AGRICULTURE AND FOOD

PAT - Precision Agriculture Tools
Plugin for QGIS

User Manual

S

Christina Ratcliff, David Gobbett, Rob Bramley
August 2020 PAT v1.0.0

Wine
Australia




Citation
Ratcliff, Christina; Gobbett, David; Bramley, Rob (2019): PAT - Precision Agriculture Tools. CSIRO. Software
Collection. https://doi.org/10.25919/5d23f9fb58722

Copyright

© Commonwealth Scientific and Industrial Research Organisation 2020. To the extent permitted by law, all
rights are reserved and no part of this publication covered by copyright may be reproduced or copied in any
form or by any means except with the written permission of CSIRO.

Important disclaimer

The notes and software described here are based on a number of technical, circumstantial or otherwise
specified assumptions and parameters. The user must make their own assessment of the suitability for use
of the information or material contained in or generated from these notes. To the extent permitted by law,
CSIRO excludes all liability to any party for expenses, losses, damages and costs arising directly or indirectly
from using these notes and software tools.

Enquiries

Contact PAT@csiro.au for queries about the tools described in this manual.

2 | PAT - Precision Agriculture Tools Plugin for QGIS ( August 2020 PAT v1.0.0 )


mailto:PAT@csiro.au

Contents

PAT - Precision AGriCUITUIE TOOIS.....cuiiii ettt e ettt et e et e e e e tte e e e e bte e e s sbtaeeseabtaeeeenstaeeesnsaeaesnnes 4
1 Installing, Upgrading and UniNStalliNg.........cceoiciiiiieiiie ettt e e vte e e e e ban e e s e arne e e eaees 7
O R I oY o 1 USRI 7
O A (< To [ 01T =T o T=] oL £ PP PP TSP PPPPPPTPPRE 7
I T 101 - 1 1T Y= = 1) TP 7
R S U T oTo - 1 < 1) LSRR SRPPROE 11
R T U o [ 1y =1 | 2 U ERPRROE 12
B 1o Vo T\ Vi o U= Y I e Yo 3SR 13
D R O - F- | 4= 21 [ Yol [ € o o USSR 13
2.2  Clean, Trim, Normalise POINt Data .......ccccciiiiieeii ittt ee e e e e e e nnraeae e 15
2.3 RUNKrigING USING VESPER .....eeeiiiiiiiiii ettt ettt e e e e s e e e e e e s anraeeeee s 20
2.4 IMPOrt VESPER RESUIES .eiiieiiiiiieiiiie ettt ettt ettt e sttt e s et e s et e e s e sata e e e snaaeaesnsneeeenn 23
2.5 Create Polygon from On-The-Go GPS Point Trail Data.......ccccceeevveeeeiiieeeeiiieee e 24
2.6 Rescale or NOrmalise @ RASTEI......uiiiicuiiiiiiiiie ettt et e e e e e s snaaeeeeas 28
2.7 Generate Random PiXel SElECHION .......vviv i 29
2.8  Extract Pixel Statistics fOr POINTS ....ccccuuiiiiiciiieecceee et 30
2.9 Calculate Image INdices fOr BIOCKS ........ciiicuiiiiiiiiie sttt saee e 33
2.10 Resample Image Band fOr BIOCKS ........ueiiieiiiiiecciee ettt et 36
2.11 Create Zones With k-mMeans CIUSTEIS .......cccuiiiiiciiiie et stee e e eeaae e e e aaeeaean 39
2.12 Create Strip Trial POINTS......viiiieiiee ettt e e tee e e e etae e e et ae e e e eabaeeeenaaeeeensaeeaean 41
2.13 RUN Strip Trial t-teSt ANAIYSIS ..ocuvriieeeciiiie et e et e et ec e e e rre e e et re e e e sabaeeeesaaeeeensaeeeans 43
2.14 Whole-0f-block ANAlYSIS.......ceiieiiieeeee e e e e e e e e aae e e ensaeeeean 47
0 T o =Y ] 1 o N 51
S Yo o] VA ST Y V0] oo o} -V U 54
00 A = o V= { 3N 55
I =Yoo Vo 1Tor] I\ o] (Y-SR 56
3.1 GENEIAI NOTES....iieitie ettt et st e et e s bt e e sab e e sabe e s bt e e sabeesabeesateesabaeesabeens 56
N Lo 1Y Ko SRRt 57
4.1 Create a block boundary polygon from a CSV of GPS collected points........ccccceeveveeeennnnenn. 57
4.2 How to reproject a shapefile and why you need to do this........ccccceevvciiiiiiiiee e, 59
4.3  Loading PAT Symbols into QUGIS ......ccocciiiiiiiiiie ettt srae e e 60
4.4 Kriging ‘low density’ data in PAT .....cooiciiiiiiiei ettt esree e ree e e sabee e e s ebae e e s 61
D CONIIIDULOIS ...ttt ettt sttt e s bt e e s abe e s bt e s bt e e s be e s bt e e abe e s beeesabeesabeesbaeenbaeene 65
LI Yol 4 o VY] 1=To F=d 0 o 1= o PSP 65
T REFEIENCES ettt et ettt e s a bt e st e e s bt e e s bt e s bt e e abe e s be e e sabeesateesbaeesbaeene 66

PAT - Precision Agriculture Tools Plugin for QGIS ( August 2020 PAT v1.0.0 ) | 3



PAT - Precision Agriculture Tools

The Precision Agriculture Tools (PAT) plugin is a suite of open source tools developed by CSIRO for Precision
Agriculture (PA) data analysis. The tools run within Quantum Geographic Information System (QGIS) version
2.18 (QGIS Development Team 2017), a free and open-source desktop geographic information system that
supports viewing, editing, and analysis of geospatial data. PAT aims to provide an easy-to-use interface for
processing PA data through an established workflow developed for constructing maps using on-the-go data
(e.g. from yield monitors or EM38 soil surveys) as shown in Figure 1 and Table 1 (Bramley and Williams
2001; Taylor et al. 2007; Bramley et al. 2008; Bramley and Jensen 2014). It also includes tools for analysis of
remotely sensed imagery and some on farm experiments and for clustering map layers to create potential
management zones. Over time more tools and ‘how-to’ instructions will be added to expand the
functionality and usefulness for both practical and research purposes.

o L
Create block
O O OO - boundary
GPS block points Run kriging
using

block grid VESPER
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et al. 2005)

Create polygon
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ﬁ normalise data I
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from VESPER
results
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8 How-to instructions
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[:] Alternative method

Figure 1 The basic map production workflow used in PAT and some of the existing tools available for processing high
density on-the-go data.
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Table 1 Brief description of tools available in PAT

PAT TOOLS DESCRIPTION
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Create Block Grid

Clean, Trim, Normalise
Point Data

Run Kriging Using
VESPER

Import VESPER Results

Create Polygon from
On-The-Go GPS Point
Trail Data

Rescale or Normalise a
Raster

Generate Random
Pixel Selection

Extract Pixel Statistics
for Points

Calculate Image
Indices for Blocks

Resample Image Band
for Blocks

Create Zones with k-
means Cluster

Create Strip Trial
Points

Run Strip Trial t-test
Analysis

Whole-of-block
Analysis

Persistor

Apply Raster
Symbology

Settings

About

Help

Convert polygon features (e.g. a block boundary — see page 57) to
e 3 TIFF raster; and
e a VESPER text grid file of X,Y point values used by VESPER.

Process an on-the-go data file (e.g. from yield monitors) by applying clipping, cleaning
and filtering rules and output as a CSV file.

Create a VESPER control file and data files and run VESPER kriging.

Convert VESPER outputs to raster TIFF format.

Generate a polygon block boundary from on-the-go data (e.g. from yield monitors)
containing GPS points.

The GPS points must cover the entire block (not just be a set of points around the
boundary - see page 57 for instructions on creating a boundary from a set of surveyed
data points).

Create rasters by
e rescaling (standardising) values between a fixed range (i.e. 0-1, or 0-255); or
e normalising values to a mean of 0 and standard deviation of 1.

Generate a selection of random pixels from a raster and save to a points Shapefile.

Extract pixel statistics using a square neighbourhood footprint from multiple rasters at
set locations.

Resample and smooth imagery to a larger pixel size, as well as calculate indices such
as PCD and NDVI.

Clip imagery to one or more blocks and resample to a different pixel size.

Create zones with k-means clustering.

Tool for analysing simple strip-based trials.

It generates pairs of points from a central line within a strip and with ‘a pair’ offset at
a distance outset the strip. These points can be used for the comparison of
performance along and adjacent to a strip trial (such as an N-rich strip) using the
Lawes and Bramley (2012) moving window t-test tool.

The comparison of performance of a treatment, such as different fertiliser
rates, along and adjacent to a strip trial (such as an N-rich strip) using the moving
window t test as described in Lawes and Bramley (2012).

Analyse whole-of-block experiments where 2 or 3 treatments are applied across a
block or paddock.

Summarise the patterns of yield across a block over a number of years relative to a
target, as described by Bramley and Hamilton (2005).

Apply predefined symbology to a displayed raster.

User settings for PAT. Provides the ability to set data directories and the location of
VESPER (if installed).

About Precision Agriculture Tools (PAT). This provides information on the currently
installed release, and relevant open source licences.

Display the PAT user manual.
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Figure 2 PAT toolbar, menu and log messages panel within QGIS.
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1 Installing, Upgrading and Uninstalling

1.1 License

The PAT plugin for QGIS is free to download and use under a GPL V3 Open Source license. PAT license
details can also be found in the About tool under PAT menu. The companion Python library ‘pyprecag’
(Ratcliff et al. 2019) is also freely available and is released under the CSIRO Open Source Software License
Agreement (variation of the BSD / MIT License). All source code and license files are available from
https://github.com/CSIRO-Precision-Agriculture.

1.2 Requirements
QGIS 3.x: Download and install from the Official QGIS Site.

VESPER: To use the Run Kriging Using VESPER tool requires installation of VESPER (note: only available for
Microsoft Windows operating systems). VESPER is a kriging (map interpolation) program (Minasny et al.
2005). It needs to be installed independently if you would like to undertake kriging of maps using VESPER.
VESPER is not distributed with this plugin but is the recommended map interpolation tool. To download or
view more information on VESPER visit https://precision-
agriculture.sydney.edu.au/resources/software/download-vesper.

R 3.5.1+: The R statistical language (R Core Team 2018) is required to carry out the analytical processing for
the Whole-of-block Analysis (Section 2.14). R is not distributed with this plugin. If Whole-of-block analysis is
required, then you must download and install R in addition to QGIS. The minimum R version suitable for
this is v3.5.1 Configuring QGIS to use R section on page 10.

Additional Python Packages: QGIS includes Python and numerous Python packages. However, PAT requires
the following additional packages: pyprecag (Ratcliff et al. 2019), Fiona (Gilles et al. 2011), Rasterio (Gilles
et al. 2013) and GeoPandas (Jordahl et al. 2020). The Fiona, Rasterio and Geopandas packages have been
bundled with the OSGeo4W installer with the PAT plugin and instructions on how to install them are
included.

1.3 Installing PAT

1.3.1 Install the PAT - Precision Agriculture Tools Plugin.

1. In QGIS open the plugin manager.
Plugins Menu - Manage and Install Plugins
2. Select the All or Not installed side tab.
3. Search for and select PAT - Precision Agriculture Tools.
4. Click Install plugin.

You will receive an Failed Dependency Check message box and Error loading plugin messages. This is

expected and is resolved by completing the next section titled Installing or Upgrading PAT Python
Dependencies.
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@ Plugins | All (42) [
3.

s Al 2. Q paT

@ PAT - Precision Agriculture Tool

v == -
J Installed PAT - Precision Agriculture Tools
il A collection of tools for processing precision agriculture data.
Inv PAT is a QGIS plugin for tools required for processing and analysing precision agriculture data. It includes
tools for data cleaning and map interpolation to create TIFF's from high spatial density on-the-go sensor
Install data such as yield monitor or EM38 soil sensor data. There are also tools for analysis of remotely sensed

imagery and for the clustering of multiple datasets.

Settings i . . . . . . . . . . .

ﬁ S This is a Windows only plugin, This plugin requires the installation of the following Python libraries:
pyprecag, fiona, and rasterio. Full installation instructions are provided in the manual available at:
https://github.com/CSIRO-Precision- Agriculture/PAT_QGIS_Plugin/blob/master/pat/PAT_User_Manual.pdf

Developed by the CSIRO Precision Agriculture Team, this project was initiated by CSIRO with support
from Wine Australia and the Australia Federal Government’s Department of Agriculture as part of its Rural
R and D for Profit program. Development of this QGIS 3 compatible version was supported by CSIRO.

Upgrade Al 4 Install Plugin
.

‘ Close | Help

1.3.2 Installing or Upgrading PAT Python Dependencies

While installing or upgrading PAT, a check will be completed to ensure the required Python packages are
installed on your system. If any of the images below appear, then this check has failed. This is normal and
they may appear multiple times.

@ ERROR Failed Dependency Check: Please quit QGIS and run Install_PAT_Extras located on your desktop to install dependendies. Dependencies not met are fiona, pyprecag, rasterio

() Failed Dependency Check [m *

Installation or updates are required for pyprecag.

