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Step 1: Start > Agisoft > Agisoft Metashape Professional
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Workflow > Add Photos

Untitled — Agisoft Metashape Professional
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SAVE THE PROJECT. The project name should include the site name and date of collection.

Step 2: Check the Reference Settings and Camera Lens Calibration
Reference > Settings

Reference

E m 1 Efi EEf

Check that the Camera Reference and Marker Reference Boxes are checked if you have GPS data for both. Also
check that the accuracy is correct. (see image below)



Reference Settings
Coordinate System
WGS 34 (EPSG::4328)

Camera reference
WG5S 84 (EPSG::4326)
Marker reference

WGES 84 (EPSG::4320)

Rotation angles: Yaw, Pitch, Roll

Measurement Accuracy Image Coordinates Accuracy
Camera accuracy (m): 10 Marker accuracy {pi): 0.5
Camera accuracy (deg): 10 Tie point accuracy (pix): 1

Marker accuracy (m): 0.03

Scale bar accuracy (m):  0.00

Miscellaneous

Capture distance (m):

Update the setting for the Mavic drone rolling shutter.

Tools >> Camera calibration >> Check 'Enable rolling shutter compensation' for the entire processing routine

Camera Calibration

L10-20c (10.26rmm) Camera type:

72110 546403640
IMages, * F Pixel size (mm);

Focal length {mm):

Enable rolling shutter compensation

Initial  Adjusted Bands GPS/IMNS Offset
Type: Auto

SAVE THE PROJECT

Step 3: Load in Ground Control markers
Use the same folder icon in the reference toolbar. The Rotation section should be unchecked.



File Edit View Workflow Model Photo QOrtho Tools Help
= ] + L X}
B8 N iT- IR 2 4 @ Q |28
& X
* O |F %
Longitude Latitude Altitude (m) Accuracy (m) Error (m}) Yaw (%) Pitch (%) Roll {*}
v/ B DscCoos3a4 -112.378123 42806711 1446.850000 10.000000 3.303228 332.010 7.820 -8.150 I
/. Bl DsCoos4s -112.378281 42.806927 1448.740000 10.000000 4.5507%6 328.620 4.840 -5.040
/B DSCo0a46 1237, ]
J/ B pscoosa7  -11237¢ Import CSV X
/| B DsCona4s -11237  Coordinate System b
+/ B DsCoosd9 -112.37 WGS 84 (EP5G::4328) )
/' B DSCo08s50 -1123%  Rotation angles: Yaw, Pitch, Roll 0
v/ B Dscoosst 11237 Ignore labels Threshold (m): 0.1 b
/| B DsCooss2 -112.37 1]
7 Delimiter Columns
/B DSC00353 -112,374 0
Tab Label: 1 Accuracy Rotation Accuracy
Mark L itud Semicolon .
Longitude: 3 8
@ Comma
Total Error Latitude: 2 8
. Space
Control points
- Altitude: 4 3
Check points Yize
Combine consecutive delimiters
Startimport atrow: 2
First 20 lines preview:
Label Latitude Longitude Altitude
D Latitude_WG584  Longitude WGS... Elevation_HAE_m
1 42.80810239 -112.3818006 1333.884
2 4280961325 -112.3809308 1347.004
Scale Bars Distance (m) 3 42.8111486 -112.3830314 1351.226
Total Error 4 4280697563 -112.3789219 1351.951
Control scale ...
Check scale b...
Cancel

Agisoft Metashape

. Can't find match for '1' entry, Create new marker?

X

Check the lat/long/elv of photos and markers. Does everything line up and look correct in the model space? If
the elevation is incorrect (often occurs when using DJI mavic or phantom) this is the time to make an altitude
correction.



Step 4: Workflow > Align Photos
Match your options to those shown below. This will be the first of several alignments. This first alignment is to
get the general locations of the photos. Press ‘OK’ once your alignment tab matches the screenshot below.

Align Photos X

* General

Accuracy: Medium -

+/ Generic preselection

/' Reference preselection Source hd
Reset current alignment
*  Advanced
Key point limit; 40,000
Tie point limit: 0
Apply masks to: Mone -

+/  Exdude stationary tie points
Guided image matching

Adaptive camera model fitting

SAVE THE PROJECT

Step 5: Place Markers.

