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ABSTRACY

Automatic extraction of information from orbital images constitutes an alternative to
reduce the time and cost to map extensive areas. INPE and IBM/Rio are developing an
algorithm that combines asegmentation of images and classification based on neural
network. The segmentation algorithm, based on region growth, was used here to stratify a
selected area over the Amazon region. A label was independently assigned to each segment
by two interpreters ‘of similar photointerpretative capability. The objective of this work
is to contrast the results obtained from these two labellings. The selected area, located
in Rondonia State, was chosen due to its "fish bone" pattern of deforestation, which is a
common form of land use in the Amazon. The segmentation of the pilot area generated 3048
segments. The following K classes were defined for this work: forest, non-forest, water,
deforestation, cloud, and shadow. To each 3segment, a concept i (i =1,2,3,4,5) was
assigned to every one of the K classes, according to the probability of the classified
segment belonging to that class (1, 0.75, 0.50, 0.25, 0, respectively). The contrast of
the labelling by the two interpreters was based on error matrices. The results were first
analysed for the concepts associated with each class Ki, and then with each predominant
class Kj, where j = 1 if i <3; j =3 if 1 =3; and 3 =5 if i > 3. A high agreement
between the interpreters (91%8) was achieved at the level of the predominant class Ry in
contrast to the poor agreement achieved at the concept level (at most 428). The influence
of the segment size and of the interference classes (cloud and shadow) on the results was
also investigated.

1. INTRODUCTIOR The results from this investigation give

support to the application of an algorithm

The deforestation of the Amazon region is which combines image segmentation and
monitored through analysis of the annual classification based on neural networks, in

fraction of the area of natural vegetation images from the Amazon region. The
that is atfected, and its spatial algorithm is being developed jointly by IBM
distribution. Scientific Centre in Rio de Janeiro and the

National Institute for Space Research
Digital extraction of dinformation from (INPE) .
orbital images constitutes an alternative
to the conventional methods, reducing the
time and the cost involved when mapping 2. METHODS
extensive areas.

2.1 Segments Labelling
The objective of this study is to evaluate
the level of agreement between two This study was carried out using & colour
interpreters in the 1labelling of segments composite TM-LANDSAT image in bands 3, 4,
in a TM-LANDSAT image over the Amazon and S, which was previously -wsegmented
region, through analysis of error matrices. applying an algorithm of region growing
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implemented in the image processing
software developed at INPE (SPRING).

Image labelling was performed independently
by two interpreters, resulting in two
different final products.

The selected image corresponds to the
path/row 231/68 quadrat X, from July 7,
1991, and comprises an area of 53,084.1%6
hectares. The area is located in the State
of Rondonia, Brazil, between coordinates
11°00" and 12°00°' Latitude South and 62°00°
and 62°30" Longitude west, The
deforestation pattern in the region is
commonly known as fish bone, characteristic
of deforestation along roads of access to
agropecuary projects.

The 1labelling was based on a pre-defined
legend of six thematic classes: forest (F),
non-forest (NF), water (W), deforestation
(D), cloud {(C) and shadow (8).

The deforestation class corresponds to the
areas of primary forest cover that have
been subject to activities that promoted
their elimination or temporary/permanent
conversion to agricultural or pecuary
purposes. This c¢lass 8lso includes the
selective exploitation of wood and minerals
(Santos et al., 1993).

The forest class comprises all the
formations characterized by dense biomass
and by a significant and uniform arboreal
cover, as defined by the RADAMBRASIL
Project (Santos et &l., 1993). By their
classification scheme, the forest types in
the area are the Tropical Open Ombrophilous
Forest, and the areas of ecologicel tension
(Savanna/Forest contact).

The non-forest class includes all the other

natural vegetation formations in the
region, which do not present an arboreal
pattern, either phisionomically or
structurally.

