

Export Data

Export Data Opens a dialofpr selectingexport possibilities; i.e. the reconstruction report

66 OLIRTHIKD (i 2 NIODESRR L0V TEGD 33 GYdRi AdTP2 6 2¢ S E L2 NJ
8.
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Exit

. Bt l Closes the&sMX MultiPhoto

5.4.3 Procedure- Full Referece

1. Choose the modé Cdzf f  wflReference 7 rgmShée pull down menu.

2. AddGChby

a. clickingthed ! RR i@ and entering the name and eardinates in theGCRlist.

b. clickingthed wS+ R D/t ¥ buidh &nd €haokeShitext basedile 6 & ® O &

GPHEGE T a ORI (¢ 54 6lodfluiNg detaits. { SS / KI LJG SNJ

3. Activate oneGCHn the list and dcalizeits positon in the 3D viewer by clicking the left mouse button

The list of reference images is updated and the active image is shown in the viseEigure23.

= SMX MultiPhoto - o

Referenci
Reference the 3D model using Ground Control Points and corresponding image locations

RotX Rotv NS Delly
w Ground Control Points.
Mode: Full Reference v Co-ordinate system: .. Generic, Meter [m]
Used  Status Name Elm] N[m] Hm] A Depth error ab Residual [m]
B e wm 10740629900 26693768300 952.51400 L o
B e Mag 10742041500 266972.86400 952.27500 2 =
g e Mag -107436.64300 266968.67900 95243300 - o -
& e Ms1 -107457.36700 26697343900 952.56700 - - - S . %
b e Ms2 -107415.10300 266917.00500 95170800 - - - X[ W, Zoom to Target Region | [ €32 1
g e Ms3 -107510.51000 266998.71300 93532000 s
° M4 -107525.18400 26698633600 933.90300 - = =
g e Mss -107439.65700 266908.57700 93218200 - - . Target region radius: [ ] ! Baseline®
[ Enable image filter Inliers@
o e e
+\E |X Remove All|(@Read Global unit settings: Meter 1
Status information: GCP 0 (M47): Not enough image measurements specified. Add at least 2 measurements tothe  Status@
w Error statistics
Max Mean Setder e T
Depth error rel - - - DJLOGI7.IPG (155) DJI_0676.PG (134) DJILOGY6IPG (154) DJILOBTZ.IPG (135) DJILLOGTS.PG (133)
Residual - - - <
[ hew | Wseve | i . [ExportData| [ Exit

1 ActiveGCHn the list

2 Localization of th&sCPon the 3D model
3 Activeimage

Figure23: Localzing GCP in the 3D viewer

gé X

4,

Choosethaé a | ydzl £ ¢ | ibbE& thead ARI2eY (i A Oand @&mMrs the tabgetyby clicking
with the mouse in the viewerf-or locating the target discs the image should be zoomed as much as
reasonable for visual interpretation. Check the position of the center by changing the size of the reticule.
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The reticuleiswelD Sy 4§ SNBER AT (GKS OANDt Sa (2dz0K GKS GF NBS
points and in two perpendicular directiongigure24).

5. Choose at leas2imagegmorethan 3are recommended3howingthe sameGCRand centre the target
position in the viewer. The status sign&aselineand thelnliersturn into green and the error of re
projection and depth is displayed in ti&CRist. SeeFigure25.

Hint:
Switch between the individual images in the list by using the arrow keys left and right.

Figure24: Check of the target center

2 SMX MultiPhoto - - o X

Referenci
Reference the 3D model using Ground Control Points and corresponding image locations

