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This manual is a guide to creating land analysis products such as digital elevation models (DEMs), 2D
orthoimages (RGB), point clouds, 3D meshes, and multispectral indices. This manual has three sections,
including step-by-step instructions on preparing for and conducting a digital aerial photogrammetry (DAP)
remote sensing mission and processing the data collected.

Colour-coded text indicates different aspects of the text, such as:
Inputs/Files

Specific Steps/Tools

Important Notes

In this document, we used the Mavic 3M Enterprise drone. Depending on local aviation regulations, this
drone may also require a pilot's certificate to fly. Pilots conducting flights mentioned in this manual are
certified following the Canadian Aviation Regulations Part IX: Remotely Piloted Aircraft Systems (For training

and license information, visit here.) The software used to process the images is Agisoft Metashape, which
carries a 30-day free trial. Students may also purchase an educational license for this software. According to
this manual, data collection requires a drone with a camera capable of capturing at least true colour (RGB).
The drone requires additional cameras for Green, Red, Red Edge, and Near-InfraRed wavelengths to create
multispectral indices.



https://laws-lois.justice.gc.ca/eng/regulations/sor-96-433/page-110.html#h-1000299
https://tc.canada.ca/en/aviation/drone-safety/drone-pilot-licensing/getting-drone-pilot-certificate

Before the flight, it is essential to specify the boundaries of the site you intend to scan. Knowing the site's
location, dimensions, and area informs the user of the flight time, the number of batteries needed, and
where to find a proper takeoff/landing base for the drone. Most importantly, in Canada, you should never
operate your drone in restricted airspace without proper clearance.

Google Earth Pro is a free desktop application (download) for setting mission boundaries. With it, you can set
a polygon (KML or KMZ format) to delineate the site directly on the map and gather information such as its
surface area.
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First, click the Create Polygon button.

L]
¥ Search

1 Search
ex: Museums in New York, NY
Get Directions  History
¥ Places
©= My Places
©S Sightseeing Tour
Make sure 3D Buildings
ayer is checked
(%€ start tour here
@ The Eiffel Tower
Located in Paris, France
@ Christ the Redeemer
Located
© The Grand Canyon
Located in Arizona, USA
@ Sydney
New South Wales, Australia
@ st Peters Basilica

Located in Vatican City

©The London Eve
Located in London, England
{® The Titanic

Located in the North Atlantic Ocean

A The Forbidden Citv
QM + ¥
¥ Layers
@ Primary Database
B Announcements
¥ Borders and Labels
@ Places
* Photos
' Roads
2 3D Buildings
£ Weather
% Gallery
[ More
Terrain

¥ Search

ex: Museums in New York, NY

¥ Places

=S My Places

Sightseeing Tour

Located in Paris, France
Christ the Redeemer
Located in Rio, Braz : Untitied Polygon
The Grand Canyon Description ~ Style, Color ~ View ~ Altitude  Measurements
Located in Arizona, USA
Sydney Addlink..  Addwebimage..  Add local image...
New South Wales, Australia
——
Located in Vatican City
The London Eve
Located in London, England
The Titanic
Located in the North Atlantic Ocea
The Forbidden Citv
Qm &
v Layers |
@ Primary Database
B Announcements

¥ Borders and Labels
@ Places

* Photos

¥ Roads

£ 30 Buildings

£ Weather Cancel
% Gallery
[ More
Terrain

Google Earth Pro

Image ©,2024 Airbus

Image|©,2024 Airbus.

e

‘Carol Shields Memorial Labyrinth.

Imagery Date: 5/13/2023  49°49'0443:N 97309'00.64" Wgélev Om’ eyealt 3.25km



To draw the polygon, just start clicking the map.
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It will now appear in the sidebar for easy access.
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Choose a save location and name the file if you haven't already.
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The best scan results use sharp, evenly lit images from multiple angles. The weather, therefore, plays a
crucial role in flight planning. Weather conditions, in particular wind, temperature, and rainfall, can influence
factors such as safety, the number of batteries used for the flight, and, ultimately, the quality of images
(presence of shadows and sharpness of the images) captured during the flight.

The optimal flight condition is under overcast skies with minimal wind (ideally < 15 km/hr or 4 m/s for Mavic
3M that weights ~ 0.95 kgs; smaller drones will be more sensitive to wind) at your flight altitude (e.g., 120m).

Using weather apps, you will quickly find wind speed at ground level. However, at higher altitudes, wind
speeds can be different.

To calculate wind speed at higher altitudes, use this wind calculator.
Simply input the wind speed shown on the app and find the altitude at which you plan to fly the drone.

However, this is an estimate; please always refer to the wind speed reading on your controller and abort the
mission if it is too windy to fly.

Wind Profile Calculator

Caution: A logarithmic wind profile is a very rough estimat. Especially on hills and ridges, the effective wind profile can vary greatly
from the theoretical, logarithmic one. Therefore, it is indispensable to measure wind speed at hub height of a future wind turbine
with SODAR or a high mast or model it with a suitable wind model.

Please specify parameters

height above ground m
wind speed m/s
roughness length zg (see table below) m
Result
height above ground wind speed vertical profile of
150 m 7.94m/s wind speed
140 m 7.87 m/s
130 m 7.78 m/s 140
120 m 7.70 m/s
110m 7.60 m/s — 120
100 m 7.50 m/s =
90m 7.39m/s g 100
80 m 7.26 m/s 3 .
70m 7.11m/s o
60 m 6.95 m/s 3
a 60
50 m 6.75 m/s o
40m 6.51 m/s -5 40
30m 6.19 m/s 2
20m 5.75m/s 20 ,/
10m 5.00 m/s /
0

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
wind speed [m/s]

If the flight takes over 1 hour, it is essential to remember that lighting conditions may vary throughout the
day, especially under sunny, cloudless skies.
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https://wind-data.ch/tools/profile.php?lng=en

The temperature can also impact battery performance. For the Mavic 3M, the operating temperature is
within the range of =10 to 40 Celsius. The battery capacity is significantly reduced in low-temperature
environments (-10 to 5 Celsius). If you are flying in those temperatures, it is important to heat the battery
before the flight (to heat the battery, hover in the air for 3 to 5 minutes before taking off).

NOTE: The optimal battery condition is temperatures above 20C, and keep in mind that the reduced battery
capacity in low temperatures will reduce the drone's ability to self-stabilize for long periods. If flying below
5C, please ensure winds are under 15 km/h.

In an instance of rainfall, the Mavic 3M is not waterproof, but it is water-resistant. The drone may withstand
flights in light and drizzling rain, but we strongly recommend not to attempt to fly in rainy weather. The
drone cannot land in water. If it rains during the flight, please return and land immediately. Once landed,
wait until the drone is fully dry before flying.

Do not fly in extreme weather conditions, such as winds above 29 km/h or 8m/s and temperatures outside —
10C to 40C. NEVER fly in snow, fog, rain, hail, and tornadoes.

Please refer to the Mavic 3M manual for detailed information on operating drones in different weather

conditions.
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https://dl.djicdn.com/downloads/DJI_Mavic_3_Enterprise/20221216/DJI_Mavic_3M_User_Manual-EN.pdf

The DJI Mavic 3M Enterprise (Mavic 3M hereafter) is
our drone of choice for completing DAP scans in this
manual. Equipped with 5 cameras for the collection of
('“‘\,‘ — Multispectral Camera true-colour (RGB), Green, Red, Red Edge and Near-

W RGB Camera InfraRed wavelengths, the multispectral images

collected allow measurements of reflectivity beyond

the visible parts of the spectrum, unlocking new ways
of seeing, surveying, and analyzing land surface
materials such as vegetation, soil, water, and built-up areas. In section 3, we will demonstrate how to process
multispectral images and use them for monitoring vegetation.

It also has an integrated Real Time Kinematic (RTK) module on top of the aircraft, allowing for centimetre-
level positioning (as opposed to metre-level positioning with the on-board Global Positioning System (GPS)),
with no or very few ground control points (GCPs). We highly recommend using an RTK, particularly for sites
where GCPs are challenging to establish due to poor accessibility or limited operating time. This manual will
not detail every technical specification or capability of the drone, save what is sufficient to accomplish a DAP
mission.

T ——T9 The MAVIC 3M comes with the DJI RC Pro Enterprise controller. In

® ® ® our experience, the controller performs exceptionally well within
® c @ the 1-3km range. The battery for this controller lasts about 3 hours

continuously. While most DAP scanning missions will be

automated, in rare cases, taking control from the aircraft's
computer may be necessary. For more detailed information about
flying the drone and manual controls, DJI has created a video here:

= https://www.youtube.com/watch?v=ttJXc DI5ws alternatively,

USEC

view the drone manual:
https://dl.djicdn.com/downloads/DJI Mavic 3 Enterprise/20221216/DJI Mavic 3M User Manual-EN.pdf,
and investigate the controller settings.

Important buttons on the face of the controller are a back (previous screen) button, an RTH (Return To
Home) Button, a Flight Pause button, and a slider switch for the Function, Normal, and Sport flight modes
(remote sensing only requires the normal mode to be enabled) the power button, the 5 Directional button,
and confirm selection button. For most scanning missions, you will only need to know how to use the
touchscreen to work in DJI Pilot Il, which is covered in the following section.

The DJI Pilot Il application is preloaded onto the DJI RC Pro Enterprise remote controller and has been
developed specifically for pilots of drones in the DJI Enterprise series. The app seamlessly integrates manual
flight, mission planning and autonomous operation, making workflows highly intuitive and efficient. Upon
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https://www.youtube.com/watch?v=ttJXc_Dl5ws
https://dl.djicdn.com/downloads/DJI_Mavic_3_Enterprise/20221216/DJI_Mavic_3M_User_Manual-EN.pdf

turning on the controller (double pressing the power button and holding the second press until the controller

beeps), DJI Pilot Il will launch automatically.
1 2 3 4
e
0 ' &

Max Altitude: 1500m No Network

©300h/308d @ DJI CARE

% 2

DJIMAVIC 3M

M3M A

1. PROFILE

Flight records and offline maps are available for
viewing and download here, along with help
documentation and app info.

2. PRIVACY

You can manage network security, the app cache,
and clear device logs here.

3. GEOZONE MAP

Check here to view the geo zone map, which
provides information about whether or not your
operating area is in an authorization or restriction
zone, as well as the current flyable altitude.

