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OVERVIEW

Sentera has optimized settings and a workflow for stitching Sentera Double 4K imagery with Pix4D.
While Sentera does not officially support Pix4D, this guide offers a starting point for customers
interested in using Pix4D with Sentera imagery. This guide is specifically for producing stitched mosaics
from images taken by Sentera’s Double 4K multispectral imager. FieldAgent can be used to create RGB,
NDVI and NDRE images without mosaicing.

REQUIREMENTS

Pix4D, like all stitching software, performs better with high overlap. Sentera recommends a minimum of
70% overlap for Pix4D. Sentera has stitched with 65% and 60% in in ideal conditions but finds 70% to
provide good results consistently.

Table 1 - Camera parameters for the Double 4K camera.

Focal Length 5.4 mm

Pixel Pitch 1.55um
Resolution 4000x3000 pixels
Sensor Width 6.200 mm
Sensor Height 4.640 mm
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PREPROCESSING

Note: Firmware Versions 0.25.2 and up will not require this step. Skip to Page 7

For Pix4D to properly process the reflectance of each band, some additional information must be added
to each image. This is done by using the ‘D4k-MS-Preprocessor-V1.zip’ utility provided by Sentera. To
use this file:

1.
2.
3.

5.

Unzip the contents of the file to a location of your choice.

Run the ‘D4k-MS-Preprocessor-V1.bat’ program

A folder selection dialog will appear. From here, select a session folder that you wish to process.
Session folders will contain both an RGB and NIR folder.

Select the session folder and click ‘OK’

] Bron

Please choose a sesson folder

Pk e Pk e

If the selected session is a multispectral session, then all images in the folder will be updated
with additional information required by pix4d.

C\Windows\system32\cmd.exe — O X

collected with the
ubledk.

\2017-085-10 -- New Multi-Spectral Double on Lock N Go Inspire GImb

\2017-085-1@ -- New Multi-Spectral Double on Lock N Go Inspire GImba

1 Double on Lock N Go Inspire GImbal session_@01"

) -- New Multi-Spectral Double on Lock N Go Inspire GImbal sessic \pdd_preproces|

Press any key to continue . . .
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On success, a new file in the session will be created called ‘p4d_preprocess_results.txt’. The

presence of this file should act as an indicator that the correct XMP tags have been added to this
session.

7. Run this script on all sessions that you wish to use in Pix4D.

PREPARING PIX4D FOR THE NEW PROCESS

IMPORTANT: This step is only required if you have used the multispectral camera for stitching projects

in the past. You will only have to do this once to convert over to the new Multispectral process. After
this, you can skip this step.

Pix4D will attempt to remember any cameras and settings that you have use in previous stitching

projects. As a side effect of this, it will end up ignoring the new changes to the files that allow for easier
multispectral camera usage. To force Pix4D to load all the camera parameters and bands from the

images instead of it’s database, you have to delete the old entries from the internal database.
Perform the following steps to do this:

1. Close any open copies of Pix4D
2. Navigate to the pix4d database at:

a. C:\Users\<Your UserName>\AppData\Local\pix4d\common\<pix4d Version #>\

w

IMPORTANT: Make a copy of the uemdb.xml for backup before modifying the file.
4. Open the ucmdb.xml file in a text editor.

A=l
Home  Shar

e View

y [ o 3 o

= |:-| 4 cut % Bl x -L B New item » M open - setectan
=l w5 Copy path

7 easy access - 2 eait Select nane
Copy Paste Move Copy Delete Rename  New Properties
tor tor v

folder - 5 invert selection

] Paste shortat
Cipboara Organize

« “ 4 [ ThisPC > Loeal Disk(C) » Users > Senters » AppData > Local 5 pix

) Document: A O Name
=/ Pictures.

icmdb - Copyamllbak
= MONTEGO

iemdb.xml

gps_session_001 uemdb - Copy (2)xm

DooC

Outputs uermdb - Copyxml
pibdd-projects ] uemd - Copy.xml.bak

] ucmdb.xml

Production Checkout Procedur

4 OneDrive

[ This PC

B0 Desktop

& Documents

¥ Downloads

D Music

=) Pictures

| videos

5 Local Disk (C)

s Third Hard Drive (DY)

Gitems 1 item selected 19.0KB

.
5. Search the file for entries of the following formats and delete the entire xml node (from
<camera... to </camera>:

a. 21020-02_12MP-ERS-0001_5.4mm-0001_0016_5.4_4000x3000

b. 21020-02_12MP-ERS-0001_5.4mm-0001_0016_5.4_4000x3000
c. If there is more than one entry, delete all of them
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E <rigs/>

<cameras>

] <camera name="21020-04_12MP-ER5S-0001_5.4 4000x3000">
<imageWidch>4000</imageWidch>
<imageHeight>3000</imageHeight>
<pixelSize>1.55</pixelSize>
<principalPointXmm>3.1</principalPointXmm>

6. Save the file
7. Reopen Pix4D and start the project as normal. Pix4D will now correctly get it’s band and color
correction data from the image metadata, rather than its database.
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PROCESSING INSTRUCTIONS

L

Launch Pix4Dmapper
Create a new project.
3. Create a name that is meaningful to you, and choose the directory to create the project in. Once
completed, click Next.

B New Project X

n

This wizard creates a new project.
Choose a name, a directory location and a type for your new project.

Name: | double 4k-project] |I

Create In{ |G:\Pix4D-Projects || Browse...

[[] Use As Default Project Location

Project Type
(@ New Project
O Project Merged from Existing Projects

oo ==

4. Click Add Directories.

5 New Project

Select Images

0 At least 3 images in JPG or TIFF format are required.

0images selected. Add Images... I Add Directories. .. I Add Videos... |Remove Selected Clear List

Help Back Next Cancel
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5. Choose the directories of the images that you want to use in this project. Multiple directories can be
selected at once by holding the Ctrl button and left-clicking on the directories. Click Choose.

B Select Directories ? X B

Look in: D:\double4k ol QO 0 RAEE[E

& My Computer Name Size Type  Date Mo

g atctest il : Fi..der 7/17/201

RGB Fil..der 7/17/201

< >

Directory: | NIR” 'RGB" |
Files of type: Al Files (%) v | Cancel

6. A list of images will appear. If there are more images or directories to add, do so now. Once all
relevant images have been added, click Next.

