Tutorial (Beginner level):
Orthophoto and DEM Generation with Agisoft PhotoScan Pro 1.1
(with Ground Control Points)

PhotoScan Preferences
Open PhotoScan Preferences dialog from 7ools menu using corresponding command.

F -
H PhotoScan Preferences ﬁ H PhotoScan Preferences ﬁ
General | OpenCL I Advanced I Metwark | General OpenCL | Advanced I Netwark |
User Interface Active CPU cores:
Language: [English - ] rJ 8f12

Background color: | #oooooe Select... OpenCL devices:

GeForce GTX 680 (8 Cores @ 1137 MHz, 2048 ME)

Stereoscopic Display GeForce GTX 680 (8 Cores @ 1137 MHz, 2048 ME)
Mode: [Anaglyph - ]
Parallax: 1.0 D

Processing Log

Write log to file:

D:/PhotoScan_Pro_1. 1.txt :] When using OpenCL, please deactivate one CPU core for each GPU
in use for optimal performance.,

Pk H Cancel H Apply ] oK i’ Cancel ][ Apply ]

Set the following values for the parameters in the General tab:
Stereo Mode: Anaglyph (use Hardware if your graphic card support Quad Buffered Stereo)
Stereo Parallax: /.0
Write log to file: specify directory where Agisoft PhotoScan log would be stored
(in case of contacting the software support team it could be required)
Set the parameters in the OpenCL tab as following: Check on any OpenCL devices detected by
PhotoScan in the dialog and reduce the number of active CPU cores by one for each OpenCL
device enabled.

(H Photoscan Preferences = Set the following values for the parame-

o T .ters in the Adv.anced tab:
-ijectF-"ES Project compression level: 6
Keep depth maps: enabled

Compression level: [ D K .
eep depth maps Store absolute image paths: disabled
[ Stare absolute image paths Check for updates on program startup:

enabled
Enable VBO support: enabled

Miscellaneous

Check for updates on program startup
[ switch to model view by default
Enable VEO support

[ Reset All Settings ]

E OK i[ Cancel H Apply ]




Add Photos

To add photos select Add Photos... command from the Workflow menu or click Add Photos button
located on Workspace toolbar.
In the Add Photos dialog browse the source folder and select files to be processed. Click Open button.

Load Camera Positions

At this step coordinate system for the future model is set using camera positions.

Note: If camera positions are unknown this step could be skipped. The align photos procedure,

however, would take more time in this case.

Open Reference pane using the corresponding command from the View menu.
Click [ Import button on the Reference pane toolbar and select file containing camera positions
information in the Open dialog.
The easiest way is to load simple character-separated file (*.txt) that contains x- and y- coordinates
and height for each camera position (camera orientation data, i.e. pitch, roll and yaw values, could also
be imported, but the data is not obligatory).
In the Import CSV dialog indicate the delimiter according to the structure of the loading file and select
the row to start loading from. Note that # character indicates a commented line that is not counted while
numbering the rows. Indicate for the program what parameter is specified in each column through setting
correct column numbers in the Columns section of the dialog. Also it is recommended to specify valid
coordinate system in the corresponding field for the values used for camera center data.
Check your settings in the sample data field in /mport CSV dialog.

H Import CSV

2]

Coordinate System

|WGS 84 (EPSG::4326)

h |

Delimiter Columns
@ Tab Label: 1 = Load orientation
Semicolon
Tr—e Longitude; 2 = Yaw 5
Space Latitude: 3 |2 Pitch: 6
Other:
Altitude: 4 = Raoll: 7
| Combine consecutive delimiters
Startimportatrow: 1 |5
Label Longitude Latitude Altitude il
# Label ®/East Y/ Morth ZiAlkitude =
IMG_0002.JPG 40138147 47.793178 391.780913
IPMG_0003.JPG 40138176 47.793470 391.980730
IPMG_0004.JPG 40138278 47793908 393.313226
IPMG_0005JPG 40138275 47.794150 394678983
IRAG 0006, PG 40138224 47 .79445R 394 545758 X
QK ] | Cancel |

L

Click OK button. The data will be loaded into the Reference pane.

6 Import EXIF button located on the Reference pane can also be used to load camera positions
information if EXIF meta-data is available.



Then click on the % Settings button in the Reference pane and in the Reference Settings dialog select
corresponding coordinate system from the list.