Please guit QGIS and run Install_PAT_Extras located on your desktop.
# Plugins | Invalid (1) &= ? x

This plugin is broken
The plugin exited with error status: Please quit QGIS and run Install_PAT_Extras located on
your desktop to install dependencies. Dependencies not met are fiona, pyprecag, rasterio

(2} Couldn't load plugin 'pat’ due to an error when calling its classFactory() method = X

Couldn't load plugin 'pat’ due to an error when calling its classFactory() method

SystemExit: Installation or updates are required for pyprecag. Please quit QGIS and run
Install_PAT_Extras located on your desktop. v

Traceback (most recent call last): fall plugin
File "C:/PROGRR~1/0GIS3~1.10/apps/ggis-lcr/./pythontggisiutils.py", line 334, in _startPlugi:
plugins[packageName] = package.classFactory(iface)
File "C:/Users/ratlc2/AppData/Roaming/QEIS/QGIS3\profilesi\default/python/pluginsi\pat’_ init |
check_python_dependencies (PLUZIN_DIR, iface)
File "C:/Users/ratl&Z/hppDatasRoaming/QFI5/05I53\profiles\default/python/pluginsipatiutil’ che
sys.exit (message)
SystemExit: Installation or updates are required for pyprecag.

Help

Please gquit QFIS and run Install PAT Extras located on your desktop.

L L3
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If the following message appears click No.
/" Error loading plugin = ? by

The plugin seems to be invalid or have unfulfiled dependendes. It has been installed, but can't be
loaded. If you really need this plugin, you can contact its author or QGIS users group and try to solve
the prablem. If not, you can just uninstall it. Here is the error message below:

The plugin is broken, Python said:

The plugin exited with error status: Please quit QGIS and run Install_PAT_Extras
located on your desktop to install dependencies. Dependencies not met are fiona,
pyprecag, rasterio

Click No
Do you want to uninstall this plugin now? If you're unsure, probably you would like to do this. /
Mo

Yes

Steps to install dependencies.
1. Close QGIS and go to your windows desktop.
2. Ashortcut has been created on your desktop named Install_PAT3_Extras. Double |

click the shortcut to run it. '
3. Choose YES for the Windows Account Control and any other messages which may  Install PAT3
appear. Extras

4. Restart QGIS. The check will run again to ensure the installation occurred correctly.
If the shortcut does not appear on your desktop then try one of the following.

Using the shortcut
a) Open windows explorer
b) Add %USERPROFILE%\Desktop and hit enter.

“ Home Share WView Search 9

&« v 1 |. %USERPROFILE%\Desktop| | = Search Desktop 2

c) Double click the Install_PAT_Extras file in this folder.
d) Continue from step 3 above

Running batch file as administrator.

a) Follow steps a & b above but enter
%AppData%\QGIS\QGIS3\profiles\default\python\plugins\pat\install_files
into the address bar.

b) Right click the Install_PAT_Extras.bat file and select run as administrator.

Open
[%]Install_PAT Extras.bat )

Edit
Right mouse Print

click and run as
administrator ——j» 9 Run as administrator

c) Continue from step 3 above
If the PAT menu and toolbar are not present, then reinstall and/or check/activate PAT using the plugin

manager. QGIS should now contain the PAT menu, toolbar and log panel similar to Figure 2 on page 6.
PAT has now been successfully installed.
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1.3.3 Configuring QGIS to use R

If R is not installed and you launch the Whole-of-block analysis tools via the menu or toolbar you will a
warning message as shown.

.:] EEE R configuration: R. is not installed or not configured for QGIS, See "Configuring QGIS to use R in help documentation Q

To resolve this, complete the following steps to configure R and QGIS

1. Download R from Windows version can be downloaded from http://r-project.org/ . The minimum R
version suitable for this is v3.5.1.
2. Install using all the default options
3. Using the QGIS plugin manager
a. ensure the Processing plugin is checked
b. install the Processing R Provider.
4. Display the Processing Toolbox Panel

5. From the Processing Toolbox Panel menu select Options. Processing Toolbox [« |
a. Expand Providers wqa OF EN
b. Expand R scripts Q search..
c. Tick on Activate b () Raster analysis =
d. Ensure that the R installation folder is shown against R > @ Raster terain analysis

b () Rastertools

folder r Q Vector analysis

»

»

e. Click OK and restart QGIS. Q@ Vector creation
() Vector general

L% Vers, s
() Options | Processing = *
Q . Setting Value =
u - ~ b = Menus Reset to defaults
Digitizing v ¥ Models
- " Providers
» a GDAL
» & GRASS
Variables » OTE
* ®R
a Authentication @R Package repository http://cran.at.r-project.org/
=_% Network R Rfolder CProgram Files\R\R-3.6.1
= @R R scripts folder ChUsers\vm SN AppDatat\Roaming QGISVOGIS...
Locator R Use 64 bit version
A P — @R Use user library folder instead of system libraries |V
CR User library folder C:/Users/-alil/ AppData/Roaming/QGIS/QGIS...
Acceleration 4 @ SAGA
» @ Scripts -
= OK Cancel Help
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1.4 Update PAT

If the Check for Updates option is checked on in the plugin manager, QGIS will advise the user if new
plugins are available, or if installed plugins have been updated. This notification is displayed in the QGIS
interface’s status bar as shown below. It is recommended that Check for Updates is checked.

To Update

1.

In QGIS open the Plugin Manager by clicking on the link in the status bar or via
Plugins. Menu - Manage and Install Plugins.

Either select the Upgradeable left side tab or search for your plugin.

Upgrade by selecting the PAT plugin and click Upgrade plugin.

A check will be run to ensure the Python packages required by PAT are installed and are of the correct
version. If this check fails, follow the instructions in Installing or Upgrading PAT Python Dependencies to

upgrade the dependencies.

(2 Untitled Project - QGIS

(+]
e
B
,D ."'/ All Q pearch...
‘ﬁé Fi': Installed
(x—za * Not installed
‘D N ﬂ Upgradeable 2.
@ [
<
&

Invalid

uia
T Install from ZIP

X}v i # Settings

m - [m] X
Project Edit View Layer Settings Plugins Vector Raster Web Mesh PAT  Processing Help
LRk Q% 3450 eSS @ & X -
LLAYA N 'R Y XA A LEE N 1O
Layers @
« [l ® T »
(2 Plugins | Upgradeable (1) m hs

| PAT - Precision Agriculture Toc

There is a new version available

PAT - Precision Agriculture Tools ,%l
Xy

A collection of tools for processing precision agriculture data. ]

PAT is a QGIS plugin for tools required for processing and analysing precision agriculture
data. It includes tools for data cleaning and map interpolation to create TIFF's from high
spatial densitv on-the-ao sensor data such as vield monitor or EM38 soil sensor data.

4 *

L Type to locate {Ctrl+) Zoordinate

Upgrade Al Uninstall Plugin Upgrade Plugin
pg < gl pg [
. m—p-
— 3. 'l Close | Help
L
B ol 1:1962254 | @ leonifie 100% =/ lotatior 0.0° 2| VIRender @ ersciazs @ | B9
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1.5 Uninstall PAT

If you wish to uninstall PAT and its Python dependencies you must first uninstall the Python dependencies,
followed by the plugin as instructed below.

1.5.1 Uninstall PAT Python dependencies for all users.

1. Navigate to the current user’s PAT installation directory.
a) From the Settings -> User Profiles -> Open Active Profile Folder then continue navigating to

python\plugins\pat
Plugins Vector Raster Web Mesh PAT Processing Help

e [
8% Style Manager... Open Active Profile Folder

% Custom Projections...

Keyboard Shortcuts..,
* Interface Customization...

"+, Options...

b) Navigating to the folder as listed in as Plugin Dir in the settings dialog as shown highlighted

below.
{&F Settings [
Input data directory; C:\_Projects\PAT\PVTools_data\TestData Browse...
Output data directory: | C:\_Projects\PAT\PVTools_data\Output Browse...
Location of VESPER exe: |C:/Program Files (x8&)/Vesper /Mesper 1.6.exe Browse...
Debug (keep outputs) Display memory ftemparary layers 0K
QGIS Environment :
QGIS 3.10.8-A Corunia
Install Path : C:\Program Files\QGIS 3. 10%appsiggis-tr
Plugin Dir : Ci\Jsersh o \AppData'Roaming\QGISYJGIS 3\profiles\default\python\pluginspat
Temp Folder : CilJsershy \AppDataiLocal{Temp
Python 3.7.0 (v3.7.0: 1bf5cc5093, Jun 27 2018, 04:59:51) [MSC v, 1914 64 bit (AMD&4)]
GDAL : 3.0.4

2. Find the Unlinstall_PAT_Extras.bat file in the install_files folder.
3. Right click the file and select Run as Administrator and choose Yes for any messages which appear.

1.5.2 Uninstall PAT Plugin.

PAT Python dependencies should be uninstalled PRIOR to uninstalling the PAT plugin. The plugin can be
uninstalled in one of two ways.

1. Viathe QGIS Plugin Manager
a. In QGIS, open the plugin manager, and find the PAT plugin.
b. Click Uninstall plugin.

2. Via Windows Explorer.

a. Navigate to the current users PAT installation directory as show in 1.5.1.1 above.
b. Delete the entire pat folder.
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2 Individual Tools

2.1 Create Block Grid

Summary

This tool converts polygon features such as a block boundary to a raster grid using a set pixel size. This is a
critical part of setting up the analysis environment for creating maps from on-the-go data because it
generates the base grid onto which maps will be interpolated, by using the outer most extent of the block
boundary as the ‘frame’ for the grid. Refer to instructions on page 57 on how to generate a block boundary.

The raster outputs created by the Block Grid tool are:
e aTIFF raster; and
e agridfile of X, Y point values used by VESPER for kriging.

Areas inside the polygon boundary will be assigned a value of 1 while areas outside will be assigned a no-
data value of -9999.

The Create Block Grid tool now supports input shapefiles in a geographic coordinate system and an
appropriate projected coordinate system will be suggested to use for the output TIFF file. If you would like
more information on why using a projected coordinate system is important, refer to page 59.
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@ Create block grid (Pelygen to Raster) ] x

Select a polygon layer: -

Mo features selected

Pixel size (m): 2,00 + | |V Snap extent to factor of pixel size

Save as TIFF Raster: Save As...

Projected coordinate invalid pro‘ecti - Auto detect

system: Invald projection UTM zone

oK Cancel

Block Grid (Polygon to Raster)
Select a polygon A layer containing the block boundary polygon features to be converted to the raster
layer outputs.

If checked, will only use the selected features, if unchecked, all the features will be
used. Useful in creating a grid for a single field from a boundary layer comprising
more than one field.

Use selected Default is
features unchecked

The pixel size to assign to the raster outputs. This is expressed in metres.
Recommended Values:
Viticulture: 2m
Sugar: 2m
Broadacre grains:
<200 ha 5m
>200 ha 10m

0.00m to 6 km

Pixel size (m) Defaultis 2 m

Snap extent to Default is Snap the output raster extent to a factor of the pixel size. This will ensure adjacent
factor of pixel Size checked rasters use a common origin which is important for future analysis.
Projected coordinate system The output projected coordinate system of the TIFF raster.

If Auto detect is checked the following rules will apply:
- attempt to match the input if it is a projected coordinate system.

- If the inputs are in Geographic’s (lat/long) it will calculate the relevant
WGS84 UTM Zone.

Note: If in Australia then MGA GDA 1994 zones, will be used — see Technical Notes
on page 56.

Auto detect WGS84 UTM zone

Default derived  The output raster TIFF file to be created.
Save as TIFF raster from input layer  The VESPER grid file will have a suffix of _v.txt .
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2.2 Clean, Trim, Normalise Point Data

Summary

This tool processes on-the-go data files (e.g. from a yield monitor or EM38 soil survey) containing GPS
coordinates recorded as latitude and longitude in decimal degrees, to output point values in a projected
coordinate system. The tool also applies cleaning and filtering rules.

This tool:

retains all columns (except coordinate columns) from the original file.

converts coordinate columns to a projected coordinate system and renames them to Easting and
Northing. An additional column (EN_EPSG) will be created and assigned the EPSG number for the
projected coordinate system used to reproject data. An EPSG number is an international numbering
system for coordinate systems (see http://www.epsg.org).

optionally saves a Shapefile version matching the output CSV file. A second Shapefile will also be
saved containing the string *_removed’ in its filename. This Shapefile will contain all the points the
filter discards and will be attributed by filter type. The description of the values can be found in
Table 2.

This tool filters data by:

optionally clipping the data to a Shapefile boundary (i.e. removes points that lie outside the
boundary).

optionally removing values from a given column which are null (missing) or are less than or equal to
zero.

creating a normalised column using a prefix of nrm_ and calculating normalised values for the data
such that their mean is zero and standard deviation is 1. The normalised value of column Z is
calculated as (Z - mean(col Z))/(s.d.(col Z)) .

optionally trimming normalised outliers based on a set number of standard deviations. This trim
can optionally be performed iteratively with the normalised value re-calculated for each iteration. It
is recommended that, by default, normalised data are trimmed to +/- 3 standard deviations.
optionally thinning the data by removing points that are closer together than a set distance. For
data that have been georeferenced using a differential GPS, we recommend removing points that
are closer than 1 m apart.

As part of the filtering process, the tool may rename some data columns to adhere to Shapefile column
name limitations. The new names are displayed as a PAT log message and written to the log file. For more
information on the location of the saved log file and temporary folder refer to the Technical Notes section
on page 56.

Once processing is complete, the results of filtering are shown as a PAT log message. Only filters which
remove points are listed. When iteratively filtering, results of all iterations are shown. An explanation of
these is shown in Table 2.