B New Project X

Select Images

@ Enough images are selected: press Next to proceed.

214images selected. |Add Images... | Add Videos... | [Remove Selected| | Clear List

D:/doubledk/NIR/IMG_00001jpg ~
D:/doubledk/NIR/IMG_00002,jpg
D:/doubledk/NIR/IMG_00003.jpg
D:/doubledk/NIR/IMG_00004.jpg
D:/doubledk/NIR/IMG_00005,jpg
D:/doubledk/NIR/IMG_00006,jpg
D:/doubledk/NIR/IMG_00007jpg
D:/doubledk/NIR/IMG_00008,pg
D:/doubledk/NIR/IMG_00009,jpg
D:/doubledk/NIR/IMG_00010.,jpg
D:/doubledk/NIR/IMG_00011,jpg
D:/doubledk/NIR/IMG_00012,jpg
D:/doubledk/NIR/IMG_00013.jpg
D:/doubledk/NIR/IMG_00014,jpg
D:/doubledk/NIR/IMG_00015jpg
D:/doubledk/NIR/IMG_00016,jpg
D:/doubledk/NIR/IMG_00017jpg
D:/doubledk/NIR/IMG_00018,jpg
D:/doubledk/NIR/IMG_00019,jpg
D:/doubledk/NIR/IMG_00020,jpg
D:/doubledk/NIR/IMG_00021,jpg
D:/doubledk/NIR/IMG_00022.jpg
D:/doubledk/NIR/IMG_00023.jpg
D:/doubledk/NIR/IMG_00024,jpg
D:/doubledk/NIR/IMG_00025,jpg
D:/doubledk/NIR/IMG_00026,jpg
D:/doubledk/NIR/IMG_00027.jpg v

= | I
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Note: Step 7 to 10 only needs to be done one time and only if you have never done it before.
Otherwise skip to Step 11

The images will appear in a list on the next page with information about the camera models. First, we
will ensure that the camera model parameters that Pix4D automatically determines are correct. For
each camera model, click Edit.

B New Project X
Image Properties

Image Geolocation
Coordinate System

o A Datum: World Geodetic System 1984; Coordinate System: WGS 84 (2gm36) Edit...
Geolocation and Orientation

o Geolocated Images: 214 out of 214 Clear From EXIF From File... ToFile...

Geolocation Accuracy: (O standard () Low (@) Custom

Selected Camera Model

(&) I [E 21020-02_12MP-ERS-0001_5.4mm-0001_0014_5.4_4000x3000 (RGE) |

© @ 21020-02_13MP-ERS-0001_5.4mm-0001_0016_5.4_4000x3000 (Red edge, NIR) Edit...
= "

Enabled Image Group Camera Model
IMG_00007.jpg  groupl 21020-02_12MP-ER5-0001_5.4mm-0001_0014_5.4_4000:3000 (RGE) 446
IMG_00001 jpg  groupd 21020-02_12MP-ER5-0001_5.4mm-0001_0016_5.4_4000:3000 (Red edge NIR) 446
IMG_00002jpg  groupl 21020-02_12MP-ER5-0001_5.4mm-0001_0016_5.4_4000x3000 (Red edge NIR)  44.6
IMG_00002.jpg  groupl 21020-02_12MP-ERS-0001_5.4mm-0001_0014_5.4_4000:3000 (RGE) 4.6
IMG_00003.jpg  groupl 21020-02_12MP-ER5-0001_5.4mm-0001_0016_5.4_4000x3000 (Red edge NIR)  44.6
IMG_00003.jpg  groupl 21020-02_12MP-ERS-0001_5.4mm-0001_0014_5.4_4000x3000 (RGE) 44.6
IMG_00004jpg  groupl 21020-02_12MP-ER5-0001_5.4mm-0001_0014_5.4_4000:3000 (RGE) 446
< > .

Help < Back Cancel

If the camera values look incorrect, select ‘Edit’ to edit the parameters. The parameters should match
those in the figures below. These values apply only to the Double 4K camera. When finished,
select “Save to DB” to use these values in the future.

Imagers with recent firmware updates will auto-populate the pixel size and focal length in the Pix4D
lens model, but it's important to verify they are populated correctly, since they will not override any
camera models previously saved to the Pix4D camera model database.

Double check the RGB Camera (0014) uses bands RGB, and the NIR Camera (0016) uses bands
Red edge, Garbage, NIR and that all other settings are correct.
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H Edit Camera Model

Camera Model
EXIF ID: 21020-02_12MP-ER5-0001_5.4mm-0001_0014_5.4_4000x3000 (003)

Camera Model Name: | (€] 21020-02_12MP-ER5-0001_5.4mm-0001_0014_5.4_4000x3000 -

sl | savetoDB | | Cancel Edit |

Camera Model Bands

Bands: |RGE ~ | Edit. |

Camera Model Parameters

| Clear | |Esﬁmabe from E)(IFl Load Optimized Parameters

Warning: Wrong parameters can cause failure in the reconstruction. Read the Help for more information.

@ Perspective Lens O Fisheye Lens

Shutter Model: |Global Shutter or Fast Readout ~ |

O Image Width [pixel]: 4000 (® Sensor Width [mm]: |6.2 |
Image Height [pixel]: 3000 Sensor Height [mm]: |4.65 |
pixel Size [um]: [1.55 |

Focal Length [pixel]: 3483.87 Focal Length [mm]: |5.4 |
Prindpal Point x [pixel]: 2000 Prindpal Point x [mm]: |3. 1 |
Principal Point v [pixel]: 1500 Principal Point y [mm]: 2,325 |

Camera Model with Distortions: | 5 -

Radial Distortion R.1: Tangential Distortion T1: |0 |

Radial Distortion R2: Tangential Distortion T2: |U |

Radial Distortion R.3:

[ ok ] cancel || Hep

Figure 1: 12MP RGB Camera values that should be populated.

Page 10




¥ Edit Camera Model ®

Camera Model
EXIF ID: 21020-02_12MP-ERS-0001_5.4mm-0001_0016_5.4_4000x3000 (003)
Camera Model Mame: [0 21020-02_12MP-ERS-0001_5.4mm-0001_0016_5.4_4000x3000 i

sl | Save to DB Cancel Edit

Camera Model Bands

Bands: |Red edge,Garbage MNIR - Edit...