4. CLOUD SERVICE

Check here for the cloud service page and view
your connection status and type of service, or
switch between cloud service connections.

5. FLIGHT ROUTE

Tap to access the flight route library. Here, users
can view all flight tasks and create routes. Flight
tasks can be imported and exported to the remote
controller or external storage device. More in
Section S1.3.3.
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6. ALBUM

Limited storage on the remote controller allows
you to save some of your photos and videos.
However, photos and videos cannot be viewed if
disconnected from the aircraft.

7. ACADEMY

On the Academy screen, you can view Enterprise
Product Tutorials, Flight Tips, and Case Studies, as
well as download User Manuals to the Remote
Controller.

8. SYSTEM MANAGEMENT

Tapping here displays the health status of the
aircraft, remote controller, and payload.
Diagnostic info is displayed here, with warnings in
red, cautions in orange, and nominal statuses in
green.

9. FIRMWARE UPDATE SHORTCUT

When an update is available, a prompt will appear
towards the bottom of the screen, allowing the
user to update the aircraft and remote controller's
firmware immediately.



10. CAMERA VIEW Tap here to enter pre-flight checks and switch
between different camera view modes. Refer to
Section S2.2 for more info on pre-flight checks.

This section covers key steps when using the DJI Pilot Il controller. We have outlined specific steps below to
demonstrate how to import and parameterize flight missions using the controller.

First, open the app (or turn on the controller) and tap the "Flight Route" button outlined in the screenshot
below.

2 09 @ DJICARE> m
Q O

Max Altitude: 1500m Not Logged In

ocation Cloud Service

i

]
| Academy Link to Aircraft

ODJIMODIF\

——

Enter Camera View

Once here, you can create a new mission or repeat a previous flight. Previous flight parameters are also
editable if minor changes, such as revising site boundaries, changing the flight altitude, etc., are needed.

Based on our field experiences, we recommend completing the following steps indoors, ideally, the day
before the mission, to allow ample scanning time for the mission.

If you are creating a new mission, press the "+" icon at the top right.

If you have an already existing KMZ/KML file of the mission (such as the one made in Section 1.1) from
Google Earth Pro, you can transfer it directly from your computer to the controller using an SD card

Import Route (KMZ/KML)

< Library + QA =

All Model Types v All Aircraft Models v Tags
@® Create a Route

4> DAPRSM
P % X M3 @ M3M =

& Import Route (KMZ/KML)
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Locate your KMZ/KML file on the SD card.

é

SDCard > 3932-6133 > KMZs >

\
3%  UM_scan (2).kmz O

Select Area Route to start planning the parameters for the mission.

Waypoint Route Area Route Linear Route

Supports 2D/3D data collection

The Area Route is named using your KMZ/KML file (e.g., DAPKMZ). In this window, you can edit the image
collection methods, GSD, Altitude mode, etc. See the screenshot below.

Aircraft disconnected

Mapping Area Estimated Time Estimated Storage
0.15km? 9m18s 602

Area Route

T

& M3E Series @ M3M

Ortho Collection Oblique Collection

Ortho GSD cm/pixel

Altitude Mode

Route Altitude (12~1500m)
e eepe——
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Alternatively, press Create a Route after entering the Flight Route library to create a new mission without
using a pre-defined KML/KMZ file.

Aircraft disconnected
< Library + QA -
All Model Types v All Aircraft Models v Tags hy v
® Create a Route
; & F-240717-CS ==
= e A 1 |- o] Import Route (KMZ/KML)
% M3 o M3M - - - =
« == =
. T ';
b - = - =
S
- 4 F-240709-TB 4> CampusScanMay272024-2
-8 X M3 @ M3M = = = X M3 @ M3M =
= .
i o=
s
* & CampusScanMay272024 - 4> 16-05-24-StadiumOblique
= - % M3 & M3M - = ” @ M3M -
y M3N \ - V3 V3N
\ \
= om ~ o \\

Select Area Route.

Waypoint Route

Area Route

Linear Route
Supports 2D/3D data collection
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After selecting Area Route, you will enter a map screen (see below).

Start tapping on the map to add vertices and draw a polygon around the area you plan to scan.

A

< N/A Aircraft disconnected oos
\ s
IRy Aree %’5 ‘ d‘% ’ 6 -
oome : % - &N Q
8 8 Q Q
\ < ®, $
s ; 3 Q\ace o \ A A ’
(,\)‘N 5 P
P Z =
\ (%
R ; 4§,
Y P! Q
Z == B
B Q B >3 @ i e
ok 9% Qp"& 2 (35\
[) 8 H
. i > &% : G\Soo\\“ & ®
| .
-k A , Yo) N
| 3 5 QO P @
@0"‘6 o & : ge‘\i\ d eb@
\‘\ec_,o o Tap on map to draw a mapping area @
\@
' P P! o= 0O
P
%
P P ‘ P A -
; 020 (1) o)
’(’\E’ (\c"es O: ©
Sona ® o
(2
P b P*\le“\)
-0\

Next, DJI Pilot Il will ask you for your drone and camera models — Our drone is a Mavic 3 Multispectral, so we
selected the M3E Series in the Aircraft Model box and M3M in the Camera Model box. To activate all
available cameras on the flight, Tap the RGB and MS boxes. Once this is completed, press OK.

Aircraft disconnected

Mapping Area
0.13km?

Estimated Time
OmoOs

Estimated Storage

o M3E Series M3M

Select Aircraft Model

[ M|

Select Camera Model

I

Select Lens
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This will bring you to a new screen with more flight parameters. A new menu will appear on the right-hand
side of the screen, with the mission's name, drone and camera models, and selected cameras for the
operation.

Two collection method options are available here. The choices are Ortho Collection and Oblique Collection.

Ortho Collection is only a nadir scan (the camera is pointed straight down for the duration of the flight
mission, resulting in an orthographic image where every pixel is at the same scale). However, nadir views are
typically inadequate to capture necessary pixels under dense canopies and on building facades.

We recommend using Oblique Collection whenever possible to improve the quality of subsequent point
cloud and 3D mesh model constructions. For our scans, we selected Oblique Collection.

Aircraft disconnected

Mapping Area Estimated Time Estimated Storage [
0.15km? I9m34s 420

3 M3E Series @ M3M

Ortho Collection Oblique Collection

Ortho GSD cm/pixel

ENE 0 [

Oblique GSD cm/pixel

ElE .+ [FE
Smart Oblique (i ) .

Gimbal Angle (10~45°)

- ————@+ [ ]

Oblique Collection consists of 5 automated flight routes: Route 1 is nadir, while routes 2, 3, 4, and 5 fly at
each of the four angles relative to the course angle of the initial flight route.

This collection method will increase the flight time and number of images captured. For other Enterprise
drones with only RGB sensors, we recommend using Smart Oblique. Smart Oblique utilizes the camera
gimbal to perform the same mission as a regular Oblique Collection but with only two perpendicular flight
routes.

Ortho GSD refers to the Ground Sampling Distance (GSD), or the distance (typically in centimetres) between
the centres of two neighbouring pixels of an orthographic image.
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A flight altitude of 108.4 metres ASL results in a 5cm GSD for Mavic 3M while using the multispectral cameras
(see screenshot below, GSD = 5.00). This altitude references the takeoff point, typically a level surface on the
ground within (or nearby) the mapping area.

Area Route

3 M3E Series @ M3M

Ortho Collection Oblique Collection

Ortho GSD cm/pixel

Oblique GSD cm/pixel
[+ Jor| 707 Juwa[ ]
Gimbal Pitch (Oblique) (-

- —— @& +[ 5|

For the oblique flight route, you need to set the gimbal pitch, which adjusts the angle at which the camera
points toward the ground. Typically, with a higher gimble pitch, the camera can capture wall surfaces more
accurately during the scan. For sites with more vertical features (e.g., tall buildings, large tree canopies), we
recommend a pitch value between -45° and -70° (see screenshot below).

Gimbal Pitch (Oblique)

- —— +[]

Altitude Mode

Route Altitude (12~1500m)

Safe Takeoff Altitude @ (2~1500m)
(oo w04 ] 20 [+t [e0]oren

Speed (1~9.7m/s)

- ———e+ [ ]

Next, we will set the drone's takeoff altitude and course angle. Safe Takeoff Altitude refers to the altitude at
which the aircraft will start to fly toward the starting point of the flight mission. This altitude should be higher
than any obstacles between the drone and the starting point but lower than the maximum allowed. For
Canada, it is 122 meters.
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Maximizing Speed increases flight efficiency during data collection (this differs from the takeoff speed and
refers only to the drone's Speed when flying along a route).

The default course angle is in line with the length of the polygon used to demarcate the scanning area (in the
case of the university scan, the course angle defaults at 243 degrees). See the screenshot below.

Aircraft disconnected

Mapping Area Estimated Time [UEIC S GIE

Safe Takeoff Altitude

---

Speed (1~9.7m/s)

- ———@+ [

Course Angle (0~359°)
- —9 + |:]
Upon Completion

Advanced Settings

Next, Tap Advanced Settings to adjust photo modes and overlap. You can change the amount of image
overlap in the advanced settings section. For Route 1 (ortho collection), we chose 70% Side Overlap and 80%
Frontal Overlap. For Route 2-5 (Oblique Collection), we decided on 60% Side Overlap and 70% Frontal
Overlap

Mapping Area  Estimated Time  Estimated Storage P Advanced Settings

Side Overlap Ratio

Frontal Overlap Ratio

~
Side Overlap Ratio (Oblique) (10~90%)

I [ o e [

Frontal Overlap Ratio (Oblique) (10~90%)

N N )

Margin (0~100m)
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Once you have specified the desired image overlaps,
Scroll down the menu -> set the photo mode, camera angles, and takeoff speed

The Takeoff Speed, different from the previous steps, specifies the Speed at which the drone travels after
reaching the takeoff altitude to reach the mission starting point. You can also adjust the flight's initial position
by

Pressing "set" in the "Route Start Point" row

Remember that while the settings are open during mission planning, the flight duration and number of
photos required (listed as "Estimated Storage") are shown for EACH ROUTE and are NOT the total.

To make any final adjustments and save the mission:

Press the floppy disk button in the top left of the screen to save the mission. You can then access the mission
directly from the Flight Route Library. Again, we recommend completing this step the day before the mission
whenever possible.