Rotx Rotv INMEITI T
w Ground Cor
Mode: Full Reference v Co-ordinate system: .. Generic, Meter [m]
2 s i
I B @ M47 _107406.29900 266937.68300 952.51400 024644 000318
3 10742041500 26697286400 95227500 - -
g e Ma9 -107436.64800 26698867900 95243300 - -
g e Ms1 10745736700 26697343900 952.56700 - - i< 2
o wm: 10741510300 266917.00500 95170800 - - . [ 8] s Zoom to Terget Region | [1€3)  [I
b e Ms3 -107510.51000 266998.71300 935.32000 - -
g e M54 -107525.18400 26698633600  933.90300 . .
b e M55 -107439.65700 26690857700 932.18200 - - “ Target region radius: l 2000m
[ Enable image filter @
H- %X Remove ]| G Read Global unit settings: Meter 1 o
Status information: GCP 1 (M48): Not enough image measurements specified. Add at least 2 measurements to the Status @
w Error statistics i =
Hax Hean Sader . e
Depth error rel 0.00659 % 0.00659 % 0.00000 % DJI_0697.JPG (155) DJI_0676.0PG (134) DJI_0696.JPG (154) DJI_0677.JPG (135) DJI_0675PG (133)
Residual - - - < >
[her | Bise | [ Refeendng | [Bporosa]

Figure25: Targeting of GCP
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Note:

Refer to the hints given in th&tatusinformation, if one of status signaBaselingdistant ratio between images)

andInliersturn into orange or red.

Attention:

Marking of GCPpositions is crucial for the metric accuracy of the 3D model and thus should be performed

carefully.

o

Activatethe nextGCHn the listand repeat steps 2 4. Continue until alGCRpositions ardocalized
7. Che& the error statistics and th&tatus hformation (green status signals) and enable referencing by

Of A O1 /Bav@ M= 3putton. SeeFigure26.

8. Choosean action form the pull down me@eferencing% or close theSMXMultiPhoto

oe

Ot A CEkig , = bkt®n. &

2 SMX MultiPhoto

Referencis

Reference the 3D model using Ground Control Points and corresponding image locations

e\

X

S

A
a
3
&
«

RotX Roty INEIEITICTOmEN
“w Ground Control Points-
Mode: FullReference | Co-ordinate system: || Generic, Meter [m]
Used  Status Name E(m] Nim] Him) Repr-ertor [px. Depth error ab. Residusl[m]
E & Ma7 -107406.29900 266937.68300 952.51400 049114 0.00585 0.04925
E [ ] M4s -107420.41500 266972.86400 952.27500 0.28838 0.00330 0.01618
% J M4 -107436.64800 266988.67900 952.43300 0.48000 0.00564 001979
E @ M51 -107457.36700 266973.43900 952.56700 0.28648 0.00354 0.01141
[ ] Ms2 -107415.10300 266917.00500 951.70800 0.36609 0.00458 0.05365
E [ ] Ms3 -107510.51000 266998.71300 935.32000 0.38197 0.00643 0.03169
(% MsS -107439.65700 266908.57700 932.18200 0.18346 0.00329 0.02776
H- [ X Remove At || G@Resd Global unit settings: Meter 1
Status information: Ok Status @
 Error
o oo suder
Deptherorrel  001309% 000925 % 000200 %
Residual 0.05365m 0.02996 m 0.01622m
[ nep |

<
[X () B Zoom to Target Region| [1652  ]

Target region radius: 1 2000m Baseline®
[ Enable image filter Inliers®

DJI_0705JPG (163) DJI_0709.0PG (167) DJI_0559JPG (17) )JI_0560JPG (18) DJI_0708.PG (166)

<

Wsave || Referencing. . | Export Data Exit

Figure26: Valid GCP and error sistics

Note:

A definedROI(Chapter5.2) does not limit thdocalization olGCP GCRnay be located outside the generat@®
A oheckbBx. Thé Wwhal&Saetkof images used for the getimmaf
the 3D model, including images f@oarse Reconstructipmvill be listed. The user has to seledte images

model by deactivating thex 9 y' I 6 f S

showing theGCHnanually from the list.
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Note:

AGCRs excluded by clicking the corresponding checkbox in front of its name i@ @ist.