The Clean, Trim, Normalise Point Data Tool can also be used to reproject csv files containing coordinate
columns without the cleaning, trim and normalise functionality by ticking the checkbox as highlighted

below.

Tool Parameters

V| Change coordinate system without dipping, deaning or triming
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Dialog

L Clean, trim and normalise point data =

@) Create from points layer

Create using delimited file

Browse..,

From File

V| HasHeader fromrow |1 [5|/1 |%|Ignore |0 | lines AFTER Header Row

Preview |20 |=|Rows

Geometry

% column | Longitude * | ¥ column | Latitude

%Y column coordinate system: | EPSG:4326 - WGS 84 -

w Preview Table

Longitude Latitude Field Dataset Product Ohj. Id Distance(m)
floattd floatéd object object object  intGd floattd

117.74599332 | -33.86542667 | NW Yate Flat | 17/12/09-16:33:52 (931942012) | WHEAT |1 0.304

1
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Choose whether to use GPS data currently loaded in QGIS as a Points Layer

Create from points layer: A point layer currently loaded in QGIS.

If checked, use only the selected features to
generate a polygon.
If unchecked, all the features will be used.

Default is
unchecked

Use selected
features

Or create using a delimited file

Filename Options include The filename of the table file.

TXT, CSV
Check and adjust if file has one or more
Has Header 1 column names header rows
Number of lines Default is 0 The number of lines at top of file to ignore.
to ignore Can be used for skipping header text.
The columns representing the X and Y coordinates within the
X column input file.
Y column By default will attempt to match to commonly used column
names like X,Y, longitude, latitude; lon, lat etc.
XY columns The coordinate system of the XY Columns.
coordinate Note: GPS normally records data in WGS 1984 (EPSG: 4326)
system
If checked, reproject the data to the
coordinate system specified in Projected
Chang_e Default is :\z?trsllggsteccs))llj::;r; and add eastings and
coordinate unchecked.
system

No clipping cleaning or trimming will be
undertaken



Tool Parameters

Change coordinate system without dipping, deaning or triming

Clip polygon layer

3
13

o

tures selected

=]

Column to process

v Remove values less than or equal to 0

-

Clean values using 3.00 || standard deviations |V iteratively

Remove points within 1.00 |5 | metre(s) of another

Qutputs:
Saved CSV file:

Save as points
shapefile:

Projected coordinate

system: EPSG:28354 - GDAZ4 [ MGA zone 54

v

Save As

Save As

Auto detect
LM zone

Clip polygon
layer

Use selected
features

Column to
process

Remove values
less than or
equalto0

Clean values
using X
standard
deviations

Iteratively

Remove points
within X metres
of another

Save CSV file

Save as point
Shapefile

Projected
coordinate
system

Auto detect
WGS84 UTM
zone

A layer containing polygon features used to clip the points data.
Any points that fall outside the polygon features will be

removed.

Default is
unchecked.

If checked, use the selected features to clip
the input points.
If unchecked, all the features will be used.

The column to normalise, trim and clean.
Note: Not required if Change Coordinate system is Checked

Default is
checked.

0.00 to 5.00
Default is 3.

Use 0 to omit.

Default is
checked

0.00 to 20.00
Default is 1.

Use 0 to omit.

Derived from
layer name.

Derived from
layer name.

If checked, rows from the chosen column
will be removed where the value is null or
less than or equal to zero.

Points where the normalised value is
outside a set number of standard deviations
will be removed.

Clean the points iteratively using the set
number of standard deviations until all
values are within +/- the set standard
deviation.

Any points spaced at less than this distance
apart will be removed.

The name and path of the output CSV file
containing the final data points.

If checked, save a Shapefile version of the
output CSV file.

A second point Shapefile will be saved with
a suffix of _removed containing the points
discarded and attributed by a filter column.

The output projected coordinate system of the Shapefile.

If Auto detect is checked the following rules will apply:

- attempt to match the input if it is a projected
coordinate system.

- If the inputs are in Geographic’s (lat/long) it will
calculate the relevant WGS84 UTM Zone.
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Note: If in Australia then MGA GDA 1994 zones, will be used —
see Technical Notes on page 56.
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Notes

Table 2 A description of the filter type used when reporting filtering results.

ORDER FILTER TYPE DESCRIPTION

clip Points removed when clipping by a polygon.

01
02

03

04

05

06

07

08

zero Nulls and/or Zeros removed.

Points removed during the standard deviation (std) iteration (iter) number 1 and uses 3 standard

3.0stditer 1

deviations.
) Points removed during the standard deviation (std) iteration (iter) number 2 and uses 3 standard
3.0 std iter 2 deviations
) Points removed during the standard deviation (std) iteration (iter) number 3 and uses 3 standard
3.0 std iter 3 deviations
pointXY (1.0 m) Points removed which are spaced at less than the specified distance apart, in this case 1m.
) Points removed after sorting by the X coordinate, which are spaced at less than the specified
pointX (1.0 m) distance apart, in this case 1 m.
. Points removed after sorting by the Y coordinate, which are spaced at less than the specified
pointY (1.0 m) distance apart, in this case 1 m.
Pts remaining The number of points left after filtering occurs.
Total The total number of points in the dataset.

o The following notification occurs when a delimited text file contains invalid characters in a column
name. A copy of the file with corrected column names will be made in the PAT temporary folder
(location shown in PAT log message). For more information on the location of the saved log file and
temporary folder see the Technical Notes section on page 56.

-

' Clean, Trim and Normalise Points

EIREE)

- i'!"_». Invalid characters found in field names. Creating a temporary copy to resolve. a
(] /1 AirTemp(°C) to Air Temp(degC) using 150-8853-1
() /1 Soil Temp(°C) to Soil Temp(degC) using 150-885-1

- ‘,i\. Crop Flw(V)(m3/s) to Crop Fiw(V){m3/s) using I50-3359-1

08 0
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l'|;:
“p 2.3 Run Kriging Using VESPER

Summary

This tool is used for mapping on-the-go data at high spatial density, such as are collected by a yield monitor
or an EM38 soil survey, following established protocols (Bramley and Williams 2001; Taylor et al. 2007;
Bramley et al. 2008; Bramley and Jensen 2014) using local block kriging. It will create a VESPER control file
and collate the files required for kriging. The following files will be created in a VESPER sub-folder located in
the specified output folder.

e the VESPER control file. The control filename will be used as a base to derive other VESPER output
files like the kriged map result.

e asubset of data to krige. All non-required columns are deleted.

e a Windows batch file (Do_VESPER.bat) which can be used to launch VESPER processing for all
control files in the VESPER sub-folder. This process can be run outside of QGIS and the
Python/pyPrecAg environment.

To run VESPER control files from within QGIS, VESPER must already be installed on the PC and configured in
the PAT settings (2.17 Settings on page 55).

Data validation checks will be completed before running the tool. This aims at ensuring that the input csv
file which contains eastings and northings, overlaps with provided VESPER grid text file. If you receive a
warning, please check that these two files use the same coordinate system and indeed overlap. If your csv
coordinates are in a different coordinate system to the VESPER grid file, the Clean, Trim, Normalise Point
Data Tool can be used to project coordinates without using the clipping, cleaning, trim functionality, by
ticking the checkbox as highlighted below.

Tool Parameters

v Change coordinate system without dipping, deaning or triming

Kriging of data collected at much lower spatial density, such as through hand sampling (e.g. grape bunch
number, mid-season cuts of wheat biomass) is also possible in PAT. However, it should be noted that we
DO NOT recommend interpolation of maps from ‘low density’ data when fewer than 100 data points are
available (Webster and Oliver, 2007). Experience also suggests that, in vineyards and sugarcane fields, a
sample intensity of around 26 points per ha is required, given the typical dimensions of such fields. A lower
sample density may suffice for broadacre situations but the 100 point minimum always applies. Note also
that this analysis should only be undertaken by users with an understanding of map interpolation using
kriging and the generation and role of the variogram in this process (Webster and Oliver, 2007). Detailed
instructions on this process can be found in section 4.4 Kriging ‘low density’ data in PAT.
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Dialog

‘ W8 Run kriging using VESPER

Inputs:

CSV file: |

| Browse...

Coordinate

Krige column: e

Unspecified

Select

Viesper grid file: |

| Browse.,.,

(block grid)

VESPER Settings
High Density Kriging -

"y

Block kriging size: 10 =

VESPER Settings
Low Density Kriging (Advanced) -

Variogram text file: |

Minimum number of
points to use

[] show VESPER graph and map araphics while kriging

Browse...

Cleaned and
trimmed CSV
file

Coordinate
system for
CSV file:

Krige column
VESPER grid

(block grid)
file

A CSV file containing the data to krige.
Use the Clean, Trim, Normalise Point tool to generate this input
or to convert the coordinate system.

This is the coordinate system of the coordinate columns in the
CSV file.

By default, the value of the EN_EPSG or ENEPSG column in the
input CSV file will be used.

The column containing values to krige.

The VESPER grid file representing the area to be kriged. Use the
Create Block Grid Tool to generate this input.

HIGH DENSITY KRIGING

Block kriging
size

The value in metre to set as the block size
when using block kriging in VESPER.

This value should be approximately 5 times
the pixel value.

0 to 1000 Recommended Values:
Default is 10 Viticulture: 10 m
Sugar: 10 m
Broadacre grains:
<200 ha 30 m
>200 ha 60 m

LOw DENSITY KRIGING — FOR ADVANCED USERS ONLY

Variogram
Text File:

Minimum
number of
points to use

Show VESPER
graph and
map graphics
while kriging

The saved VESPER variogram text file. See 4.4 Kriging ‘low
density’ data in PAT for creation instructions.

Default is the
number of data
rows minus 2

Minimum number of neighbourhood points
used for kriging interpolation.

Checking this option will display the map and
graph while VESPER is running but will
increase the processing time.

Default is
unchecked
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The output folder for the VESPER files. A sub-folder called

Folder VESPER will be created if required.
e . The name to use as the VESPER control file. This will be
UEpus Control file appended to the output folder.
Folder: Brow:
e | i If checked, the name will be generated from the first 20
Control file: | | Auto create contral file name Auto create characters of the input CSV file, the string ‘control’ and the Krige
control file column.
name Uncheck this option to prevent manual edits from being
overwritten when changing source CSV file or Krige column.
Run VESPER Default is Add the control file to the VESPER Queue for
Run VESPER kriging now kriging now checked processing.
= )
Convert VESPER files to raster and load in QGIS Convert
VESPER Files Default is On completion of VESPER processing, convert
Cancel to Raster and checked the outputs to raster TIFF formats.
Load in QGIS

File Naming Conventions
e <> denotes an existing element or input
e non-alphanumeric characters are removed with the exception of hyphens (-) and underscores ( _ ).

DESCRIPTION FILENAME EXTENSION EXAMPLE
Files required by VESPER and copied to the VESPER output folder.
< 20 characters of CSV file>_<low or high density>_<krige

xt swblock_HighDensity_YldMassDry_ Ltxt
column>_control
VESPER grid file < > where control is replaced by vespergrid. Axt swblock_HighDensity_YIldMassDry_vespergrid.txt
VESPER data file < > where control is replaced by vesperdata. .Csv swblock_HighDensity_YldMassDry_vesperdata.csv
Files created by VESPER and saved to the VESPER output folder.
VESPER Krige file . . . . .

(contains Prediction and SE) < > where control is replaced by kriged. Axt swblock_HighDensity_YldMassDry_kriged.txt
VESPER parameter file < > where control is replaced by parameter. Axt swblock_HighDensity_YldMassDry_parameter.txt
VESPER report file < > where control is replaced by report.. Axt swblock_HighDensity_YldMassDry_report.txt

If converting VESPER files to raster is checked or the Create Rasters from VESPER Results tool is used.
Kriged Prediction TIFF . . . . . .
source: VESPER Krige result above < > where kriged is replaced by PRED. tif swblock_HighDensity_YldMassDry_PRED.tif
Standard Error TIFF . . . . . .

source: VESPER Krige result above < > where kriged is replaced by SE. tif swblock_HighDensity_YldMassDry_SE.tif

Confidence Interval (CI) < > where control is replaced by Cl. xt swblock_HighDensity_YldMassDry_Cl.txt

metadata text file
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2.4  Import VESPER Results

Summary

This tool converts the output files generated by VESPER into raster TIFFs.

The output filenames will be created using the VESPER control file name as a base and demonstrated in the
Run Kriging Using VESPER Tool - File Naming Conventions section on page 22.

The files created include:
e aTIFF file representing the predicted (kriged) value; these are the values used to generate the
resulting map.

e aTIFF file representing the standard error (SE) of the kriging prediction.

e atext file containing the calculated median kriging prediction SE and the 95% confidence interval
for the map. This is important information for testing the significance of the difference between
different zones when different map layers are clustered to generate potential management zones.

The coordinate system to be assigned to the rasters will be extracted from the value stored within the
control file. If the coordinate system cannot be found or is incorrect, it can be selected manually.

Dialog
uh Import VESPER. results [ bt
Vesper contral file: || Browse...
Coordinate system: | invalid projection v | |
Ok Cancel

Import VESPER Results

VESPER Control File: A VESPER control file used to identify VESPER results files and convert to rasters.