To each segment, a concept i was assigned
to each of the K classes, according to the
probability of the classified segment
belonging to that c¢lass. The concepts 1
(i =1,2,3,4,5) corresponded respectively
to the probabilities 1, 0.75, 0.50, 0.2%
and 0. Different probabilities were
associated with each segment, for each of
the distinct classes. Note that a segment

could be associated with more than one

class.,

Each segment s had associated & notation of
the type B,=F,NFgW,DsC,5,. The indices e
B 2 O & ¢ refer to the concept i which
is associated with each of the defined
classes. Whenever the associated concept
was 5, the notation was simplified with
deletion ¢f the corresponding class. Hence,
a segment with associated notation F4D3,
had probability 0.25 of being forest and
0.75 of being deforestation.

The classes forest,
deforestation were
classes, they
information to monitoring. Cloud and shadow
were defined as interference classes
{Barbosa et al., 1993). The
probability for the

non-forest, water and
defined as basic

since provide relevant

accumulated
basic classes,
corresponding to the concepts assigned to
each segment, should add 1, i. e.,
pr(F) + Pr{NF) + P{W} + Pr{D)=1. In the presence
of interference classes, separate concepts
were assigned to them and to the

classes. For

basic
instance, in an area of
forest, partially affected by the presence
of & small but dense cloud, the segment
corresponding to cloud would have concept 1
assigned to the interference class cloud,

and concept 1 to the basic class forest,
that is, B, =NF,.

Segment labelling was carried out by two
experience in
truth

similar
photointerpretation and
knowledge.

interpreters of
ground

The photointerpretation process considered
image characteristics colour,
texture, shape,

such as
size, and location.

2.2 Analysis of the Pxoducts Resulting from
Labelling

The products obtained by the two
interpreters {interpreter I and interpreter
II) were compared through the analysis of
error matrices, which are usefull for
classification accuracy estimation. In this
case they show the number of sampling units
- i.e., pixels, set of pixels, or polygons
- associated with a given class in the
classification process and the real class
to which they belong (Story and Congalton,
1986; Congalton, 1981).
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In the present study the error matrices
the number

express
with each of

the

of pixels
defined

associated
c¢lasses

by

interpreter II assigned the concept i = 3
to either class cloud or shadow.

interpreter I and by interpreter II.

The matrices were constructed to evaluate
the 1level of agreement between the two
products taking into account the following:

(a) all the segments in the study area;

{b) the s3segments comprising 1less than
100 pixels;

{¢c) the segments comprising at least
100 pixels;

{(d) the gegments where the Iinterference
classes (K = N or S) had associated a
concept i 2 3; and

(e} the segments where the interference
clasaes (K= N or S} had associated a

concept 1 < 3.

In (&), the global 1level of agreement
between the two products was considered,
independently of the size of the segment
and the presence of interference classes.

In (b} and (¢}, the influence of the saize
of the segment in the level of agreement
between the two products was evaluated. The
threshold value of one hundred pixels was
empirically chosen.

In (d) and (e}, the comparizaon ¢f producta
was carried out considering the presence of
interference clazsses. These were conaidered
present when either interpreter I or

Two analysis were performed for each of the
five cases. In the first one, the classes
Ki were considered for all concepts i = 1
to 5. In the second one, only the
predeminant classes Ky were considered,
agsuming j =1 if i < 3; 3 =3 if 1 = 3;
and 3 = 5 if 1 > 3. In this case, each
segment had associated a notation of the

type B;=Fa-wﬂ.wz.ns.ca.s‘., where the
indices a", g%, 1", &', 8%, ¢ refer to the
concept 3.

The level of agreement was defined as the
ratic between the number of pixels which
had been assigned the sams 1label by both
interpreters, and the total number of
pixels 1in the image. Hence, it 13 a
function of the area of the segments.

3. RESULTS

The segmentation process generated 3048

gegments, 6 of which were eliminated from
analysis for presenting concepts that
represented a cumulative percentage

different of one for the b4sic classes.

The error matrix in Table 1 presents the
results from the labelling of the 3042
segments performed by the two interpreters.

