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Some basic definitions...

Classification may be described as the transformation of an image into a thematic map.

Typically, each pixel in the image is assigned a unique class (hard classification),
although other approaches allow for several labels being assigned (soft / fuzzy).

The kind of images more commonly subjected to classification usually present high
spectral resolution (multi / hyperspectral). As spectral resolution increases, the ability to
discriminate between different classes (separability) is also expected to increase.

Example of separability of classes in two dimensions

high separability low separability

(taken from Schowengerdt 2007)
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The problem...

Land use / land cover change (LUCC) studies often depend on the use of black and white
(panchromatic) aerial photographs. Separability is reduced to differences in grey levels.
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Lack of adequate separability between classes causes “traditional” per-pixel schemes to
show poor accuracy. In that context, neither parametric (e.g. nearest mean, maximum
likelihood) nor non-parametric methods (e.g. k nearest neighbours) would probably offer
good results. At least not much better than simple thresholding...
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Object oriented classification...

In high spatial resolution imagery, real world objects are usually portrayed in the
image as a group of statistically correlated (and spatially neighbouring) pixels.

Object oriented classification methods attempt to classify groups of pixels rather
than individual ones, hoping to better represent the reality on the terrain.

Such methods often include a previous spatial-spectral segmentation process
intended to divide the original image in a number of objects, which are then
classified individually.

Many algorithms exist, one is available in GRASS:
Sequential Maximum A Posteriori classification (SMAP)
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Textural information...

Given the low amount of information contained in the panchromatic band, the use of
textural measures may be critical for the performance of classification.

GRASS (r.texture) offers up to 14 different measures that can be combined with
different window sizes (e.g. sum entropy).

window size = 3 window ize =7
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A window size of 5 was believed to be a good compromise: a smaller window showed
no different values for the different covers, while larger ones increased the presence of
borders (an undesirable effect) and also the processing time.

Sum entropy was selected among the available measures with the aid of PCA (i.pca)

window size = 3 window ize =7
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A window size of 5 was believed to be a good compromise: a smaller window showed
no different values for the different covers, while larger ones increased the presence of
borders (an undesirable effect) and also the processing time.

Sum entropy was selected among the available measures with the aid of PCA (i.pca)

Original image Sum entropy (window size = 5)
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Limitations of SMAP...

Object oriented classification is usually divided into two phases:
(1) segmentation (delineation) of objects, and
(2) classification.

Many algorithms available in proprietary software carry out both phases separately,
which allows for different data being used for each one.

SMAP offers no option but to carry out both segmentation and classification phases
simultaneously and on the same data.

The use of textural information in the segmentation phase usually leads to wrong
segments being created. This is particularly true for the borders between two different
covers (textural measures show high values in these cases and may be confused with
actual covers with high internal variability).
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An alternative approach...

A suitable detour for this problem is the use of previously defined vector polygons
instead of purposely-created segments. This possibility is included by default in some
proprietary software packages.

Although not specifically programmed in GRASS, the use of previously defined vector
polygons can be accomplished in R, e.g. using supervised decision trees.
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SIGPAC (Sistema de Informacion Geografica de Parcelas Agricolas) is the
Spanish Land Parcel Information System (LPIS), created to comply with EU
regulations.

The basic cartographic unit is the cadastral parcel, but a smaller subdivision
(“recinto”) was created to account for different uses within the same parcel.

We propose the use of “recintos” (vector polygons) as segments for the
classification of historic land use, based on the assumption that the structure of
parcels has not changed significantly in the period.
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SIGPAC “recintos” on the original image...
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In summatry...

We compare the results of two classification approaches performed on the group
formed by the original image and the textural image:

- Standard use of SMAP

- Classification using SIGPAC vector polygons and supervised decision trees
available in the R package RWeka (Hornik et al. 2009)
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Classification process (1): SMAP

a) Create an image group with the original image and the textural image(s) of
choice (we used a PCA analysis with i.pca to select, among the different measures
offered by r.texture, the one carrying more information).

b) Create a raster map of training areas (r.digit) for the 4 classes: (1) arable land,
(2) pastures, (3) shrubland, (4) trees.
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Classification process (1): SMAP
a) Create an image group with the original image and the textural image(s) of
choice (we used a PCA analysis with i.pca to select, among the different measures

offered by r.texture, the one carrying more information).

b) Create a raster map of training areas (r.digit) for the 4 classes: (1) arable land,
(2) pastures, (3) shrubland, (4) trees.