First, turn on ‘Refine Markers’. This will allow Agisoft to place the flags on the target centers without you having
to place every single one. Go to Tools-> Markers -> Refine Markers. Click to add the check mark — if there’s
already a check mark, then it’s already on.

0 Tools Help

Tie Points » Detect Fiducials...
Dense Cloud » Print Marlkers... |
Mesh r Track Marlkers...
m) DEM b ]
Attach Markers

7 Orthomosaic 3
Refine Markers
i 2

Lens |



Right click on flag 1 > Filter photos by markers

Markers Longitude Latitude Altitude (m)
P -I _-I-IE A N AT AR T 1353I3m
+ Add Marker
Py > -112 347.004000
My 3 g CrestescaleBar 151.226000
M 4 1z MoveMarkers 351.951000

Total Error * Remowve Markers

Control points

Check points Invert[%election

Place 5-7 markers on the center of the ground control points (GCP). Click and drag flags to move. Move through
these flags slowly so that Agisoft can update and place the blue flags on target centers. Once the flags have
auto-placed, page through them to make sure they look centered and look for white flags. White flags are ones
that you still need to place.

TIP: on your keyboard, use “PgUp” and “PgDown” keys to quickly switch between photos without moving your
mouse!

TIP: don’t chase errors with marker placement—just try to be consistent then update. Don’t shimmy the flags
around. Ignore error until you’ve accurately placed flags

Y

-
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(Flag should turn green when repositioned, or blue once the auto placement has occurred.)



When you have completed all the markers for three targets, in the Reference pane click Update and then
Optimize.

Reference
B = B i:} ! i I I
Cameras Longitude Latitude !
Optimize Camera Alignment
General
Fit f Fit ox, cy
Fitk1 Fitpl
Fitk2 Fitp2
Fit k3 Fitb1
Fit k4 Fitb2
Advanced
Adaptive camera model fitting
Estimate tie point covariance
Fit additional corrections

Once you have completed the placement of three markers, return to update and optimize for every subsequent
marker!

Now, return to the top of step Five and place the markers for another target. Repeat this
process until for all of the targets and there are no more white flags — all flags must be
green or blue. Remember to save frequently!

Before you move to Step 6, recheck all of your markers with Filter by Marker — sometimes after all of the Update
and Optimize, Agisoft will identify new photos that have a flag that needs to be placed. Look for any new white
flags for each marker and place them.

Do a final Update and Optimize and Save.



Scale Bars
If you have a board that looks like this:

You'll treat it as two normal GCP points and a scale bar. Complete the marker placement for all of the other
GCPs in the scene before pinning the GCPs on the scale board.

If only one end of the scale bar has a GPS point, create a marker for the other end but leave it unchecked and
clear the lat/long data.

In the Reference pane, highlight the two GCP points that represent the ends of the scale bar, right click and
choose “create scale bar”.

J ™ gcp-005 -113.660762 42124731 1752.4¢
J ™ qgcp-006 -113.660622 42124722 1751.81
J ™ gep-o0; 15 Add Marker 4719 175173
/P oo e T~
J ™ gep-oo 24416 1749.4¢

. Enable Markers
J ™ gep0it 25022 1751.2:

The scale bar will appear below the markers in the Reference pane. In the Distance section, add in 1.0m (this will
depend on the scale so check with whomever collected the data).

B gecp-0.. 1.000000 0.001000 0.004183
Total Error

Place the two markers as you would any other marker.



Step 6: Export Camera Locations
Click the Export Reference button.

Reference
* Q i BB
Carmeras Lengitude Latitude
B IMG_0... -116.407569 43.371664
o IMG_0... -116.407932 43371717

In the ‘agisoft’ folder for your current project, name the file “camera_locations_update_v1.txt” and Click ‘Save”.

File narme: | camera_locations_update_v1

Save as type: | Character-separated valu

e Folders

For the cameras, we're going to save the ‘Rotation’ and ‘estimated values’. The precision will be 6 and we’ll use
a ‘Comma’ as the Delimiter (see below).