Coordinate System By default it is This is the coordinate system of the VESPER results.
for CSV File: extracted from the
input control file.
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2.5 Create Polygon from On-The-Go GPS Point Trail Data

Summary

Having a block boundary polygon is central to many of the PAT processing steps. Boundary polygons are
used to constrain data to a fixed extent. It is preferably that a boundary polygon is created by collecting
accurate GPS points around the block and editing them in QGIS to create polygons (refer to How-To -
Create a block boundary polygon from a CSV of GPS collected points on page 57 for instructions on this
method). However, if accurate GPS data for the boundary is not available, then a less accurate block
boundary polygon can be created using this tool, based upon a file of on-the-go GPS points (i.e. from a yield
monitor or EM38 survey data). Note that this method is not preferred, but the tool is provided as a ‘quick
fix’ for those wishing to generate maps in the absence of surveyed block or field boundaries.

As the process involves a dot-to-dot approach, it is critical that the input file of points are in order (i.e.
sorted by an increasing time sequence - as would be normal for data collected by an on-the-go sensor such
as yield monitor). For efficiency, points can be thinned by removing points closer than a set distance apart
as justified by the accuracy of the GPS. Resulting points will be connected to form lines and then converted
to polygons.
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Dialog

L Create polygon frem en-the-go GPS point trail

@ Create from points layer

Create using delimited file

From File

v | Has Header from row

Preview |20 |%| Rows

Geometry

¥ column | Lon

¥ column coordinate system:

w Preview Table
FID Lon
intGd floattd

0 139.604020429
1

1 |5 Ignore O

* | ¥ column | Lat

EP5G:4325 - WGS 84

Lat Yield
floattd floattd
-36.249166316 7.502642817940001

lines AFTER Header Row

Lin_Yield
floattd

7.59090591168

Browse...

Flow_Rate =
floatfd

441792005732 =
[

Choose whether to use GPS data currently loaded as a QGIS Points Layer

Use
selected
features

If checked, only uses the selected features to
Default is generate a polygon.

unchecked
If unchecked, all the features will be used.

Or alternatively using a delimited text file

Filename

Sheet

Layer name

Number of
lines to
ignore

X column
Y column

XY columns
coordinate
system

Save point
trail to file

Options
include XLS,
TXT, CSV

The filename of the table file.

The sheet containing data. If the file type doesn’t support sheets,
then the filename will be used.

The name used when displaying QGIS layers, and
as the default value for the output point and/or
polygon files.

Default is the
sheet name.

The number of lines at top of file to ignore. Can

Defaultis O o ysed for skipping header text.

The columns representing the X and Y coordinates within the input
file.

By default will attempt to match to commonly used column names
like X,Y, longitude, latitude; lon, lat etc.

The coordinate system of the XY Columns.
Note: GPS normally records data in WGS 1984 (EPSG: 4326).

Default is
unchecked

If checked, save the input delimited file as a
points Shapefile in the output coordinate system.
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Thin 0.00 t0 100.00 Any points spaced at less than the minimum

. Defaultis 1 . .
distance (m) Use 0 to omit distance apart will be removed.

The maximum distance between points used to
separate strings of connected points into

Aggregate 0.00 to 100.00 individual lines.

distance (m)  Default is 25

Tool Parameters

Typically, this is slightly larger than the row/swath
Thin distance { meters ) 1.00 |5 | Aggregate distance { meters ) 25.00 & width.

Buffer distance ( meters ) 10,00 | = | Shrink distance ( meters ) 300 % A distance in metre used to buffer the lines to

Bf"ffer 0.00 to 190'00 create overlapping polygons.
distance (m) Defaultis 10
Typically, this is half the row/swath width.

A distance in metre used to shrink the

Shrink 0.00 to 100.00 overlapping polygons after dissolving.

distance (m)  Defaultis3  Typically, this is slightly less than the buffer
distance.

Save Derived from

polygons layer name The output filename for the polygon Shapefile.

Derived from

Save points The output filename for the points Shapefile.
layer name
Outputs: Projected
: coordinate  The output projected coordinate system of the Shapefile.

Saved CSY file: Save As system

Save as points g A . . .

shapefile: (optional) AELD If Auto detect is checked the following rules will apply:

Projected coordinate - s |1 Auto detect - attempt to match the input if it is a projected coordinate

gystem: LITM zone Auto detect system.
WGs8a - Ifthe inputs are in Geographic’s (lat/long) it will calculate
UTM zone the relevant WGS84 UTM Zone.

Note: If in Australia then MGA GDA 1994 zones, will be used — see
Technical Notes on page 56.
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Notes

e The following notification occurs when a delimited text file contains invalid characters in the
column name. A copy of the file will be made in the PAT temporary folder containing corrected
column names as specified in the PAT log message and to file. For more information on the location
of the saved log file and temporary folder see the Technical Notes section.

r B
" Create Polygon from a GPS Point Trail [EJ m

- f!} Invalid characters found in field names. Creating a temparary copy to resolve. Q
- f! y Air Temp{®C) to Air Temp{deqC) using latinl

O] /1 SoiTemp(*C) to Soil Temp(degC) using latin1

0 09 8

0 1\ CropFw(v){m*/s) to CropFlw(V)(m3/s) usinglatint

e A warning is triggered when the resulting polygon is considered stripy or noisy. This can usually be
corrected by increasing the buffer and shrink distances.

f!\_" For an improved result, increase the buffer width and shrink distance and try again. a

Stripy Result Hoisy Result

e The following error is caused when the wrong coordinate system is applied to the input source file
or layer. Thinning and/or clipping will result all points being removed leaving no points for further
processing.

@ There are no features left after pointXY, Chedk the coordinate systems and try again

PAT - Precision Agriculture Tools Plugin for QGIS ( August 2020 PAT v1.0.0 ) | 27



2.6  Rescale or Normalise a Raster

Summary

This tool rescales or normalises a raster and outputs to a new TIFF file. Existing no-data values will be
ignored in any calculation.

e Rescale will adjust the raster between the specified values (e.g. output values to a range between 0
and 1)

o Normalise will adjust the raster to a mean of zero and standard deviation of one

Such re-scaling is useful when you wish to compare several map layers, for example, yield maps for several
years.

Dialog
/W, Rescale or normalise a raster m pod
Select a raster layer: - for -
Method: Rescale -
Rescale raster between | 0,00 *|and|255.00 |3
Sawve as TIFF: Save As...

oK Cancel

Rescale or normalise a raster

Select a raster layer

Defaultisband1  The raster layer and band to rescale or normalise.
for band X

Options:
e  Rescale —adjust values to a fixed range; or
e  Normalise — adjust values to a mean of zero and a standard deviation of
one.

Method Default is rescale

Rescale between

Default 0to 255  The range of values used with rescaling.
(when selected)

Default will be

Save as Shapefile derived from the  The output Shapefile to be created.
input layer name
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I.; 28 2.7 Generate Random Pixel Selection

Summary

This tool is used to select randomly distributed pixel locations from an existing raster and save them to a
point Shapefile. Pixels will be selected from areas inside the raster extent which contain valid data. The
resulting points will be located in the centre of the chosen pixel and the output shapefile will contain
columns representing the X and Y coordinates. This tool provides the key location input for the Extract Pixel
Statistics for Points Tool described on the following page.

Dialog
s Generate random pixel selection [T= >
Generate oo |5 | random sample pixels
From raster layer -
Saving shapefie as Save As...
O, Cancel

Generate random pixel selection

Generate random

The number of pixels to randomly select.
sample pixels

The raster to use as the base for selecting pixels. No-data pixels will be exempt

Selectaraster layer ~ Defaultisband1 o ' o iion.

Default will be
Save as Shapefile derived from the  The output Shapefile to be created.
input layer name
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2.8  Extract Pixel Statistics for Points

Summary

Extract pixel statistics for points is used to extract pixel statistics from multiple rasters using a pre-defined
set of points. These points could be identified using the Generate Random Pixel Selection Tool described
on the previous page. Statistics are calculated on pixel values within a square neighbourhood and extracted
to a CSV file. This tool is useful when relationships are being sought between different maps layers — for
example, a regression or correlation analysis between yield and soil map data.

Applying a neighbourhood filter to rasters is useful for removing (smoothing) small anomalies introduced
from instrument inaccuracies or on-the-go movement. The neighbourhood consists of a centre pixel and a
number of pixels forming a square around the central pixel, as shown in Figure 3.

For example, a mean statistic for a 3x3 neighbourhood on 2 m pixels, will
calculate the mean of the central pixel (red) and the surrounding 3x3
area of 8 pixels (yellow) equating to 36 m2 on ground.

Pixels designated no-data will be excluded from the statistical
calculation. However, a central no-data pixel may be assigned a value if
at least one pixel in the neighbourhood has a valid value.

Currently, the statistical methods supported by this tool are: mean,
Figure 3. A representation of the standard deviation, co-efficient of variation (CV), minimum, maximum

3x3, 5x5, 7x7, 9x9 neighbourhood . . . L .
. . . and a count of pixels contributing to the statistical calculation.
size around a central pixel (C) as is

used when calculating filtered The output values are saved to a CSV data file. Column names for each
statistics. I L. .
raster and statistic combination are explained below.
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Dialog

¥ Exract pixel statistics for points [m

Select a points layer: -

Mo features selected

Select a raster layer: - Add

Only showing rasters of the same pixel size that overlap the points.
Add a raster layer to set the pixel size. Empty List = No overlap with points

{0 Raster(s)

Apply to all rasters

Select one or more statistics to calculate using one of the following pixel neighbourhood sizes

Incude current pixel value (uses 1x1 neighbourhood by default)

Mean Minirnum 8 3x3 7
Standard deviation Madirmum Sx5 Sxd
Coeffident of variation Pixel count
Saved C5V file: Save As
K Cancel

Select point layer

Use selected
features

Use raster layer

Calculate pixel
neighbourhood
statistics

Neighbourhood
size (pixels)

Save CSV file

A point layer in QGIS used to extract pixel statistics values.

If checked, extract pixel values only for
the selected points. If unchecked, all the
points will be used.

Default is
unchecked

The raster layer to extract values from.

The pick-list is filtered to only show overlapping raster
layers with the same pixel size. This is set by the first raster
layer added.

The Add, Delete, Move Up, Move Down, buttons can be
used to manage the list of rasters.

The order of rasters is retained in the output CSV file with
separate columns for each raster and statistic combination.

Select the required statistical methods for each raster in
the list.
Current pixel just extracts the pixel value,
and/or
Statistics to be calculated using the set neighbourhood size.

The output column naming format is explained below.

Default is The size of the neighbourhood footprint
3x3 to use while calculating statistics.

Derived from  The name and path of the output CSV file
layer name containing the final data points.
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File and Column Naming Conventions

e <> denotes an existing element or input

e non-alphanumeric characters are removed with the exception of hyphens (-) and underscores ( _).

Output Filenames:

CSV filename <QGlIS points layer name>_pixelvals.csv

Column Names:
NAMING RULE EXAMPLE

<statistic><size>_<raster file> mean3x3_swblock_YldMassDry PRED
pixel_swblock_2009YldMassDry_PRED

cv5x5_seblock_2014YIdMassDry_PRED

pixelcount7x7_swblock_2024YldMassDry PRED
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EXPLANATION

The column containing values from the mean 3x3 neighbourhood filter for
the raster swblock_YldMassDry_PRED.tif.

The column containing the pixel values for the raster

swblock 2009YldMassDry PRED.

The column containing values for coefficient of variation (CV) 5x5
neighbourhood filter for the raster seblock _2014YldMassDry_PRED.tif.
Column containing values representing the count of pixels used for

statistical calculations with a 7x7 neighbourhood filter for the raster
seblock_2014YldMassDry_PRED.tif.



2.9 Calculate Image Indices for Blocks

Summary

Many providers of remotely sensed imagery deliver data to clients as multi band files. The Calculate Image
Indices for Blocks tool is used to calculate indices for a multi band image and aligns the output to the extent
and pixel size of a block grid. Indices currently supported are Normalised Difference Vegetation Index
(NDVI); the ‘simple ratio’ or Plant Cell Density index (PCD); Green Normalised Difference Vegetation Index
(GNDVI); Chlorophyll Red-Edge index (CHLRE); and Normalised Difference Red-Edge index (NDRE). Table 3
describes how these indices are calculated.

Each band in the image file is mapped to a spectral band e.g. Red, Red-edge, Near Infrared and is then used
to calculate relevant image indices. In the case of vineyard data, if a non-vine mask is present in an existing
band of the image, it can be used to remove non-vine signals prior to the resampling and alighment to the
block grid. This will ensure that spectral signatures relating to ground cover are excluded from the resulting
image outputs. This non-vine masking is not relevant for broadacre crops.

An optional block boundary polygon layer, and a column containing the block name or ID, can be used to
separate the resulting images into individual blocks. By default, if no column is specified, then all polygons
are assumed to be from the one block and will be processed accordingly. If no block boundary layer is
specified, then a single polygon outlining the image (excluding no-data) will be used. The output from this
tool will be aligned to a block grid that will be identical to the one created separately using the Create Block
Grid Tool on page 13.