Aircraft disconnected

Mapping Area  Estimated Time  Estimated Storage Advanced Settings
0.13km? 6m4Ss 204

-10 -1 +1

Margin (0~100m)

Photo Mode
Custom Camera Angle

Route Start Point

Takeoff Speed (1~15m/s)

- ———e+ ]
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The screenshot below is the screen you will see when you click on the flight plan from the Flight Route Library

screen. The values in the top left show the estimated total time (6m 45s) and the number of images (204) the
drone will capture.

Aircraft disconnected

>
<>4 5 © owersm -

™\ Mapping Area  GSD Estimated Time  Photos
N 0.13km? 5.00cm/pixel 6m45s 204

®

o0
\5@[‘\
N
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Before the flight, you recommend using the following list to ensure all necessary settings and equipment are
ready:

e The controller is fully charged.

e The correct number of fully charged batteries is based on flight time (Estimated). (Each battery is
good for 35-45 minutes).

e The propellors are in good shape; you will see the blades have orange tips, and if they are visibly
cracked beyond the orange colouring or show other signs of wear, change them before the flight.

e Sufficient empty SD card(s).

o The flight route is planned and saved in the controller.

e Takeoff/landing location(s) are accessible.

e RTK (if available) is fully charged.

As mentioned, finding an appropriate base for the drone to launch and land again is essential. While the
home base does not necessarily need to be within the mission area, we recommend finding a home base that
is nearby (< 1km).

The landing surface must be flat and clear of debris to prevent foreign objects (such as small rocks) from
projecting from the ground unexpectedly. This means you cannot launch on grass fields, sand, pebbles, etc.
The drone needs a fixed home base to return to, so moving objects cannot be used to record a home point.

Proceed to unfold the arms, remove the gimbal cover, and connect the drone and RTK to the controller. Place
the drone on the chosen home base and get ready to launch. Place the RTK within proximity (5m) to the
home base and away from tall, large objects such as buildings or trees.

Before launching, ensure there is no warning from the controller.

Be extra cautious when operating near residential areas, large water bodies, and dense forests.

The mission will be fully autonomous. Typically, using the joysticks will not be necessary during the mission.

After launching the drone, the home base will be marked ("H") on the controller map. The operator(s) must
stay near the base to access the drone upon mission completion or change batteries between flights during a
mission.
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When the drone is in the air, it is mandatory in Canada to maintain a visual line of sight (VLOS).

It is a critical safety measure that prevents accidents and maintains drone control. Therefore, we recommend
having a partner monitor the controller and maintain VLOS during each flight.

Completed parts of the flight mission appear as grey paths on the map screen on the controller, while the
current route appears green.

On the controller, there are several values that the operator needs to be aware of and constantly monitoring,
as annotated in the screenshot below:

Number of satellites connected

Controller signal strength

The remaining battery percentage for the drone and the controller

Real-time location of the drone and its Speed, altitude, flight direction, and distance to the home

A w e

base
5. Wind speed
6. Remaining flight time
7. Remaining number of flights (if more than one flight in a mission)

< Normal Executing flight route

r H
[

Executing flight
. <>y 0 route... v
22%
.\.

®
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So far, you have learned how to set mission areas using Google Earth Pro or the DJI Pilot Il App and know how
to execute a planned mission safely. This final section will describe the post-processing steps in using the
collected images to create point clouds, Digital Terrain Models (DTMs), Digital Surface Models (DSMs),
orthorectified photos, 3D meshes, and multispectral indices.

We will use Agisoft Metashape (AM, or Metashape hereafter) and QGIS for image post-processing. There are
many other alternative programs; we chose Metashape and QGIS for their relatively low costs, computing
performances, and usability.

Mission
Parameterization

\ (
\

Flight Execution

. (
.

Post Processing

When the drone writes the image files to an SD card, it automatically creates folders named after the
mission's name (e.g., F-240612) during the parameterization phase. The system creates a new folder when a
mission is paused and then resumed (e.g. when the drone returns home for a replacement battery).

This means multiple flights may occur during a single mission. A flight is any time the drone leaves to perform
a flight route (in whole or as part of a mission) and returns to the home point. Therefore, the drone stores all
the images taken during a mission with more than one flight in multiple folders, each folder name
corresponding to each flight. These folders require sorting before being taken into Metashape (See
screenshot below).

Name Date modified Type Size
DJI_202406121044_001_CS-F-240612 2024-06-12 11:07 AM File folder
DJI_202406121109_002_CS-F-240612 2024-06-12 11:22 AM File f
DJI_202406121123_003_CS-F-240612 2024-06-12 11:35 AM File folder
DJI_202406121137_004_CS-F-240612 2024-06-12 11:44 AM File folder
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By default, the files are organized within each folder based on their file type, with mission-related non-image

files appearing first and images organized by date and type thereafter.

For Mavic 3M, each image capture (i.e., one shutter count) will result in 5 images (1 RGB image in JPEG

format + 4 multispectral (MS) images in TIF format). The drone writes multispectral images with a suffix that
matches the name of the spectral band: Green (_G), Near-infrared (_NIR), Red (_R), and Red Edge (_RE). RGB

images will have a _D as a suffix.

See the screenshots below showing 6 captures, resulting in 6 RGB images + 6x4 MS images.

DJI_202406121049
13_0001_MS_G.T

AN

DJI_202406121044
_001_CS-F-29052
4_PPKNAV.nav

DJI_202406121049
19_0002_MS_G.TI
F

DJI_202406121049
25_0004_MS_G.TI
F

AN

DJI_202406121044
_001_CS-F-29052
4_PPKOBS.obs

DJI_202406121049
19_0002_MS_NIR.
TF

DJI_202406121049
25_0004_MS_NIR.
TIF

AN

DJI_202406121044
_001_CS-F-29052
4_PPKRAW.bin

DJI_202406121049
19.0002_MS_R.TI
F

DJI_202406121049
25_0004_MS_R.TI
F

AN

DJI_202406121044  DJI_202406121049
_001_CS-F-29052 13_0001_D.JPG

4_Timestamp.MR
K

DJI_202406121049  DJI_202406121049
190002 MS_RET  22_0003_D.JPG

IF

DJI_202406121049  DJI_202406121049
25.0004 MS_RET  28_0005_DJPG

IF

DJI_202406121049
22_0003_MS_G.Tl

F

DJI_202406121049
28_0005_MS_G.Tl

F

DJI_202406121049
13.0001_MS_NIR.
IF

DJI_202406121049
22_0003_MS_NIR.
TIF

DJI_202406121049
28_0005_MS_NIR.
I

DJI_202406121049  DJI_202406121049
13_0001_MS_RT  13_0001_MS_RE.T

F

IF

DJI_202406121049  DJI_202406121049
22 0003 MS_R.T  22_0003_MS_RE.T

F

IF

DJI_202406121049  DJI_202406121049
28.0005_MS_R.TI  28_0005_MS_RE.T

F

IF

DJI_202406121049
25_0004_D.JPG

DJI_202406121049
32_0006_D.JPG

We recommend the following folder structure to organize these images. First, make a parent mission folder
following the date and mission number nomenclature (F_YYMMDD_X).

Name Date modified Type Size
DJI_202406121044_001_CS-F-240612 2 11:07 AM File folder
DJI_202406121109_002_CS-F-240612 2024-06-12 11:22 AM File folder
DJI_202406121123_003_CS-F-240612 35 AM File folder
DJI_202406121137_004_CS-F-240612 File folder
DJI_202406271206_014_CS-F-240627 File folder
DJI_202406271233_015_CS-F-240627 File folder
F_240612 2024-08-01 1:24 PM File folder

Inside this folder, create a new folder labelled INPUT.

Name

Date modified

Type

Size

INPUT

2024-

08-01 2:22 PM

File folder
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Create two folders for the RGB and MS images inside the INPUT folder.

A
Name Date modified Type Size
" RGB 2024-08-01 1:24 PM File folder
T MS 2024-08-01 1:24 PM File folder

Inside the MS folder, create four folders for each spectral band.

A

Name Date modified Type Size
a6 2024-08-01 1:25 PM File folder
~_NRR 2024-08-01 1:25 PM File folder
R 2024-08-01 1:25 PM File folder
__RE 2024-08-01 1:25 PM File folder

Below is a visualization of the File Explorer directory:

F_YYMMDD_X
> INPUT

> RGB

> MS
>G
>R
> RE
> NIR

To begin sorting the photos, return to the SD card and open a flight folder. Use the search function at the top
right of the File Explorer screen to search the suffix of the files you want (e.g., _RE for MS Red Edge images).
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+
Search Results in DJI_202406121044_001_CS-F-240612 _RE! X y
N Sort O View &L Search options X Close search aee (1 Details
DJI_ DJI_ DJI_ DJI_ DJI_ DI DJI_ DJI_ DJI_ DJI_
2024061211070 2024061211070 2024061211070 2024061211070 2024061211065 2024061211065 2024061211064 2024061211064 2024061211062 2024061211062
9.0334 6.0333 30332 00331 5.0330 20329 9.0328 4.0327 40326 0.0325
MS_RETIF MS_RETIF “MS_RETIF _MS_RETIF “MS_RETIF MS_RETIF MS_RETIF _MS_RETIF _MS_RETIF MS_RETIF

DJI_ DI DJI_ DI DJI_ DJI_ DI DJI_ DI DI
2024061211061 2024061211061 2024061211061 2024061211060 2024061211060 2024061211060 2024061211055 2024061211055 2024061211055 2024061211054
7.0324 40323 2.032 6.0321 3.0320 0.0319 7.0318 40317 1.0316 8.0315
_MS_RETIF _MS_RETIF _MS_RETIF _MS_RETIF _MS_RETIF _MS_RE.TIF _MS_RETIF _MS_RETIF _MS_RETIF _MS_RETIF

DJI_ DJI_ DJI_ DJI_ DJI_ DJI_ DJI_ DJI_ DJI_ DJI_
2024061211054 2024061211054 2024061211053 2024061211053 2024061211053 2024061211052 2024061211052 2024061211052 2024061211052 2024061211051
30314 0_0313 7.0312 40311 1.0310 80309 6_0308 30307 0_0306 7_0305
_MS_RETIF _MS_RE.TIF _MS_RE.TIF _MS_RE.TIF _MS_RE.TIF _MS_RE.TIF _MS_RE.TIF _MS_RE.TIF _MS_RE.TIF _MS_RETIF

NOTE: Searching for _R will include _RE files. To prevent that, search for the files with quotations (e.g. "_R")

CTRL+A to select all the items you searched. Click and drag from the flight folder to the corresponding
destination folder you created.