544

Note:

Procedurecg Single Point

Choose the modéSingle Poirit ="t~ from the pull down menu.
Add theGCROffse) by:

a. entering theOffsetco-ordinatein the GCHist

b. clickingthed wSF R D/t F.%= g®REi2\CAHYBR OK22a8 (KS (SE
GPUEGE T a DRI (¢ 54.6homfliNgl detaid. { SS / KI LIG SNJ

Localizethe position in the 3D viewer by clicking the left mouse button. The list of reference images is
updated and the active image is shown in the viev@seFigure23.
Choosethaé a | ydzl £ ¢ | ibeE& thead ARI2eY (i A Oand @imRr8 the tabgetyby clicking
with the mouse in the viewer. For locating the target discs the image should be zoomed as much as
reasonable for visual interpretation. Check the position of the center by changing the size of the reticule.
The reticules wellOSY i SNBER AF GKS OANDESa G2dzO0K GKS G NBSG
points and in two perpendicular directiongigure24).
Choose at least 2 images (3 or more are recommended) showing theGa&ind centre the target

position in the viewer. The status sign&aselineand thelnliersturn into green and the error of re
projection and depth is displayed in ti&CRist. SeeFigure25.

Check theStatus Informationd ANB Sy aidl Gdza aA3aylrfao FyRSH&FofS
Wisee | hutton. SeeFigure27.

Choosean action form the pull down menéReferencing  *== - or close theSMXMultiPhoto
o8 Of A Bk, & bKtBn. &

Refer to the hints given in th®&tatusinformation, if one of status signaBaselingdistant ratio between images)
andInliersturn into orange or red.
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= SMX MultiPhoto - o X

Referencing
Reference the 3D model using Ground Control Points and corresponding image locations

“w Ground Control Points
Mode: [SinglePoint |  Co-ordinate system: | .. Generic, Meter [m]
Status  Name Elm] N [m] Him] Repr-error [px]  Depth error abs [m
L ] Offset -107406.29900 266937.68300 952.51400 0.42092 0.00483
< >
[ @, Zoom to Target Region| [ ]
Measurements
Target region radius: 1 2000m Baseline®
[ Enable image filter Inliers®
(WRead | Global unit settings: Meter 1
Status information: Ok Status @
w Error statistics
v vean suer -
Depth error rel 001102% 001102% 0.00000 % DJI_0663.0PG (121) DJL0664.PG (122) DIL0662.JPG (120) DIL0665.JPG (123) DII_0689.IPG (147) [i
Residual - - - g 5
[ bep | [ soe || ing .| | ExportDota | [t

Figure27: Single Point mode

5.4.5 Procedure¢ Sample Mode

1. Choose the modéSample Mode 5%~ from the pull down menu.

2. Llocalizethe position of theFirst Pointin the 3D viewer by clicking the left mouse button. The list of
reference images is updated and the active image is shown in the viSseFigure23.

3. Choosethé al ydzl f ¢ IidbH®& thedd RI2eY | (G A Oand &Rr8 the tabgetyby clicking
with the mouse in the viewer. For locating the target discs the image should be zoomed as much as
reasonable for visual interpretation. Check the position of the center by changing the size of the reticule.
The reticules wellOSY i SNBR AF GKS OANDt Sa G2dzOK GKS G NBSG
points and in two perpendicular directionBigure24).

4. Choose at least 2 images (3 or more are recommended) showing the G&#end centre the target
position in the viewer. The status sign&aselineand thelnliersturn into green and the error of re
projection and depth is displayed in ti&CRist. SeeFigure25.

5. ActivateSecond Poirdnd Plane Poirin the listand repeat steps 2 4.

6. Check the error statistics and ti&tatus Informationgreen status signals) and enable referencing by
clicking thea { | s | pytton. SeeFigure28Figure28.

7. Enter thedistance between thdirstand the Second Poinin the @ y i SNJ t 2 A flidlog.5éed (i | y O
Figure29.

8. Choosean action form the pull down menw / K22 a$ %- or close the
SMXMultiPhotoo & Of A CEkig , = IHat®on. &
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Note:
Refer to the hints given in th&tatusinformation, if one of status signaBaselingdistant ratio between images)
andInliersturn into orange or red.

% SMX MultiPhoto - 0O X

Reference the and

Depth error rel [%)]
0.03524
Second Point 0.02706
Plane Point 061765 0.02554

Z('Z}lh-!»mmﬁx@@?