Table 3 The list of supported indices

Normalized Difference NDVI = (NIR — Red)
Vegetation Index (NDVI) " (NIR + Red)
Green Normalized Difference T = (NIR — Green)

Vegetation Index (GNDVI) " (NIR + Green)
Normalised Difference NDRE — (NIR — Red Edge)
Red-Edge Index (NDRE) " (NIR + Red Edge)
NIR
Plant Cell Density Index (PCD) PCD =—
Red
Chlorophyll Red Edge Index (ChIRE) Chl _ (&) _
(Gitelson 2004; Gitelson et al. 2005) rededge = \ped Edge
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Dialog

‘ Calculate image indices for blocks

Select image:
(2 or more bands)

MNo-data value:
LUse a block boundary b Block ID co!umn:
(optional)
No features selected
Resample to | 2.00 % | metre pixels

Specify image bands used for index calculations

Green - Red-Edge - MNDVI
Red = | Mear Infrared - GMDVI
Mon-vine mask -
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MORE

ChIRE

Select the indices to caloulate

PCD

Select Image

No-data value

Use a block
boundary

Use selected
features

Block ID column

Resample pixel
size (m)

Specify image
bands used for
index
calculations

Select the
indices to
calculate

The image layer containing the appropriate bands required
for calculate indices.

Default from Can be used to specify a different no-data
image_ value.

A layer in QGIS containing polygon(s) representing blocks.

Default is If checked, only the selected polygons will
unchecked be used.

A column containing the block id or name. This will be used
treat multiple polygons with the same block id or name as
one.

The pixel size to apply to the raster outputs.
This is expressed in metres. Ideally this
should match your Block Grid TIFF file.
0.00m to 6 km Recommended Values:
Viticulture: 2 m
Sugarcane: 2m
Broadacre grains:
<200ha 5m
>200ha 10m

Defaultis 2 m

Mapping of band numbers to band types. The mapped bands
will enable/disable indices based on individual index
requirements.

For most images, Green is band 2, Red is band 3, Near
Infrared is band 4.

Non-vine mask is a band where pixels not containing vine
signals are set to no-data. Not required for broadacre data.
The indices to calculate.

If an index is disabled (greyed out) the band it requires
hasn’t been mapped.

For index acronym and equation, see table above.



The projected coordinate system to apply to the output files.

Projected By default, it will calculate the relevant coordinate system
PFDJEEE':E':' coordinate |, L projection - 3 coordinate from the input image or block boundary’s coordinate system.
system:
system Note: If in Australia then MGA GDA 1994 zones, will be used
—see Figure 8 on page 59.
The folder to save output TIFF files.
A folder based on the input image name will be created and
Output folder: Browse Output folder all TIFF files will be saved here.
See table below for File Naming Conventions used for output
files.
Display results oK Cancel . Default is If checked all resulting TIFF files will be
Display results unchecked loaded into QGIS.

File Naming Conventions

e <> denotes an existing element or input
e non-alphanumeric characters are removed from strings with the exception of hyphens (-) and underscores ( _ ).

Filenames:
NAMING RULE EXAMPLE EXPLANATION

Output Folder:

A new folder based on the image name is created in the output folder and
) all created images are saved here.
<output_folder>\< > C:\data\vineyard\ In this example the image rgbi_jan_50cm_84sutm54.tif is used to create a

new folder called

Image Names:
The TIFF file resampled to 2m pixels for the Normalised Difference
Vegetation Index (NDVI) created for block id/name of B1.

The TIFF file resampled 250cm pixels for the Plant Cell Density (PCD) Index
created without specifying a block id column.

<block_id>_<index>_<pixel_size>.tif B1_NDVI_2m.tif

PCD_250cm.tif
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2.10 Resample Image Band for Blocks

Summary

Resample Image Band for Blocks is used to resample, align and smooth an existing band of an image to
match a block grid.

An optional block boundary polygon layer and a column containing the block name or ID, can be used to
separate the resulting images into individual blocks. By default, if no column is specified, then all polygons
are assumed to be from the one block and will be processed accordingly. If no block boundary layer is
specified, then a single polygon outlining the input image will be used.

The output from this tool will be aligned to a block grid that will be identical to the one created separately
using the Create Block Grid Tool on page 13.

36 | PAT - Precision Agriculture Tools Plugin for QGIS ( August 2020 PAT v1.0.0 )



Dialog

| G‘ Resample image to blocks

Resample image:

Mo-data value:

Resample to 2.00 = | metre pixels

Use a block boundary

No features selected

Projected coordinate

system: invalid projection

Cutput folder:

For band

Block ID column:
(optional)

- 3 ‘

Browse

Select Image The image layer containing the band to resample.

No-data Default from

. Can be used to specify a different no data value.
value Image

The pixel size to apply to the raster outputs. This
is expressed in metre. Ideally this should match
Omto 6 km Your Block Grid TIFF file.

Resample Recommended Values:
ixel si Viticul : 2
pixel size Default is iticulture m
(m) Sugar: 2m
2m Broadacre grains:

<200 ha 5m
> 200 ha 10m

Use a block

A layer in QGIS containing polygon(s) representing blocks.
boundary

Use selected Default is If checked, only the selected polygons will be
features unchecked  used.

Block ID A column containing the block id or name. This will be used treat
column multiple polygons with the same block id or name as one.

The projected coordinate system to apply to the output files.

By default it will calculate the relevant coordinate system from

PrOJeczted the input image or block boundary’s coordinate system and
coordinate extent coordinate system.
system ] ) .
Note: If in Australia then MGA GDA 1994 zones, will be used —
see Figure 8 on page 59.
The folder to save output TIFF files.
A folder based on the input image name will be created and all
Output TIFF files will be saved here.
folder

See table below for File Naming Conventions used for output
files.
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Display results

File Naming Conventions

e <> denotes an existing element or input

Display Default is If checked all resulting TIFF files will be loaded
results unchecked into QGIS.

e non-alphanumeric characters are removed from strings with the exception of hyphens (-) and underscores ( _ ).

Filenames:

NAMING RULE EXAMPLE

Output Folder:

<output_folder>\< > C:\data\vineyard\
Image Names:

<block_id>_<Band>_<pixel_size>.tif B1_Band6_2m.tif

Band7_250cm.tif
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EXPLANATION

A new folder based on the image name is created in the output folder and
all created images are saved here.

In this example the image areal_rgbi_jan_50cm_84sutm54.tif is used to
create a new folder called

The TIFF file where Band 6 is resampled to 2m for block id/name of B1.

The TIFF file where Band 7 is resampled 250cm pixels without specifying a
block id column.



2.11 Create Zones with k-means Clusters

Summary

This tool allows zones to be created by performing k-means clustering on multiple rasters (i.e. map layers)
to create clusters of similarity by minimising variability within clusters while maximising variability between
clusters. If significant differences between clusters are observed, then the clustered results can be used as
potential management zones.

Raster files with the same single pixel size, and coordinate systems are used as inputs and the common
area of overlap will be used to generate an output TIFF containing the clustered result.

On completion of k-means clustering, the mean and standard deviation for each zone/cluster and source
raster combination will be calculated and written to a CSV File alongside the output TIFF file as well as
being displayed in PAT’s log messages panel.

Dialog
@ Create zones with k-means clustering x
Use raster layer - Add
Only showing rasters of the same picel size. Add a raster layer to set the pixel size.
(0 Raster(s)
Mowve Up
Remowve
Mumber of dusters: |3 |%
Saved TIFF file: Save As
oK Cancel

Create zones with k-means clustering

Use raster layer:

Number of clusters:

Save TIFF file

The raster layer to extract values from.

Only raster layers of the same pixel size can be analysed at a time. The first raster layer added sets both
the pixel size and the output coordinate system.

The Add, Delete, Move Up, Move Down, buttons can be used to manage and order the list of rasters.

The order of rasters is retained in the output CSV file with separate columns for each raster and statistic
combination.

The number of clusters/zones to create. Aside from trying 3, it is recommended that
Default is 3 users also try 2 clusters. 4, 5 or an even larger number of clusters may also be
appropriate.
The name and path of the output TIFF file representing the zones.

In addition, a statistics CSV file will be written to disk along with the TIFF, and results printed to PAT’s log
messages panel.
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File and Column Naming Conventions

<> denotes an existing element or input
non-alphanumeric characters are removed from strings with the exception of hyphens (-) and underscores ( _).

FILENAMES:

Output TIFF

Naming Rule:  k-means_<n_clusters>clusters_<n_rasters>rasters_<pixel_size>.tif

Example: k-means_3clusters_5rasters_2m.tif

Description: A 2m pixel TIFF file for 3 k-means clusters using 5 input rasters.

Output Statistics CSV < output TIFF name> where .tif is replaced by _statistics.csv

CSV COLUMN NAMES:

Notes

Log Messages Panel

Naming Rule;  <raster_file> _<statistic>

Example: swblock_2024YldMassDry PRED_std
Description:  The standard deviation value for swblock_2024YldMassDry_PRED.tif for the corresponding
cluster/zone.

To successfully use this tool, all input raster files must contain the coordinate system internal to the
file. When a file without a coordinate system is loaded into QGIS, an external coordinate system
will be applied based on your QGIS settings. These files cannot be used by this tool. The user will be
notified of this when launching the tool as follows.

@ Create zones with k-means clustering @ ? x
@ i'!'*: 2 raster(s) are missing coordinate systems. Click view for details. Wiew a
|se raster layer :l' B3_Yield_2m - Add

Clicking on view will open the PAT Log Messages Panel and provide a list of those images. Users can
then use the Assign Projection Tool from the Raster -> Projection menu to assign the appropriate
internal coordinate system to the files. If the Assign Projection tool is unavailable activate the
GDALTools plugin.

General Plugins Python warning PAT D
A
2019-01-18T12:12:13 1 WARNING: 2 raster(s) are missing internal coordinate systems.
rgbi_jan_50cm_&4sutm54
NDRE_2m
Please use Assign Projection tool from the Raster - Projection menu if these layers are required for dustering
v
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" 2.12 Create Strip Trial Points

Summary

This tool is used to generate the data needed to conduct the moving window t-test method of Lawes and
Bramley (2012) and is available in PAT’s Run Strip Trial t-test Analysis Tool. It may be useful to users who,
for example, have implemented a treatment like an N-rich strip in their cereal paddock, or who want to
compare a row of vines that have been pruned differently to the rest of a vineyard.

The tool uses a line representing the centre of a strip trial (or treatment) and creates points along the line
spaced using the nominated distance. In addition, two sets of parallel ‘control’ points are created at an
offset to the strip trial line as shown in Figure 4. This allows the treatment strip data, to be compared to
data from the neighbouring (control) area.

The tool creates a number of identifiers to facilitate the analysis: each point has values assigned to new
columns headers TriallD, Strip_Name, PointID and DistOnLine. The treatment strip is assigned a unique
identifier in the column TriallD and the value of ‘Strip’ in the Strip Name column. Points are created along
the line and assigned a unique point identifier in the column PointID. In addition, two sets of control points
are placed at the offset distance either side of the strip. The PointID of the control points are paired with
the corresponding treatment point. The Strip_Name values of the control points are assigned based on the
direction of offset from the original treatment line as shown in Figure 4. Each point is also assigned a value
in the column DistOnLine representing the distance in metres of the point from the start of respective line.
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Figure 4 Output from the Create Strip Trial Points tool. The blue line represents the treatment strip and the dots
indicate the equally spaced treatment and control (i.e. offset) points.
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Dialog

.-"' Create strip trial points @ >

Strip trial lines; -

Distance between points {m): | 5.00

Offset distance {m): 30.00 %
Projected coordinate | -
R invalid projection -
Points shapefile: Save As
Line_s shapefie: Save As
(optional)

OK Cancel

ik

Create strip trial points

Strip trial lines:

Distance between
points (m):

Offset distance (m)

Projected
coordinate system:

Points shapefile:

Save line shapefile:

The layer containing the strip trial lines.

The distance used to space points along the centre line. In this instance, users are
advised to select a value appropriate to their trial rather than accepting the default.

1-500 m
Default is 5m If used in conjunction with a strip trial t-test then this distance should be the pixel size of
the input rasters used for the t-test. This will result in every pixel in the strip being used
for the analysis.
The distance used to offset the points from the line.
1-500m If used in conjunction with a strip trial t-test then this should be far enough away from

the strip trial to remove the trial’s treatment influence. In the case of an N rich strip trial
laid down using a boom spray, the offset distance ought to be at least equivalent to the
length of the boom.

Default is 30m

The projected coordinate system to apply to the output files.
By default it will calculate the relevant coordinate system from input layer’s coordinate system.

Note: If in Australia then MGA GDA 1994 zones, will be used — see Figure 8 on page 59.

Derived from

The name and path of the output points shapefile.
layer name

The name and path of the output line shapefile.
File name is derived from the output points shapefile

Column Naming Conventions

CSV COLUMN NAMES:

FID
TriallD

Strip_Name

PointID

DistOnlLine

Unique feature identifier for each point.
The unique strip trial identifier.

A name assigned to each line. The treatment will be assigned a value of ‘Strip” while the offset strips
will be assigned the cardinal direction of the offset to the treatment as shown in Figure 4.

The identifier of each point along the centreline, and its paired control points.

The distance in metres of the point from the start of each line.
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'ﬂ 2.13 Run Strip Trial t-test Analysis

Summary

This tool enables a user to analyse strip trials to determine the effectiveness of treatments. For example, it
could be used analyse the difference between an N-Rich strip treatment and the adjacent normally
fertilized paddock, or to compare different pruning or spray treatments in a vineyard.

Using points created from the Create Strip Trial Points Tool, values will be extracted from input rasters and
a pairwise moving window t-test conducted based on a calculated Response Index (RI) and treatment
differences. These are then graphed as described in Lawes and Bramley (2012).