B Reference Settings

[S5C)

Coordinate System
|WGS 84 (EPSG::4326) -
Measurement accuracy Camera correction
Camera accuracy (m): 0 [ Enable correction
Marker accuracy (m): 0.005
Scale bar accuracy (m): 0,001 X |0 Yaw: |0
Projection accuracy (pix): 0,1 Y: |0 Pitch: |0
Tie point accuracy (pix): 4 Z: |o Raoll: |0
Miscellaneous
Ground altitude {m):

E Ok ; [ Cancel ]

Click OK and camera positions will be marked in Model View using their geographic coordinates:
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Console Photos

Bl model_1.1.psz* — Agisoft PhotoScan
File Edit View Workflow Tools Photo Help
DR 92 @EICOCBRE XY
Reference 5 X
EERE B> QW EEB %
Cameras Longitude Latitude Altitude  *
E IMG_0002.JPG 40138147 47793178 391780913 |
[&] mG_o003.1pG 40138176 47793470 391980780 |~
E IMG_0004.JPG 40138273  47.793908 393313226 —
[=] mG_0005.0pG 40138275  47.794150 394.678983
E IMG_0006.JPG 40138224  47.794436 394545738
[=] mG_0007.0rG 40138180  47.794626 394046071
[=] mG_0008.0rG 40138118  47.795008 394.645672
[=] ™G 0009.0PG 40138110  47.795198  397.044074
[=] mG_0010.0rG 40138123 47.795573  399.409166
[E] m6_oo11.JpG 40138131 47.795761  402.940148
[=] mG_0012.r6 40138129  47.796104 404938817
E IMG_0013.JPG 40138120 47.796362 403606371
[=] mG_0014.0rG 40138110  47.796576  401.574391
IMG_0015.JPG 40138101 47.796793  400.375189
[=] mG_0016.0PG 40.138088  47.797172  400.508434
E IMG_0017.JPG 40138085  47.797383 402007436
[=] mG_0018.rG 40138091  47.797743 403672993
[ mG_0019.PG 40138106  47.798151 404.405838
[=] mG_0020.0r6 40138110  47.798306  402.240614
[&] mG_0021.0rG 40138110  47.798822  404.439150
[=] m6_0022.p6 40138007  47.798944 407337220
[=] mG_0023.0r6 40138093  47.799212 408736288
E IMG_0024.JPG 40138096  47.799485  406.904175
[&] mG_0025.0P6 40.138099  47.799851  404.305905
[ m5_0026.0PG 40138100 47.300044 401441146
v?lm mm[.;}nn o] 40138111 47800156 dﬂﬂ.d?‘ﬁ?%r S
Reference Workspace

If you do not see anything in the Model view, even valid camera coordinates have been imported,
please check that Show Cameras button is pressed on the Toolbar. Then click Reset View button also located

on the Toolbar.



Align Photos

At this stage PhotoScan finds matching points between overlapping images, estimates the camera
position for each photo and builds the sparse point cloud model.
Select Align Photos command from the Workflow menu.

- h
E Align Photos M

- ¥ General
Accuracy: [High - ]
Pair preselection: [Reﬁeren::e - ]

- ¥ Advanced

Key point limit: 40000
Tie point limit: 1000

Constrain features by mask

| K. | [ Cancel ]

Set the following recommended values for the parameters in the Align Photos dialog:
Accuracy: High (lower accuracy setting can be used to get the rough camera positions in the
shorter time)
Pair preselection: Reference (in case camera positions are unknown Generic preselection
mode can be used)
Constrain features by mask: Disabled (Enabled in case any areas has been masked prior to
processing)

Key point limit: 40000
Tie point limit: /000

Click OK button to start photo alignment. After some time you'll get sparse point cloud model
shown in the Model view. Camera positions and orientations are indicated by blue rectangles

in the view window:
( Bl model_1.1.psz* — Agisoft PhotoScan lilﬂlg‘

File Edit View Workflow Tools Photo Help
DER 2 @EI0O0BRE XH R R
Reference & X | Model
E # 0 [EmE %
Cameras = Longitude Latitude Altitude  *
IMG_0002JPG 40138147  47.793178  391.730013
IMG_0003.JPG 40138176  47.793470  391.980780 |
IMG_0004.JPG 40138278 47793908 393313226 —
IMG_0005.JPG 40138275  47.794150  394.678983
IMG_0006.JPG 40138224 47.794436 304545738
IMG_0007.JPG 40138180  47.794626  394.046071
IMG_000B.JPG 40138118 47.795008  394.645672
IMG_0009.JPG 40138110  47.795198  397.044074
IMG_0010.JPG 40138123 47.795573 399400166
IMG_0011.JPG 40138131  47.795761 402940148
IMG_0012JPG 40138120 47.796104  404.938317
IMG_0013.JPG 40138120 47.796362  403.606371
IMG_0014.JPG 40138110 47796576  401.574391
IMG_0015.JPG 40138101 47.796793  400.375189
IMG_0016.JPG 40138088 47797172  400.508434
IMG_0017 JPG 40138085  47.797383 402007436
IMG_0018.JPG 40138091 47.797743  403.672093
IMG_0019.JPG 40138106  47.798151  404.405838 1,461,637 points
IMG_0020JPG 40138110 47.798306  402.240614
IMG_0021.JPG 40138110 47798622  404.439150 Photos 8 x
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Place Markers

