GuidosToolbox Workshop

Part 2: Pattern (M)SPA

Peter Vogt
peter.vogt@ec.europa.eu

2021/05




*;j GuidosToolbox Workshop

The workshop will address the following topics:

GWS 1: Introduction/motivation for new ways of image analysis
GWS 2: Pattern Analysis (M)SPA
GWS 3: GuidosToolbox: program features and processing options
GWS 4: Hands-on examples using training data:

a) Data preparation, MSPA, Google Earth overlays, batch process

b) Distance, fragmentation, network, restoration, change, ...
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' Y Georges Matheron (1930-2000):

Geostatistics (kriging),

ey Mathematical Morphology

Based on Set Theory: analyze-detect shape/structure/connectivity
Geometry
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L al .‘ 7 Cell Viewer HEIK{

MSPA: Background

Pierre Soille (JRC)

Detect & analyze catchments; oill
spills; vessels; mines; facial-
fingerprint- character- recognition
(security, fax); robotics; biology
astronomy ...

Now ecosystems!
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- b GuidosToolbox Workshop Basic morphological filters

Structuring
Element:
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.4 GuidosToolbox Workshop Segmentation steps

Implementation principle (simple 4-class scheme)

1. CORE: erosion of forest mask

2. ISLET: morphological reconstruction of forest mask: opening;
dilations, difference to original forest mask

3. EDGE: forest mask - erosion = buffer zone, intersect with flood-fill
from outside the image (wet background)

4. PERFORATED: dry background



Segmentation steps

1. CORE: Step 0: starting with forest mask:
forest — black; nonforest — white




Segmentation steps

1. CORE: Step 1: erosion (forest mask)
- removed forest pixels (buffer zone)




4 GuidosToolbox Workshop Segmentation steps

1. CORE: Result: forest mask — erosion (forest mask)
showing CORE forest pixels

"




Segmentation steps

2. ISLET: Step 0: starting with forest mask:
forest — black; nonforest - white




Segmentation steps

2. ISLET: Step 1: erosion (forest mask). Note:
[0 - removed forest pixels, including all ISLET pixels




Segmentation steps

2. ISLET: Step 2: dilation (Step 1)
< morph_open (forest mask)




Segmentation steps

2. ISLET: Step 3: dilation (Step 2) * forest mask
< morph_reconstruction (forest mask)




Segmentation steps

2. ISLET: Step 4: dilation (Step 3) * forest mask
< morph_reconstruction (forest mask)




Segmentation steps

2. ISLET: Step 5: dilation (Step 4) * forest mask
< morph_reconstruction (forest mask)




Segmentation steps

2. ISLET: Step 6: dilation (Step 5) * forest mask
& idempotence <& mask: forest — forest patch




-4 GuidosToolbox Workshop Segmentation steps

2. ISLET: Step 7: difference: forest mask — Step 6
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4 GuidosToolbox Workshop Segmentation steps

2. ISLET: Result: forest mask showing
CORE + ISLET forest pixels
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-} GuidosToolbox Workshop Segmentation steps

3. EDGE: flood-fill the background from outside image boundaries:
EDGE: wet background PERFORATED: dry background
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Segmentation steps

Result: CORE + ISLET + EDGE + PERFORATED forest pixels
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*Q GuidosToolbox Workshop

i0: binary input

Y

i1: Erosion(i0)

i2: i0 — ReconstructionByDilation(il)

13: SkeletonCoreAnchor(i0)

same Core?
Connector:

i4: (i0 — i2 — i3) N Dilation(il)

Boundary: i4 N holes(i1)

15:10—12—-i3 —i4

es

Segmentation steps, MSPA

CORE

ISLET

LOOP

BRIDGE

PERFORATION

EDGE

BRANCH
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»& GuidosToolbox Workshop § MSPA: homotopic, anchored skeletonization

Homotopic shrinking:
Skeleton of an object maintaining the information of its shape (topology)

ABCDEFG ||ABCDEFG || ABCDEFG [|ABCDEFG

— /-‘- P s d‘-—’-.