The input rasters include:

Strip values raster: A map produced through following the high density on-the-go sensor mapping
workflow (Figure 1) which includes data sourced from the trial strip.

Control values raster (optional): A map produced through following the high density on-the-go
sensor mapping workflow after data sourced from the trial strip have been removed. Often this is
desirable because, when interpolating a map containing all the data for a ‘nitrogen rich’ strip, the
higher values in the strip may impact the interpolation of adjacent areas. In general, our
recommendation would be to make use of a control values raster by re-kriging the original data
excluding the data points under the trial strip.

Zone raster (optional): A zone raster can be created using the Create Zones with k-means Clusters
tool. You may want to use this to identify which zone different parts of the experimental strips are
located in. Desirably in a field with defined zones the strip would run across these zones.

For each input strip a map image will be produced along with a graph and CSV file, for each strip
combination a) Strip vs Control 1, b) Strip vs Control 2, c) Strip vs Average of Control 1 & 2 (Figure 5).
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Figure 5 Output graph and map from the Run Strip Trial t-test analysis tool.
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Dialog

-':"f t-test Analysis @
Strip trial points: -

Mo features selected

Strip values raster; -

Selecting the strip values raster will identify control and zone rasters that
- have the same pixel size,
- and averlaps the points,

Strip removed raster:

Zone raster:
Uze a moving 5 paints a
window size of =
Output folder: —
Ok Cancel
Run Strip Trial t-test Analysis
Strip trial The layer containing the strip trial points. This must be the output from the Create Strip Trial Points Tool.
points:
Strip values The raster containing values to extract for analysis.
raster:
Strip removed  Optional
raster: The raster layer created after treatment points have been removed.
Optional
e The raster containing the zone values. If not provided, a zone of 1 will be applied to the entire strip.
Use a moving 5 points The number of points to use for the moving window t-test calculation.
window size
The folder to save output map, graph and CSV files.
Output folder: @ p, grap

See table below for used for output files.

44 | PAT - Precision Agriculture Tools Plugin for QGIS ( August 2020 PAT v1.0.0 )



File and Column Naming Conventions

. <> denotes an existing element or input
. non-alphanumeric characters are removed from strings with the exception of hyphens (-) and underscores ( _ ).

TriallD represents the unique strip trial identifier from input points TriallD attribute.

strip represents the value(s) from input points Strip_Name attribute. When the analysis uses both control
strip points their values will be hyphenated e.g. N-S

FILENAMES:

Map file: A map showing the Trial points.

Naming Rule:  Trial-<TriallD>_map.png

Example: Trial-3_map.png

Description: The map for the strip with a TriallD of 3.
Graph files: The results displayed as graphs.

Naming Rule:  Trial-<TriallD>_<strip>_graph.png

Example: Trial-3_N-strip_graph.tif

Description: The graph result for Trial 3 which compares the N control strip to the treatment strip.
CSV files: The csv file used to create the graphs.

Naming Rule:  Trial-<TriallD>_<strip>.csv

Example: Trial-3_N-S-strip.csv

Description: The csv file containing the Trial 3 results for the comparison of N-S control strip to the treatment

CSV COLUMN NAMES:

strip.

TriallD The unique strip trial identifier from the input Strip Trial Points.
PointID The identifier of each strip trial point from the input Strip Trial Points, and the paired control points.
DistOnlLine The distance in metres of the point from the start of the centreline of the treatment strip.

Strip Value

<strip> Control

The number extracted from the Strip value raster.

The units of value will be inherited from the source data (eg NDVI, Yield t/ha).

The number extracted from the Control values raster.

(if provided) Applies only when a Control values raster is used.

The units of value will be inherited from the source data (eg NDVI, Yield t/ha).
Strip Zone The zone identifier extracted from the Zone raster.
(if provided) Creates a Zone value of 1 if not specified.

<strip>_mean
treat_diff
av_treat_diff
p_value

RI

The mean of the input control strips for each point if both control strip are used.
The difference between the treatment and controls points columns.

The average of the column treat diff using a moving window.

The t-test p-value calculated using a moving window.

The Rl calculated using a moving window:

RI = mean of treatment / mean of control
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The column names for the output file are dependent on the input scenarios. In the following example, a
subset of the column names for the East-West strip trial shown in Figure 4 where a strip values raster,
control raster and zone raster were provided as inputs.

CSV COLUMN NAMES:

Strip Value

N Strip Control
S Strip Control
-or-

N Strip Value
S Strip Value

Strip Zone

N Strip Zone
S Strip Zone

N-S_mean

The pixel value from the strip value raster for the strip trial points.

The pixel value from the control raster for control line to the north or south of the
treatment strip.

If a control raster is not provided, then pixel value will come from the strip value
raster and the column name will be N Strip Value or S Strip Value.

The pixel value from the zone raster for the strip trial.

If a zones raster is not provided, then a value of 1 will be assigned.

The pixel value from the zone_raster for control points to the north or south of the
strip trial.

If a zones raster is not provided, then a value of 1 will be assigned.

The average of the control strip points when both of sets of control strips are used
in the analysis.

46 | PAT - Precision Agriculture Tools Plugin for QGIS ( August 2020 PAT v1.0.0 )



¢

;‘:} 2.14 Whole-of-block Analysis

Summary

Whole-of-block experimentation, also known as spatially distributed experimentation, involves on-farm
experiments where treatments are applied in a highly replicated design over an entire block or land
management unit, or a large section of it. Given their scale, they are typically laid down using the farmer’s
normal equipment. These experiments can be thought of as a three-dimensional version of the strip trial,
discussed in the previous section Create Strip Trial Points. Users interested in this experimental approach
may wish to read the book chapter by Bramley et al. (2013) and perhaps the references listed in that
chapter. In brief, the objective of whole-of-block experimentation is to recognise the possible effect of
underlying spatial variability in the field in which the experiment is located, on the crop response to
experimental treatments, and so use this variability as an experimental tool to guide decisions about
variable rate or targeted management. Whole-of-block experimentation therefore moves away from the
classical approach to agronomic experimentation which seeks to identify whether treatment A is better
than treatment B and typically uses small plots. Instead, it is recognised that treatments A and B may both
deliver benefit, albeit in different parts of the block or field; the whole-of-block approach identifies these
different areas.

An example is given in Figure 6. Here, some different vineyard floor management treatments have been
evaluated in an experiment aimed at improving the availability of water to the vines. The cereal/legume
treatment delivers a significant benefit over the other treatments, but this is expensive and so the vineyard
manager would only want to use this in those areas where it is beneficial. The whole-of-block analysis tool
enables users to generate maps such as those shown in Figure 6 — maps showing the response to the
different treatments over the entire block, and maps indicating the significance of differences between
these treatments.
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Figure 6 An example of a whole-of-block experiment conducted in a 4.8 ha Clare Valley vineyard. Panten and
Bramley (2011) provide further information
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The purpose of the Whole-of-Block analysis tool is to predict treatment responses and their differences
over the entire experimentation area as illustrated by Figure 6. Similar to the use of VESPER for kriging, this
tool interpolates point data (low or high density) to the area of the entire block. Low density data would
typically include up to a few hundred points, perhaps collected through hand sampling, dispersed across a
block, whereas high density data includes a few thousand or more points, typically collected using a sensor
such as a yield monitor. The tool will handle either two or three treatments and will identify areas of the
block where the treatments are significantly different from each other. To address the technical and
computational challenges in this analysis, the tool uses fast and efficient global and local cokriging
techniques.

Use of R

This tool is somewhat different from the other PAT tools in that it uses the R statistical language (http://r-
project.org/) to carry out the analytical processing. This means that R must be installed on your PC for this
to work — see Configuring QGIS to use R on page 10. The minimum R version suitable for this is v3.5.1.

Algorithm for the Local Cokriging System — a brief commentary on the data radius used

A spatially-varying local co-kriging method is used to balance the trade-off between the computation
efficiency and prediction accuracy. We use a neighbourhood radius r(s) to identify neighbours for location
s.

For subregions with lower density observations, such as at the corners, or edges of a farm field, the
neighbourhood radius required by local cokriging will be relatively bigger to ensure the stability of the
estimated cross-variograms and balance the number of observations from different treatments within the
neighbourhood.

For high density datasets we will use a relatively small neighbourhood radius, and ensure it will change
relatively smoothly across the field. This adaption is achieved by two specific algorithm choices. Firstly, an
initial neighbourhood radius is selected automatically based on the observation density and achieving a
reasonable balance in the number of observations from different treatments. This neighbourhood radius
increases iteratively to include more observations if the current radius is not large enough to meet
prediction quality criteria. Secondly, a spatial-varying neighbourhood radius surface is estimated based on
neighbourhood radius values from a subset of locations. This exploits the spatial-smoothness of the
neighbourhood radius and provides a better default neighbourhood radius from which to optimise.
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Dialog

/ Whaole Of Block Analysis

Input Points Layer

Easting

Morthing

Treatment Column

Data Column

Input Block Grid

Model
Global

Covariance Model

Exponential

Input points
layer

Easting and
Northing

Treatment
column

Data column

Input Block
Grid or
Prediction
Grid

Model

Covariance
Model

A text format data file (CSV format) containing the experimental data that has been loaded into
QGIS. The file should be a minimum of four columns containing, the following:

The names of columns in the CSV data file containing the projected Easting and Northing point
coordinates

The name of column in the CSV data file containing the treatment applied at each point.
The treatments can be represented by numbers (1,2,3), short characters (“AM”,”BL”,”CS”) or text
10 characters or less without spaces like (“Control“,“Mulch”,”Cover_crop”).

The name of column in the CSV data file containing the measured treatment response (e.g. Yield)
at each point.

The grid onto which treatment predictions, differences and standard errors are to be interpolated
by the tool.

The block grid created by PAT Create Block Grid tool is ideal for this, or it can be a raster (TIF) file
with the same coordinate system as the Input Points Layer.

There are two model options.

e  Global cokriging (default) is useful for small datasets (a few hundred points)

e  Local cokriging is useful for moderate or larger datasets (thousands of points),

particularly with local heterogeneity. This option initiates a starting radius for

Default is localised cokriging and uses an iterative algorithm to optimise the local cross-
Global covariance structure.

The cross-variogram is fitted using a Linear Model of Coregionalisation (LMC). The

current version of the software defines 20 lag classes, giving 20 points to the cross-

variogram. The maximum distance used in this process (i.e. largest lag class) is set

as 1/3 of the maximum distance between points in the input dataset.

Default is
Exponential

Exponential (default); users may also select Spherical and Gaussian models
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) Only applicable to the Local Cokriging method, and allows a user to define an
Defaultis jnitial neighbourhood radius. If this option is ticked then user should define the

[[] User Defined Neighbourhood for Local CoKriging User Defined unchecked  "|npyt Neighbourhood Size in Metres". The default is 30 m. A suggested starting

Input Meighbourhood Size in Metre Neighbourhood ) value can be calculated as 15 times the pixel size of the block grid. However, if
radius for Local Defaultis  "yser Defined Neighbourhood for Local Cokriging" is not ticked then the initial

| 30 5 Cokriging 30mor15  neighbourhood radius will be chosen as a function of total number of data points

times Fhe and corresponding number of treatments. This is the recommended starting point
pixel size for using this tool.

Save Qutput [optional] Folder in which to save the output files.
| Save output See File Naming Conventions (below) for an explanation of the different output files that will be
created in this folder.

File Naming Conventions

e <> denotes an existing element or input. For example <Data Col> refers to the name of the Data Column selected in the input parameters (above).
e non-alphanumeric characters are removed from strings with the exception of hyphens (-) and underscores ( _ ).

Filenames:

NAMING RULE EXAMPLE EXPLANATION

Output file names:
<Data Col>_dump_file_<Model><Covariance Model>.tif Bunch_wt_dump_file_GlobalExp_.log Logged information mainly useful for debugging purposes
<Data Col>_model_parameters_<Model><Covariance Model>.txt Bunch_wt_model_parameters_GlobalExp_.txt Summary of parameters used during processing
<Data Col>_list_of _tif files_<Model><Covariance Model>.txt Bunch_wt_list_of_tif_files_GlobalExp_.txt List of TIF files generated as output
<Data Col>_tr_<Tmt1>_<Model><Covariance Model>_.tif Bunch_wt_tr_KC_GlobalExp_.tif Treatment inference in "Input Block Grid or Prediction Grid".
<Data Col>_tr_<Tmt1>_var_<Model><Covariance Model>_.tif Bunch_wt_tr_KC_GlobalExp_.tif Corresponding variances of the treatments.

. Predicti f treat t diff bet

<Data Col>_ tr_diff <Tmt1>_<Tmt2>_<Model><Covariance Model>_.tif Bunch_wt_p_val_KC_SP_GlobalExp_.tif trreeatl;elzon:z ortreatment response cifierences between
<Data Col>_tr_<Tmt1>_var_<Model><Covariance Model>_.tif Bunch_wt_tr_KC_var_GlobalExp_.tif Corresponding covariances of the treatment differences.
<Data Col>_p_val_<Tmt1>_<Tmt2>_<Model><Covariance Model>_.tif Bunch_wt_p_val_KC_SP_GlobalExp_.tif f;g:l;e:nizthe treatment differences between pairs of
<Data Col>_z_<Tmtl>_<Tmt2>_<Model><Covariance Model>_.tif Bunch_wt_z_KC_SP_GlobalExp_.tif Z-statistics of the treatment differences.
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2.15 Persistor

Summary

Persistor is used to summarise the similarities in patterns of variation across a block over a number of years
(Bramley and Hamilton 2005). It might be used as an alternative to k-means clustering for identifying
clusters based on yield, but also enables zones to be assessed in terms of a target level of performance (e.g.
mean yield + 10%) and so provides information about how frequently such a target is met.