Markers are used to optimize camera positions and orientation data, which allows for better model
reconstruction results.

To generate accurately georeferenced orthophoto at least 10 — 15 ground control points (GCPs) should
be distributed evenly within the area of interest.

To be able to follow guided marker placement approach (that would be faster and easier) you need to
reconstruct geometry first.
Select Build Mesh command from the Workflow menu and specify following parameters in the Build

Mesh dialog:
i N
Bl Build Mesh |
- ¥ General
Surface type: [Height field - ]
Source data: [Sparse cloud - ]
Face count: 200000 -
- ¥ Advanced
Interpolation: [Enabled (default) -
Point dasses: All Select. ..
OK i [ Cancel ]
b
Click OK button.

Then, when the geometry is built (it usually takes a few seconds to reconstruct mesh based on the
sparse point cloud), open a photo where a GCP is visible in Photo View by double-clicking on its icon in
the Photos pane. Zoom in to locate the GCP on the photo and place a marker in the corresponding point
of the image using % Create Marker command from the photo context menu available on right-click on
the gpened photo in the corresponding position:

model.psz” — Agisoft PhotoScan [ [ B[]

File Edit View Workflow Tools Phote Help
DERMOP AR HEF 9o 2 R2aQq |[EFs:

Ground Control

EEEE” QW EEE %

Cameras Lengitude Latitude Altitude
IMG_0002JPG 40138147 47793178 391.780913

MG_0003JPG 40138176  47.793470 391980780
MG 004IPG 40138278 47.793008 303313226
MG 0005JPG 40138275 47794150 394678983
MG 0006JPG 40138224 47794436 304545738
MG 0007JPG 40138180  47.794626 304045071
[E] MG_0008JPG 40138118 47795008 304645672
IMG_0002JPG 40138110 47795198 307044074
IMG_0010.JPG 40138123 47795573 399400166
[E] MG_0011JPG 40138131 47795761 102.040148 -
[E] MG_0012JPG 40138120 47.796104 404.038817 R fpr—1] Place marker
MG 0013JPG 40138120  47.796362 403606371 ]
MG 0014IPG 40138110 47.796576 401574301
MG 0015JPG 40138101 47796793 400375189
MG 0016JPG 40138088 47797172 100.508434
MG 0017JPG 40138085  47.797383 1202007436
MG 0018JPG 40138001  47.797743 403672993

g Create marker

Clear markers

E IMG_001a.JpG 40138106 47.798151 404,405838 S § g e - x
IMG_0020.JPG 40138110 47.798306 402.240614 e -
e eex2ie BEE-

- Label p Si Aligned  Date & t Mak Maodel Focal length =
Markers Lengitude Latitude Altitude i e s atefttime ake oce ca EO0. el
TotalErvor IMG_0013.JPG S616:3744 & 2010:11:01 17:26:41  Canon Canon EQS5D MarkT 50 [

IMG_0014.JPG 5616:3744 &F 2010:11:0117:26:42  Canon Canon EQS5D MarkI 50

IMG_0015.1P3 5616:3744 &F 2010:11:01 17:26:44  Canon Canen EQS50 MarkDl 50

IMG_0016.JPG 5616:3744 &F 2010:11:01 17:26:45  Canon Canon EOS50 Markl 50

IE‘ IMG_0017.JPG S616:3744 & 2010:11:01 17:26:46  Canon Canon EQS50 MarkT 50 S
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Select the marker on the Reference pane. Then filter images in Photos pane using Filter by Markers
option in the context menu available by right-clicking on the markers label in the Workspace pane.
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Filter photos by markers

Now you need to check the marker location on every related photo and refine its position if necessary
to provide maximum accuracy. Open each photo where the created marker is visible. Zoom in and drag
the marker to the correct location while holding left mouse button. Repeat the described step for every
GCP.