Camera Model Parameters

Clear Estimate from EXIF| Load Optimized Parameters

Warning: Wrong parameters can cause failure in the reconstruction. Read the Help for more information.

(®) Perspective Lens () Fisheye Lens Shutter Model: | Global Shutter or Fast Readout ~
O Image Width [pixel]: 4000 (®) sensor Width [mm]: |6.2 |
Image Height [pixel]: 3000 Sensor Height [mm]: |4.65 |
pixel Size [um]: [1.55 |
Focal Length [pixel]: 3433.87 Focal Length [mim]: |5.4 |
Principal Point x [pixel]: 2000 Principal Point x [mm]: |3. 1 |
Principal Point y [pixel]: 1500 Principal Point y [mm]: 2,325 |
Camera Model with Distortions: |5 -

Radial Distortion R.1: I:I Tangential Distortion T1: |D |
Radial Distortion R 2: I:l Tangential Distortion T2: |[J |
| Radial Distortion R.3: I:I

Cancel Help

Figure 2: 12MP NIR Camera values that should be populated.

9. Click "OK".
a. If you changed any settings, you will be prompted with "Information i0006", click "Yes" to save
the model to the database.

L ™
. Pix4Dmapper g

& Information i0006: You are
JA editing the camera model. Do
~ youwant to save the model

to the database before you
leave the dialog?

[] Don't Display This Message Again

' —_— — ¥

10. Verify that the NIR and RGB cameras have been set to different groups by looking at the Group and
Camera Model tags. All pictures from a given camera model should be assigned to the same group.
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Selected Camera Model

© © 21020-02_12MPERS-0001_5.4mm-0001_0014_5.4_4000x3000 (RGE) I
© (G 21020-02_12MP-ER5-0001._5.4mm-0001_0016_5.4 40003000 (Red edge NIR) |

w7

Enabled Image Group Carnera Model =
IMG_00001jpg  group! 21020-02_12MP-ERS-0001_5.4mm-0001_0014_5.4_4000x3000 (RGE)
IMG_00001,jpg  group2 21020-02_12MP-ERS-0001_5.4mm-0001_0016_5.4_4000x3000 (Red edge NIR) |44.6
IMG_00002jpg  group 21020-02_12MP-ERS-0001_3 4mm-0001_0016_5.4_400(3000 (Red edge NIR)  44.6
IMG_00002jpg  groupl 21020-02_12MP-ERS-0001_5 4mm-0001_0014_5.4_4000x3000 (RGE) 4.6
IMG_00003,jpg  group2 21020-02_12MP-ERS-0001_5.4mm-0001_0016_5.4_4000x3000 (Red edge NIR)  44.6
IMG_00003.jpg  group! 21020-02_12MP-ERS5-0001_5 4mm-0001_0014_5.4_4000x3000 (RGB) 4.6
IMG_00004.jpg  group! 21020-02_12MP-ERS-0001_3 4mm-0001_0014_5.4_4000x3000 (RGB) 446
< ¥ ’

11. Click Next and click Next on the Select Output Coordinate System menu.
12. On the Processing Options Template menu, if the Sentera Double4K Multispectral V6 template is not
listed in the menu yet, choose any template. All settings will be overridden in the next few steps.

Otherwise, choose the “Sentera Double4k Multispectral V6" template. Click Finish.

B New Project Pt

Processing Options Template

S Thermal Camera ~ || Double4k Multispectral with XMP Band and Color Information
= ThermoMAP Camera
= rgh_full e
& Sentera Doubledk Multispectral V4
= Senteral}

& sentera_doubledk_multispectral_w1
£2 centera dnuhledl multicnerctral w2

[ start Processing Mow

| < Back | I Finish I | Cancel |

13. Now the project should be open. If you already loaded the Sentera Double 4K Multispectral V4
template in the previous step, skip to Step 21. Otherwise, click on Processing Options.

=
=

8@ ) 1 ot processing (] 2. Point Cloud and Mesh [Z] 3. DSW, Orthomossic and Index

sgCuput _ Curent: o%
o Jrow: R 1 s ons
processno N (o mivsmun] stort Concel el
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14. Click on Manage Templates.

I Processing Options

] ‘ % ? : 1. Initial Processing

oo
[ %2 2. Point Cloud and Mesh
oo

l?;:)SM, Orthomosaic and
/: =

Resources and Notifications
-

Current Options: :% New

0B
| |

| Load Tenplate | | Save Tempiate | | Manage Templat

General  Matching  Calibration
Keypoints Image Scale
QO Ful
® Rapid
O Custom
Image Scale: | 1/4 (Quarter image size) ¥
Quality Report

Generate Orthomosaic Preview in Quality Report

[ Advanced
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15. Check the Import/Export box.

I Templates Manager

3D Maps

3D Models

Ag Multispectral

Ag Modified Camera

Ag RGB

3D Maps - Rapid/Low Res

3D Models - Rapid/Low Res

Ag Modified Camera - Rapid/Low Res
Ag RGB - Rapid/Low Res

Thermal Camera

ThermoMAP Camera

Dense Trees Low Foilage

New

New2

Sentera Snapdragon RGB ortho only
Sentera Tower Flights
sentera_2015_10_14_rgb
sentera_2016_04_01_ndvi
sentera_cloud_rgb_2017_06_02
sentera_ndvi_2016_05_18_rca
sentera_ndvi_2016_06_28
sentera_no_index
sentera_quad_2016_08_03
sentera_rgb_2016_07_14_b - Copy
sentera_rgb_2016_07_14 b
sentera_snapcam_ndvi_2016_10_04

GeGeGeleleBeleBoleleloelekl @@ MOM®MMO MMM @

Your description here

Import... Folder...

port/Export

Export...

More processing options templates (.tmpl) available here.