Once you have finished creating and filling the INPUT folder directories, return to the F_YYMMDD_X parent
folder and create an OUTPUT folder to store data exported from Metashape and QGIS.

Name Date modified Type Size

INPUT 2024-08-01 2:22 PM File folder

|~ [ouru] | 2024-08-01 2:44 PM File folder

Metashape is available for 64x Windows PC and Mac OS for a 30-day free trial at the time of preparing this
document. Due to the intensive workload, we highly recommend computers with a dedicated desktop
Graphics Processing Unit (GPU).

After downloading, launch the program. There are four main compartments in Metashape's user interface:

e toolbar (yellow)
e workspace/references/properties panel (W/R/P, green
e console (blue)

28




e renderer (red)

Renderer

Console

CICHSEE N RV

RIS . }

The W/R/P panel is preloaded with an empty chunk. Chunks in Metashape are workload organization tools

that allow you to process different batches of images. We recommend separating RGB images and MS images
into two individual chunks. Label them accordingly.

To set up the file for MS images,
Rename the existing chunk to "RGB" by right-clicking it.

Right-click in the workspace and click Add Chunk.
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Workspace = X Workspace = X

BER&EE 00X [
% Workspace (1 chunks) % Workspace (1 chunks)
@ 92 RGB
" Set Active
5 Duplicate...
Merge Chunks...
Split Frames... Sort Chunks

@ Enable Chunks

@ Disable Chunks
Save Chunks...

> Remove Chunks

Add 3
Process »
Export »
Import »
Remove »
Set Primary Channel...

©® Set Brightness...

®

Set Raster Transform...
Set Drawing Plane
Reset Drawing Plane

Reset Transform

. Reference Settings...
@ Show Info...

Rename the new chunk to "MS," and your Metashape file will now be ready to receive its first batch of
images!

Save the Metashape project (.psx) before moving on (Ctrl +S).

The file naming nomenclature (F_YYMMDD_XX) discussed earlier in S3.1 also applies here. Once that is
completed,

Double-click the RGB chunk to ensure it is active.

An active chunk's name will be bold (see screenshot below).
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Workspace
B ': ':: E ® ® X
T Workspace (2 chunks)
RGB
MS

To import RGB images:

Click Workflow in the toolbar and click Add folder.

W F_240527_1_T.psx — Agisoft Metashape Professional

File  Edit View Workflow Model Photo Ortho Tools Help
H A Add Photos... ) o
‘B! L -4 -

&~ Add Folder...

Workspace ' X | model | Ortho
o Align Photos...
%% '+ K Vg Perspective 30°
% Workspace (2 chunks) Align Laser Scans...

RGB Build Model...

MS Build Texture...

Build Tiled Model...
Build Point Cloud...
Build DEM...

Build Orthomosaic...

Build Panorama...

Align Chunks...
Merge Chunks...

Batch Process...

Navigate through File Explorer to the RGB INPUT folder you created earlier for the flight you wish to process.

Click to highlight the folder, and press Select Folder.

a4 Add Folder
<« > ~ A T0 > FES1(D) > FLIGHTS > 05 > F-240527_1(120M)MASTER >

1 Organize v New folder

: ) Home Name Date modified Type Size

| T F-270524_1(120M) 2024-05-27 11:14 AM File folder
owMms 2024-07-25 10:59 AM File folder

@l Desktop » —

. RGB 2024-06-13 10:19 AM File folder

4 Downloads »

After Metashape loads the images,
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Select single cameras in the dialogue box.

Add Photos X
Please select data layout:
Add all images to one chunk
Single cameras add 340 cameras

E::. Dynamic scene (4D)

Metashape will place your images into the RGB chunk.

Note that the chunk now displays the number of images (340) it contains.

Workspace H X
2 i
T Workspace (2 chunks, 340 images)

» £ RGB (340 images)
B MS
CTRL + S to save the project before continuing.

Repeat the same steps for the VIS chunk, except add the MS folder. When the Add Photos dialogue box pops
up,
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Click Multi-Camera System. This organizes the photos using the spectral subfolders we made in the S
folder.

Add Photos X
Please select data layout:
@ Arrange images based on meta data
Single cameras add 340 cameras
Create sensor from each subfolder
add 340 cameras

E:G Multi-camera system

E::’ Dynamic scene (4D)

Lok} concel

After every following section, Ctrl + S to save the project

Once the image chunks have been loaded into Metashape, the first task for Metashape processing is aligning
the photos and creating a sparse point cloud.
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Click Workflow in the toolbar and Align Photos

File Edit View Workflow Model Photo  Ortho

i "-i . % Add Photos... ) n N

% Add Folder...
Workspace = X

mukn o oI
Tz Workspace (2 chunks, | Align Laser Scans...
> RGB (340 images) Build Model...

» MS (340 images) Build Texture...
Build Tiled Model...

Build Point Cloud...
Build DEM...
Build Orthomosaic...

Build Panorama...

Set the Accuracy to Highest -> Reference preselection: Source.

Advanced -> Check all the boxes

Align Photos X
~ General
Accuracy: Highest v

/' Generic preselection

«/  Reference preselection Source v
Reset current alignment
~ Advanced
Key point limit per Mpx: 1,000
Tie point limit: 4,000
Apply masks to: None

/' Exdude stationary tie points
+/  Guided image matching
+/ Adaptive camera model fitting
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Press OK. Metashape will immediately start the alignment process. Depending on the number of images and
your computer hardware, this process can take up to a few hours to complete.

Processing in progress... X

Detecting points...
1

1% done, 00:00:09 elapsed, 00:09:38 left

Overall progress:
|
Details

| minimze | _pause JBaciground §_Cancel ]

Metashape will generate a sparse point cloud labelled Tie Points. (see screenshot below). These Tie Points
are the result of the photogrammetry alignment process. However accurate the Tie Points appear, the point
cloud as a whole is often incorrectly geographically located.

wadel Ortho

Perspective 30° . . Snap: Axis. 30

130,419 tie pornts

Georeferencing our point cloud is necessary for it to reliably interact with other mapping software for
operations such as a higher resolution aerial image, spatial analysis, and especially for time series. We will
georeference our scans by establishing a series of Ground Control Points (GCPs) in QGIS.

QGIS is a free desktop application (download) for working with raster and vector data. Within it, we will be
creating the vector GCPs which we use to georeference our scans.
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https://qgis.org/download/

Ground Control Points (GCPs) are physically marked points which act as reference points for our
photogrammetry and point cloud alignment. Within the point cloud, dimensions and proportions of the scan
remain clean. The point cloud however, is often offset from the correct geographic position. The GCPs mark
the correct geographic position of each reference point, and we align our point cloud model to these points.

To create Ground Control Points (GCP)
QGIS -> new shapefile layer -> Point

Make sure you have UTM zone 14N selected for Winnipeg.

(@ New Shapefile Layer X
File name |Campus_GCP.shp « ‘ D
File encoding lUTF-8 v l
Geometry type [ = Point v ]
Additional dimensions @ None O Z (+ M values) O M values

| Project CRS: EPSG:32614 - WGS 84/ UTMzone 14N ~ | A\ [
New Field

Name [ ‘

Type [ abe Text (string)

Length [80 l Precision [ ]
Add to Fields List
Fields List
Name Type Length Precision
id Integer 10

Remove Field

[T] I Cancel J I Help
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To create the points, first click on the pencil, then add point feature
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help

NEERRYE (L2 RPPIH AL Ba IO

RQV.ZREB@B A7)0 =
.°v ?g 1 o) * ?gt(rilr())intFeature > -

We are now able to plot our Ground Control Points. Some things to consider when selecting the markers that

depict when the GCPs are:
I. Select markers that are stable and constant in position (avoid tree canopies)
. Select markers that are high contrast (easily discernible from an aerial image)

[Il. Select markers that are precise enough for the task (smaller diameter = greater precision)

After placing the Ground Control Points in their respective locations, we must now assign their individual X, Y,
and Z coordinates for Metashape to recognize them.

In the Attribute Table, we see each point and it's identifying number. To begin giving the points their
geometries we must first open the field calculator:

@ Campus_GCP — Features Total: 10, Filtered: 10, Selected: 0 - @ =
4 A SENLTYESD ZE = e
.

4

2 2

3 3

4 4

5 5

6 6

7 7

8 8

9 9

10 10

|| =] show A Features 2|8 )

Field Calculator -> New Field
The Output field type for all dimensions is Decimal Number (real).

To assign the X and Y geometries, simply type $X and SY accordingly in the expression box.

Output field name: X
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Output field type: Decimal Number (real)

Expression $X

@ Campus_GCP — Field Calculator X
["] Only update O selected feature(s)
'V Create a new field | Update existing field
|| Create virtual fiekd
Output field rame X
Outputfieldtype 1.2 Decimal number (real) -
Output field length | 10 4| Precision 3 &
Expression | Function Editor
OIS EEE] (G s
B3

feature |-

i
row_number

FEEEAFRI0]
roe [ 1] (413

Preview. 634114.8963153467 ‘

v

i You ar editing information on this layer but the layer is currently not in edit mode. If you ciick OK. edit
mode will automatically be tumed on..

TS = 20 . T

Output field name: Y
Output field type: Decimal Number (real)

Expression SY

(X Campus_GCP — Field Calculator X
["] only update 0 selected feature(s)
Create a new field || Update existing field
|| Create virtual field
Output field length Precision
Expression Function Editor

D@ EEE (G s
sY

FHHARRMGDA
e (<[]

Preview: 5519328 6069527

You are editing information on this layer but the layer is currently not in edit mode. If you click OK, edit
mode will automatically be turned on.

T .

T —

[E=] Show All Features _

(@ Campus_GCP — Features Total: 10, Filtered: 10, Selected: 0 - 0o X
/ZBR T« s ENLYESR ELEE B &8
id — X
1 1 634225.786
2| 2 634066993
: 3 634056.042
4 | 4 624082443
; 5 634185814
6| 6 63421232
7 7 634388034
5 8 634353776
9 634498047
; 10 634300.726

@ Campus_GCP — Features Total: 10, Filtered: 10, Selected: 0 - o x
/ZBR RE <2 H @aENRTYTESP E BE E &3
i — X Y

1 1| eszs786 5518026016

2 2 634066993 5518926366

3 3 634056.042 5519018.496

4 | 4 634082443 5519170218

5 5 631185814 5519073306

8_ 6 634212326 5519176 751

7 7 63438034 5510211267

: 8 634353.776 5519135.792

9 9 634498947 5519061.421

10 10 634300726 5519023910

= Show Al Festures _ 8

T ——

To assign the Z dimension, we must manually measure the DSM and input the recorded Z value.
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With editing enabled (yellow pencil icon), create a New Field in the attribute table titled "Z". Ensure it is also
a "Decimal Number (real)" type.