Input Marker Coordinates

Finally, import marker coordinates from a file. Click il Import button on the Reference pane toolbar
and select file containing GCP coordinates data in the Open dialog. The easiest way is to load simple
character-separated file (*.txt) that contain markers name, x-, y- coordinates and height.

In Import CSV dialog indicate the delimiter according to the structure of the file and select the row to
start loading from. Note that # character indicates a commented line that is not counted while numbering
the rows. Indicate for the program what parameter is specified in each column through setting correct
column numbers in the Columns section of the dialog.
Also it is recommended to specify valid coordinate system in the corresponding field for the values used

for camera center data.

Check your settings in the sample data field in Import CSV dialog:

H Import CSV

S5

Coordinate System
|WGS 84/ UTM zone 11N (EP5G::32611) -
Delimiter Columns
S Label: = Load orientation
Semicalon
Comma Easting: = Yaw: 5
Space Morthing: | Pitch: 3
Other:
Altitude: | Rall: 7
| Combine consecutive delimiters
Startimport atrow: 1 =
Label Easting Morthing Altitude il
# Label X/East Y Morth FiAltitude
point 1 4811334.074551 7364199508393  110.8314&3 E
point 2 4811812415332 7364345909605 115718487
point 3 4812159.630998 7364584 188724  118.782929
point 4 4811281.239943  7365088.793234  147.004708
point 5 4811238.752485 7364661581589 144423848 il
[ K ] | Cancel

b

Click OK button. The data will be loaded into the Reference pane.

Optimize Camera Alignment
To achieve higher accuracy in calculating camera external and internal parameters and to correct
possible distortion (e.g. “bowl effect” and etc.) optimization procedure should be run. This step is
especially recommended if the ground control point coordinates are known almost precisely — within
several centimeters accuracy (marker based optimization procedure).
Click the ¥% Settings button in the Reference pane and in the Reference Settings dialog select
corresponding coordinate system from the list according to the GCP coordinates data.



Set the following values for the parameters in Measurement accuracy section:

il B |
H Reference Settings [iE-J
Coordinate System
|WGS 84/ UTM zone 11N (EPSG::32511) -
Measurement accuracy Camera correction
T 0 Enable correction
Marker accuracy {m): 0,005
Scale bar accuracy (m): 0.001 X: |0 Yaw: |0
Projection accuracy (pix): 0.1 Y: |0 Pitch: |0
Tie point accuracy (pix): 4 Z: |0 Rol: |0

Miscellaneous

Ground altitude (m);

QK ; | Cancel

Camera accuracy: /0
Marker accuracy: 0.005 (The marker accuracy is recommended to be set at 0.005 value if

the real marker accuracy is within 0.02 m).
Scale bar accuracy: 0.001/
Projection accuracy: 0./
Tie point accuracy: 4

Click OK button.

On the Reference pane uncheck all photos and check on the markers to be used in optimization
procedure. The rest of the markers that are not taken into account can serve as control points to evaluate
the optimization results. It is recommended since camera coordinates are usually measured with
considerably lower accuracy than GCPs, also it allows to exclude any possible outliers for camera
positions caused by the onboard GPS device failures.

Click # Optimize button on the Reference pane toolbar.

E Cptimize Camera Alignment Lé]

[&] Fit f [¥] Fit aspect

[¥] Fit cx, cy [V Fit skew

[¥] Fitkd, k2, k3 7] Fitp1, p2
[C] Fitks

[ Ok ] I Cancel |

Select camera parameters you would like to optimize. Click OK button to start optimization process.



Set Bounding Box

Bounding Box is used

to define the reconstruction area.

Bounding box is resizable and rotatable with the help of % Resize Region and @2} Rotate Region tools

from the Toolbar.

H model_1.1.psz* — Agiscft PhotoScan
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Important: The red-colored side of the bounding box indicates the plane that would be treated as

ground plane and has to be set under the model and parallel to the XY plane.

Build Dense Point Cloud

Based on the estimated camera positions the program calculates depth information for each camera to

be combined into a single dense point cloud.
Select Build Dense Cloud command from the Workflow menu.

E Build Dense Cloud

* General
Quality: [Medium
¥ Advanced
Depth filtering: [Aggressi'u'e
Reuse depth maps
[ CK ] [ Cancel

Set the following recommended values for the parameters in the Build Dense Cloud dialog:

Quality:

Medium (higher

quality takes

quite a long time and demands

more

computational resources, lower quality can be used for fast processing)

Depth filtering: Aggressive (if the geometry of the scene to be reconstructed is complex with
numerous small details or untextured surfaces, like roofs, it is recommended to set
Mild depth filtering mode, for important features not to be sorted out)
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Points from the dense cloud can be removed with the help of selection tools and Delete/Crop
instruments located on the Toolbar.