 Duplcate

G

Remove

16. Click Import.

I Templates Manager

3D Maps

3D Models

Ag Multispectral

Ag Modified Camera

Ag RGB

3D Maps - Rapid/Low Res

3D Models - Rapid/Low Res

Ag Modified Camera - Rapid/Low Res
Ag RGB - Rapid/Low Res
Thermal Camera

ThermoMAP Camera

Dense Trees Low Foilage

New

New2

Sentera Snapdragon RGB ortho only
Sentera Tower Flights
sentera_2015_10_14_rgb
sentera_2016_04_01_ndvi
sentera_cloud_rgb_2017_06_02
sentera_ndvi_2016_05_18_rca
sentera_ndvi_2016_06_28
sentera_no_index
sentera_quad_2016_08_03
sentera_rgb_2016_07_14_b - Copy
sentera_rgh_2016_07_14_b

sentera_snapcam_ndvi_2016_10_04

GeBeGeBeBeBeleBoleBeleBele@@M®MOM @ @ @ @ @ @

Your description here

Folder...

Import/Export

More processing options templates (.tmpl) available here,

 Duplicate

Cancel

Remove

Help

Page 14




17. Choose the

E Import Template x|
N » ThisPC » Desktop » 2.2 v O Search 2.2
Organize + Mew folder = M @
3 montego - " MName Date modified Type g )
2.1.33 -- Firmwa |J sentera_doubledk_multispectral_v3.tmpl 472272019 2:26 PM TMPL File
Example Project |j sentera_doubledk_multispectral_wd.tmpl 472272019 2:26 PM TMPL File
FieldAgent iPad 5L ELapikiiamrreriretrel = 4/22/2019 2:26 PM TMPL File
R sentera_doubledk_multispectral_vB.tmpl 4724/2019 4:32 PM TMPL File
ev-
SE T CT o e eeplesbnsbpoohblomilicionicl el lefmiefenfiet? 6/24/2019 2:30 PM TMPL File
@ OneDrive |j sentera_doubledk_precision_ndre_v1--2017_12_05.tmpl 472272019 2:26 PM TMPL File v
. LN 4
File name: |sentera_d0ubledk_muItispectral_vﬁ.tmpl V| Phedgs (*.tmpl)

Double 4K template provided by Sentera and click Open.

Cancel

18. The template will now appear in the list on the left. Confirm that it is present and click OK.
19. Click Load Template and select the template.

O 0 Template
‘L Load Template " Save Template | |Manage Templates...

Personal L
Standard L4
Rapid L4
Advanced

Dense Trees Low Foilage Cancel Help
sentera_doubledk_precision_ndre_v2--2017_12_06

sentera_doubledk_precision_ndre v3 2018_09 21
sentera_doubledk_precision_ndre_v4 2019_09 01
sentera_doubledk_precision_ndvi_v2--2018_04 24
sentera_quad_2016_08_03

== = oo 1o
o Lo - L = e =

20. Click OK.

o sENtera_doubledk_multispectral_ve _D
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-- Continue here from step 13 if your template was already loaded --

21. IMPORTANT: Before continuing, verify that camera calibration is enabled. This will help normalize
the two separate images an allow more accurate band comparisons (such as NDVI).
a. Open the Processing Options
b. Click on the ‘DSM, Orthomosaic and Index’ Option
c. Click on the ‘Index Calculator’ Tab
d. Make sure both cameras are set to Correction Type: Camera Only (See Below). You do knot
need to click on Calibrate or Reset.

I Processing Options X
D5M and Orthomosaic Additional Outputs Index Calculator
%?) 1. Initial Processing Radiometric Processing and Calibration ~
21020-02_12MP-ER5-0001_5.4mm-0001_0014_5.4_4000x3000 (RGE)
Correction Type: |Camera Only 7
0 no:: 2. Point Cloud and Mesh Calibration: Calibrate... Reset ®
°e 21020-02_12MP-ERS-0001_5,4mm-0001_0016_5.4_4000x%3000 (Red edge,MIR)
Correction Type: |Camera Only 7
% limli):(M Orthomosaic and Calibration: Calibrate... Reset @
T~
Resolution
() Automatic
Resources and Motifications 1 2| xGsD
(® Custom

anfoiee

Downsampling Method: | Gaussian Average

Reflectance Map
GeoTIFF
Merge Tiles

Indices

Note: red indices won't be generated because they are invalid,

0 8 red=red ~
[J © green = green
[ & blue = blue
[l B red edge = red edge v
£ >
v
Current Options: _doubledk I ctral_v3
Load Template || | Save Template || |Manage Templates...
Advanced Cancel Help

22. Scroll down to Indices and select Red, Green, Blue, Red Edge and NIR.

Page 16



| Processing Options [Read-only] *

D5M and Orthomosaic Additional Outputs Index Calculator

- . . . -~
| @E % 1. Initial Processing Radiometric Processing and Calibration
21022-01_12MP-ERS-0001_5.4mm-0001_0016_5.4_4000x3000 (Red edge, NIR)

Correction Type:  Camera Only -
LR N
O :.'& 2, Point Cloud and Mesh Calbration: T Resst (D
oo 21022-01_12MP-ERS-0001_5.4mm-0001_00 14_5.4_4000x3000 (RGE)
Correction Type:  Camera Only -
= G, /| 3-DsM, Orthomosaic and Calibration: Calibrate... Reset ®
Index
-~
Resolution
(O Automatic
Resources and Motifications 1 % xGSD(3.67912 cm/pixel)
® Custom
—
Downsampling Method: | Gaussian Average
Reflectance Map
[ GeoTIFF
EA Merge Ties

)/\

1 & red_edge = red_edge N
[0 2 garbage = garbage
B & nir= nir
1 8 red=red
] & green = green
B 2 blue=blue
mxmwcale=‘l*md edoe + 0* garbaoe + 0 * g v
Expor -
Current Options: No Template
Load Template | = Save Template | Manage Templates...
E-] advanced oK Close Help

23. Click Start under the Processing pane. If the Processing pane is hidden, click on the Processing
button on the Side Panel. Processing will run for any length between a few minutes and many hours,
depending on the number of images and the characteristics of the image set.

T Procexin 0[] 2. Foint Cloud and Mesh (2] 3, DSM, Orthomosaic and Index
Log Output  Current: 0%
Total: 1 1 s o

S i ] o |

24. When processing completes, Pix4D will have generated a full mosaic and reflectance maps for the
imagery. These reflectance maps can be used to create indexed colormaps.
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INSERTING GROUND CONTROL POINTS

L

Click on the Project Menu and select GCP/MTP Manager.
2. Setthe GCP Coordinate System to match the GPC data. This can be Latitude/Longitude, Meters
or Feet.
3. Click on the “Add Point” button.
4. For each GCP change the “Type” value to 2D GCP
5. For the “X” value type in the value that is in Latitude/Longitude, Meters or Feet.
a. Value is determined by the GCP Coordinate System.
6. For the “Y” value type in the value that is in Latitude/Longitude, Meters or Feet.
a. Value is determined by the GCP Coordinate System.
7. Repeat steps 5 and 6 for each GPC. There should be a minimum of 5-8 per project.

