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*;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, ...



*J GuidosToolbox Workshop

Based on Set Theory: analyze-detect shape/structure/connectivity
Geometry

| Y Georges Matheron (1930-2000):
B Geostatistics (kriging),
Mathematical Morphology

"

Medlcal Allcatlos

[]

[

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

l.




Segmentation steps

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




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

l.




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

"

r
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-4 GuidosToolbox Workshop Segmentation steps

2. ISLET: Result: forest mask showing
CORE + ISLET forest pixels

"

r

"




*g GuidosToolbox Workshop

3. EDGE: flood-fill

Segmentation steps

the background from outside image boundaries:
EDGE: wet background PERFORATED: dry background

-

ommission



GuidosToolbox Workshop

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 ||AEBCDEFG ||ABCDEFG

p— /-‘ — =k -‘_"’—’

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

.4 GuidosToolbox Workshop Segmentation steps

LOOP |l PERFORATION
B 1sLeT [l BRIDGE M EDGE [] BRANCH it o
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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

l - 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 i

T T T , EEEEEEEEE | “ European
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.4 GuidosToolbox Workshop SPAXx: simplified MSPA

ssasas [ Coherent I Core
' [] CoreOpening
] SLF: Small & [ Margin
SPA2: Coherent & SLF linear features | SPA3: Habitat & holes in habitat
[l Core [ Core
] CoreOpening [E CoreOpening
HHH . E . Edge 111111 :i; . Edge )
H (external border) H [l Perforation
[l Perforation B Islet (fragment)
; (internal border)
gE [] Margin g8 [] Margin
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 ... B|e oo



*;j GuidosToolbox Workshop MSPA-processing parameters

&) input (MSPA: 8_1_1_1, FG_area: 428490, iFG_area: 485606) >
File General Tools Image Analysis Help
i > e 2 - W - g s
" IMAGE/DISP Objects e T 2 T g W e
Pattern > Morphological > SPA3
e Fragmentation > Moving Window > SPAS
Flip Vertical Distance > . SPAG
-~ oo
Cost > MSPA
[] Normalized ° . %
Network > | T MSPA Tiling
Autostretch . d il
Image Info | v
MSPA SETTING

FGConn
[8/4]

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

[ MSPA statistics

FG/data[%] | #/BGarea |
CORE(s) |[592/254 [1161 ~
CORE{m) |7.83/336 (19
CORE() |61.34/2629 16

ISLET |[3.26/1.40 2429
PERFOR |217/093 |423

EDGE [13.54/5.80 890

LOOP 0607026 541
BRIDGE |142/061 |765

BRANCH |3.93/168 4685 o : fos o2 i : A
Background | —/57.14 2315/571240 [X:995 Y:532 Value: 17 (byte) MSPA class: CORE (medium. extemal) |
Missing 0.03 51/270
pening Divide MSPA-Core pixels: small < medium > large
CoreOpen | —/0.59 717/5927
BorderOpen | -/ 5.12 1574/51185

< >
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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.

Commission



*J GuidosToolbox Workshop

MSPA parameter 2: EdgeWidth (1-100)

U #1Zoom[4x] -] a | X #2Zoom[dx] (/| #3Zoom([ax] [/
T | e, L,
.-. -d:: g --‘ ﬂ -q ﬂ
I ol . J‘g’ ;
o ”’ ' o | L
[ ..I"- ' -'ir- ' l "."-
X J 5
B&D =r., R o 4 E]FFI')

EdgeWidth: 1

EdgeWidth: 2

EdgeWidth: 4

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

. Core
. Edge

. Perforation

Background
j No data

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

classes (white circles).

EdgeWidth changes do not affect foreground coverage.

European
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*:} GuidosToolbox Workshop l MSPA parameter 3: Transition (1/0 — on/off)

" #2 Zoom | =2l L_]j. I core
. Edge

. Perforation

. Bridge

" #1 Zoom | [_;][3][__]\

Background
No data

- -'.."!5

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.

m European |
30 Commission



*;j GuidosToolbox Workshop | MSPA parameter 4: Intext =1 « BG-Openings

MSPA locates & quantifies 3 types of Background:

iS5,

File General Tools Image Analysis Help

BaCkgrOU nd = O byte \ [ IMAGE/DISPLAY ATTRIBUTES
outside foreground 1L

Factor: [4« v ‘

Autostretch

2. Core-Opening — 100 byte:——— | oo

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

enclosed by Perforation

MSPA statistics

= 220 byte CORE(s) 5.;'2;2.54. 1161 : IA

CORE(m) |7.83/336 |19
CORE() |61.34/26.29 16
. ISLET |[3.26/1.40 |2429
along FG boundaries semron |1170% 9
EDGE 13.54/5.80 890
LOOP 0.60/0.26 |541
BRIDGE | 1.42/061 765

BRANCH |393/168 4685 LF - ! ;‘)- i -
Background | ~/57.14 2315/571240 lX: 935 Y:198 Value: 100 byte) MSPA class: CORE-Opening I

Missing 0.03 51/270

Opening [T 2291/57116 EiDvide  MSPACore pixels: smal < '~ megium (%690~ e

-/ 0.59 717/5927

Integral FG = FG + Openings —— ||l sn swsrs
(ex.: 88.24% of iFG is forest — 11.76% of iFG are forest openings)

m 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

m European
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*3 GuidosToolbox Workshop

(M)SPA input data

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

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

Tile 1 Tile 2 Tile 3
( MSPA- TIllng automatic proce dure of buffered tlllng, :.'.'.'.'.'.'.'.;'.';;:.:.’.’.‘.’.’.’.’.’.’.’Z.’.‘.’.’.’;’.’.'.'.'.'.'.'.'.'.'ii.’.’;.’.'.'.'.'.'.'.'.'.'.'.'.'.'.'f.'.'.'IIfIfIIIIIII:::iI:III.'.'.'.'.'.'I
MSPA- processing, appropriate reassembling of i i
fnal result same as MSPA omdiine version. ....... S ;'.'.;; ............................... . ..........