Fig. 4. Anchored order-independent skeletonisation for G = 8: a - skeleton without
anchors (homotopic marking), b - 8-connected distance function, ¢ - regional maxima
of the distance function, d - anchored skeleton.

Iwanowski & Soille, 2005: Computer Analysis of Images and Patterns, Lecture “ European
21 Notes in Computer Science, Volume 3691/2005, 538-545, DOI: 10.1007/11556121_66 Commission


https://doi.org/10.1007/11556121_66
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Segmentation steps

B 1sLeT [l BRIDGE | EDGE

LOOP |l PERFORATION

" | BRANCH
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4 GuidosToolbox Workshop MSPA: FG/BG-Segmentation

INPUT: binary map MSPA foreground classes
- Foreground: objects of interest - Core: interior area excluding perimeter
[ ] Background: complementary area [l islet: disjoint and too small to contain Core

D Loop: connected to the same Core area

- Bridge: connected to different Core areas

- Perforation: internal object perimeter

. - Edge: external object perimeter

Branch: connected at one end to Edge,
Perforation, Bridge, or Loop.

MSPA background classes
D Background

D Border-Opening: along Edge

. Core-Opening: within Perforation
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4 GuidosToolbox Workshop Segmentation features

» Geometric (generic!) for any binary mask & any scale
> Automated description of pattern and connectivity

> The spatial detail of input and output are identical

> Each pixel is in one of the mutually exclusive classes

> Synthesis of object oriented and pixel based approach

MSPA

[ITT I
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25

SPAXx: simplified MSPA

sssecs [l Coherent Bl Core
[] CoreOpening
masianual ] SLF: Small & Trrtiiei [ Margin
SPA2: Coherent & SLF linear features | SPA3: Habitat & holes in habitat
[l Core I Core
[ CoreOpening [E] CoreOpening
B Edge | BEEEEHE = s [l Edge
(external border) FH Il Perforation
[l Perforation B Islet (fragment)
(internal border)
[C] Margin Margin

IEEENEEEEN

SPA5: SPA3 + Core boundary types

SPAG: SPAS + isolated non-core fragments

SPAX: fixed 8-connected FG & fixed EdgeWidth=1 pixel
But much faster compared to MSPA ...
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*j GuidosToolbox Workshop MSPA-processing parameters

&) input (MSPA: 8_1_1_1, FG_area: 428490, iFG_area: 435606) =
File General Tools Image Analysis Help
O Tt - W~ R -
[ mageise ___ OPJects JEZT L i
Dectnlets Fragmentation > Movmg Window > SPAS
Hp Vesticl Distance > SPAG
Cost > :
[1 Nomalized ° 2o \‘
Network > MSPA Tiling
[ Autostretch L ! ' 5 e
l Image Info | svim a
MSPA SETTING

FGConn
[8/4]

M

EdgeWidth || Transition Intext
[pixels] [On/Off] || [On/Off]

[ Vg | =

[~] MSPA statistics

FG/data[%] | #/BGarea |
CORE(s) |592/254 1161 ~
CORE(m) |7.83/336 19
CORE{) |61.34/2623 16
ISLET |3.26/1.40 2429
PERFOR |217/093 (423
EDGE |[1354/580 8390
LOOP 060/026 541
BRIDGE | 1.42/061 765
BRANCH |393/168 4685

Background | ~/57.14  |2319/571240 [X:995 Y:532 Value: 17 (byte) MSPA class: CORE (medium, extemal) ]
Missing | 0.03 51/270
Opening <3y 2291/57116 [~] Divide MSPA-Core pixels: small < medium > large
CoreOpen | -/ 0.59 717/5527
BorderOpen | -/ 512 1574/51189

< >
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é ;5 GuidosToolbox Workshop MSPA parameter 1: FG connectivity (8/4)

" #1Zoom| =Jla) [_f " #2 Zoom | .T.__”e__ju\ Bl core
_-n__-_"_ - - M Edoe
n— R _. . Perforation
& _- N e
il | o B — =, Loop
i‘ - i -. | Branch
BIE - = . Islet
T'f' = = Background
“"‘ ﬁ - - No data

8-connectivity ¢ 4-connectivity MSPA segmentation: 8100 « 4100

Parameter 1: Foreground Connectivity (<Foreground Connectivity>, 1, 0, 0).