I GCP/MTP Manager X
GCP Coordinate System
@ Datum: World Geodebe System 1984; Coordinate System: WGS 84 Edit...
GCPMTP Table
- . . . Import GCPs...
Label Tpe Latitude Longitude Altitude Accuracy Accuracy
a [degree] [degree] [m] Horz [m] Vert [m] Export GCPs...
0o 20 GCP 43.913 -93.476 361,000 0.020
01 20 GCP 43,913 -93.470 364,000 0.020
02 lan 6cp P -63.467 359,000 0.020
I —— ‘Add Point
Remove Points
03 GCPs with enough image marks Import Marks... | ExportMarks,..

8. Once the GCP are added. Click on the “OK” button to ensure they are in the correct spots.
9. Pix4D will place a Blue “X” for each GCP.

10. Run and complete Processing Step 1, unselect Step 2 and 3. Let Step 1 complete.
P Processing ] 1. [z 3 1. /8 Start Cancel
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11.
12.
13.

14.
15.
16.

17.
18.
19.
20.

Click on the Project Menu and select GCP/MTP Manager
Click on the “Basic Editor” button at the bottom of the dialog box.
Select Sort Images by Distance to GCP.

Images

On the “Image” section select the image and zoom in and mark the GPC.

Repeat step 13 for at least 3 to 8 images. Marking the same spot each time.

Select another GCP from the GCP/MTP Table and repeat steps 13 and 14 until all of the GCP
have been completed.

Click on the “OK” button at the bottom of the dialog box.

Click on the Process Menu and select “Reoptimize”

Click on the “OK” button let the process run and complete.

Run and complete Processing step 3. Ensure the Processing Step 1 is unchecked.

REFLECTANCE AND NDVI CALCUATIONS

1. Click on Index Calculator.

Project Process View MapView Help

' A > >
@ S g !
Project Process

rayCloud :

Volumes

Check to see if the NDVI and NDRE indices are present in the dropdown. If one more of these are

missing, click Indices... and continue to Step 3. If there are NDVI or NDRE indices present, skip to
Step 6.
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W 3. Index Map
|| (Name Formula
igred ¥ [ = red v
Edt.. || Indces... |  Generate | | Hep |
Band Min Avg Max Stdev Var
Selected index map not yet generated
3. Click Add to create a new Index.
B Index List ? X
Indices
Name Formula o
8 red @ red
& green @ green
& blue @ blue
B grayscale @ 0.2126 * red + 0.7152 * green + 0.0722 * blue
[2) sentera_NDRE @ ((4.082*blue) + (-1.4%red)) / ((2.076"b...

sentera_ndvi

grayscale_copy

sentera_ndvi_narrow
% Quad Band NDVI
% Quad Band NDRE
% QuadBandSCCCI

< QuadBandDVI

((1.25* blue) - (0.25* red ) ) / ( (0.75 *blu...

((23.4/255) * red) + 13.59

((7.415*blue) - (1.412* red ) ) / ((5.391 *...
((1.25 * group4_red ) - (0.5 * group2_red) ) ...
((1.25* nm800_red ) - (0.5 *nm725_red) ) / ...
((1.25* group4_red ) - (0.5 * group3_red) } ...

((1.25 * group4_red ) - (0.5 * group2_red) ) %

Edt | Dwicste | Add _i| | Remove |

Cancel

ok ||
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4. Type the band calculation in a similar fashion as below using the band names in the calculation.
Sentera provides the exact index formulae that should be used to create indexed colormaps.

Double 4k NDRE:

B Index Map - unnamed ? x

Reflectance Map Band Selection

Band nm Min Avg Max  Stdev var|
red 445 402,50 271100 11592.51 2070.02 4284963.62
green 545 1.57 131215 4255.33 490,23 240321.24
blue 650  399.87 2212.74 09536.84 1621.31 3628648.44
red_edge 720  680.25 1822.68 4971.89 43525 189439.15
garbage - 0.00 0.00 0.00 0.00 0.00/
nir 840  730.56 3273.99 5082.87 909.53 827253.54
‘Operations
+ = = ! ~
( ) sqrt log sin
cos tan asin acos atan
Formula

{nirred_edge)/{nir +red_edge)|

Valid Formula

Cancel e

Double 4k NDVI:

I Index Map - unnamed ? x
Reflectance Map Band Selection
Band nm Min Avg Max Stdev Var|
red 445 402,50 271100 11592.51 2070.02 4284953.62
green 45 157 131215 4255.33 490,23 240321.24
blue 650 399.87 2212.74 9596.84 1621.31 2528648.44
red_edge 720 680,25 182268 4971.89 435.25 189439.15
garbage - 0.00 0.00 0.00 0.00 0.00
nir 840 730.56 3273.9% 5082.87 9038.53 §27253.54
Operations
+ - = / ~
4 ) sart log sin
cos tan asin acos atan
Formula
{nir-red)/{nir-+red)|
Valid Formula
Cancel | [ i

5. Give the index a meaningful name, for example “sentera-double4k-NDVI” or “sentera-double4k-
NDRE”. Take care to double check that your formulae match those above. Click OK.
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6. Select the Index

you want to generate from the dropdown and click Generate.