Target region radius: 1 Baseine @
Enable image fiiter Inbers @

Global unit settings: Meter 0 4
Status information: Ok
“w Error statistics. v &
- — v IMG_0051JPG (20) IMG_0050.PG (19) IMG_0049JPG (18) IMG_0034.JPG (3) M
Depth error rel 0.03524 % 0.02928 % 0.00522 %
Resdudl - - - € 5
Hep e | (Eoriam =

Figure28: Standard ReferencingSample Mode

-:l Enter point distance h¢
Point distance
[z.000 ]

[ ok | cancel |

Figure29: Enter point distance

5.4.6 Import of co-ordinates

The ceordinates(E/N/Hor latitude/longitude/altitude) of the GCRFull Referenceode andSingle Poinmode)
Oy ©6S f 2t RTAFINE Y2 NJ DK S NEsé $ E G apaimiiESondthds Hbe defBeabld & o ¢
correctly during the import process (séégure30).

Example fora ®0& @¢ FAf Sa
Point¢ Comma
XX XXX, YY.YYY,ZZ2.27Z
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Commag Semicolon
XXXXXYY,YYY ;22,277

Point¢ Space
XX XXX YY.YYY 2Z2.2ZZ

Coordinates:

Easting / Northing / Elevation
9453674.75  456235.21 248.45
9452978.18  456576.89 223.15
9458763.65  456832.76 287.83

Point nameand co-ordinates

GCP_Name / Easting / Northing / Elevation
GCP1 9453674.75 456235.21 248.45
GCP2 9452978.18 456576.89 223.15
GCP3 9458763.65 456832.76 287.83

Procedure:

1. Clickonth&xwSI R D/ t &b

2. Adialog windowKigure30) appears requiring following inputs:

a. Character encoding

b. Used separator

JGSM

c. Data classificatio(E/N/H and namer latitude/longitude/dtitude and name¢

d. Select the source and destination-oodinate reference systergseeFigure30):

iii. Select the unit from the pullown menu for undefined source eardinate reference
systems. Available units afmillimeter [mm], meter [m], inch [in], international foot

[ft], US survey foot [ff)]

iv. Select a customizedource and destination cordinate reference systems by

selecting the radio buttoWVGS 84r Customand click in the button and select the

system in dialog

3. Click thea h Ydtton to import the ceordinates
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2 Impert Co-ordinates

Encoding W8 v
Separstor
® Comma O Semicolon O Tab O One Space O Multi Space

Decimal Separater

® Paint O Comma

w3 Import Co-ordinates (] ®
Encading UH-8 v
Separator

E Position | NPosition | HPesitien
‘Bmmd(uﬂfm\%lm | -107406.299 266937683 952514
| round Controt oint | 107220415 266472864 952275
| Ground Controt point | 107236 648 266088679 952433
‘qunr!(on:m\lioim ~| .10757.367 266973.439 952,567
‘Gmu-dc\:n:w\l’uim ¥| -w0m1s.103 266917.005 951.708
‘Gluwd(onw\hlm ~ 10751050 266098.713 9532
‘Glnmdcor\w\ﬂoim v 0T 266085,336 933.903
‘fnuundenlm\Pul"l v 107430657 266908.577 2182

Source co-ordinate reference system
[=] Generic, Meter [m)

Destination co-ordinate reference system

Character encoding
Separators
Data

OO WwWN PR

Ignare
W7

W4g

® Comma O Semicolon O Tab O One Space O Multi Space

Decimal Separator

® Point O Comma

E Position « | NPposition « | Position | [ignore =
|CIl=un|! Control Point ~ 107406299 266937.683 952514 M47
| Ground Controt Paint | 107120415 266972864 952275 r
|@D\.I'\ﬂ Control Point ~  -107436.648 266988.679 952433 Mg
|Gmund Control Point ~ 107457357 266973 439 952,567 M5!
|Gmund Control Point ~ .107415.103 266917.005 951.708 M52
|Cwuum! Control Point ~  -107310.51 266%8.T13 93532 MS53
|Gf¢\-|l\d Control Point ~ .107525.184 266986.336 933.903 M54

| Ground Cantrot aint | -107438.657 65008.577 32182 M3
Saurce co-ordinate reference system
[o2] M61/ austia Central (EPSG:9272)
Destination co-ordinate refesence system 6
[52] MGl / ustris west (EPSG8271)

i

Generic import in bits (undefined source cordinate reference system)
Custom source cordinate reference system
Custom destination cordinate reference system

Figure30: Import of ceordinates Left: generic data import. Right: customizedordinate system
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6 ConstrainedReferencing

For the description of user interfaces andrrespondingeatures of the individual stepeefer to Chapters.1
(Data input andCoarse Reconstructiprb.2 (Select scene Region of Interemtyl5.3 (Dense Reconstction).

