HUGIN QGIS PLUGIN

HOWTO

Abstract
This is a short document describing how to use the HUGIN QGIS plugin. Please notice that
current version is a prototype subject to bugs, errors and change.
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Introduction

This document is a short HOWTO on the HUGIN QGIS BBN plugin. It describes the process of
applying the HUGIN QGIS BBN plugin on a set of raster layers by example. The example has kindly
been provided by Hans Jgrgen Henriksen (GEUS).

The basic principle of the plugin is to apply a Bayesian network to each point in one or more raster
layers (must be aligned) and output a new raster layer with the results. For each point potential
covering multiple layers, the Bayesian network inserts and propagates the values of the nodes
linked to raster layers. The user can select a number of output values: index of state with
maximum probability, probability of state with maximum probability, and maximum expected
utility. Additional output values are to be included at a later stage.

The document and the HUGIN QGIS BBN are both work in progress.

Mac OS X

Pre-requisites
® QGIS with all its dependencies already installed.
® HUGIN 8.6 dmg image

Install
1. Mount the HUGIN 8.6 dmg image
2. Copy the 'HDES8.6-x64' folder to your Desktop (or some other location on the local disk)
/Users/<YOUR-USER-NAME>/Desktop/HDE8.6-x64
3. Copy the 'HUGIN_belief _update.py' found in ‘HDE8.6-x64/tools/QGIS’ folder to a place
within .qgis2 folder in your home dir:
/Users/<YOUR-USER-NAME>/.qgis2/processing/scripts/HUGIN_belief _update.py

Launch

In a terminal execute:

S export PYTHONPATH=/Users/<YOUR-USER-NAME>/Desktop/HDES8.6-x64/lib64
S open -a QGIS

Windows

Pre-requisites
® QGIS with all its dependencies already installed.
® HUGIN 8.6 has been installed to <hugin-install>
(e.g. ‘C:\Program Files\Hugin Expert\HUGIN 8.6 (x64)’)

Install
1. Copy the '"HUGIN_belief_update.py' found in ‘<hugin-install>\tools\QGIS’ folder to a place
within .qgis2 folder in your home dir:
C:\Users\<YOUR-USER-NAME>\.qgis2\processing\scripts\HUGIN_belief_update.py



2. Configure PYTHONPATH environment variable:
® Browse through Windows Control Panel -> System and Security -> System
Click 'Advanced system settings'
Click 'Environment variables' button
Under 'System Variables' section, create variable
Name: PYTHONPATH
Value: <hugin-install>\HDE8.6Python\Lib
(e.g. ‘C:\Program Files\Hugin Expert\HUGIN 8.6 (x64)\HDES8.6Python\Lib’)

Launch
Launch QGIS the regular way

How to Run the Example
The next few sections describe the use of the plugin starting with a set of pre-conditions.

Pre-conditions
The following pre-conditions are assumed satisfied:
® Model
o Model is created in HUGIN software in advance. The model used is:
simple_example.net
o Input and output nodes must be of type “interval”. That is, each node in the BBN
linked to a value in a raster layer must be of type “interval”.

@ Raster layers
o The HOWTO document uses the non-normalized version of the example consisting

of the files:
= Kold_v7_inf75_surface-topo.asc
= N-0_T10.asc
= N-0O_T2.asc
= N-0_T25.asc

® Configuration of HUGIN QGIS BBN plugin
o HUGIN initialization file: hugin_test.ini

The model is displayed in the HUGIN Graphical User Interface below:
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The content of the hugin_test_ini configuration file is:

~
| hugin_testini - Notepad =RAE g

Eile Edit Format View Help

[hugin] -
; configure which version of the HUGIN Python API to use

pyhugin=pyhugings

[input]

; NODE=RASTER | BAND

The input section maps a set of nodes to raster Jlayers.

Node names must matcn in verbatim the node in the HUGIN domain.