W 3. Index Map

B ndvi

v |

Edit... v I Generate I Help
Band Min Avg Max Stdev Var
band1 -0.71 0.15 0.70 0.40 0.16

Formula

= | (nir - red) f (nir + red)

7. Under 4. Color Maps and Prescription, Sentera recommends using 5 Classes and Equal Area.

[ PixdDmapper Pro Preview - Doubledk-MS-SampleCropFlight-XMP

Project Process View Index Calculator  Help

B eopenelaax Sron nceswen 2] Lockregrs e
Project Process View Reflectance Map Index Map Regions
Index Calculator & X
/\_/\ 0.70
P 1. Reflectance Map
Home 0.51-
m P 2. Regions
Map View ¥ 3.Index Map
& Name Formula
rayCloud B ndv | = (or -red)  fur +red) [~]
= v
Volumes
| Band Min Avg Max Stdev Var
band1 0.71 0.15 0.70 0.40 0.16
W 4. Color Maps and Prescription
umber of Classes Equal Area - I Help
MinMax [0.71 | -[0.720 | Clamped
Color Min Max Area [ha] Area [%]
0.51 0.70 103 20.00
0.35 0.51 103 20.00
¥ s 0.14 0.39 103 20.00
i
: f i | | 0.28 0.14 103 20.00
| | | .71 0.3 103 20.00
! Dimest
i
o . W 5. Export
O
Processing Index Values and Rates as Palygon Shapefiies (SHP) with Grid Siz
=Y
el Colored Index Map (GeaTIFF) and GeoJPG (IPG):
Log Output
o Upload Reflectance Map to MicaSense Atias:
Processing Help
Options

WGS 24 / UTM zone 15N - (490612.15, 4949538.00) [m]
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8. Under 5. Export, click the second Export button next to “Colored Index Map (GeoTIFF) and...“. Your

color mapped mosaics are now available in the “4_index” directory.

B Pix4Dmapper Pro Preview - Doubledk-MS-SampleCropFlight-XMP — [m] x
Project  Process View IndexCalculator  Help
M @€ g o e e d Show Index Map. 7] Lock Regions 2
Project Process view Reflectance Map Index Map Regions
Index Calculator F X
@ 0.70
} 1. Reflectance Map
Home 5L
m } 2. Regions
Map View ¥ 3.Index Map
Z Hame Formula
2 | B ndvi =] = [ -rec) / G +rec ©
= v
WVolumes
@ Band Min Avg Max Stdev Var
R band1 071 0.15 0.7 0.40 0.16
Editor
¥ 4. Color Maps and Prescription
o
==
— s[5 -0 clrt
Color Min Max Area [ha] Area [%]
0.51 0.70 103 20.00
0.39 0.51 103 20.00
' M 0.14 0.39 103 20.00
i
i ! i . 0.28 0.14 103 20.00
i [ | .71 0.28 103 20.00
! B dravien ~|Oiwert
o 1 ¥ 5. Export
Procassing Index Values and Rates a5 Polygon Shapefiles (SHP) with Grid Siz
o
il Colored Index Map (GeoTIFF) and GeoIPG (PG): Export
Log Output
o Upload Refiectance Map to MicaSense Atias:
Processing Help
Options
WG5S 84 / UTM zone 15N - (490612.15, 4949538.00) [m]

W 5. Export

Index Values and Rates as Polygon Shapefiles (SHP) with Grid Siz:

e

Colored Index Map (GeoTIFF) and GeolPG (IPG)

Export
Export
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OUTPUT

Output files are saved in the Pix4D project directory selected when creating the project.

i =NRCn X
@-\-J-vl . % Documents » pixddmapper » sample-project-tutorial » - |¢y || Search sample-project-tutorial p o
Organize « Include in library = Share with = Mew folder g== = [l I@:J
-
- ifi W Iz
¢ Favorites - Name Date modified Type Size
Bl Desktop . 1 initial 10/14/201511:39 ...  File folder
4 Downloads | 3_dsm_ortho 10/14/201511:40 ...  File folder
=i Recent Places 4 _index 10/14/201511:41 ... File folder
| temp 10/14/201511:41 ...  File folder
-l Libraries || sample-project-tutorial.log 10/14/201511:40 ...  Tex Document 188 KB
| Dncuments b
5 items

[

1 initial\report\<project name>_report.pdf

Contains useful information about how the imagery quality affected stitching results, as well as preview
images.

1_initial\report\html

Contains a few preview pictures. These are available as soon as the quality report appears, before final
mosaics are ready.

3_dsm_ortho\2_mosaic

Contains the tif file, which is the high resolution mosaic. Windows will open tif files up to 1GB. If you
produce tif files larger than 1GB, it's best to view them using the Google tiles option, discussed in the
appendix. Google tiles appear in this directory, when enabled.

4 _index\indices

Contains subdirectories for each index generated. Each index subdirectory contains many files.
<project_name>_RGBa_sentera_<index>.png is a small file that provides an easy visualization.
<project_name>_RGBa_sentera_<index>.tif, along with the *.tfw and *prj file can be imported into
AgVault and other GIS tools. Academic researchers may be interested in the
<project_name>_index_sentera_<index>.tif, which is produced prior to color mapping.

4 _index\reflectances

Contains a multiplayer tiff for each group. These contain the separated reflectance values of the RGB
and nir cameras. Typically, groupl contains red,green,blue and group2 contains red edge, garbage, nir.
However, this can vary depending on how the groups were set up when the project was created. The
files are called: <project_name>_transparent_reflectance_<group name>.tif.
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APPENDIX A - LARGE DATA SETS

Large data sets mosaicked at high resolution can produce a merged GeoTIFF file larger than 1GB.
Windows will not display tiff files larger than 1GB, so an alternative viewing method is required. In this
case, it is recommended to enable Google Maps Tiles and KML. Doing so produces an HTML file and
KML file in the 3_dsm_ortho\2_mosaic directory. Double click on the HTML file to view tiled imagery in a
web browser. You may need to select “Allow” since some browsers disable tiled viewing by default.
Install Google Earth, then double click on the KML file to open the mosaic in Google Earth. Tiled viewing
allows lower resolution images to be viewed when zoomed out, and higher resolution images to be
viewed when zoomed in, which can provide an excellent viewing experience. However, generating the
Google Maps Tiles and KML adds substantial processing time to each stitching run, and should only be

enabled if it will really be used. In these cases, the GeoTIFF can optionally be disabled, if it will not be
used.

D5M and Orthomosaic | Additional Qutputs I Index Calculator |

E 5 1.Initial Processing Resolution

@ Automatic

1 |5 xGSD (7.07832 cm/pixel)

A o 2. Point Cloud and () Custom
00 Mesh

7.08 cm/pixel

DSM Filters

3. DSM, Orth, i
Q ‘ 1 omesale Use Noise Filtering
~ and Index

Use Surface Smoothing

Resources Raster DSM
GeoTIFF
-
[ Merge Tiles
Orthomosaic
GeaTIFF

Consider disabling

Merge Tiles
|:| GeoTIFF Without Transparency
I Google Maps Tiles and KML I

[T] Mapbox Tiles

Current Options: No Template

[ Load Template ,] [ Save Template v] [Manage Templabes...]