Table 1 - Brror matrix for the analysis ¢of the classes and the concepts assigned (Ki),
when the total number of segments (3042) was considered.
The results are expressed in number of pixels.
INTERPREI’ER_{I
Fi Fzg_i F3D3 FgqD2 D1 NF 1 F;«EIF;{ Az TOTA_L_
I F1 100040 244820 5843 383 87 D 0 s} 351183
N F2Dg4 706 7604 16320 12051 775 1] 1] 0 8545
T F3D3 0 0 780 9168 101 g 0 o] 10047
E F4D2o 0 201 4967 67435 16255 0 0 0 96058
R Dy 147 113 107 25268 74588 0 8] g 100238
P NF 1 0 g 0 1735 249 1] 0 s 1984
| F3NF3_ 0 0 0 0 27 0 g a 27
I Aq 0 0 21 0 31 0 0 0 52
TOTAL 100832 252028 27038 116068 52091 1] 1] 0 568915
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The level of agreement, computed as the
ratio between the sum of the values in the
diagonal of the error matrix and the total
number of pixels in the image, was 42,488%,

The graphic representation of the results
in Table 1 are shown in Figure 1. For
simplicity sake, the results for NFj, F3NF3
and Ay (which corresponded to only 0.35% of
the total area) were ommited.

NUMBER OF PIXELS (10%

20 S I A4 E ﬂ ﬂ F ! Jy&/
NeEY & o
10 11/ & P F,Dy &
N A A 4 D, &
Fi PPy BB BB D g P

INTERPRETER I

Fig. 1 - Graphic representation of the
results (in number of pixels) obtained from
the segments labelling by the two
interpreters. All the segments, and the
classes and concepts (K;j) were considered.

Prom Table 1 and Pigure 1 it can be noted
that the disagreements between the labels
occurred in the following situations:

- 708 of the pixels labelled as Pj; by
interpreter I were labelled as F9Dg by
interpreter II;

- from the pixels labelled as F2Dg by
interpreter I, 218 were labelled as
FpDy, 42% as F3D3, and 33% as FgD2 by
interpreter II;

- from the pixels 1labelled as F3D3 by
interpreter I, 8% were labelled as F3Dj,
and 91% as F3D2 by interpreter II;

- from the pixels labelled as PzDg by
interpreter II, 97% were labelled as Fj,
and 39 as FpD4 by interpreter I; and

- from the pixels labelled as F3D3 by
interpreter II, 229% were labelled as Fy,
57% as FpDg, 3% as F3D3, and 188 as F4Dz
by interpreter I,

The agreement between the
reflects the

interpreters
importance of a prior

definition of the contents of each class.
The disagreement, at concept level,
reflects the lack of a precise definition
of the combination between classeas and
concepts.

Figure 2 shows a graphic representation of
the results obtained in the analysis,
considering only the predominant class K.
In this case, the 1level of agreement
between the interpreters was 91.158, which
is considerably higher than the level when
all basic classes were considered.

The large number of disagreements observed
among neighbouring concepts, within a same
class (for instance, Fj; and F2), and the
low level of agreement when Ki was
considered (specially when compared to the
value obtained considering only Ky,
suggest that there was an excessive
subdivision of concepts.

Four graphic representations were designed,
to visually show the effect of the size of
the segment in the 1level of agreement
between products (FPigure 3 a, b, and Figure
4 a, b). Pigure 3 presents the results from

labelling only for those segments
comprising less than 100 pixels. Pigure 4
iz similar, but involves only those

segments comprising at least 100 pixels. In
the figures indexed by (a), the classes and
concepts (Ki) were considered, while in
those indexed by (b} only the predominant
classes Ky were investigated.

NUMBER OF PIXELS (10Y)

R AP F, $§}
wof 2
K : FD3 Qg.&
K 5Dy Dy g %

INTERPRETER I

Fig. 2 - Graphic representation o¢f the
results (in number of pixels) obtained from
the aegments labelling by the THo
interpreters. All the segments, and the
predominant classes (Kj) were congidered.

217



NUMBER OF PIXELS (10%) NUMBER OF PIXELS (10%)

JV Ve & £RT &R 6

A L;; & VD, Vol .