RASTER identifies a raster image file by matching a substring of the file name
BAND indicates band index

NO_T2=N-0_T2|1

NO_T10=N-0_T10]|1

NO_T25=N-0_T25]|1
Kold_v7_inf75_surface_topo=kold_v7_inf75_surface-topo|l

[output]
y BANDINDEX=FUNCTION ARGS
; The band index must be in correct non-skipping order

L}

; functions are:
i MAX NODE

; PMAX NODE

;. MEU

i EU NODE STATE
i AWG NODE

i VAR NODE

H QUANTILE NODE PROBABILITY
H SAMPLE NODE 7

1=MAX Result
2=PMAX Result
3=AVG Result




Output

The first part “[hugin]” specifies runtime configuration for the HUGIN API.

The second part “[input]” specifies how the nodes of the network are linked to raster layers. The
third part “[output]” specifies the output values to be computed. Options marked with “?” are not
yet available.

MAX NODE = the state index of the output node with maximum probability

PMAX NODE = the probability of the state index of the output node with maximum probability

MEU = the maximum expected utility computed in the model for the pixel (e.g. as a result of a
scaled and weighted overlay of ecosystem service map layers)

EU NODE STATE = the expected utility of the node state
AVG NODE = average value of the node (interval and numerical nodes only)
VAR NODE = variance of the node (interval and numerical nodes only)

QUANTILE NODE PROBABILITY = the value of the node corresponding to a cumulative probability
(one sided confidence bound)

Running the Example
The figure below shows the startup window of QGIS.
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Select Processing->Toolbox to be able to launch the HUGIN QGIS BBN plugin:

lit View Layer Settings Plugins Vector Raster Database Web Window Help

fece B QIS 2.18.13 3 Toolbox

b QRS S L 0 B g S N
M 4 B Lo s SR TS 7 R
v Recent Projects % Commander <%
"
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This opens the panel on the right where we notice that the user script HUGIN belief update is now
available.

ece QGIS 2.18.13
NEBBLRIKIPLLARNPDD AR BN & 6 K »
g,/ B 5 feves k@ e B o~ & =% ®B = B = oA

V: Recent Projects 00 Processing Tooloox

+ Search...
» Recently used algorithms
» iu GDAL/OGR [48 geoalgorithms]
» 4 GRASS GIS 7 commands [315 geo...
» o Models [0 geoalgorithms]
» # QGIS geoalgorithms [117 geoalgori...
v & Seripts [1 geoalgorithms]

» Tools

v User seripts

|E HUGIN belief update

E]

HHB aNX

%
V;;V
There is a new QGIS version Visit http: d.qgis.org to get your copy of version 2.18.15
Coordinate % | Scale 1:22,390,718 @ Magnifier 100% - Rotation 0.0 o Render| { EPSG:4326 | @

A

Next, we open the four raster layers of interest by pressing the Add Raster Layer tool on the left:

=

This opens a file dialog where the raster layers of interest are selected:
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EH| £ | > J =8 00| S+ | | [@ Data 2 th & Q, Search
Eavoriis Name Date Modified v | Size
@ Recents | N-O_T25.asc.aux.xml Today at 12.19
@ D E | MN-0_TZ2.asc.aux.xml Today at 12.19
ocuments | N-O_T10.asc.aux.xml Today at 12.19
[ Desktop Kold_v7_inf75...0.asc.aux.xml  Today at 12.19
F’Qﬂ Applications f4 Kold v7_inf75..face-topo.asc 6 Feb 2018 at 13.40
o ) ' 6 Feb 2018 at 13.40
ALl N-0_T10.asc 6 Feb 2018 at 13.40
© Dpownloads [ N-0_T25.asc 6 Feb 2018 at 13.40
Devices
Mac 0S

[1 Anders-Mac
Remote Disc

Shared
myboaoklive

Files of type: | All files (*)

| New Folder | | Cancel | m

This opens the files and produces this result:

e0ce QGIS 2.18.13

DoBRBLR |IOe 2, RPP A & e, ) 870 82 = [Ty B

A,/ B 5 v k@ 6B B ~ QFE s e w oA

(x) =) Layers Panel (x) =) Processing Tooloox
< @ T ? E.Jv & & O Search.. ]
v N-0_T25 v Recently used algorithms