Export CSV X
Items
® Cameras Markers Scale bars
Delimiter Columns
Tab J | Save location Save location accuracy
Semicolon /| Save rotation Sawve rotation accuracy
® Comma Save errors /' Save estimated values
Space Save variance Save enabled flag
Other: Precision: &
Cancel




Step 7: Import Estimated Camera Locations

;f Reference

ICamems - Longitude Latitude Altitude (m) Accuri

| v/ M DJI_0535 -116.990901 43.299846 1325.150000 10.0000
./ W N n5F -11A QANAA4 42 2948402 1225 5aNnNnN 10N NONN

Select the .txt file that you just created. You'll need to adjust the numbers to the correct columns and start the
import at Row 3. You’ll also bring in the Yaw, Pitch, and Roll that were estimated. (see below).

Import CSV X
Coordinate System

WGS 84 (EPSG::4326)

Rotation angles: ‘Yaw, Pitch, Roll
Ignore labels Threshaold (m): 0.1
Delimiter Columns
Tab Label: 1 Accuracy /' Rotation Accuracy
Semicolon
Longitude: & Yaw: 11 El
@ Comma
Latitude: 9 Pitch: 12 9
Space
Other: Altitude: 10 Roll: 13 9
Combine consecutive delimiters Enabled flag: 10
Start import at ro@ Items: Al
First 20 lines previey®
Longitude Latitude Altitude Yaw Pitch Roll
["E.. "T7030"]] TOWGS24[0 0 1] 1] 0 0 0] AUTHORITY"E...
Roll X est ¥ _est 7 _est Yaw_est Pitch_est Roll_est
-116.407738 43371915 978.960072 144184190 9.560420 -2.363057
-116.407738 43371915 978.960072 144075987 9524249 -2.114818
-116.407738 43.371915 978.960072 144,140827 9770383 -1.935181
-116.407738 43371915 978.960072 143.955521 9.534777 -2.389743
-116.407738 43371915 978.960072 143.989581 9.646046 -2.456015
-116.407738 43.371915 978.960072 143679314 9.845589 -2.279407
-116.407738 43371915 978.960072 143927569 9.910368 -2.208024

SAVE




Step 8: Align Photos Again on High Quality

Run Alignment again with parameters that match the screen below*. We're forcing Agisoft to use the estimated
locations as the source for this version.

*Depending on the site, the key point limit can go higher than this.

Align Photos A
General
Accuracy: High
Generic preselection
Reference preselection Source

Reset current alignment

Advanced
Key point limit: 100,000
Tie paint limit: 0
Apply masks to: Mone

Exdude stationary tie points
Guided image matching

Adaptive camera model fitting

Cancel
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A. Check placement error for the photos and markers:

Reference P X
ER Bx0 EEEE X

Cameras Lengitude Latitude Altitude (m) Accuracy (m) Errar (m) Yan

J B DSCO1.. -112.379866 42807204 1447.420000 10.000000 0.824474 145'
v DSCO0.. -112.381708 42,805381 1446,960000 10.000000 1.304713 145
v DSCO0.. -112.383606 42811678 1445.800000 10.000000 1.569372 142
~.r"' DSCO0... -112.380821 42,809469 1453.300000 10.000000 1.679327 323
\f': DSCO0... -112.378878 42807607 1447740000 10.000000 1.706541 325
DSCO0... -112.380172 42808352 1451.860000 10.000000 1.857952 140
DSCOt... -112.381579 42,808209 1443,740000 10.000000 1.936408 140
/B DSCOT.. -112.383313 42810919 1445,800000 10.000000 2.046221 14
/B DSCOD.. -112.379923 42808614 1459.180000 10.000000 2.083589 323
J B DSCol. -112.383031 42809267 1442,280000 10.000000 2.152577 141
Markers Longitude Latitude Altitude (m) Accuracy (m] Errar (m) Projet
J 3 -112.385031 42811149 1351.226000 0.005000 0.009738 12

Al ] -112.380931 42809613 1347.094000 0.005000 0.011538 1

J s -112.378922 42,806976 1351.951000 0.005000 0.023114 12

vl -112.381801 42808102 1353.884000 0.005000 0.034549 12
Total Error

Control points 0.022113

Cherk nninte

Marker errors should be < ~.02 m ( <2 cm).
Camera errors should be less than 1m.
Scroll to the bottom of the camera and marker list, in the Reference pane, to view your total error.