( Campus_GCP_EY — Features Total: 10, Filtered: 10, Selected: 0 = (] X

=z B aENLYESRP BREZE 8 @8

123id ¥ J = ‘?‘ 123 [milpdate Selected

id - X Y (2 Add Field X

1 1 634225.786 5518026.016
2 2 634066.993 5518926 366 Name ‘ z
: 3 634056.042 5519018496 Type ‘ 1.2 Decimal number (real) v
7 4 634082.443 5519170.218 Provider type double
5 5 634185814  5519073.306 Length (10 B
6 | 6 634212326 5519176751 Precision |3 I+
7 7 634388034 5519211287
; 8 634353.776 5519135.792 m Cancel
9 9 634498947 5519061421
E 10 634300.726 5519023910

Show All Features

The new "Z" column should be "NULL". We will be manually inputting the Z values.

@ Campus_GCP — Features Total: 10, Filtered: 10, Selected: 0 = o X

J Y HENGTESD e = &
id - X Y z

1 1 634225786 5518926016 NULL

2 2 634066.993 5518926.366 NULL

3 3 634056.042 5519018.496 NULL

4 4 634082443 5519170.218 NULL

5 5 634185814 5519073306 NULL

6 6 634212326 5519176.751 NULL

7 | 7 634388 034 5519211287 NULL

8 8 634353776 5519135792 NULL

9 9 634498 947 5519061421 NULL

10 10 634300.726 5519023.910 NULL
[5] Show All Features _

To capture the Z values of each GCP, we will be measuring a Digital Surface Model (DSM).

To measure the DSM:
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Select the DSM layer in the layer panel -> Click on the information tool on the attributes toolbar

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

DEARRE 022 PRAMGBREEIOR H-0-R-B- @%3 = - P @~

y—
- Identify Features
ROV A WEBR /. - - § & @ @%
Browser 6
QY ®TO
» [] DAPworkshop =
» [ DAP_Adjust

» 5 DAP_MANUAL REV
» [] DAP_PSTER 26
Layers (1)
FagwTe-m3R0
» W@
V| O Campus_GCP
» [] B F_20250616_1_ORTHO_RGB_GCP
= F 20250616 1 DSM GCP
» [ ] B Bing Aerial

Zoom to GCP location -> Click on DSM tile under GCP -> Record Band 1 value -> Input into "Z" column

Layers. e’
Fa=mvi-mAQ
7] g 6 it
# cangus cor o
pr—reyy
 cumps

VO Campus_GCP_
. v e Identify Results
v
¥ g Acrint g n
230 = A
Feature Value
v F_20250616_... 0
v F_2025061...
Band 1 247.30551
» (Derived)
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Q Campus_GCP — Features Total: 10, Filtered: 10, Selected: 0

Repeat this process for all GCPs. The final attribute table should appear as so:

AL CEER 3 L ¥ # =
1] — X N7

1 1 634225.786 5518926.016 249370
2 2 634066.993 5518926.366 247.300
el 3 634056.042 5519018 496 241940
4 4 634082.443 5519170.218 234.019
5 5 634185814 5519073.306 235760
6 6 634212 326 5519176.751 252970
7 7 634388.034 5519211287 242570
8 8 634353776 5519135.792 252670
9 9 634498.947 5519061421 237.167
; 10 634300.726 5519023.910 246.300
[ Show All Features _

Once complete, we must now export the point shapefile into a format Metashape can read.

Right click on GCP layer -> Export -> Save Features as

Layers.
Fawva-320
y v

O el cie 1§ zoom to Layer(s)
» || B F_20250616_1_ORTHO
» [ 3 F_20250616_1_DSM_6|
» = Bing Aerial

@®

Zoom to Selection
Show in Overview
Show Feature Count
1) Show Labels
Copy Layer
Rename Layer
(] Duplicate Layer
1 Remove Layer.
Move to Top
Move to Bottom
Open Attribute Table
/ Toggle Editing
Filter..
Change Data Source...
Set Layer Scale Visibility...
Layer CRS »

Export Save Features As.

Styles » Save Selected Features As.
Add Layer Notes...

Properties...

Save as Layer Definition File...
Save as QGIS Layer Style File.

Format: CSV
CRS: 32614

Encoding: UTF-8
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@ Save Vector Layer as... X

Format Comma Separated Value [CSV] - |
Filg nme  Campus_GCP all.]
Layername J
o | EPSG:32614- WGS 84 / UTM z0n8 14N -] @)
Encoding. ulks - |

(] Seve only selocted festures

P Select fiekts 1o export and their export oplions
'V Persst layer metacata

‘v Geomatry

Geometry type =t -

| Force mumtype.

| Include 2-dimension
»  Extent (current: none)
'w Layer Options

CREATE_CSVT NO

GEOMITRY | <Dt zl

GEOMETRY_NAME | WKT

UNCTORMAT | <Dofault -
SEPARATOR COMMA ~]
STRING_QUOTING | IF_AMBIGUOUS zl
WRITE_BOM No ~]
» Custom Options
V' Add saved fike to map | ok || cacsl || hep |

The GCPs have successfully been placed, recorded, and exported for use in Metashape.

To import the GCPs into Metashape:
View -> Panes -> Reference -> Import Reference

File  Edit View Workflow  Model  Photo  Ortho

§ . E IQZoomln Ctrl++ 777 r.-

O Zoomout Ct+- ?.=v' | v .v=
e = -
BEER e View 0
= Workspace (2 « S

» £ RGB (772 Full Screen  F11
» BB MS(772im

v
@ Timeline

. Animation

Snap: Axis, 3D

Reference
./ Properties
W Photos
i Console
I Jobs

+ Toolbar

42



Ensure Import CSV appears as image below:

Import CSV X
Coordinate System
WGS 84 / UTM zone 14N (EPSG::32614) v
Rotation angles: Yaw. Pitch, Roll -
Ignore labels Threshold (m): 0.1
Delimiter Columns
Tab Label: 1 = Accuracy Vv Rotation  Accuracy
e Easting: 2 < @ Yaw: 5 : 9 H
® Comma
Space Northing: 3+ 2 Pitch: 6 : 9 s
Other: Altitude: 4 = & Roll: 7 : 9 :
Combine consecutive delimiters Enabled flag: 10

Start importatrow:. 1 Items: Al v

First 20 lines preview:

. Label ‘ Easting ’ Northing Altitude Yaw Pitch ‘ Rolljs
1 id X Y z I
2 1 634225.786 5518926.016 249370
By 3 634056.042 5519018.496 241.940
4 4 634082.443 5519170.218 234019
o 6 634212.326 5519176.751 252.970 -

Next, we must Transform the Camera Reference:

Reference -> Settings (Hammer and Wrench icon) -> Click Camera Reference -> Change from 32614 to 4326

Reference Settings X Reference Settings X
Coordinate System Coordinate System
WGS 84 / UTM zone 14N (EPSG::32614) MB WGS 84 / UTM zone 14N (EPSG::32614)

/  Camera reference
WGS 84 (EPSG::4326)
Marker reference

WGS 84 / UTM zone 14N (EPSG::32614)

/  Camera reference

WGS 84 / UTM zone 14N (EPSG::32614)
Local Coordinates (m)

WGS 84 (EPSG::4326)

WGS 84 / UTM zone 14N (EPSG::32614)

Rotation angles: Yaw, Pitch, Roll - More...
Measurement Accuracy Image Coordinates Accuracy Measurement Accuracy Image Coordinates Accuracy
Camera accuracy (m): 10 Marker accuracy (pix): 0.5 Camera accuracy (m): 10 Marker accuracy (pix): 0.5

Camera accuracy (deg): 10 Tie point accuracy (pix): 1 Camera accuracy (deg): 10 Tie point accuracy (pix): 1

Marker accuracy (m): 0.005
Scale bar accuracy (m):  0.001
Miscellaneous

Capture distance (m):

43

Marker accuracy (m): 0.005
Scale bar accuracy (m):  0.001
Miscellaneous

Capture distance (m):




The GCPs are now correctly transformed and are ready to align our sparse point cloud. To prepare the
georeferencing interface:

View -> Panes -> Photos

Markers Panel -> Right click on a marker -> Filter Photos by marker

File  Edit View Workflow Model Photo  Ortho Markers - Eastsigma North sigma  Alt. sigm
v M nom nom 0.001
HE @ Zoom In crl++ 77T . “
(@ | Al - J Mo [% AddMarker 0001
- Q ZoomoOut  Ctrl+- s CantarView 0001
*2* Reset View 0 Create Scale Bar
BBk v M 0.001
e Capture View / M s @ Enable Markers 0.001
= Workspace (2 ¢
v M6 @ Disable Markers 0.001
» RGB (772
ReEn BE v M7 Move Markers. » 0.001
» EE MS (772 im
= v Ms 0.001
IR v - B
@ Timeli v Mo Remove Projections 0.001
imeline
VM 10 Merge Markers 0.001
&. Animation Total Error

[
|'¥ Reference Control p ks At

Invert Selection

./ Properties Check po
Measure Elevation...

m [ Rename...

3 Console ® show Info...

& Jobs
Check

+ Toolbar Uncheck
Modify...
Clear...

To reference the selected marker:
Double left click on a photo -> Zoom in -> Left click and Drag marker flag to GCP location

Alignment is recorded once both marker flag and image icon flags turn Green

® 0 Xx Ak KO

av

DJI_20250723115511 0043 D Djl 20250723115513.0044 D  DJI_20250723115443 0029 D DJi_20250723115509_0042 D DJi_20250723115445_0030_D

av av av av av

DJI_20250723122704 0174 D DJI_20250723115515_0045_D DJI_20250723115441 0028 D DjJI_20250723120629_0351 D DJI_20250723115507_0041 D

av av av av av

|
i
|



Model Ortho DJi_20250723115511 00430 X

Photos

® 0 x Ak BQO ik

J5i
ii.a./ av av av av I
av

DJI 1551100430 Dji_202507231 155130044 D DJI_20250723115443 0029 D DI 15509_0042.0 D)1 15445_0030_D

av av av av

D)1_20250723122704_0174 D  DJi_20250723115515_0045 D  DJI_20250723115441_0028 D D} 20629 03510 D)l : 15507_0041 D

|

After the first GCP Flag is set, a few images may lose the white flag next to them. This means the software
realizes the GCP is not in the image's frame, and has disqualified it. Ignore images with no white flag.