[E HUGIN belief update

'n W 120022 » i GDAL/OGR [48 geoalgorithms]
75.7815 » .4 GRASS GIS 7 commands [315 geoalgorithms)
g: v I N-0_T10 » o Models [0 geoalgorithms)
™ W 119123 » £ QGIS geoalgorithms (117 geoalgorithms]
Y 75.4416 » (& Seripts [1 geoalgorithms]
v ¥ N0 T2
6 W 112702
747539
% - ¥ Kold_v7_inf75_surface-topo
W 716778
@R 77.0077
%
VZ

<

‘You can add mare algorithms 1o the toolbox,

Coordinate  541970,6163832 Scale|0 vﬂ Magnifier 100% |- Rotation 0.0

- 3 Roncer| © EPSG25 | (@ |

(If the panel on the left with the layers is not shown, then select View->Panels->Layers Panel)




Select Processing Tools->Scripts->User Scripts->HUGIN Belief update in the right panel to open the
dialog:
[ NON / HUGIN belief update

Parameters [E5] RAun as batch process...

Input Rasters
0 elements selected

HUGIN Net File [optional]
HUGIN Configuration File [optional]
QOutput Raster

[Save to temporary file]

Open output file after running algorithm

Here the values should be selected for Input raster layers, HUGIN Net File and HUGIN
Configuration file through the following sequence of windows:
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Kold_v7_inf75_surface-tope [EPSG:
) N0 Ti0 [EPSG4326] \ Cancel J
N-0_T25 [EPSG:4326]
l Select all J
l Clear selection J
—— . Toggle selection

B <] > ssEm: Z=v | [0 meeting 20180208 T th J| © ) Q search

Favorites Name Date Modified ~  Size
E Recents || #g.cev# Today at 10.46
B Documents | hugin_test.ini Today at 10.28 5
] CPH-Demo-HJH.pptx Today at 09.34
[ Desktop » [ Data 6Feb 2018 at 15.17
/s Applications || hugin_test.ini~ 6 Feb 2018 at 14.16 5
o i _ N-0_TZ2.asc.aux.xml 6 Feb 2018 at 13.50
iCloudbzive v [ specs 6 Feb 2018 at 13.45
° Downloads | example_simple.hlg Today at 10.28
B example_simple.net 6 Feb 2018 at 18.36
Devices
Mac 0S
[ Anders-Mac
Remote Disc
Shared
mybooklive
Media
New Folder | | Cancel |
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EO < | >§ 8= E M $EEv | 8 meeting_ 20180208 Z ] [am] Q Search
Favorites Name Date Modified ~  Size
£ Recents | #o.cevi Today at 10.46
@ D - | hugin_test.ini Today at 10.28 5
oeuments | CPH-Demo-HJH.pptx Today at 09.34
=] Desktop » [ Data 6 Feb 2018 at 15.17
43 Applications || hugin_test.ini~ 6 Feb 2018 at 14.16 5
i . | N-0_TZ2.asc.aux.xml 6 Feb 2018 at 13.50
iCloudiDilve v [ Specs 6 Feb 2018 at 13.45
0 Downloads | example_simple.hlg Today at 10.28
. example_simple.net 6 Feb 2018 at 18.36
Devices
E] Mac 0s
[ Anders-Mac
Remote Disc
Shared
myboaklive
Media

| New Folder | | Cancel |m

This should produce the window below:

EH| £ | »J =8 00| @~ | [0 meeting_20180208 s i & Q, Search
Eavoriies Name Date Modified v  Size
@ Recents | #o.csvit Today at 10.46 2
@ b - | hugin_test.ini Today at 10.28 54
oeuments  CPH-Demo-HJH.pptx Today at 09.34
& Desktop » [1 Data 6 Feb 2018 at 15.17
A Applications | hugin_test.ini~ 6 Feb 2018 at 14.16 53
A i | N-0_TZ.asc.aux.xml 6 Feb 2018 at 13.50
Al ¥ [ Specs 6 Feb 2018 at 13.45
0 Downloads _ example_simple.hlg Today at 10.28
[l example_simple.net 6 Feb 2018 at 18.36
Devices
Mac 0S

[ Anders-Mac

Remote Disc
Shared

myboaoklive

Media

| New Falder | | Cancel |w

Now press Run to perform the analysis. Information on the analysis is displayed to the user in the
window. The result is:
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Select the Identify Features tool in the toolbar:

Press a point on the map and notice the information displayed in the right side of the figure below.
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The output of the analysis is displayed in three bands. Band 1 is the index of the state with
maximum probability, Band 2 is the probability of the state with maximum probability and Band 3
shows the average.