***|f your cameras or markers are not below the threshold for error, go back to Step 6 and work back to this
point through all of the steps.

Step 9: Gradual Selection = Clean the Sparse Cloud
In order to reduce the errors in the adjustment in order to improve the geometry of the overall model.
Three steps are used and repeated as necessary to reduce the errors as much as possible:

A. Reconstruction Uncertainty
removing bad points due to poor geometry

B. Projection Accuracy
removing bad points due to pixel matching errors

C. Reprojection Error
removing bad points due to pixel residual errors

Make sure the Model tab is active, then go Model > Gradual Selection
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For each step you’ll move the slider and watch the model to see where points are selected (in pink). Do
not select more than 5,000-10,000 points per step. If points that are the tops of sagebrush or plants or
objects of interest are getting selected, then back off the slider until those points are unselected.

Once the points are selected, Press Delete. Click Update and Optimize. Repeat for 9 A, B, and C.

Step 10: Build Dense Cloud
Save your Project.

Resize region bounding box before building dense cloud. Using all three of the tools shown below, reduce the
box to the size of the study area. This will save a lot of processing time and result in data products that don’t
take up excess space.

Move Region
Resize Region
e Rotate Region

26 Reset Region

]
Workflow -> Build Dense Cloud. Copy the settings below and then Press OK. This will take several hours! Ultra
high quality may not be the best option. High quality may be preferable to reduce noise. If dense cloud is too
noisy in canopy -> run on High.

Buid Dense Cloud

General
Quality: Litra high
Advanced
Depth filtering: Disabled
Reuse depth maps

Calculate point colors

Calculate point confidence

Lok ] cancel

12



Step 11: Clean Dense Cloud
Save Project.

When we clean the dense cloud, we’re looking for erroneous points and points that have low location
confidence. We want to remove those points at this step so that when we build products that are based on the
dense cloud, we're using the best model possible.

Switch to Model View so that you can see the dense cloud and manipulated it.

Workspace (!
EREE

% Workspace (2 chunks, 288 cameras)

£ aligned markers and cameras with low errors (144
£ Copy of Chunk 1 (144 cameras, 12 markers, 876
T Cameras (144/144 aligned)
" Compenents (1)
5 Markers (12)
=+ Tie Points (376,504 points)

:i: Dense Cloud (59,240,570 points, High quality)

Next, change the display of the dense cloud. On the top icon menu, click the icon with nine dots and select
“Dense Cloud Confidence.”

[ N ]
L N e

o0
2.0 Dense Cloud

" | *. Dense Cloud Confidence

R
1% Dense Cloud Classes

Your point cloud is now displaying a level of confidence for each point, rather than RGB colors. Red points are
the least confident and blue and most confident. You'll probably notice that there are more red, low confidence,
points around the edges of the site and objects that are more difficult to reconstruct, like trees and some
shrubs.

To remove the most erroneous points, we will filter the cloud to show the lowest confidence.

Tools-> Dense Cloud -> Filter by Confidence (see screen shot)

13



Tools Help

Markers IQ [:].\ .,"‘. e lst
+ [ X ] '

Tie Points
Dense Cloud 4 Sample Points...

Mesh Filter Dense Cloud...
Colorize Dense Cloud...
Orthomosaic Invert Point Normals...

Lens

% Optimize Cameras... Assign Class... Ctrl+Shift+C
Calibrate Reflectance... Reset Classification

Calibrate Col
Fibrate Lolors. Select Points by Masks...

Set Primary Channel... Select Points by Color...
@ Set Brightness.., Select Points by Shapes...

& Set Raster Transform... Filter by Class...

Generate Contours... Filter by Confidence...

Plan Mission...

it
g
Classify Ground Points...
50 Camera Calibration... Classify Points...

Filter bv Selection

Change the Max to “1” and press OK.

Select Confidence Range X
Min: 0
Max: 1|

Cancel

The remaining point cloud is made up of points that have a confidence of 1.

A. Manually delete points

-1
f

L

Use the manual selection tool to draw around points that you’d like to select and delete.

Check out the Tips section at the bottom of this document to see the key short cuts to move the cloud around
while you're cleaning.

For example, we want to select points that are randomly floating in the air. In some instances, we may delete all
the points with a confidence of 1, but that will depend on the site.