The first few flags solidify the GCPs position, and the others reinforce this location. This means you should
should be most precise with the first few flags, or else the catching up required with the remaining flags will
skew the resulting accuracy.

You may notice that the first images are often plan view, and the further down the list to more oblique the
images are. To receive the best georeferencing results, reference flags using a combination of plan and
oblique images.

For each GCP, set at least 4 - 6 green flags

Repeat for all GCP's

Once flags are set, click on (refresh logo) -> Update Transform
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Markers East sigma North sigma  Alt. sigma Accuracy (m)  Error (m) Projections Error (pix)

M3 0.001 0.001 0.001 0.005 0.012 4 2.495

In the markers panel, the columns to pay attention to are:
I. Error: How offset the point cloud is from the GCPs
IIl. Projections: The number of flags referencing the point cloud to GCPs

If you see a considerable Error(m) value (greater than 10cm), it is likely a couple of markers skewing the
accuracy of the point cloud. Scroll through the markers searching for outliers and realign accordingly. Ensure

you Update Transform after this process.
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The new sparse point cloud often requires some cleaning before generating a dense point cloud. Use the
gimbal ball in the renderer window to rotate the camera view so that the point cloud appears level. You will
notice large clusters of outlying points below the ground or way above the tallest structures in your scan.

o9 =9rA

21,023 p00es
Console
optimized in 11.458 seconds
coordinates applied in @ sec
Finished processing in 243.445 sec (exit code 1) I

In (3]

- BQL-fBusm ~e Qe NN 0

To remove these points from your sparse point cloud:
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Click Tools in the toolbar -> Tie Points -> Clean Tie Points

Photo Ortho  Tools  Help

- r - - Markers @ QO b 22
W
Point Cloud » Thin Tie Points...
Trajectory » Clean Tie Points...
Model > View Matches...
DEM >
Filter by Images
Orthomosaic »
Filter by Laser Scans
Camera ’
Filter by Image Count...
5 Camera Calibration... Filter by Group Count...
% Lidar Calibration... Filter by Duration...
# Optimize Cameras... Filter by Selection
Calibrate Reflectance... Reset Filter

Calibrate Colors...

Set Primary Channel...
® Set Brightness...
@ Set Raster Transform...
Generate Masks...

Generate Contours...

Click the Criterion drop-down menu and select Reprojection error.
Specify a value and Press OK.

We found that a value of .5 was sufficient to clean most erroneous tie points (selected points appear as pink
colour points).

Clean Tie Points X
Criterion: Reprojection error v
Level: 0.5

252 0.0
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Once you have made your selection,
Navigate to Edit in the toolbar -> Delete Selection.

Alternatively, press Delete to remove these selected points.

wd F_240527 1 _T.psx* — Agisoft Metashape Professional

File Edit View Workflow Model Photoe O

E Undo Ctrl+Z k E-'::} . r

Redo Ctrl+Y
Workspa ]
B2 Na | Snap Type »
.
Ca Work Invert Selection
v R , nts) [R]
Grow Selection

» =
Shrink Selection
b

Reset Selection

y N Delete Selection [R]

n Crop Selection

Go back to the Clean Tie Points tool -> Reconstruction uncertainty
For this value, we chose 10. This makes 10 the highest level of uncertainty for the sparse points.

Delete the selection

Clean Tie Points X
Criterion: Reconstruction uncertainty v

Level: 10

10.0 0.0

Again, go back to the Clean Tie Points tool -> Projection accuracy.
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This value should be around 20-10; however, 10 is a very aggressive selection range and may cause problems
when creating the dense point cloud.

Clean Tie Points X

Criterion: Projection accuracy v

Level: 15

15.0 0.0

The sparse point cloud is noticeably cleaner and conforms more to the real-life geometry of the scanned
area. To optimize the tie points even further,

Tools -> Optimize Cameras.

wd F_240527_1_T.psx* — Agisoft Metashape Professional

File Edit View Workflow Model Photo Ortho Tools Help

. N — s . Markers ’
:E % n * NP r

Tie Points >
Worl;space =X Point Cloud .
2R
A Trajectory .
= Workspace (2 chunks, 680 images) Model N
- E# RGB (340 images, 91,869 tie points) [R] DEM !
» ©5 Images (340/340 aligned) .
N Orthomosaic 4
» Components (1)
Camera >

<+ Tie Points (91,869 points)
» EE MS (340 images, 410,572 tie points) [R] 23 Camera Calibration...

Calibrate Reflectance...

Calibrate Colors...

Check the Adaptive camera model fitting and estimate tie point covariance under the advanced settings in
the new dialogue box.

50



Press OK.

Optimize Camera Alignment

General

v  Fitf Vv Fitex, cy
Vv | Fitkl Vv | Fitpl
Vv | Fitk2 v | Fitp2
Vv | Fitk3 Fitb1

Fit k4 Fit b2

Advanced

/' Adaptive camera model fitting
/' Estimate tie point covariance

Fit additional corrections

Any obvious remaining points must be cleaned up manually using the marquee tool in the toolbar.

A F_240527_1_T.psx* — Agisoft Metashape Professional

File Edit View Workflow Model Photo  Ortho

Bl

JEELE

Tools  Help

Al A Q Q@ & 38

Manually select and delete any remaining outlying points.

Model | Ortho

Perspective 30°
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An addittional method for manually deleting outliers involves changing the visualization of the tie points from
their RGB value to their Elevational value.

First, we change the interface to a dark background to see the points better.

Tools -> Preferences -> General Tab -> User interface -> Theme: Change to dark

Then we change the tie points visualization.

Toolbar -> Tie Points -> Click on Drop Down arrow -> Change to Elevation

*& Workspace (2

» RGB (772

We have removed 109,570 points through our filtering. Note that the parameters used in this document
might not work well in your scan. Experiment with different values and compare the quality of the dense
point cloud afterwards.

Now that that sparse point cloud is cleaned up, we can start building a dense one.
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Workflow -> Build Point Cloud

W F_240527_1_T.psx* — Agisoft Metashape Professional

File Edit View Workflow Model Photo  Ortho
i P/f . %% Add Photos... ) n .
©% Add Folder...
Workspace P X
BERm:k Align Photos...
2 Workspace (2 chunks, | Align Laser Scans...
~ E2 RGB(340images,  Build Model...
» 55 Images (340/34 Build Texture...
» 55 Components (1 Build Tiled Model...

>

B PN CIRY Build Point Cloud..

MS (340 images, 41 Build DEM...

Build Orthomosaic...

Build Panorama...

Align Chunks...
Merge Chunks...

Batch Process...

Quality: High -> Depth Filtering: Mild

Check off both Calculate Point Colours and Point Confidence

Buid Point Cloud
~ General

Source data:

Quality:

Depth maps

High

Reuse depth maps

~ Advanced

Depth filtering:

v
v

Press OK

Calculate point colors
Calculate point confidence

Replace default point doud
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The dense point cloud generation consists of two parts. First, Metashape generates depth maps and then
generates points calculated from the depth maps. The entire process might take 2-3 hours, depending on
your computer hardware, processing quality settings, and the number of images.

After completing the dense point cloud,

Double-click Point Cloud under the Workspace panel to render the dense point (see screenshot below).

A F 205271 Tpo — Agich Metashape Prfessoea

B G Yo Mektor Mot Bue Qe ek b
iamm@Eo [Nl AN A X Q 4 88 - Q-9 =PPrE-=
X medd o0
= ) [r—— snape A, 30
Wodece 2 i, 0 moged .

G (340 images, 91,853 i ponts K}

9 images 040340 digned)

5 Componants (1)

12 T Points 51453 poned)

2 Depth Maps 32, High quey, M ftesng)
Pein Cloud (197330,542 pots,High quey)

MS G0 images, 410572t ot ]
Property ate n
Pont vt
Poras wamsa
Pt sttt

Cole St s

Nomat

- e
Font cases

[ r—— onamse
lvese setwe
Propertes & X

]
R
== &%
[ ]
Tonded repions in 0 sec
Finished srocessing in 3452.59 sec (exit code 1) i
1 ) :
Ready =
- o~ 239
e QA -CBus® A6 Ow AN

Hit "CTRL+S" to save the project before moving on.
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After creating the dense point cloud, we can generate Digital Elevation Models (DEMs). A DEM is a raster

image containing a height measurement value for each pixel.

Workflow -> Build DEM

ad F_240527_1_T.psx* — Agisoft Metashape Professional

File  Edit
1 N8
Workspace

BRM~EL

% Workspace (2 chunks, |

- £ RGB (340 images,
» ©5 Images (340/34
» %% Components (1

% TiePoints (91,8

View  Workflow

Model

% Add Photos...
©% Add Folder...

Align Photos...
Align Laser Scans...
Build Model...
Build Texture...
Build Tiled Model...
Build Point Cloud...

Photo

QOrtho

' i

=P X

1 Depth Maps (3¢ Build DEM...

i Point Cloud (1€
> MS (340 images, 41

Build Orthomosaic...

Build Panorama...

The DEM dialogue box contains reference and projection options.

Make sure Geographic is selected and the appropriate projection of the scanning location is selected. The
default projection in Metashape is WGS 84 (EPSG:4326). To change this,

Click the drop-down and select more. Search for the correct coordinate system, select it, and press OK.

Buid DEM X Buid DEM B¢
~ Projection ~ Projection
Type: ® Geographic  Planar Cylindrical Type: ® Geographic  Planar Cylindrical
b= Select Coordinate System
WGS 84 (EPSG::4326) v | %K WGS 84 (EPSG::4326) «® - Fiter: 32614
WGS 84 (EPSG::4326)
WGS 84 /UTM zone 14N (EPSG::32614) Coordinate System
* Projected Coordinate Systems
~ World Geodetic System 1984 ensemble
Parameters e WGS 84/ UTM zone 14N
Source data: Point doud Source data: Point doud -
Quality: Quality:
Interpolation: Enabled (default) - Interpolation: Extrapolated M
Point dasses: Al Point dasses: Al
»  Advanced » Advanced
Region Region
Setup boundaries:  -97.142488 - | -97.126969 X Setup boundaries:  -97.142488 -  -97.126969 X
Reset 49.804196 - | 49.813462 Y Reset 49.804196 -  49.813462 Y
Resolution (m): 0.0655658 Resolution (m): 0.0655658
Total size (pix): 17037 x 15718 Total size (pix): 17037 x 15718
o | [ o< ]
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Set the interpolation option to Extrapolated.
Click OK.