The “Target over all years” method assigns a value to each pixel to indicate the number of instances (in the
raster list) in which that pixel was either less than or greater than the mean (+/- a nominated percentage)
of that raster.

The “Target probability” method builds on the target over all years method, in that it includes an upper
range (i.e. cells with a given frequency of values that are above the mean +/- a given percentage) and a
lower range (i.e. cells with a given frequency of values that are below the mean +/- a given percentage).

The tool assigns a value to each pixel which indicates whether the performance in that pixel over a given
proportion of years is:

a) Greater than the mean plus or minus the nominated percentage (value = 1)
b) Less than the mean plus or minus the nominated percentage (value = -1)

The remaining pixels which do not fall into category a) or b) are given a value of 0.
All input grids must overlap and have the same coordinate system and pixel size.

Patterns of yield over 4 years

Yield 1

Year 2 Year 3 Year 4

Yield (t/Ha) Yield (t/Ha) Yield (t/Ha) Yield (t/Ha)
B <183 B =542 W <232 B <=1s8
1.83-3.1 5.42 -8.57 2.32-2381 1.88-2.54
3.1-437 8.57-11.7 2.81-3.21 2.54 -3.09
4.37-5.64 11.7-14.9 3.21-3.64 3.09-3.68
5.64-6.91 149-18 3.64-4.15 3.68-4.34
6.91-8.19 18-21.2 4.15-4.71 4.34-5.14
I >8.19 I >21.2 I >4.71 >5.14
Result of target over all years method Result of target probability method

Total years where result

is > mean +10%

75% chance of yield
< mean -10%

75% chance of yield
>=mean +10%

Figure 7 An illustration of the Persistor Tool results.
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Dialog

‘ “p Persistor x
Select the analysis method from:
Persistor Default is Target Over All Years —the performance
‘ Persistor method: | Target Over All Years - Method: Target Over persistence of yield across multiple years.
All Years Target Probability — indicates which pixels meet an
upper and a lower limit.
Use Select Raster Layer with the Add button to add rasters to the
select a list(s) below.
‘ Select raster layer: - raster Raster layers will be filtered ensure they have the same pixel size as
layer: the first raster layer added to either the upper or lower raster lists.
The values for these filters applied will be shown on the dialog.
TARGET OVER ALL YEARS The performance persistence of yield across multiple years.
Add Remove The list of rasters used for the Target Over All Years Method.
Raster List  Use Select Raster Layer with the Add button to add rasters to the list.
0 Raster(s)

The Remove button removes a selected raster from the list.

Defaultis  Count the years (from the list of rasters) where the
Total years Greater pixel value is either greater than or less than the
where Than mean plus or minus the given percentage of the raster
result is and +10%  mean.

@ Greater Than
Total years where result is mean | 10% -
Less Than

continued on next page......
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TARGET PROBABILITY Indicate which pixels meet an upper and a lower limit.

Upper Category
0 Raster(s)

AOd

= | chance of result == mean

i

m

Lower Category Add Remove
(0 Raster(s)

¥ | chance of result < mean |-10% =

Raster Lists Use Select Raster Layer with the Add button and the Remove button to manage the rasters in the upper and lower category lists.

UPPER LIMIT LOwER LimiT
Upper Lower
Category The list of rasters to apply upper category rules too. Category  The list of rasters to apply upper category rules too.
Raster List Raster List
Upper Default mean The frequency (as perc.entage) \A{ith which a pixel must e?xceed thg Lower Default mean The frequency (as percentége) with which a pixel must fall below
raster mean (plus or minus the given percentage) to be included in the raster mean (plus or minus the given percentage) to be
Category percentage the upper category. Pixels in this category will be assigned a value Category percentage included in the lower category. Pixels in this category will be
Settings is +10% PP gory- gory e Settings is 10% . gory: gory
of +1. assigned a value of -1.
Saved TIFF fle: B A Saved TIFF file The name and path of the output TIFF file.
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2.16 Apply Raster Symbology

Summary

The Apply Raster Symbology Tool allows for the quick application of the symbology for the different PAT
tool output rasters.

Instructions for installing the PAT symbology can be found in 4.3 Loading PAT Symbols into QGIS.

Dialog
W& Apply Raster Symbology m *
Select a raster layer: -
Raster type: Yield -
Ok Cancel
Supported raster types Used by Colour Ramp
Vield Run Kriging Using VESPER, [ | ||
I
Import VESPER Results. Yield 7 Colours
Image Indices (ie PCD, NDVI) Calculate Image Indices for Blocks.
Imagery 5 Colours
Zones Create Zones with k-means Clusters. Random Colours
Block Grid Create Block Grid. Random Colours
Persistor - All Years Persistor — Target All Years Method. -
Viridis
Persistor - Target Probability Persistor - Target Probability Method. . .
RdYIGn
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2.17 Settings

Summary

This tool is used to display and edit PAT settings.

The input and output data directories set here will be used to set the default paths by the browse for
file/folder functionality for all tools. Each tool will store and access its own values after first time use.

Checking the Debug (keep outputs) box will save intermediate files created while processing data to file. It
should be noted that this will slow down the time taken to run tools, but can be a useful diagnostic tool.

The Display Memory/Temporary Layers checkbox can be used to add the intermediate files to QGIS along
with any in-memory or virtual layers which are used but not saved to disk.

Dialog
& Settings @ X
Input data directory: Ci'\_Projects\PATPYVTools_data\TestData Browse. ..
Output data directory: | C:\_Projects\PAT\PYTools_data\Output Browse...
Location of VESPER exe: |C:fProgram Files (x88)/Vesper Vesper1.6.exe Browse...
Debug (keep outputs) Display memory ftemparary layers oK
QGIS Environment : =
QGIS : 3.10.8-A Coruna
Install Path : C:\Program Files\QGIS 3. 10%appsiggis-tr
Plugin Dir : Ci\Jserswel il AppDataRoaming\QGISVQGIS 3 profiles\default\python'pluginspat
Temp Folder : Ci\JsersypeeS\AppData'Local\Temp
Python : 3.7.0 (3.7.0:1bf8cc5093, Jun 27 2018, 04:53:51) [M5C v. 1914 64 hit (AMDE4)]
GDAL : 3.0.4
PAT Version :
PAT : 1.0.0 2020-08-03T16:12:35.671304
pyPrecAg : 0.3.1
Geopandas : 0.7.0
Rasterio 1.1.2
Fiona : 1.8.13.postl
Pandas : 1.0.1
R Configuration :
R Active : Mone
R Install Folder : C:Program Files'\R\R-3.6.1 =
Input Data Directory A folder containing input data.*
Output Data Directory This is the location of the output file.

Set the location of the VESPER executable. If this is not found or specified,

Location of VESPER Exe VESPER cannot be run, but relevant VESPER input files can still be created.

When checked, various intermediate files will be written to disk to assist with

Debug (Keep Outputs) error/debugging analysis. However, this will slow down processing.

If checked, any files written to disk, or created in memory will be loaded into
Display Memory/Temporary Layers QGIS into a grouped layer labelled DEBUG and can be used for
error/debugging analysis.

* By default this will be the PAT sub-folder in the user’s home directory. To quickly navigate here type %homepath%/PAT in the
address bar of Windows Explorer.
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3 Technical Notes

3.1 General Notes

e PAT makes use of the CSIRO-developed pyPrecAg Python module which is an open source Python
package containing a range of specialised analysis functions.

e All intermediate files created while processing is located in the PrecisionAg folder of the user’s
temporary folder. To quickly navigate to the temporary folder, type %temp%/PrecisionAg in the
address bar of windows explorer. This folder is deleted when QGIS exits.

e All progress, messages and errors are displayed in the PAT tab of the Log Panel as shown in Figure 2
and are saved to a log file located in the PrecisionAg folder of the user’s temporary folder. A list of
important paths including the location of temp and the user’s plugin folder.

e A Users QGIS Plugin folder can be found by typing %#homepath%/.qgis2/python/plugins into
the address bar of Windows Explorer.
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4 How-To’s

4.1 Create a block boundary polygon from a CSV of GPS collected points

T
8 F° [ " .
1. Using the New Shapefile Layer tool from the [ New Shapefile Layer... Crl+Shift-+H

manage layers toolbar (or Layer menu -> Create
Layer -> New Shapefile Layer) create a new
polygon shapefile adding the relevant coordinate
system* and attribute fields you require. Clicking
OK will prompt you for the location to save the
shapefile.

More information on coordinate systems can be found at

2. Set a style and labelling to the polygon layer. A
hatching polygon fill works well for editing.

3. Launch the Add Delimited Text Layer tool
from the manage layers toolbar (or Layer +
menu-> Add Layer -> Add Delimited Text Layer) and

l{/" Mew Spatialite Layer...
Q?" Mew GeoPackage Layer. ..
W Mew Temporary Scratch Layer..

(=} New Shapefile Layer m *
File name ishKangaroo_BlockBoundkries.shp

File encoding UTF-8 -
Geometry type Polygon =
Additional dimensions (®) None Z (+ M values) M values

EPSG:28354 - GDAS4 (MGA zone £ | | &

] A New Field
load your GPS CSV file as a layer into QGIS.
Hint: Your coordinate system is probably WGS 84. Mame
4. If required, load other vector or raster data, like Type | abe Text data -
imagery, which can be used as reference. B
5. Setup your snapping environment. Length |80 Fredsion
a. Open snapping options (Project menu -> Add to Fields Lis
Snapping Options)
b. Enable snapping by clicking the horseshoe icon. Fedali
‘a Name Type Length
c. Change layer selection to advanced - — Lr;tleng; ‘ -
configuration. q )
d. Tick the layer containing the point layer loaded in R
step 3. -
e. Change the tolerance to 20 and set units to pixels ok E— Help
=) Project Snapping Settings @ *
o | &, Advanced Configuration _ Topological Editing Snapping on Intersection
Layer Type Tolerance Units Avoid overla
V| ® areal_gpsblock_ wgs34 wertex 20 pixels
ScottishKangaroo_BlockBoundaries  vertex 12 pixels

*More information on selecting a coordinate system can be found on page 59.
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6. Select/activate the polygon layer in the layers panel and click the toggle editing icon ' * | from the
digitizing toolbar.

[Coy]

7. Add new features by using the add features tool from the digitizing toolbar.

8. As you move the mouse close to a point the point will change to show a magenta cross hairs (¥) or box (
0), this means the mouse has snapped to this point. Clicking the mouse will add this point as a vertex in
the polygon. Continue following around the points to form a polygon. Right-mouse-click to finish a
polygon.

9. When you finish a polygon a dialog will open to allow you to enter attributes. Click OK to add attributes

and finalise polygon.
&

Save your edits using the save layer edits icon
when complete.

on digitizing toolbar and toggle editing off | *

<)
To add, move or delete a vertex, toggle to node mode using the node tool "% Click the polygon to edit.
Nodes/Vertex will appear as red squares.
e Double click to add new vertex.
e Single click to select existing vertex. The square will turn blue. Use the DEL key to delete
e Click and drag a vertex to move.

(=]
To add a hole (donut) to a polygon use the add ring tool from the advanced digitizing toolbar and
sketch your polygon as described in step 8.
=N
[ X)

To delete a hole (donut) in a polygon use the delete ring tool
and click in the hole.

from the advanced digitizing toolbar
dp

To split a polygon, use the split features tool | ¢® | from the advanced digitizing toolbar and sketch the
path to split. Multiple polygons will be created having the same attribution.

Useful editing shortcut keys.

Add new feature Ctrl+. Zoom in Scroll wheel or  Ctrl ++
Delete last vertex Del Zoom out Scroll wheel or  Ctrl +-
Undo Ctrl+z Zoom full Ctrl+Shift+F

Middle mouse or Spacebar (while adding
a feature only).

Note: spacebar also turns active layer
visibility on/off.

Cancel edit Escape Pan
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4.2 How to reproject a shapefile and why you need to do this

A projected coordinate system is used to depict the curved earth surface as a flattened surface —as it is
when printed on a piece of paper. Currently the block grid tool requires the polygon shapefile to be in a
projected coordinate system. However, raw GPS data such as you might have in your yield monitor data file
uses a geographic coordinate system most likely with position expressed as decimal degrees or degrees
minutes second (such as in Google Maps). These will typically be labelled as latitudes and longitudes.

If your shapefile is in a geographic coordinate system then you will need to reproject it to a projected
coordinate system.

Geographic coordinate systems include:
Global: EPSG: 4326, WGS 84
Australian: EPSG: 4283, GDA94

In projected coordinate systems, the Globe/Australia is divided up into zones (see UTM zone map). Map
grid of Australia (MGA) zones align closely with the UTM zones, but use the 1994 Geocentric Datum of
Australia. Figure 8 shows the position of the MGA zones.