1 2
) ,’ - F3D3 @&@

. 2% et FQDZ QQ. 2
0 4 A L B ' &Q‘ ¢

F, FD, ED; ED, D Bs &
INTERPRETER I INTERPRETER I

(a) (b)

Fig. 3 - Graphic representation of the results {(in number of pixels) obtained from the
segments labelling by the two interpreters. Only segments comprising less than 100 pixels
were considered. In (a), the results refer to the classes and concepts (K;}, whereas in
{b) they refer to the predominant classes (Kj).

I NUMBER OF PIXELS (10%

NUMBER OF PIZELS (10

INTERPRETER I INTERPRETER 1
(a) {b)

Fig. 4 - Graphic representation of the results {(in number of pixels) obtained from the
segments labelling by the two interpreters. Only segments comprising at least 100 pixels
were considered. In (a), the results refer to the classes and concepts (Ki), whereas in

{b) they refer to the predominant classes (Kj).

The large number of disagreements betwsen at least 100 pixels, these Jlevels were
the two products occurred mainly for thoge 37.73% and 93.37%, respectively.
segments with 1less than 100 pixels. The
disagreements were of the following type: wWhen analygsing the presence of interference
- assignment of label F; by interpreter I classes, it was observed that only shadow
and labels FgDp or D3 by interpreter II; was present. The total number of pixels
and with probability of at  least 0.50
- agsignment of label Dy by interpreter I associated with the class shadow, in at
to the segments labelled Fj or FzDy by least one of the products, was were low,
interpreter II. corresponding to only 68 of the image area.
In this case, the levels of agreement were
The levels of agreement computed for those 53.17% and B0O.41%, for Ki and Ky,
segments that comprised 1less than 100 respectively. For those segments with
pixels, ¢for Ki and Ry, were ©64.34% and probability less than 0.5 assigned to the
81.85%, respactively.” For those comprising

218



class shadow, these results were 41.91% and
91.92%, for Ki and Ky, respectively.

The levels of agreement, considering K{ and
Ky, are shown in Figure 5 for:

- all the 3042 segments,

- those segments comprising less than 100

pixels,
- those segments comprising at least 100
pixels,
- those segments with probability of at

least 0.5 associated with the interference
class, and

- those segment with probability less than
with the

0.5 associated interference

clasases.

LEVELOF
AGREEMENT &%

1060
80
60
40
20

Fig. 5 - Level of agreement for Kj and Ky,
considering: (A) all 3042 segments; (B)
segments comprising leas than 100 pixels;
{C) segments comprising at least 100
pixels; (D) segments with probability of at
least 0.5 associated with the interference
classes; and (E) segments with probability
less than 0.5 associated with the
interference classes.

It can be noted from Figure S5 that the
smallest level of agreement obtained for K3
was greater than the highest level obtained
for Ki. The largest level of agreement was
obtained for those segments comprising at
least 100 pixels, considering K§.

4. CONCLUSIONS
The level of agreement between the products

obtained by the two interpreters was very
low (42.48%) when considering the classes

and the concepts assigned to them (Ki). The
analysia at the level of the predominant
classes (Kj) showed a considerable increase
in the level of agreement (91,15%).

The lack of a precise definition of the
composition of each combination between
classes and concepts, and the excessive
subdivision of the concepts can be pointed
out as the factors that contributed to the
low level of agreement between the two
products, when Ki was considered.

The largest level of agreement was 93,378%,
associated with the segments comprising at
least 100 pixels, considering Kj.

The disagreements between the products
predominated amongst concepts which were

closer, for instance, F; e Fjz.

The greater disagreements were observed for

the sgsegments comprising less than 100
pixels.
The resulta for different segment gize

stress the importance to establish a
threghold based on the minimum size of the
segment to be considered during the
labelling process.

It is worth noting that the results from
this study refer to an area in the Amazon
region which has a s3pecific 1land use
pattern. The analysis of the results from
labelling o¢f other areas 1is relevant to
evaluate the labelling effect from
different interpreters in the
classification result.
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