The DEM will take some time to process.

Buid DEM X
~ Projection
Type: ® Geographic Planar Cylindrical
WGS 84 /UTM zone 14N (EPSG::32614) v | %
Processing in progress... X
Parameters Generating DEM...
} L]
Source data: Point doud -
. 25% done, 00:00: 11 elapsed, 00:00:31 left
’ Overall progress:
Interpolation: Enabled (default) v oIS
§ Disabled
Point dasses: All »
Enabled (default) | Detals
» Advanced
R Background
Setup boundaries:  633642.967 - | 634764.940 X
Reset 5518523.692 -  5519565.871 Y
Resolution (m): 0.0655658
Total size (pix): 17115 x 15898

Once complete, you will have a coloured elevation model. Since this model does not exclude any objects, it is
referred to as a Digital Surface Model. To create an elevation model that only measures the ground surfaces
(Digital Terrain Model), we must classify the points before we build another DEM.

A OSE1_11 e — At MetashapePresionsl - o x
e [0 Yen Modow Medd Bute Quho loch Hep
Am@E 9 AN D-H O® Qa4 @ arg

G X ot oo

A 13
2 Workspace 2 chunk, 620 emages)
- 1 RGB (340 images 91,853 tie poets) (K.
5 images G434 signed)
5 Compenents 1)
11 Teponts 51853 ponts)
5 Depth Maps 340, High qualey, Mid fiterng)
Poin Cloud 107,134 poet,High quaity)

D DM (17115015898, 636 cw/p)
» [ M5 (40 images, 410,572 te points) (R

= =
oo
- -
Comimgma VRSO
P g
— Pt
[P —
s ot
Mooy e
= &
T
X
27652m L
= - = .
LT HQu -f @ uwm ~e T Qe
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Click Tools -> Point Cloud -> Classify Ground Points.

W F_240527_1_T.psx* — Agisoft Metashape Professional
File  Edit  View  Workflow Model Photo  Qrtho  TJools  Help

LI B N N et O Qa0 @l
R o P P vt =
BREREE OO Trajectory » Smooth Point Cloud...

T Workspace (2 chunks, 680 images)
~ # RGB (340 images, 91,853 tie points) [R]
» B Images (340/340 aligned)

ic »
» 55 Components (1) Classify Ground Points...

Model » Colorize Point Cloud...
DEM » Invert Point Normals...
Orthomosai

2% Tie Points (91,853 points) CEs ' Classify Points...
4 Depth Maps (340, High quality, Mild filtering) 3 Camera Calibration... Assign Class... Ctrle Shifts C
i1t Point Cloud (107,339,542 points, High quality) * Optimize Cameras.. Reset Classification
R DEM (1711515898, 6.56 cm/pix) Calibrate Reflectance... S
» 3 MS (340 images, 410,572 tie points) [R] Calibrate Colors... SdeoiﬂsbyColof...'
Set Primary Channel... Select Points by Shapes...
© SetBrightness... Filtr by Class..
% Set Raster Transform... Filter by Return...
Generate Contours... Filter by Confidence...
Plan Mission... Filter by Selection
Reduce Overlap... Reset Filter
Detect Powerfines...
Crer e Compact Point Cloud...
Restore Point Cloud...
LERnIE e Update Point Cloud...
* Preferences...

In the Classes -> From box, select Any Class. The angles and terrain slopes help Metashape determine a
ground point; for the university scan, 10° was sufficient. Set erosion radius to 0.

Classfy Ground Points X
Classes
From: Any dass v
To: Ground + Low Points
Keep existing ground points
Parameters
Max angle (): wo |
Max distance (m): 1
Max terrain slope (deg): 10.0 I
Cell size (m): 50
Return number: Any Return
Erosion radius (m): 0

Click OK and allow the process to complete.
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Processing in progress... X

Processing...
L
3% done, 00:00: 14 elapsed, 00:06:52 left
Overall progress:
(]
> Details
[ vioimize ]| pause ]

Complete the same steps to create the DTM we used to generate the DSM, except after setting the

interpolation to extrapolated; we will click select in the point classes row. Then, uncheck all boxes except for
ground.

Buid DEM X Buid DEM X
~ Projection ~ Projection
Type: ® Geographic Planar Cylindrical Type: ® Geographic Planar Cylindrical
WGS 84 /UTM zone 14N (EPSG::32614) v X WGS 84 (EPSG::4326) v X
Select Point Classes X
Created (never classified) -
Unclassified
Parameters
/  Ground
Source data: Point doud v I

Low Vegetation

i Medium Vegetation
Interpolation: Enabled (default) - High Vegetation
Point dasses: All m Building
» Advanced Low Point (noise)
o Model Key-point (mass point v
Setup boundaries:  633642.967 - 634764.940 X “
Reset 5518523.692 | - | 5519565.871 | Y ReESET 2B0AITE =TEETIRY Y
Resolution (m): 0.0655658 Resolution (m): 0.0655658
Total size (pix): 17115 x 15898 Total size (pix): 17037 x 15718
o] o]

Click OK in the Select Point Classes dialogue box and then click OK again in the Build DEM dialogue box.

The resulting DEM will be generated using only the ground points.
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SRS |
CF=5 #Qu.fOuwm ~e%oe 2N

Ctrl + S to save.

Once you have generated a DSM, you can create an orthomosaic.

To do this, select the DSM so that it is in the renderer window.

=S #Qu-cowm "ot Qe 20

Click Workflow and select Build Orthomosaic. Metashape will automatically use the DEM as the reference
surface.

59



Check off the Refine Seamlines and Enable Ghosting Filter boxes and Press OK.

M F_240527_1_T.psx* — Agisoft Metashape Professional

Buid Orthomosaic X
File Edit View Workflow Model Photo  Ortho ~ Projection
Type: ® Geographic Planar Cylindrical
H - — ﬂ T3 Add Photos... 2 .
H . AN WGS 84 / UTM zone 14N (EPSG::32614)
+ Add Folder...

Workspace = X
BRkE Align Photos...
% Workspace (2 chunks, | Align Laser Scans...
~ F2 RGB (340 images, Build Model... Parameters

» 5 Images (340/34  Build Texture... e DEM N

» 5 Components (1 Build Tiled Model... Bendipares Mosaic (defaul) N

83 TiePoinis 15 Build Point Cloud.. v | Refine seamines
4 DepthMaps(3  Build DEM... Y R e

R NUENEI  Bild Orthomosaic.. +/ Enable ghosting filter

® DEMATIXI5  Build Panorama.. Enable back-face aing
® DEM (11469x10 ® pixel size (m): 0032777 X
iy Align Chunks...
M Orthomosaic (z Metres... 0.032777 ¥
» EE MS (340 images, 41 Merge Chunks... Max. dimension (pb¥): 0%
Batch Process... Replace default orthomosaic
Region
Setup boundaries: - X
: Y
Total size (pix): X
[ oc |

Again, it will take some time for Metashape to process the Orthomosaic, often up to a few hours, depending
on computer hardware.

Processing in progress... X

Analyzing DEM...

1
| 1% done, 00:00: 10 elapsed, 00:00:07 left
- Overall progress:
. |

> Details
Background
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The resulting orthomosaic will show the final GSD resolution on its tab in the Workspace panel.
ad F_240527_1_T.psx* — Agisoft Metashape Professional

File Edit View  Workflow  Model Photo  Ortho

EEB 9 LA
Workspace = X
BERME
% Workspace (2 chunks, 630 images)
v RGB (340 images, 91,853 tie points) [R]
» 5 Images (340/340 aligned)
» %5 Components (1)
%% Tie Points (91,853 points)
1 Depth Maps (340, High quality, Mild filtering)
:i% Point Cloud (107,339,542 points, High quality)
© DEM (17115x15898, 6.56 cm/pix)
R DEM (11469x10687, 6.56 cm/pix)
B Orthomosaic (24576x23552, 3.28 cm/| pix)
v MS (340 images, 410,572 tie points) [R]

Repeat the same Build Ortho processes for the multispectral chunk.

Note: you must generate a DSM in the multispectral chunk before building the multispectral orthomosaic.

The final digital product of the photogrammetry scan is a 3D model.
Start by clicking Workflow

Select Build Model.

M F_240527_1_T.psx* — Agisoft Metashape Professional

File Edit View Workflow Model Photo  Ortho

: L J

: B & a % Add Photos... LA~
%% Add Folder...

Workspace X

BR%E Align Photos...

% Workspace (2 chunks, i Align Laser Scans...
g
» 55 Images (340/34 Build Texture...
» T Components (1 Build Tiled Model...
%% TiePoints (91,8 Build Point Cloud...
< Depth Maps (3« Build DEM...

it Point Cloud (1€ Byild Orthomosaic...
® DEM (17115x15
® DeM (11469x10

Build Panorama...

M Orthomosaic (2 HmEid=s
» EE MS (340 images, 41 RActgeChimikss
Batch Process...

Metashape uses the depth maps created during point cloud generation to reconstruct the images into a 3D
mesh.
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In the Source Data row, make sure Metashape uses depth maps; this is the most accurate reconstruction.
Set Quality and Face Count to high if they are not already.

Press OK, and the 3D model will be generated, again taking up to a few hours, depending on the computer

hardware.
Buid Model
General
Source data: Depth maps
Surface type:
Quality: High
Face count: High
Blocks
Split in blocks

Coordinate system:
Block size (m):

Grid origin: X: e

Advanced

One of the critical features of the Mavic 3M is the ability to capture multispectral images. Multispectral
imaging measures specific ranges of wavelengths (see table below) in the electromagnetic spectrum (EMS),
some of which are not visible to the human eye. These measurements complement the visible (RGB) images,
offering insights into materials (vegetation, impervious surfaces) that are difficult to detect with conventional
optical cameras. The drone measures these wavelengths and creates 4 individual raster bands (channels).