6.1 Data input andCoarse Reconstruction

1. Loadimage data by clickingte2 F R F2f RS N igoNA prégeess Rindovk dpf@ars during
scanning andbading.

2. Check if all required images for processing are selected. If not, adapt the list of images by enabling or
disabling the checkbox in front of the images, respectively, or use the buttopsalle | U4 . or
(’X : Ei]cﬁ]é Use None .

3. Check if the pictures fgorocessing have a generieXIfr or calibration entry assigned. A

4. If GPS cordinates are available, the user can check the relative camera positions and geographical
position by clicking théShow/Select in 3L Sewssceednate 1y tion, |n addition, the dialog supports the
selection of images directly in the 3D viewer by using the computer mouse (refer to end of chapter for
further information)¢ KS L2 aA A2y 2F GKS AYlF3Sa Oly ISfiow2 o685
in GoogleMapsé Sovinteodetaps. hyjtton,

5. GPSc@ NRAY | iSa Ol y 0S A YLzdio®ml ofEmpter forfurtibedinfoEmaton ¥ A £ S

6. 9y GSNI I LINB2SOG yIYS yR a8t SO0 O Efortfoptios NS R S E L.
button (see ChapteB). The export start automatically when leaving &I X MultiPhot@after 3D model
generation.

7. ChooseCoarse ReconstructianS (i (i Noyhigi(detault).

. N A x4 4 aA = S .
8. Rename théProject Fil® a @aYY£é 0 | yR aSft S00 (KSaRNNRGH&E™E (2 3&
iconin General Settings

9. Enablehe reference modeConstrained Referencirfgigure31)

10. Start the reconstruction process by a click on thdart Coarse Reconstructiod
button. The progress window reveals the current status of reconstruction including a live display.

Note:
TheAutomatically Continued®onstructiondoes not feature the use @@onstrained Referencirfgee ChapteB).
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= SMX MultiPhoto - o X
Configure project
Choose image files, set calibration, referencing and other reconstruction parameters
Images
(@ Load Folder | (g Load Files
Folder: E:/MBa/Release_4.8/03_UAV preblast
Images: 250 total / 0 calibrated / 195 generic / 55 incomplete / 0 invalid
& 2 2 = - .
Name Calibrationtype  Focallength ~ Referencing ~ Camera Seial o
DI 0S63JPG  EXIF 38mm WGS 84 (EPSG:4... FCB510 770200122671
¥ DI 0S69IPG  EXIF 38mm WGS 84 (EPSG:d... FCE510 7770200122671
DIOSTOPG  EXIF 38mm WGS 84 (EPSG:4... FCE510 770200122671
B D) 05710pG EXF 82mm WGS 84 (EPSG:d... FCE510 7770200122671
1L0ST2.0P IF : W PSG:d.. FCB51 7770200122671 : - =
@ i OR0>720¢G1 e S GSEHERSGHLRCOSI) na0f27, Low-resolution preview. For full resolution diick this ime
- Project
I_0573.0P IF % W PSG:A... 1 T 1. 1
] DIOST3IPG  EX 88mm /GS 84 (EPSG:4... FC510 1020012267 ot mme 5 UAY prebiet
P Export options: %= Report, Ortho-photo
O R 8 D) 05740PG  EXIF 88mm WGS 84 (EPSG:4... FCE510 70200122671
& @5 ¥ 011 057506 EXIF 28mm WGS 84 (EPSGi4... FCE510 7770200122671 Co-cedinate syaterme | WGS84/UTM zone 33N (EPSG:32633)
— Import Co-ordinates
%] DIOSTEIPG  EXIF 88mm WGS 84 (EPSG:d... FCE510 mom2m |
o Coarse density: Normal v
%] S DI0STIPG  EXF 88mm WGS 84 (EPSG:d... FCE510 770200122671
Auto-calibration: Enabled
Project file name: B E/MBo/Release_4.8/03 UAV preblast/03_UAV preblastsmm
] DIOSTBIPG  EXIF 88mm WGS 84 (EPSGid... FC6510 TT0200122671 ,
< > D i
Use All Use None  Right-dlick selected images for more options. Show/Select in 30| Show in Google Maps I [ Constrained referencing I
Calibrati Automatically start after 30 second(s)
@ Registered calibration Camera Lens Preset Normal
Generic | | Generic v Denoise data: Disabled
O Calibration file - Limit dense points: 10000000
Assign to Selected Images| | Assign to All Images| Reset Assigned Calibrations. 3D model file name 8 E/MBa/Release 4.8/03_UAV preblast/03_UAV preblastjm3
Help