Build Mesh

After dense point cloud has been reconstructed it is possible to generate polygonal mesh model based

on the dense cloud data.

Select Build Mesh command from the Workflow menu.

Bl Build Mesh |

¥ General

Surface type: [Height field - ]
Source data: [Dense cloud - ]
Face count: [Medium {4,506,756) - ]

¥ Advanced

Interpolation: [Enabled (default) - ]
Point dasses: All

E Ok ; [ Cancel ]

Set the following recommended values for the parameters in the Build Mesh dialog:
Surface type: Height Field
Source data: Dense cloud
Polygon count: Medium (maximum number of faces in the resulting model. The values

indicated next to High/Medium/Low preset labels are based on the number of points in
the dense cloud. Custom values could be used for more detailed
reconstruction).)
Interpolation: Enabled
Click OK button to start mesh reconstruction.

surface
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Edit Geometry

Sometimes it is necessary to edit geometry before building texture atlas and exporting the model.

Unwanted faces could be removed from the model. Firstly, you need to indicate the faces to be
deleted using selection tools from the toolbar. Selected areas are highlighted with red color in the Model

View. Then, to remove the selection use Delete Selection button on the Toolbar (or Del key) or use Crop
Selection button on the Toolbar to remove all but selected faces.

If the overlap of the original images was not sufficient, it may be required to use Close Holes
command from the 7ools menu at geometry editing stage to produced holeless model. In Close Holes
dialog select the size of the largest hole to be closed (in percentage of the total model size).
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PhotoScan tends to produce 3D models with excessive geometry resolution. That's why it is
recommended to decimate mesh before exporting it to a different editing tool to avoid performance
decrease of the external program.

To decimate 3D model select Decimate Mesh... command from the Tools menu. In the Decimate
Mesh dialog specify the target number of faces that should remain in the final model. For PDF export
task or web-viewer upload it is recommended to downsize the number of faces to 100,000-200,000.

B Decimate Model et e
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Click OK button to start mesh decimation procedure.

Build Texture

This step is not really needed in the orthophoto export workflow, but it might be necessary to inspect
a textured model before exporting it or it might be useful for precise marker placement.

Select Build Texture command from the Workflow menu.
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Set the following recommended values for the parameters in the Build Texture dialog:

Mapping mode: Orthophoto

Blending mode: Mosaic
Texture size/count: 8192 (width & height of the texture atlas in pixels)

Enable color correction: disabled (the feature is useful for processing of data sets with
extreme brightness variation, but for general case it could be left unchecked to save the

processing time)

Click OK button to start texture generation.



Generate Orthophoto

Select Export Orthophoto — Export JPEG/TIFF/PNG command from File menu.
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Set the following recommended values for the parameters in the Export Orthophoto dialog:

Projection type: Geographic

Projection: by default the projection set in the Reference Settings is used

Blending mode: Mosaic

Enable color correction: disabled (the feature is useful for processing of data sets with
extreme brightness variation, but for general case it could be left unchecked to save
the processing time)

Pixel size: maximum effective resolution is shown by default (please note that for WGS84
coordinate system units should be specified in degrees. Use Metres button to specify
the resolution in metres).

Split in blocks: /0000 x 10000 (if the exported area is large it is recommended to enable
Split in Blocks feature, since the memory consumption is rather high at exporting
stage)

Region: set the boundaries of the model's part that should be projected and presented as
orthophoto.

Click Export... button and then specify target file name and select type of the exported file
(e.g. GeoTIFF). Click Save button to start orthophoto generation.



Generate DEM

Select Export DEM — Export GeoTIFF/BIL/XYZ command from File menu.
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Set the following recommended values for the parameters in the Export DEM dialog:

Projection type: Geographic

Projection: by default the projection set in the Reference Settings is used

Crop invalid DEM: check this option to crop the regions with unreliable elevation data, since
they are visible on less than two source photos

Pixel size: you can increase the effective resolution compared to the default value

Split in blocks: /0000 x 10000 (if the exported area is large it is recommended to enable
Split in blocks feature, since the memory consumption is rather high at exporting
stage)

Region: set the boundaries of the model's part that should be presented as DEM.

Click Export... button and then specify target file name and select type of the exported file
(e.g. GeoTIFF). Click Save button to start DEM generation.
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