Advanced 0K ] [ Cancel ] [ Help
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APPENDIX B - STITCHING FAILS

If stitching fails, review the quality report for hints. Stitching can fail for many different reasons. If your
data set is simply on the edge of stitchability, do the following. Open Processing Options -> Initial
Processing -> General. Select Keypoints Image Scale -> Full. Full increases processing time, but can in
some cases enable mosaic generation for data sets that could not produce a mosaic on the Rapid
setting.

% Processing Options =

General | Matching I Calibration

E ; . 1. Initial Processing Keypoints Image Scale
@ Full (Default)

) Rapid

] oo 2. Point Cloud and @) Custom
oo
[-X-]

Mesh P— —
Image Scale: |1 {Original image size)

Output

e ‘ 3. DM, Orthomosaic Generate Orthomosaic Preview in Quality Repart
~ and Index

Resources
=

Current Options: No Template

[ Load Template v] [ Save Template v] [Manage Templahes...]

! [¥] advanced [ oK J[ Cancel H Help
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APPENDIX C - SAVING TEMPLATES

After creating indices, it’s possible to generate the indices as a step of the main processing. Open the
Processing Options, Select “3. DSM, Orthomosaic and Index”, and select “Index Calculator” tab. Check
the boxes next to the indices you want to generate each time and save the template. Load the template
next time. Note that even when Pix4D generates the indices, there is no way to automatically export
the color mapped versions of the indices. It is necessary to manually select the index and choose
“Export” to generate color mapped files.
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APPENDIX D — CREATING A 5 BAND SINGLE GEOTIFF

To create a single image with all five band can be done using QGIS. This single 5 Band image can be
imported in to FieldAgent Desktop to produce several different indices.

1.) Launch QGIS. If you need to please download it first.

2.) Browse to the project folder from Pix4D.
3.) Openthe 4_index folder
4.) Open the Indices folder

1+ = | indices
Home Share View
T R ;
MName
3 Quick access
blue
[ Desktop -
green
; Downloads » .
d nir
| Documents » red
| Pictures » red_edge
= T s
5.) Open the first Indices folder and select the .tif file
| E] = | Manage hlue
Home Share View Picture Toals
€« v 4 >
MName
5 Quick access
tiles
I Deskto - -
P | | GRO25W-1 - NDVI, Five-Band - 9343 _inde...
'_' Downloads £ ™ GRO2SW-1 - NDVI, Five-Band - 9543 inde...
[ Documents 4 g GRO2SW-1 - NDVI, Five-Band - 9543_inde...
| Pictures »

Al o esne-

6.) Drag that .tif file in to QGIS in the “Layers” panel.

Mamage

» 4 index » indices

Date modified Type Size
8/20/2019 1:13 PM File folder
8/20/2019 1:15 PM File folder
8/20/2019 .15 PM File folder
8/20/2019 1:15 PM File folder
8/20/2019 1:15 PM File folder

» 4 index » indices » blue

Date modified Type Size
8/20/2019 1:15 PM File folder

8/19/2019 2:43 PM PRJ File 1KB
8/19/2019 2:43 PM TFW File 1KB
8/19/2019 2:43 PM TIF File 127,607 KB

L
% 2 =- T
® 2 B Hew

v QGIS veraiom vl v i ek e et e iy o vrnen 34,3 P S—
o seecsed 1268 Stae @ 01 = v Sk oy oo
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7.) Repeat step 6 for all 5 Indices.

Q
O ppll. PPL @ =T
| R@V.A®m @ R 20 tew
Browser 1] Processing Toalbox 2%
ier=zo0 .o
Favortes - -
+ @ Home V0 Recenty used
rEa » @ Certography
LRl Y * Q Dstabase
rozn b Q Fetoots
@ Geopackage » Q Grphics
/£ spatislite » @ interpolation
@ posais » Q Layertoots
» mssau » @ Network snalysis
@ Oracle » @ Raster analysis
5 oe2 + @ Raster temain snalysis
@® vims/ TS * @ Raster tools
+ ® 0z + @ Vecwor iy
@ vics & + Q@ vectorcreston
+ @ Vecor geners
Byers Ll v aQ w:r::;m
cawY  -BAO ) Qe
v B GROZSW-1 - NDVI.five:Band - 3543 index red. cdge $ '@ Vacke suincien
[ EES » Q@ vectortable
15675 v oA
v ¥ GRO2SW-1 - NDVI, Five-Band - 9543 index_red v @ GRAsS
W » € saa
unn
~ v I GRO2SW-1- NDVI. Five-Band - 9543 index_nir
e
8791
= ¥ ¥ GRO2SW-1 - NOVI. Five-Band - 9543 index_blue
W oose
872633
= VW GRO2SW-1- NDVL Five-Band - 9543 index_green
Wowns
13753
LayerStying  Procesang Toobox
Coordrate 514812,53%7322 | @ Scake 17322 v | @@ Magnifier| 100% % Rotaton 0.0° 3V Reder S scane @
8.) From the Menu bar, select Raster>>Miscellaneous>>Merge.
@ “Untitied Project - QGIS - o x
Project Edit View Layer Settings Plugine Vector Datsbaze Web Mesh Progessing Help
I EBRRE K [ B MR @ " EME =-Pm-
aign Rasters..
RV Z® B £ Georeterencer = R 2 B e
Browser Ansiysis : Processing Toolbox. T
Tevae Projectons 5 e
¥ i Vitual Raster.. e
. B :::':( Extraction »| 8 Rasterinformation... r‘mm»’ =

Conversion

W, Build Overviews (Pyramids)..
b2

© oo B8 Tie Index.
£ spatialite
@ postGis

» mssau

® Onde
o2

@ wWMSVMTS
@ X2 Tiles
@ vics

Layers a%

LR 32

VB GROZSW-1 - NDVI. Five-Band - 3543 index red edge
| e

- - NDVI, Five-Band - 9543 index red
NDVI, Five-Band - 9543 index_nir

NOVI. Five-Band - 9543 index_blue

- NOVI. Five-Band - 9543 index_green
W ouns

8753

Coordnate | §14427,5%7777 | scake| 171322

 Magrfier | 100%

Cattography
Database

File tooks

Graghics
Interpolation

Layer tools

Network analysis
Raster analysis

Raster temain anabysis
Raster tools

Vector general
Vector geometry
Vector overtay
Vector selection
Vector table
GOAL

GRASS

SAGA

(.13 Jo¥oYo¥oYoYoYoYoYoloYoloyoyofoyolo]

LayerStying  procesang Toobox

Rotaton 0.0° 2|V Render 4 EPSGI32614

9.) Inthe Merge dialog box click on the Input layers browse button.