White circles show the difference when using 8- (left image) or 4-connectivity
(right image) for the MSPA-parameter 1. Foreground Connectivity.
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*J GuidosToolbox Workshop

U #1Zoom[dx] |- alL| \ #2Zoom[ax] -2l
™ T,
- = “"1
8| aF
~ . S
. J 3
=it = -

MSPA parameter 2: EdgeWidth (1-100)

EdgeWidth: 1

Parameter 2: EdgeWidth (8, <EdgeWidth>, 0, 0).

EdgeWidth: 2

. Core
. Edge

. Perforation

Background
j No data

EdgeWidth: 4

EdgeWidth increase reduces core-area and may change the non-core pattern

classes (white circles).

EdgeWidth changes do not affect foreground coverage.
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*:} GuidosToolbox Workshop l MSPA parameter 3: Transition (1/0 — on/off)

W #2Zoom|[—][2]J| | Mcore
. Edge

. Perforation

. Bridge

W #1 Zoom|[—|[a][]

Background
No data

-

transition on transition off

Parameter 3: Transition (8, 1, <Transition>, 0).
Left: Transition on (8110). Right: Transition off (8100).

Transition: set to show connecting transition pixels to Core area (white circles) or
hide these pixels to maintain closed perimeters for the classes Perforation and Edge.

- Transition: Visual switch, data remains unchanged! o

Commission




*;j GuidosToolbox Workshop MSPA parameter 4: Intext (1/0 — on/off)

Intext=1 Intext=0

Intext can be used to add a second layer of the 7 basic classes inside perforations.
When Intext is on (1), a pixel offset of 100 is added to the feature classes inside of
the internal areas of foreground objects.

“ European |
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*;‘j GuidosToolbox Workshop | MSPA parameter 4: Intext = 1 + BG-Openings

MSPA locates & quantifies 3 types of Background:

0 B ) 1)

File General Tools Image Analysis Help

BaCkg rO U n d = O byte \ | IMAGE/DISPLAY ATTRIBUTES

ical

outside foreground Chtemazes || 23— '.

Autostretch

2. Core-Opening — 100 byte:——— | e

FGConn || EdgeWidth || Transition || Intext
[8/4] [pixels] || [On/Off] || [On/Off]

enclosed by Perforation 2 RE

MSPA statistics

= 220 byte CORE(s) 53'2;2.54. 1161 . I,.

CORE(m) |7.83/336 |19
CORE{) |61.34/2629 16
. ISLET 3.26/1.40 2429
along FG boundaries
EDGE |13.54/5.80 890
LOOP 060/026 541
BRIDGE | 142/061 765

BRANCH |393/168 4685 i | -t
Background | -/57.14  |2319/571240 [X:935 Y:138 Value: 100 byte) MSPA class: CORE-Opening |

Missing | 0.03 51/270

Opening 8 <3 2291/57116 [F]Divide  MSPA<Core pixels: small < 11000 V] medium l4600 VI >large

-/0.59 717/5927

. || —€oreOpen.
Integral FG = FG + Openings ——— [|l=e=lsz o -
(ex.: 88.24% of iFG is forest — 11.76% of iFG are forest openings)

n European
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(M)SPA input data

*;j GuidosToolbox Workshop

GTB: Help — GTB Documentation — MSPA Guide

 Single channel, (Pseudo-) binary raster data
having maximum 3 values:
0 byte — Missing (optional)
1 byte — Background (mandatory)
2 byte — Foreground (mandatory)