Figure31: Enabling of the Constrained Referencing Mode

6.2 Select scene Region afterest

The definition of &ROlis optionalltA & &1 A LILIS R  NedE 6uttdn ylf=ho RDKs $lefided, the
outlined coarse 3D modeat used foiDense ReconstructioBee Chapteb.2for detaileddescription.

Procedure:
1. Check the coarse 3D point cloud for plausibility
2. Define Region of Interest

“A A ~z oz P

a. dzaAy3 (KS i ATEINE RASJENNYBSY & I ABYRENS

(@]}
ax
w
¢
™~

b. directly in the viewer using a boundary polygon:
i. Click on ther { & £ @== |kutton

ii. Click with the left mouse held down in the 3D viewer and draw a polygon. The polygon
should define the desireROl

iii. Relieve the mouse button and the point cloud is reduced to the outliRéd

iv. TheROIOI Y 68 RSt SGSR /A% | putdh A O1 2y G(KS

3. 1 £t A0l Next [ I8yuttén to continue to the next step
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6.3 Constrained Referencing

The interface ofConstrainedReferencing(Figure32) is similar to theReferencingnterface (sed-igure22)

wherebytwo additionalfeature are provided:

Run
| Aun RunsGCPoptimization
Reset
Reset Reset<5CPRoptimization
2 SMX MultiPhoto - O X
e e o P

Rotx RotY NI
Mode:  Co-ordinate system: || Generic, Meter [m]
Used  Status  Name Em] N [m] H [m] Repr-error [px]  Depth error abs [ Residual [m]

=2 e Ma7 -107406.29900 26693768300  952.51400 031178 000457 003978

[ Mdg -107436.64800  266988.67900  952.43300 040574 000431 002162

g e Ms1 -107457.36700 26697343900  952.56700 036440 000432 001967

2 e Ms2 10741510300 266917.00500  951.70800 027643 000395 005297

[ Ms3 10751051000  266998.71300 93532000 0.14930 000301 003251

L] MsS -107439.65700 26690857700  932.18200 0.16299 0.00297 003636

p— 1
([ Zoom to target region || X [ €3]
i+1x XRemove ol | {@Resd Global unit settings: Meter 1
Target region radius: I 2.000m Baseline @
SR b o R seus® ] Enable image fiter Iniers ®
= o
Max ear Sder
Depth error rel 0.01069 % 0.00736 % 0.00275 %
Resicial 202070 203500 Q020
w Constrained
is optimizat at Control Points, buti ‘depends on the accuracy of the provided
geo- 1 their and ontrol Points. DJI_0697.JPG (155) DJI_0676.JPG (134) 0696JPG (154) DJI_0677.JPG (135) DJI_0675JPG (133) DJI_0681.JP|
[ Run Reset optmzed® | < >
[Srrojectsetings] | b | Reference >

Figure32: Interfaee of Constrained @imization

Procedure:

1. AddGCPoy

a. clickingthed ! RR i@n T and entering the name and eardinates in theGCHist.

b. clickingthed wS I R D/ t
GOGEGE X
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2. Activate oneGCHn the list and dcalizeits position in the 3D viewer by clicking the left mouse button.
The list of reference images is updated and the active image is shown in the viewer.

3. Choosethé al ydzl f ¢ I idbH® thedd RI2EY | G A Oand &mRr8 the tabgetyby clicking
with the mouse in the viewer. For locating the target discs the image should be zoomed as much as
reasonable for visual interpretation. Check the position of the center by changing the size of the reticule.
The reticules wellOSY i SNBR AF GKS OANDESa G2dzO0K GKS G NBS
points and in two perpendicular directions.