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

MSPA-tiling is a less than ideal and time-consuming solutlon WhICh IS not guaranteed
to provide exact results. Please only use GWB for MSPA processing of large images!

m European |
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https://forest.jrc.ec.europa.eu/en/activities/lpa/gwb/
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) —
A) Visual result: maximum of 11 colors: -MSPCK?&EWI
- 7 pattern classes of Foreground, [ 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 Branch
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

(M)SPA output data

Class Color RGB Intext =0 Intext =1
1) Core B 000/200/000 17 17 /117
2) Islet B 160/060/000 9 9/109
3) Perforation I 000/000/255 5 105
4) Edge I 000/000/000 3 3/103
5a) Loop 255/255/000 65 65 /165
5b) Loop in Edge 255/255/000 67 67 /167
5c) Loop in Perforation 255/255/000 69 169
6a) Bridge B 255/000/000 33 33/133
6b) Bridge in Edge B 255/000/000 35 35/135
6¢) Bridge in Perforation | 255/000/000 37 137
7) Branch 255/140/000 1 1/101
Background 220/220/220 0 0
Border-Opening 194/194/194 N/A 220
Core-Opening o | 136/136/136 N/A 100
No Data 255/255/255 129 129

B) Numeric result:
- 13 classes, Intext=0
- 23 classes, Intext=1

Detailed information:
GTB: Help —

GTB Documentation —
MSPA Guide

m European
Commission



j} GuidosToolbox

Workshop

MSPA plugins

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

4 @ Untitled - ArcMap o O X
Project  Edit  View Layer Seltings Plugins  Vector Raster Database Web Progessing  Help
B U P ~ & A DD D C f | | T » e v - - - - - - -
EER OS2 RPP B0 | & = File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
v T °e B o= o y | -~ | " |
. > vy /K. W T [ == @ B % % % 4 % ‘ £ | o . o, - p ' .
rew?mea D E? Eﬂ % X \*-/' |1558'727 VI kf m@m #ui
:U:OI: Extended functionality Is available in the free software GuidosToolbox. : Q a : : : : ¥ v k o \L:J n ﬁ XOY @ E-
vy Input image - [(0),1,2] byte @ Pisoin Gute Table Of Contents 7 x A Catalog 7 x
S o : - - -
o ro STEP 1 selet e G 8 = - ol @|E]”
# Spatia — =
@ s = = Layers A Location: Is': MSPA V|
V’ — B ol MSPA parameters D e Gulde| input 8_1_1_1 %5 Home - Documents\ArcGIS
; ?zg STEP 2 FGconn EdgeWidth Transition Intext h 3 Folder z
= -
| *™- s = ! = ' = : . ArcToolbox ax =%
v- 3 @ ArcToolbox A = ﬁ My Toolboxes
Lavics Péost &) 3D Analyst Tools =) M{Sl::.pyt
& & =y Process the image ° Analysis Tools @ - St SR
o STEP 3 &) Cartography Tools ystem TooThoxes
° Conversion Tools @ Database Servers
@ Data Int bility Tool £ Database Connections
AL - .Y S N © Dot Mmoot Yoot i GIS Servers
ata iianagement [ cols H
Coordinate 4260688,3259703 % Scale | 1:346.897 - H Magnifies 100% > totatior 0.0 = ¥ Render st&mu Q - g @ My Hosted Sen"lces
— @ Editing Tools {75 Ready-To-Use Services
MSPA Extension - 1.1 - x| 9 ENVI Tools v v &l Tracking Connections
< > B| =2 n < >
Step 1: Input image - [(0),1,2] byte | ) | i
“ Untitled - ArcMag - Arcinfo 9.994 51.51 Decimal Degrees
B input.tif B g
| Bl B ew Gockmaks fremt Selectkn Tods Wirdow Heip
[ DEE& /28 o b iz o] @O R . . . .
Step 2: MSPA parameters .
——— e 1 Conversion to/from grid in arc terminal:
FGconn EdgeWidth Transition Intext - a@m 3 ‘DM:Mng - ar.To Other Farmat (mukipls)
> - = = @@ Anakesis Took ok Rastars. H H - H
2 . 3 2 R e « | | imagegrid / gridimage
Ci\adosdekalnpu: 6L 1L +
Step 3: Process the image L: ( ﬁ
Select the folder where to save the output file ; § :Z ?,i,m ﬂ
® To dBASE -
Bpoemere . e 4 | | Import: File — Add Data
1=} To Raster
Start )| 2
> o %] o Cutput workspace "
e — = | | Export: see to the left
Help $ Pobk to Raster r;b: Format (optiond) .
0 Rast o |
Extension quide MSPA quide < . }5' :‘?’m;) Ra.: 2
Display i~ & To Shapsfie v * | Coresd | Enrermarts.. | Shombeh o ]
g > 3] European
36 Extended functionality is available in the free software | _Soucs | Fevanes [Indes [ Soach] Resile] a0 a4 ] C B
GuidosToolbox. ‘ pamr Rk 0 E O A~ = ‘@M«‘ i < Bz u Av B e o~ ommission
| 13,639 51,952 Decimal Dagrees.



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

Thank you
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