c) Generate signature file from training areas (i.gensigset)

d) Call the classification algorithm (i.smap)
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Classification process (1): SMAP
a) Create an image group with the original image and the textural image(s) of
choice (we used a PCA analysis with i.pca to select, among the different measures

offered by r.texture, the one carrying more information).

b) Create a raster map of training areas (r.digit) for the 4 classes: (1) arable land,
(2) pastures, (3) shrubland, (4) trees.

c) Generate signature file from training areas (i.gensigset)

d) Call the classification algorithm (i.smap)

e) For quality assessment purposes: create a vector set of 100 points randomly
distributed over the area (v.random), and update its database with the manual

interpretation of covers and with the results of classification (v.what.rast).

f) Load the database in R, either using readVECT®6 (available in the spgrass6
package by Bivand 2008) or with read.dbf and cross-tabulate.
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Classification process (2): SIGPAC polygons and supervised decision trees

a) Update the vector database with the values of the original image and the
textural image(s) of choice (v.rast.stats).

b) Select a sample of training polygons and update the database with the class
they belong to: arable land, pastures, shrubland, trees PLUS pastures with trees.
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Classification process (2): SIGPAC polygons and supervised decision trees

a) Update the vector database with the values of the original image and the
textural image(s) of choice (v.rast.stats).

b) Select a sample of training polygons and update the database with the class
they belong to: arable land, pastures, shrubland, trees PLUS pastures with trees.

c) Load the database in R (readVECT®6 or read.dbf)

d) Call the classification algorithm: a supervised decision tree is included in the
base packaging of R (rpart), but we used J48 instead. J48 is the implementation of
the -also free- C 4.5 algorithm (Quinlan 1993) in Weka and RWeka (Hornik et al.
2009, Witten & Frank 2005).

e) J48 allows for some degree of quality assessment using cross-validation
(jackknife).



LABORATORIO DO TERRITORIO (LahoraTe) native approach to object oriented classification...

The classification tree... @

=147 = 147
Y
arable
(20.0)
= 20.021 = 20021
ND_THIRD_Q ND_PERSO
= 87 =87 = 1059 =109
! Y
arborado prados
(4.0) (22.0/1.0)
= 57. =G7.052 = 27" = 275.55
! b i 4
arborado mato rmato arb_ralo
(21.0) (7.0/1.0) (13.0) (11.041.0)

ND_... -> Grey levels
SE_... -> Sum entropy




LABORATORIO DO TERRITORIO (Labhora'le)

= 20.021

MD_THIRD_Q

= 87 =87
! Y
arborado prados
(4.0) (22.0/1.0)

= 20021

MO_PERSO

= 109
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Confusion matrix
a b cde <--classified as

220 2 0 |a=arable
113 2 1 |b=trees

5 8 13 8 |d=shrubland
2 3 12 3 | e =pastures
Global accuracy = 56/100 (56%)
(independent check points)

ative approach to object oriented classification...

Confusion Matrix:
a b cde <--classified as
30 000 0| a=arable
02312 1| b=trees
0 010 O O| c = past w/trees
0 2 216 0| d=shrubland
120 216| e = pastures
Global accuracy = 95/108 (88%)
(10 fold cross-validation )
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Cross-validation iterations
Confusion matrix Confusion Matrix:
ab cde <--classified as ab cde <-classified as
220 2 0 |a=arable 30 000 0| a=arable
113 2 1 |b=trees 02312 1| b=trees
0 010 O O| c = past w/trees
5 8 13 8 |d=shrubland 0 2 216 0| d=shrubland
2 3 12 3 | e =pastures 12 0 216 | e = pastures
Global accuracy = 56/100 (56%) Global accuracy = 95/108 (88%)

(independent check points) (10 fold cross-validation )
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Some comments and conclusions...

The use of existing vector polygons to generate historic land use maps is a good
option if the structure of parcels did not change significantly.

The use of previously defined polygons may be understood as a significant
simplification of the reality portrayed in historic photographies, but it might still be
a useful approach for LUCC studies.

Global accuracy of this alternative approach seems to be potentially higher than
that attained with the default object oriented method available in GRASS (SMAP).
Nevertheless, the issue of simplification already mentioned should be taken into
account when comparing both figures. Also, the fact that one of them comes from
an independent set of points while the other is generated by cross-validation, may
pose problems for direct comparison.
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Thank you for your attention...

e-mail: eduardo.corbelle@usc.es
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