Step 12: Batch Process to create products
Run a Batch Process. Workflow > Batch Process

Click “Add” for each step. Match all of your steps to the screen shots for each.

14



A. Build DEM

Edit Job

Job type:  Build DEM

Apply to:  All Chunks

Interpolation
Point classes
Projection
Resolution (m/pix]
Use custom region
Region min X
Region min ¥
Region max X
Region max ¥
Advanced

Depth filtering

J Photos and Markers (3535 cameras, 5 markers)
) Alignment (335 cameras, 3 markers, 972,602 points) [R]
) Markers placed (335 cameras, 5 markers, 972,602 points] [R]
. Dradirte (155 rammarar 5 markare QARG TN nainte) (0]
Parameters:
Property Value
Source data Dense cloud
Quality High

Enabled (default)

All

Mo

Dizabled

Reuse depth maps Yes

15



B. Build Orthomosaic

Add Job

Job type:  Build Orthomosaic
Apply to: Al Chunks

v Chunk 1 (244 cameras, 15 markers, 48,044 points) [R]

Settings:

Property Value
Resolution (m) 0
Surface DEM
Blending mode Maosaic
Haole filling Yes

Enable back-face culling Mo

Refine seamlines Mo

Projection

Use custom region Mo
Region min X 0
Region min ¥ 0
Region rax X 0

Region max Y 0




Save after each step!

=

/' Save project after each step

The batch process will take several hours to run at least. As a courtesy to others using the shared computer,
please note to other users that the computer will be running an intensive program for a while.

Step 13: Generate Report
Once the batch process is complete, a good way to review all of your work is to generate a report.

File > Export > Generate Report
Name the file after the project and save the PDF in the Products folder.

In Agisoft, look at the ortho, look for blurry images -> find and remove those photos. Just regenerate ortho.
Can’t disable too many photos because it’ll result in holes.

Also, look at DEM for crumbles or holes. If it’s very rough or noisy. If it should be flat and there’s surface noise --
there may be some parameter changes needed.

Step 14: Export Products
In this step we’ll export an orthomosaic, dsm, and point cloud.

A. Export Ortho
In Workspace, right cIic_k on Orthomosaic -> Export Ortho -> Export JPEG/TIFF/PNG

B Orthomosaic (2137~ ™7 T
" Set As Default

& Duplicate...
Merge...
» Remove Orthomosaic

. Remove Orthophotos

Update Orthomesaic

Reset Orthomesaic

Under ‘Coordinate System’ choose WGS 84 / UTM zone 12N*. The easiest way to find this system is to click
the coordinate drop down menu and click ‘More..." . In the Filter type ‘32612’ which is the numeric code for
the coordinate system.

*the coordinate system depends on where the flight was and what data you need to match.

On the ortho export widow, you should only have to change three inputs (highlighted below).

17



Export Orthomosaic
Coordinate System

WG5S 84 / UTM zone 12N (EPSG::32612)

Raster
Pixel size (m): 0.0043935 X
Metres... 0.0049935 Y

Max. dimension {pix):
Splitin blocks {pix): 1024 x | 1024

Raster transform: None

Background color: White
Region
Setup boundaries: X
Reset ¥
Total size (pix): 22012 X 21485

Clip to boundary shapes
Write KML file Write World file
Write tile scheme

Compression

Image description:

TIFF compression: None
JPEG quality: 99
Write tiled TIFF Write BigTIFF file

Generate TIFF overviews

Save alpha channel

Cancel

Click Export.

Choose the file location to save the product. If you don’t already have one, make a folder called ‘products’
for your site.

Name your site very specifically so it’s easy to identify later. Use this template:

“cr_2021_june_site[your site number]_ortho_wgs84utm12”

Here’'s my example for site 1:

Click save.

B. Export DSM
In Workspace, right click on DEM -> Export DEM -> Export JPEG/TIFF/PNG

Under ‘Coordinate System’ choose WGS 84 / UTM zone 12N. The easiest way to find this system is to click
the coordinate drop down menu and click ‘More...” . In the Filter type ‘32612’ which is the numeric code for
the coordinate system.

18



On the export widow, you should only have to change one input, the coordinate system.
Click Export.
Save the DSM in the same location as the ortho.