@ Merge

Parameters | Log

Input layers

|D elements selected

Grab pseudocolor table from first layer
Place each input file into a separate band
Output data type
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10.)In the Multiple selection dialog box, drag the layers up or down until they are in order or Red,
Green, Blue, Red Edge and NIR. Then click on “Select All” and “OK”

| Q

Y . Five-Band - 9543 _index_red [EP5G:32614] @
v , Five-Band - 9543_index_green [EP5G:32614]
[V . Five-Band - 9543 _index_blue [EP5G:32614] Clear Selection
v . Five-Band - 9343_index_red_edge [EP5G:32614]
v . Five-Band - 9543 _index_nir [EP5G:32614] Toggle Selection
Add File(s)...

Add Directory...

Cancel

11.) Select the check box for “Place each input file into a separate band”, under “Advanced Option”,
place a -10000 in the ”Assign specific ‘nodata” for the Merged select the browse button to select a
location to save and name the file. Finally click on “Run”.

Q Merge o

Parameters Log
Input layers
5 elements selected
Grab pseudacolor table from first layer
Output Gatatyp
Float32 ot

w Advanced parameters

Input pixel value to treat as "nodata” [optional]

Mot set

stawyalue to output [optional]

=
optional]
Profile | Default =
MName Value
g || = Validate Help

B a-arfter running algorithm
GDAL/OGR consale call

python3 -m gdal_merge -separate -a_nodata -10000 -ot Float32 -of GTiff -0 Z:/Been/MERGE. tif -optfile C:/Users/Steve/AppData/
Local/Temp /processing_7aa3876fd0794ca7af4d 325 1b03fb 1d/e 203f51ac54347eaa119f54c 260f308b /mergelnputFiles. bet

0% Cancel
Run as Batch Process... Close Help
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12.)QGIS will display a preview of the 5 Band Single GeoTiff once it has been completed. Please note
it will have a unusual color hue to it.

Q “Untitied Project - QGIS - =] X
Project fdit Yiew Layer Settings Plugin: Vector Raster Datsbaze Web Mesh Progessing Help
=) = ¥ D @
BRERN QL PP A

|keV.ze @

iev®0

Favortes
+ 5] Home

2% Processing Toolbox o3|

MSSQL
Ondle ,
5 os2 .
® s » Q Raster analysis
+ @ xXZTies + Q Raster temain anabysis
@ vics o + Q Rastertools
a% » Q@ Vector analysis
i + Q@ Vector creation
320 @ Vectorgeneral
+ @ Vector geometry
-1 - NDVI, Five-Band - 9543 index.red_edge b Q Vector overlay
» Q@ Vector selection
» Q Vector table
1 - NDVI, Five-Band - 9543 index red v & coAL
v @ GRass
1978 » & saca
= V3 GRO2SW.1 - NOVL. Five-Band - 9543 index_nir
[
791
= ¥ I GRO2SW-1- NDVI. Five-Band - 9543 index_bue
W oosomez
7263
= ¥ 3 GRO2SW-1 - NOVI. Five-Band - 9543 index_green
W
13783

LayerStying | Procesaing Toobox
Coordrate | 514890,5367283 | scake 17322 v | @@ Magnifier| 100% % Rotaton 0.0° 3V Reder P Escane @
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APPENDIX G — IMPORT A 5 BAND SINGLE GEOTIFF INTO FIELDAGENT

Importing the 5 Band Single GeoTIFF in to FieldAgent will yield 8 different Indices to work with in
FieldAgent Desktop.

1.) Launch FieldAgent Desktop
2.) Select the “Create Survey” button on the top of the screen
3.) Click on the “Add” button

dsentera [w c o O

| FiLTERS Clear
Grower: er by growe

Farm: Fils fai J
New Survey(s)

Detect Photos
Scan for color + NIR photos to add to the survey.

Currently Selected Folders to Scan:

Remove images of horizon?
Enable fiat field correction?

xico City
Mexico City 4 Jamaica - PuertoRico
Belize
Guatemala

ELSal

Mar3caibo

¥ Caracas
Panama

Medellin Venezuela

A
Satellite Colombia ALL FIELDS (14)

4.) Browse to the folder where the 5 Band Image is stored
5.) Select the Folder

— v » ThisPC » (Z:) » TA35EM-15Band » Merged File w |8 Search Merged File el
Organize » New folder ==
[ montego () MName Date modified Type Size

| Documents
Mo iterns match your search,
indices
| e 1P eterchin
‘ia Local Disk (C:)
- Mew Volume (D

= steve_kampen [\ v

Folder: | Merged File

Select Folder Cancel
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6.) Click on the “Next>" button

13 Mew Survey(s) — O *
Detect Photos
Scan for calor + NIR photos to add to the survey.
Currently Selected Folders to Scan:
ZNTA3SEM-1 5 Band\Merged File [ii] Add
Remove images of horizon?
Enable flat field correction?
Cancel Next > )

7.) Validate that the import is going to the correct field and click on the “Next>" button.

3 New suveyts -

Photo & Boundary Confirmation
Photos enclosed by your boundary selections will be imported. Adjust boundaries as needed

New Survey
d Name: Merge Test
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8.) Select the “Five Band Map” and use the NDVI Toolbox to select the 8 different Indices.

/= FieldAgent™

ssentera

€ BacktoMap  Merge Test

$ Field View [ Document View

Field Boundary =

Total selected:

08-27-2019
08-27-2019

Photo Dots

Five Band Map
08-27-2019

Elevation Map
Street Map

Satellite

NDVI Toolbox
Select the index map to display:
NDVI

NDVI

NDRE

GNDVI

CIRE

cic

NDWI

TCARI / OSAVI

Management Zones
Minimum

Color Map
ST e Redto Green WL
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