* Format: 8bit Tiff (GeoTiff), generic image formats
additional files (.hdr, .tfw, etc) are not needed;
Compression: none or LZW

“ European
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Q} GuidosToolbox Workshop

GTB: Help — GTB Documentation — MSPA Guide

MSPA: Maximum. size/dimension: MS-Windows: 100 MB (10k?)
MSPA: Mac/Linux: 4, 8, 16, 128 GB RAM: 12k2, 18k2, 28k2, 75k?2
SPA: GuidosToolbox: 30k=2. If larger, use GWB

----------------------------------

MSPA-Tiling: automatic procedure of buffered tiling, | .., i e

Tile 3
MSPA- processing, appropriate reassembling of ;:::::::::::::::::::::::::::g:::::3;::::::::::::::::::::::::::::::::::é:::::é:::::::::::::::::::::::::::::
final result (GeoTiff only!). e e e
Or use the MSPA Cmdllne VerS|On OUtSlde Of GTB E. ........................... ..... ................................... ..... .............................
T Tile7 P Tile 8 i i Tile9

3 B

(M)SPA input data

--------------------

ommission


https://forest.jrc.ec.europa.eu/en/activities/lpa/gwb/

*Q GuidosToolbox Workshop

(M)SPA output data

GTB: Help — GTB Documentation — MSPA Guide

Binary raster data (GeoTiff, Tiff, LZW-compressed) e
A) Visual result: maximum of 11 colors: -MSP‘K?&iSSi""l
- 7 pattern classes of Foreground, I core
- White — Missing (optional), B Islet
- Gray — Background (mandatory, up to 3 colors). [l Perforation

- Edge

Loop

Note: B Bridge
MSPA class names are generic. Their meaning depends on " Branc
the nature of the input data and should be amended by the Background
user: i.e., Perforation, the outer perimeter of a Foreground BorderOpening
hole in a forest mask could be a Clearing while for a water CoreOpening
mask such an area is an Island. No data

m European
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*Q GuidosToolbox Workshop

GTB: Help — GTB Documentation — MSPA Guide
B) Numeric result: maximum number of unique byte values:

- 13 classes (11-Foreground + 1-Missing + 1-Background), Intext=0
- 25 classes (21-Foreground + 1-Missing + 3-Background), Intext=1

Class Color RGB Value [byte] internal/external
1) Core 000/200/000 17 /17

2) Islet | 1 60/060/000 109/ 9

3) Perforation I 000/000/255 105/5

4) Edge I 000/000/000 103/3

5a) Loop 255/255/000 165/ 65
5b) Loop in Edge 255/255/000 167 / 67
5c) Loop in Perforation 255/255/000 169/ 69
6a) Bridge I 255/000/000 133/33
6b) Bridge in Edge | 255/000/000 135/35
6¢c) Bridge in Perforation | 255/000/000 137 /37

7) Branch | 25571401000 101 /1
Background 220/220/220 0
Opening 220/220/220 0 (if Intext=0)
Border-Opening 194/194/194 220 (if Intext=1)

Core-Opening

Missing

136/136/136

100 (if Intext=1)

—

255/255/255

129 /129

Colors shown for Transition = 1. If Transition = 0 then 5b, 6b — black (4); 5¢,6¢ — blue (3)

Note: Statistics are calculated for Transition = 0.