Visualization of the result

For more intuitive interpretation of the results it is useful to visualize the three output layers (the
index of the state with maximum probability, the probability of the state with maximum
probability and the average) separately.

First, right click on the Output Raster, choose Duplicate, and repeat this once more to obtain three
separate layers.

i Output Raster
@ . Output Raster copy

Next, choose the layer properties by right-clicking on one of the three layers and choosing

F Output Raster copy copy
g v ¥ N-0_T25
P 12.0922
'é v B N-0_T25 S, Zoom to Layer | B 12,0622
Il 12.0022 _how in Overwe_w . .
ﬁ] 75.7915 é‘f Zoom t_o Ngvva Resolution (100%) v F N-0_T10
v B n-0_T10 Elteécatln'.;i:wg urrent Extent . 11 0123
'm Il 119123 o
75.4416 [® Duplicate .
@ v B no T2 et Layer Scale Visibility v F N-O_T2
= Set Layer CRS . 11,9702
W 11.2702 Set Project CRS from Layer .
% 74.7539 Styles 3 74 7539
b Kold_v7_ii
ﬁ% ' ..F”;??E ' savess.. ¥ F Kold_v7_inf75_surface-topo
1 77,0077 Save As Layer Definition File... I 7.16778
’ Properties
,O Rename 77.0077

Properties. The Layer Properties window will pop up. Choose the Style tab.




/. Layer Properties - Qutput Raster | Style

D

w Band rendering

Render type | Singleband pseudocolor | -

|l Transparency Band Band 1 (Gray)
Min ] Max 3,996

ﬁ Pyramids
P Load min/max values

|[ﬂ Histogram
-

Interpolation | Linear

(i Metadata

Color ~ Edit Invert

-
Legend Label unit

suffix

I:Iri:;iﬁ':”ax Estimated cumulative cut of full extent.

Value | Color I Label |

Mode | Continuous - Classes E @
Style - Cancel Apply Help

Under Band rendering choose Singleband pseudocolor from the Render type drop-down list, and
one of the three bands from the Band drop-down (Band 1 is the index of the state with maximum
probability, Band 2 is the probability of the state with maximum probability and Band 3 is the

average).

¥ Band rendering

Render type | singleband pseudocolor | ¥

Multiband color
Band Paletted h
Singleband gra
i Max 3.996

Hillshade
P Load min; maxvames

w Band rendering

Render type | singleband pseudocolor |+

-

Band Band 1 (Gray)
Band 2

Band 3
P Load min;..a.ll..

Under Load min/max values choose the Min / max option and press Load.

w Load min/max values

Cumulative - -
count aut 2,0 ~] - 98,0 5] %

® Min fmax

Mean +- a
standard deviation = 200 [

Load Accuracy | Estimate (faster) -

Clip extent to canvas



Finally, choose a color scheme appropriate for the visualized phenomenon from the Color drop-
down list, and press OK in the bottom right corner of the Layer properties window.

[ NN / Layer Properties - Output Raster | Style
wumuialve -~ - -~
° count cut 2.0 e 9.0 ‘_' =
~ Min / max
~ Mean +- -
| Transparency standard deviation x 2.00 e

& Pyramids Load Accuracy | Estimate (faster) B

|E= Histogram
| Clip extent to canvas
€] Metadata
Legend Interpolation | Linear
Color ~ JlBlues B Edit | Invert
Label unit
suffix
Min / max : .
origin: Estimated cumulative cut of full extent.
Value Color  Label
0.996 0.9%96
1.65 1.65
23 23
285 2.95
3.59 3.59
4.24 4.24
4.89 4.89
5.49 5.49
5.99 5.89

Help Style v Apply Cancel -

The first layer will now be visualized in the chosen color scheme.
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Visualize the remaining two layers in the same way.

End Note

The plugin does not yet support all operations listed in the configuration file. Operators marked
with “?” are not yet implemented.

Have fun!
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