4. Choose at least 2 images (more than 3 are recommended) showing theGaramd centre the target
position in the viewer. The status sign&aselineand thelnliersturn into green and the error of re
projection and depth is displayed in ti@&CHist.

5. Activatethe nextGCHn the listand repeat steps 2 4. Continue until alGCRpositions are localized.

6. Check theStatus Information(green status signals) and enable referencing by clickingdthedzy ¢

B button. TheOptimizedsignal turn into green.
7. Check the error statistics and enable referencing by clickingitheS ¥ S I CEEEIE S Sétton (Figure
33

Further optimize tch ind Control Points.

JCIAN

»

SNILITII (G e O D

Rotx Roty NI T TN

“w Ground Control Points.

Used  Status  Name Em N [m] H [m] Repr-error [px]  Depth error abs [ Residual [m]
° Ma7 -107406.29900 26693768300  952.51400 006016 000088 000571
L ] M4 -107436.64800  266988.67900 952.43300 0.08251 000088 0.00126
® Ms1 -107457.36700 26697343900  952.56700 0.03457 0,00040 000141
L ] MS2 10741510300  266917.00500  951.70800 0.02507 0.00036 0.00570
[ ] Ms3 -107510.51000  266998.71300 935.32000 0.02027 0.00041 0.00104
L] M55 -107439.65700  266908.57700  932.18200 004449 0.00081 000381

Global unit settings: Meter | |
Target region radius: I 2.000m Baseline @
Status @ [ Enable image filter Iniers®
w Error statistics
Max Mesr. Sudides
Depth error rel 0.00218 % 0.00118 % 0.00062 %
Resdual S005Z00 L003150 002220,
 Constrained referencing
at Control Points, depends on the acauracy of the provided L .
i , their i and i ontrol Points. DJI0BIT.IPG (155) DJI_0676.PG (134) DJI_0696.PG (154) DJIOSTTIPG (135) DJIOGTS.PG (133) DJI_0631.JP,
oo — >
|SProjectsettngs | | tep | Reference >

Figure33: Valid GCP positions and optimized error statistics

6.4 Dense Reconstruction

See Chaptes.3for detailed description.

October2024 50



SMX MultiPhoto v4.1¢ Manual 3GSM

A W b P

Check the coarse 3D point cloud for plausibility

Choose théense Reconstructionode- Fast, Normabr High

Disable oré5 y | oDle-r®isaidepth maps

hlLliA2ylftes tAYAG GKS ydzYoSNI2YAGS55BAPLE2AYGEYI
LT y50S8aalNBEs NBYFYS FyR a46f800 (KS RaupkGile2 NBE 2
Nameéﬁicon

{GFNI GKS NBO2yalNHzOG A Staft DabePRECBristaCtidy SetPenseReconsiction> G | 2 v
button. The appearing progress window shows the current status of reconstrutigarél19).

Inspect the 3D model in the 3D viewer

dose theSMXMultiPhotoby clicking thed 9 E- & | putton.
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7 Selection ofStereo Setups

Image pairs, so calleBtereo Setupsare used far
91 scalinga generic3D moctlin a local ceordinate systenwith the SMX Normalizer
9 transforminga 2D Map onto a 3Dmodelwith the SMXMapper
9 scaling/referencing a 3D model by the useRainge Polewith the BMX BlastSiteGenerator

Stereo Setupsan be added to th8D Model only manually by the useRefer to the corresponding user manuals
for further information.

7.1 User interface

The user interfac&tereo SetugFigure34) of the SMX Multiloto allows the selection of image pairs, so called
Stereo Setupdt comprises a preview windogimage Viewtab), a list ofReferencémageswith corresponding
Partner Imageand the list ofSelected Pair§’he3D Viewtab shows the generated model in the 3D viewer.

Image Viewab
3DViewtab
Preview window
List ofReference Images
List ofPartner Images
List ofSelected Pairs
AddStereo Setups 2 NI d2 Y Y €
igure34: User interface Stereo Setup of the SMX MultiPhoto

T~NO O WN P
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