Name your site very specifically so it’s easy to identify later. Make sure you update the name to note that
it’s a dsm, not an ortho. Use this template:

“cr_2021 june_site[your site number]_dsm_wgs84utm12”
Click save.

C. Export Point Cloud
In Workspace, right click on dense cloud -> Export Dense Cloud

Save the point cloud in the same location as the ortho and DSM.

Name your site very specifically so it’s easy to identify later. Make sure you update the name to note that
it’s a point cloud. Also make sure you save as type “ASPRS LAS”. Use this template:

“cr_2021_june_site[your site number]_pointcloud_wgs84utm12.las”

cr_2021_june_sitel_pointcloud_wgs8dutm12.las

ASPRS LAS (*.las)

Click save.

Under ‘Coordinate System’ choose WGS 84 / UTM zone 12N. The easiest way to find this system is to click
the coordinate drop down menu and click ‘More...” . In the Filter type ‘32612’ which is the numeric code for
the coordinate system.

On the export widow, you should only have to change one input, the coordinate system.

19



Export Points - ASPRS LAS X
Coordinate System
WGS 84 /UTM zone 12M (EPSG::32612)

Shift: E: 0 N: 0 A0
Export Parameters
Source data: Dense doud
Point dlasses: Al
Save point colors / Save point normals
Save point confidence Save point dasses
Save images ® IPEG PNG
Raster transform: None

Include comment
/| Binary encoding
Split in blocks (m): 1000 x 1000

Clip to boundary shapes

Cancel

Click Export.

Troubleshooting and Tips

Run Image Quality Check
This can help you to identify cameras that are low quality and you can consider removing these from the project.

In the “Photos” tab, select all of the images, right click and select “Estimate Image Quality...”. Pick “All Cameras”
and click Ok.

20



Photos
®® x sk =0 ai=~

B on_osas 54723648
B on_os6s 54723698
B on_oser 54723648
M oo oseR 5472 3640
M onoses S4TR3648

LA L LK

[ Filter Photos by Carmeras
Irsvert Selaction
Mazks

Export Depth...

Check Paths

Chanig= Path_

Open Containng Folder
O Showlalo.

'I"I'TT'I'-

Once the Quality Estimate is done, review the outputs in the new Photos column. Click the column name Quality

to switch the sorting. If there are any photos with a Quality rating of less then .65, highlight and delete those

photos. Then run Update and Optimize —and SAVE!

Photos

B DJ_06%9 54723648
B pi_oms 5472x3648
B Di_ome 5472x3648
M DJL_0s33 54723648
B DJI_os62 5472x3648
B DJ_o700 5472x3648
B DJLo714 54723648
B pi_omo 5472x3648

@0 Xx Ak 0O =

A O N Y T U U N

p—

0.846927
0.845754
0.84531

0.844802
0.844554
0.844438
0.842813
0.842657

2020:10:05 10:21...
2020:10:05 10:22...
2020:10:05 10:23...
2020:10:05 10:17...
2020:10:05 10:19...
2020:10:05 10:21...
2020:10:05 10:22...
2020:10:05 10:23...

Hasselblad
Hasselblad
Hasselblad
Hasselblad
Hasselblad
Hasselblad
Hasselblad
Hasselblad

L1D-20c
L1D-20¢c
L1D-20¢c
L1D-20c
L1D-20¢c
L1D-20¢c
L1D-20c
L1D-20¢c
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Tip: Model View Shortcut Keys

Undo (only for Delete, Assign Class / Classify
Ground Points,Masking and Close Holes
operations)

Redo (only for Delete, Assign Class / Classify
Ground Points,Masking and Close Holes
operations)

Switch between navigation and any other
previously selected mode

Reset view

Switch to stereoview mode

Switch between orthographic and perspective view
modes

Change the angle for perspective view

Assign dense cloud class (only if some points are
selected)

Predefined Views
Top

Bottom
Right

Left

Front

Back

Rotate View
Rotate Up
Rotate Down
Rotate Left
Rotate Right

Ctrl+Z

Ctrl+Y

Space

Ctrl + mouse wheel
Ctrl + Shift + C

Ctrl +7

Ctrl +3

Ctrl + 1

o LN N (S R - ]
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