Band name Wavelength (nm)
Green (G) | 550 = 16
Red (R) | 650+ 16
Red (RE) | 730 £ 16
Near-Infrared (NIR) | 860 + 26

These bands can be further combined and manipulated to generate multispectral indices, highlighting surface
characteristics with more manageable data ranges and interpretability. For example, the Normalized
Differences Vegetation Index (NDVI) is a multispectral vegetation index that uses the R and NIR bands to map
the quantity and quality of vegetation against other types of surface materials such as soil, bare ground, and
buildings.

We use a built-in QGIS function called Raster Calculator to compute these indices. For this tutorial, we will
use NDVI as a demonstration.
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Download F_240627_MSOrtho_forTutorials.tif and import it to QGIS. This file covers part of the University of
Manitoba's Fort Garry Campus.

Tip: drag and drop the image (.tif) file directly onto the map canvas.

Your QGIS window should look like the screenshot below. You will see that the imported file in the layers tab
has 3 bands.

Q “Untiled Project — QGIS - 8 x
Project Edt View Layer Settings Plugins Vector Baster Dotabase Web Mesh Progessing Help
BRRE OeLrpli PR 38 LOR a-- @ % T =y
LL ALY 1%

Layers
TR CE AU - Je
~ V3 F 240627 MSOrtho forTutorials
W 8and 1 (Gray)
M B2

W3

Reclasiy by layer

Reclassify by table

L

~ Raster miscelaneous
& Rastercalculator

Browser | Processing Toobax

1 legend entries removed. Coordinate| 633980.1, 55189322 | Scale | 1:1352 v @ Magnifier | 100% <! Rotation |00° 3V Render @epscale @

This image consists of the 4 different spectral bands mentioned earlier.
Please check if you have the correct number of bands:

Right-click the image name -> Layer Properties -> Symbology -> Render type: change to single-band
pseudocolour. (see screenshot below).

(@ Layer Properties - F_240627_MSOrtho_forTutorials — Symbology X
Q w Band Rendering a
(i Information Render type ' Singleband pseudocolor ~
Band
‘)\s\ Source
Mi Band 2
lin
Band 3
&Y’ symbology b Min / Max Value Settings
Band 4
L& Transparency Interpolation 5
o— Color ramp [ >
’ Label unit suffix
§ Renderin
A4 g Label precision 0 a S
c Temporal Value Color Label -
MR Pyramids 0 .
=\ 1 tevation 1285 .
" Metadata
2570
=
Legend
= M :
Displa

The order of these bands is crucial to the equation performed in the raster calculator. The order goes as
follows:

Band 1 =G, Band 2 =R, Band 3 = RE, Band 4 = NIR.
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Once this is finished, if you can click on the bands, you should see 5 bands. Band 5 is the alpha band and will
be ignored in the following process.

Exit Layer Properties.
EXTRA:

To render the original image file into a false-coloured image:

Change the bands accordingly:

Layer properties -> Symbology -> Render type: Multiband Color
Red band = band 4

Green band = band 2

Blue band = band 1

And it should look like this:

@ Layer Properties - F_240627_MSOrtho_forTutorials — Symbology %
C ‘w Band Rendering

@) 1nformation Render type | Multiband color -
Sy Redband | Band 4 =
A Source
¢ M (554 Mex 30049
Symbology Greenband | Band 2 =
L@ 1ransparency Min | 1547 wox [22234
Histogram Blue band Band 1 (Gray) -
Min [3524 Y

Because we used the colour red to render NIR (band 4), as a result, surfaces that reflect a lot of NIR, such as
vegetation, will be rendered red.

@ *Untitled Project — QGIS - =] X
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
. \ I3 o= B O . =

DEBERRY O2QPL,RIM PRPRALEBEENOR -3 - Ry B @ T =y

LLAYAY 1% - = Qe ~ B
Layers B Processing Toolbox ZC]
L B AL - e . % o

» [] B F 240627 MSOrtho forTutorials CLIP X dp a
» [] 9 Colculated ~ © Recently used B

v V| ¥ F.240627 MSOrtho_forTutorials
W 8and 4
M 8and2
W 8and 1 Gray)

™ Clip raster by mask layer
~ @ Point cloud data management
¥ Clip
~ @ Vector overlay
@ dlip
e

Browser  Processing Toolbox

Identify Results 1]
e i A - B-yi»
Feature Value
Mode | Current Layer -
View | Tree  ~
e (Qri+K 1legend entries removed. Coordinate | 633977.6, 5519006.2 ¥ Scale 1:1352 v @@ Magnifier | 100% </ Rotation |0.0° 3| VI Render @epsG:izers @
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https://earthobservatory.nasa.gov/features/FalseColor

Now, let's use this multispectral image to compute NDVI.
The equation for the NDVI is:

NDVI = (NIR —R) / (NIR +R)

Typically, NDVI values range from —1 to 1.

Proceed to the Processing toolbox -> type "Raster calculator”. You will be given 2 types. Choose the "Raster
Analysis -> Raster calculator." See the screenshot below.

¥ (2 Raster analysis

" Raster calculator
®:= Raster calculator (virtual)

Once you open the raster calculator, click the "..." box on the right

Parameters Log

Input layers

‘0 input(s) selected

Select the TIF file as the Input Layer, then OK

Parameters ‘ Log

4 ‘ Input layers

V| F_240627_MSOrtho_forTutorials [EPSG:32614] ‘ Select All
‘ Clear Selection
‘ Toggle Selection
| Add File(s)...
‘ Add Directory...

OK

Copy the equation below and paste it on the Expression box

("F_240627_MSOrtho_forTutorials@4"-
"F_240627_MSOrtho_forTutorials@2")/("F_240627_MSOrtho_forTutorials@4"+"F_240627_MSOrtho_forTut

orials@2")

65



The equation is written as "TIF@band x." For example, F_240627_MSOrtho_forTutorials@4 means the 4t
band in F_240627_MSOrtho_forTutorials.tif

(2 Raster Calculator
<
Parameters | Log Raster calculator
Input layers = Performing algebraic operations using raster
layers.

1 input(s) selected

Expression

Tutorials@4"-"F_240627_MSOrtho_forTutorials@2")/("F_240627_MSOrtho_forTutorials@4"+"F_240627_MSOrtho_forTutorials@2") (e

] ent [optional |

Not set K|+
Output cell size (leave empty to set automatically) [optional]
Not set

Output CRS [optional]

Mk -
Calculated
[Save to temporary file] =
v Open output file after running algorithm
0% Cancel

Advanced ~ | Run as Batch Process... Run Close Help

Next, click on the "..." on the right of the calculated box -> Save to File ...Navigate to the folder where you

want this image to be saved -> Name the file -> Save.

Calculated

[Save to temporary file] o]

V| Open output file after running algorithm Save to a Temporary File

Save to File...

v

See the screenshot below; we called this F_240627_NDV!L.tif in this tutorial.

Q@ save file X

e A > Downloads > Tutorial v G SearchTutorial »

Organize ~  New folder
v @ OneDrive - Persc Name Date modified Type Size
> AppData No items match your search.
> _ Creative Cloud

> @l Desktop

-

File name: | F_240627_NDVLtif o
Save as type: TIF files (*.if)

b e Conc
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After, check your Raster Calculator and make sure all required parameters are entered correctly.

(2 Raster Calculator

Parameters Log

Input layers
1 input(s) selected

Expression

Tutorials@4"-"F_240627_MSOrtho_forTutorials@2")/("F_240627_MSOrtho_forTutorials@4"+"F_240627_MSOrtho_forTutorials@2") €4 £

Output extent [optional]

Not set
Output cell size (leave empty to set automatically) [optional]
Not set
Output CRS [optional]

Project CRS: EPSG:32614 - WGS 84 / UTM zone 14N
Calculated
C:/Users/migsi/Downloads/Tutorial/F_240627_NDVL.tif

V| Open output file after running algorithm

0%

Advanced ~ | | Run as Batch Process...
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Click "Run." The resultant image is a black and white raster with white showing higher NDVI values. Below,
we used a more vibrant colour ramp to visualize NDVI.

Layers 2%
L E L ANRE - gv)
~ V¥ F 240627 NOVI

8and 1 (Gray)
1

1
v v W F 240627 MSOrtho _forTutorials
W Band 1 (Gray)
B eand2
| EBCE
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To increase the contrast of NDVI images, we will reset the colour scheme to highlight NDVI ranges with more
variation. To do so, we can use the histogram to examine the distribution of NDVI values.

Right click F_240627_NDV!I.tif -> Layer Properties -> Histogram -> Compute histogram The Pixel Value (x-axis)
represents the range of NDVI values within the image, while the Frequency (y-axis) represents the number of
pixels in those ranges. Based on the histogram below, we can see the most variation and the number of
pixels when NDVI is between approximately -0.3 and +0.8 (red arrows shown in the screenshot below).

Q Layer Properties - F_240627_NDVI — Histogram X
[Q

(i Information Raster Histogram
2500

‘{:\\ Source

~/ i

& Symbology 1

v 2000 A
h‘i Transparency :

. Histogram 1500 1 /
67/ Rendering 4 \ ¢
a Temporal 1000 ] "
‘ Pyramids 1 \ / \
=HI Elevation 500

| | /N
e " U

Frequency

Legend 0
r T T T T T T T T T T T T T T 1
. Display =il -0.5 0 0.5 1
- Pixel Value
E Attribute Tables ¥ Band 1
£, QGIS Server @ prefs/Actions _
Set min/max style for Band 1 v
Min 1 {Q
Max 1 %‘J
Style v [ OK Cancel Apply Help

Now, follow the steps below to change the symbology.
Layer properties -> Symbology -> Render type: change to single band pseudocolour.
Change the values based on the histogram: min to —0.3 and max to 0.8

Feel free to choose a colour ramp to your liking.
w Band Rendering
Render type | Singleband pseudocolor ¥

Band Band 1 (Gray) M

Min -0.3 Max 0.8

D Min / Max Value Settings

Interpolation Linear v

Colorramp S -

Label unit suffix

Label precision 4 [ >
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After changing the values,

llApplyll > "OK".

Below, you can see the difference between the change in values.

You have now successfully created a spectral index!

To better interpret NDVI, a graph of its values is shown in relation to true colour images.

2500 -

g
o
|

] N
1500 f 1

Number of pixels
g
o
|

f/” \ 0.8
] [ ! ¢ \
500 - I N~ \
// N, \
5 A Wj&; \,
e
NDVI
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