Projected coordinate systems include:
Global: WGS84 / UTM Zone divided in to North and South of the equator
Australian: GDA94 / MGA zones

You need to know the projected coordinate system for your data Tie Map CriiGREESE
and which zone it lies in. This projected coordinate system will get ,}f’\g{j\
used throughout PAT. This is made simpler through the use of EPSG /ﬁ‘g < \\
numbers. An EPSG number is an international numbering system for 49 |1BO7[ 81 | 52 | 83 | 54 | 55% 56
coordinate systems (see http://www.epsg.org) Q (MR ZONG NEMBERS)
1. Determine your projected coordinate system. L -JPM

e Within Australia use GDA 1994 Map grid of Australia (MGA) QE\NWJ

EPSG: 283xx !
e Outside Australia use the WGS84 UTM Zone system. || eotone doneruges ||

North of the Equator - EPSG: 326xx

186

South of the Equator - EPSG: 327xx Figure 8 The Map Grid of Australia.
(www.environment.gov.au/erin/tools/mga

Using your EPSG prefix listed replace the xx with your zone. For 2geo-gda.html).
example Adelaide is an Australian city in zone 54 so projected
coordinate system then becomes EPSG: 28354 GDA94 / MGA zone 54.

2. Reproject your shapefile

a. InQGIS, select your shapefile and select Save as from the Layer menu.
b. Inthe dialog, browse for a new shapefile and assign a name.
c. Click the icon to the far right of the CRS options.

CRS Selected CRS (EPSG:4326, WES 84) P~ &

d. Search for your projected coordinate system. The easiest way is to use the EPSG number from step
1.
e. Leave all other options as is and click OK

The shapefile will be reprojected and loaded into QGIS and is now ready for use.

For further information on coordinate systems see
https://docs.qgis.org/3.10/en/docs/gentle_gis_introduction/coordinate_reference_systems.html
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4.3 Loading PAT Symbols into QGIS

The PAT plugin includes a pre-defined set of symbols and colour
ramps for use with datasets derived while using the plugin. They
should be automatically loaded when PAT is installed.

To manually load the styles:
1. In QGIS, launch the Style Manager from the settings menu.
2. From the lower left corner of the dialog, select Import dialog.

3. Set Import from to file specified below. Browse to the users
QGIS plugin folder and find the PAT_symbols.xml file in the
pat folder (see 1.5 Uninstall PAT for help finding this folder).

4. Enter PAT as an additional tag(s). 2.
5. Select symbols to import or click Select all. 3.

6. Click Import. If symbols with the same name are already
loaded, you will be notified and given the option to overwrite.

Q Style Manager =

Favorites
All
All
~ Tags

Colorful
Monochromatic
Showcase
Topology

styles
Smart Groups Blues

Marker

dash blue

AddTag.. || _ .
Add Smart Group,
Modify Group dash red

flmporthxport v | l{,lll'| = I

I Export ltemis)...
Import ltem(s)...
Export Selected S‘,'m‘bcl[s] as PNG...
Export Selected Symbel(s) as SVG...

W Line

dash black

dash green

dot black

il

4 Filter symb

Help

3

Q@ Import ltem(s) [T X
Import from File b
File 3 . —' ‘AppData\Roaming'QGIS\QGIS 3profiesdefault\pythonplugins\pat\PAT_Symbols. xml
Add to favorites
Do notimport embedded tags
Additional tag(s PAT
als) 4' d |
Tip: separate multiple tags with commas
Select items to impart
’ ' ’ - I
Cross Dot Plus Small Plus Blue Cyan
Monochromatic  Monechromatic
5 & 6 —'|  Import Select Al Clear Selection Close Help
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4.4 Kriging ‘low density’ data in PAT

The mapping protocol which forms the ‘backbone’ of the PAT workflow is designed to handle data collected
at a high spatial density using an on-the-go sensor — such as a yield monitor, proximal canopy sensor or
electromagnetic soil sensor. Sometimes, there will be a need to collect data using hand sampling — for
example using biomass cuts in a wheat field, counts of bunch numbers in a vineyard or assessments of
disease — and for mapping these. Whereas the interpolation of high density, on-the-go data uses local block
kriging, for hand sampled data collected at much lower density, global point kriging is more appropriate.
This can be done in VESPER, but requires more user input, not least because the ‘variogram’ which
underpins interpolation using kriging, needs to be generated manually and carefully. Additional information
on this can be found in the VESPER manual available here with additional information on geostatistics
available in books such as Webster and Oliver (2007). These notes are intended to guide the generation of
the variogram and other input that PAT needs to run VESPER for low density data sets. Note for this current
release of PAT, the procedure requires some use of VESPER independently of PAT.

Important notes

e Itis not the intention in these notes to provide training in geostatistics. Users wishing to gain a
better understanding of this topic should consult appropriate texts such as Webster and Oliver
(2007). However, in general, we do not recommend that PAT users engage in low data density map
interpolation unless they have acquired some prior understanding of map interpolation using
kriging.

e |t should also be noted that we DO NOT recommend interpolation of maps from ‘low density’ data
when fewer than 100 data points are available (Webster and Oliver, 2007).

e Experience with work in vineyards (3-10 ha) suggests that a sample density of 26 samples or data
points per hectare leads to satisfactory maps but a general rule of thumb is that higher data
densities give better maps.
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Figure 9 A map showing the data points used for the low data density kriging
of 140 measures of grape berry weight in a 3.2 ha vineyard along with the
final kriged result. This is the example used for the variogram fitting below.
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Requirements

e A CSV file containing separate columns for each of X coordinates (e.g. Easting), Y coordinates (e.g.
Northing) and the data value(s) to be mapped.

e A VESPER grid file created using the Create Block Grid Tool

e The coordinate system for both the CSV file and VESPER grid file. Both these files should have the
same coordinate. The Clean, Trim, Normalise Point Data Tool can be used change the coordinate
system of the CSV file to match the VESPER grid file described in 2.2.

e VESPER: Run Kriging Using VESPER tool requires installation of VESPER (see section 1.3.2)

Setup the Variogram

= VESPER @MMII ACPA [ — *
1_ Open VESPER indegendently Of PAT and Fiun Kriging Program Save Control File | Fegister | Exit
QGIS (i.e. as a stand-alone application). Files I Kiiging 1] Variogram
Wariogram calculation .
. . . . W del .
2. Inthe Variogram tab, click Fit Variogram. o e |Ea:;oogr:::h:o g - —
. [v Plot variogram
. . " Global variogram -
3. Browse to your csv file and in the Data rr‘f'g'"f“”g_ - o W Plot map of interpolation
o. of pair: -
files dialog that will appear, select the 2 | Fuvaiogen
columns representing your X, Y and data
value. For this example the X (Easting)
is in column 2, Y (Northing) column 3 R variogrom Mo N ':B -o7x
DataFiIe Ithhg Lohtrol Fane|
and data value (Berry) column 6. ;
( y) 3 C:hdata\PaT bunchi Fves cav Herafon |:| LR ‘ | AIC‘ |4 4
4. Change the Variogram computation to ekl | - % % E:gg&t e
e —r
a. Number of Lags to 20 e C——————[ &% [ r
anogram Lalculaton
b. Lag tolerance (%) to 10 :
Ho. lags [
. . L I
5. Ensure the Variogram Model is 4 e [
Exponential and Weighting is No. of - Defnemzs
pairs e 3 o Datafile m *
: 5 Caloulate Variogram C:\datatPAT \bunchl Pves.csy
. . Mo, columns
6. Click Calculate Variogram to calculate ) EM”E D Colam [
and display the variogram. ade! s | oK
File Preview:
6| | |[Esponertal =l TNENUM.E asting Northing EN_EPSG Bunch Beny ByBch
1.302603.0345 6123829 £34,28354,222.55,1.14,196
. 23026167761 B123836.261,28354,165.58,1.19,139
Weighting E,EUZBW 44186123844 412,28354 97.72,1.22,80
Mo of pairs -

The Variogram

A variogram is a function which describes the variation in a dataset as a function of the distance between
the points which comprise that dataset. It is key to the kriging process because the weights used to
interpolate a map surface from sample data is a function of the distance between nearby data points and
the location of the points for which map values are being interpolated. These weights derive from the
variogram. Both Webster and Oliver (2007) and the VESPER Manual (Minasny et al., 2005) provide further
information
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7.

10.

11.

The colour coding in the variogram plot
relates to the number of pairs of samples
that have been used (or are available) to
calculate the ‘semivariance’ of samples
separated by each lag (i.e. distance) class.

In this example, it can be seen that beyond
a distance of about 200 m, the number of
pairs of points drops off. Because these
points are at large lags, and the important
part of the variogram is the sloping part at
shorter lags, it can often be useful to set
the maximum distance. The distance will
vary between datasets.

When a maximum distance is set, it should
reflect the drop-in pairs of points and
should also be larger than the apparent
range of spatial dependence (see Webster

- Variogram Model

Data File

C:hdatahPAT Sbunchl Fves csv

Select
Data

Wariogram Calculation
MNo. lags

Lag tolerance
[% of lags]

Define max
distance

(" Calcuiate Variogram

Model

Exponential -

‘wheighting

Mo of pairs -

—

B\ &

m - O X
Fitting Control Panel

lteration |:| RMSE 0007738 AL 197.0)

T

p |/ [0025] Mugaet 0008448
[ e S— 1 00403
= [@\4q & 4949 [~

8. decreasing pair count

0.024
oois

ooiz2

0.006

oo

100 150 200 250

I = .
“7 coloured by paigﬁ?

and Oliver, 2007 for further discussion of the form of the variogram), and also needs to be sensible in
relation to the size of the field being considered. For example, if your vineyard being mapped is a1 ha
square of 100 m side, one would generally expect the maximum distance to be less than 100 m.

For this dataset, tick the Define max
distance and enter 200 m, then click
Calculate Variogram to update the
variogram.

To this point, the default settings of an
Exponential variogram model have
been used with a weighting for the
fitting of the curve dependent on the
No of pairs. Often, a curve which
describes the data a little better might
be obtained by selecting a different
model and/or using a different
weighting method. In general, and
with the exception of advanced users,
we would recommend that the
variogram model selection is confined
to either Exponential (the default) or
Spherical and that the Weighting used

10

- Variogram Model

Data File

C:hdata\PATAbunchl Tves.cav

Select J
Data
Warogram Calculation
No. lags 20
Lag talerance
[% of lags] 10
Defing max
distance 200
" Calculate Yariogram
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———
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29 774

is either No of pairs or No_pairs/st_dev. Further information on settings is available in the VESPER

Manual (Minasny et al., 2005).

Once satisfied with the fitted variogram, click Save to save variogram parameters to file. It is useful if
the output has the same prefix as the CSV file with the name of the data column you used in step 3 and
variogram is added to the end (e.g bunch17ves_berry_variogram.txt). This is the input variogram file for
the low density kriging option in Run Kriging Using VESPER Tool.
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Run Kriging using PAT

12. Close VESPER, launch QGIS and the open then dialog for Run Kriging Using VESPER Tool from the PAT
toolbar or menu. Further details on this dialog can be found section 2.3. The Low Density Kriging
implementation is as described

below. é&kﬁ&@.'h‘@éfyteﬁ?*g@

13 Se|eCt the same CSVfi/e and Kl’ige “ﬁ; Run kriging using VESPER m ? »
(data) column used in step 3
Inputs:
. . file: : ch : WSE. ..
14. The coordinate system will be 13 | (Ve cGetpAriunhinies o _ | erowee
. . . Krige column:  |Berry - ‘s:ffbr:r‘n”,a‘f 14 GDA%4 /MGA zone 54 - EPSG:28354| | Select
automatically determined if a e T :
] . 15 Gk grigd) *[c:\data\PAT\BlockGrid_2m_g4mgas4_v.txt || Browse...
column (EPSG or ENEPSG) exists in
VESPER Settings
the CSV f||e |f th|5 does not eXiSt 16 Low Density Kriging (Advanced) -
then yOU W|” be reqUired to Set |t 17 ariogram text file: |C:\ﬁata\PAT\bund1l?ves_berry_variogram.b(t Browse...
prior tO Continuing. 20 gdé?;nt;ugll:gwber = The maximum number of points is 140,
If you r CSV flle needs reprojecting, [] Show VESPER graph and map araphics while kriging
. VESPER Outputs:
the you can use the Clean, Trim, 18 | ot [crmen =
Normalise Point Data TOOI USiI’lg the Control file: | bunch17ves_LowDensity_Berry_control. et Auto create control file name
1
settings described in 2.2. ] Run VESPER kriging now

Convert VESPER files to raster and load in QGIS

15. Browse to the VESPER grid file.

OK. Cancel

At this point a dataset overlap check will be completed if you have provided the CSV and VESPER grid
file where it is assumed that these two files have the same coordinates system. If this fails you will be
warned as shown. No overlap will cause VESPER kriging to fail.

16. Choose the Low Density Kriging (Advanced) method.
17. Browse for the variogram text file saved in step 11.

18. Specify the output folder to store the VESPER files and results in. A sub-folder called VESPER will be
automatically created if it does not already exist.

19. If required change the default control file name. This is saved into the folder from step 18.
20. Use the default (total point count minus 2) minimum number of points to use during VESPER kriging.

In some cases, this will cause a Cannot find
enough neighbourhood points error in VESPER
and create an empty output. If this occurs re-run
the kriging by repeating steps 13-21 and
decrease the minimum number of points to use

.‘u’esper1.5
File Edit View 5State Window Help

Bl vESPER
Kriging point 45940 of 8038 Time: 13

by one and try again . You may have to re-try
multiple times to find the right value.

21. Click OK and the control file will be created and added to the VESPER queue. When the VESPER
processing is completed, the resulting kriged text file will be converted to a TIF and loaded into QGIS.
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