(M)SPA output data

Commission



.4 GuidosToolbox Workshop

MSPA plugins

Standalone MSPA plugins on the MSPA website for: QGIS, R, ArcGIS

7
Project  Edit  View Layer Seltings Plugins  Vector Raster Qalob'ue Web  Pragessing  Help
) BEI,}]"Z} (’_'j. +J"-'-’, t(’ ‘.P‘}d ,JH" _'}elq._iicﬁﬂg_-w
“e b g oo o | ok @ ] ang ma wg e g | 2w |
N~ I v il T S T ) ‘."’|">
= i Extended functionality Is available in the free software GuidosToolbox.
'9 * [ Home
Fi
7o E g Input image - [(0),1,2] byte @ Plegin Guide
ob2
B - oussal STEP 1  select
L
&~ osomio
& AscCis
%‘ & ArcGis
— ows MSPA parameters @ MsPAGuids |
Vi~ P Tilese
® wes FGconn EdgeWidth Transition Intext
%= 3w STEP2 .
2} @ whs 8 - 1 - ' - 1 -
Ve~
Layers Panel
v B wy Process the image

S STEP3

i.'- ‘.’ L3 0‘.

3 wotation 0.0 S Render D erscaoss @@

N W WS

Coordinate 4260688,3259703 Py Scate (1346897 > [l vagnifier 100%

MSPA Extension - 1.1 - % l

Step 1: Input image - [(0),1,2] byte

*_Untitled - ArcMap - Arcinfo

B input.tif B

! Ebs Bt Umwr Cockmaks [esct Selecton Jods Wrdow Help

| D& Fi b
Step 2: MSPA parameters | W& B a

¢ b 13 - dleB

Q Untitled - ArcMap
File Edit View Bookmarks
DEs 0B %
| Q@ k2

= O X
Insert  Selection Geoprocessing Customize Windows Help
@.11;558,727 v|xf BEEEE N g\m&
X @ SRS TIRE
~ Catalog X
G- ol @ E |
Location: l:i' MSPA VI

Table Of Contents R x
8CE g
= =4 lLayers A
input_8_1_1_1
v
ArcToolbox 3 x
[ ArcToolbox A

&3 3D Analyst Tools

B Analysis Tools

& & Cartography Tools

& & Conversion Tools

&3 Data Interoperability Tool
&3 Data Management Tools
&3 Editing Tools

& ENVI Tools v

N2

5 Home - Documents\ArcGIS
ﬁ Folde i

= @ My Toolboxes
= Ep MSPA pyt

[ System Toolboxes
{7 Database Servers

£ Database Connections
@ GIS Servers

7 My Hosted Services
75 Ready-To-Use Services
&l Tracking Connections

9.994 51.51 Decimal Degrees

- rayers | | wcocbas ~
- @ 0 ddyst Tods

FGconn EdgeWidth Transition Intext

8 = 1 ¥ 1 A 1 X

Arakesis Took

= @ Conversen Taok

From \WFS
Metadws
To CAD
Select the folder where to save the output file = &% To Covetage
To dBasE
i+ & 1o Geecatabye

Step 3: Process the image

[)Documents =

T
C =& nunsa
Start
& CEMto Ragter
A Fedkurato Raster
A Foto Raster
A e to Raster
A& Pebramto Raster
) DMr(«l)Rgav

Help

Extension quide MSPA quide

T 2 Aaster To Ceher Format (mub]
Diplay -y Iuihoefie v
Sakclin € 2

| _Fevaes -lm Soach] Resdle

Soucs

Extended functionality is available in the free software |
GuidosToolbox.

36

\wm- e

A0~ A~

B R RN

- P 7 R!!QI,IE;QIHII' Format (multipls) }T;'E ;Y;

| oL Rastars

C\Gudos\detalnpu 6L 11

el 1% |+ &

5 ;‘ & CLtpUE Windspace
Rastar Fomat (optiond)

?:i?

< ! >

(N |_§§_

o | cwved | ewermerts | sorebhss |

]

‘mmw\ i"’__].lill! Av B 4w s~

‘? 639 51 552050»! Dagress

i

s

Conversion to/from grid in arc terminal:

imagegrid / gridimage

File — Add Data
see to the left

Import:
Export:
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Thank you
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Unless otherwise noted the reuse of this presentation is authorised under the CC BY 4.0 license. For any use or reproduction of elements that are not owned by the
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