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ABSTRACT

This paper presents the results of the application of mathematical morphology techniques for a semi-automatic quantifi-
cation of the number of dwellings in an IDP camp in Sri Lanka. The specific assessment was undertaken based on a
WorldView-1 satellite image (0.5m). First, an area openingwas used to suppress all bright objects whose area was be-
low a given threshold value. These objects were then revealed by computing the difference between the original and the
transformed images, considering at the final stage a given size criterion. In a second step, the extracted structures were
counted in a GIS using the centroids of the dwellings and limited visual interpretation.
The assessment for the IDP camp indicates an overall number of 10,138 tents on the 10th of May, 2009. After the 10th of
May 2009, the camp had been abandoned and was destroyed to a large extend.

1 INTRODUCTION

The conflict between the Tamil separatists of the LTTE
(Liberation Tigers of Tamil Eelam), which fought to cre-
ate an independent Tamil state, and the Sri Lanka army
culminated the first half of 2009. The hostilities caused
new waves of Internally Displacement Persons (IDPs). Ac-
cording to United Nation High Commissioner of Refugee
(UNHCR) at the beginning of 2009 the number of IDPs in
Sri Lanka reached 504,800. The displaced population was
usually moved to camps in non-fighting zones agreed by
the fighting parties. On the 5th of April 2009, one of the
non-fighting zones located in the Puthukkudiyirippu area
was caught in the fighting between the Sri Lanka govern-
ment and the LTTE.

This study assesses the number of tents in the non-fighting
zone as part of the humanitarian relief efforts. After the
10th of May 2009, the camp have been abandoned and is
destroyed to a large extend. The analysis was conducted
based on VHRS (Very High Resolution Satellite) imagery,
which due to the ground pixel size of half a meter provide
an effective means for the identification of each dwelling.
This study used a methodology developed for estimating
the population in the Lukole IDP camp in Tanzania (Giada
et al., 2003) and was also modified and applied for the
enumeration of population in the Dorti, Ardamata, Um
Dukhun (Kemper et al., 2009) IDP camps in Darfur, Su-
dan. The goal is to apply mathematical morphology tech-
niques (Soille, 2003) in order to extract information reveal-
ing the presence of IDP tents occurring in the satellite im-
age. By comparing this information to the post event im-
age of the destructed camp, this approach can be used to
rapidly assess the damage in the camp.

2 AREA OF INTEREST AND DATA

Research was carried out in a narrow 14 square kilome-
tre patch of land between the Puthumathalan and Amplala-
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Figure 1: Location of the IDP camp in Mullaitivu region,
Sri Lanka.

vanpokkani along the coast of the Mullaittivu district, 395
km northeast of the capital (Fig. 1). This area was ini-
tially declared by the government as non-fighting zone for
the protection of the civilian population but finally was in-
cluded in the conflict. The analysis was undertaken for the
’Civilian Safety Zone’(CSZ) (around 3 square kilometres)
on WorldView-1 satellite imagery acquired on the 10th of
May 2009 at a spatial resolution of 0.5 meters.

3 METHODOLOGY

The methodology consists of four successive steps: tent
characterisation (Sec. 3.1), tent extraction (Sec. 3.2), ran-
dom sampling and visual interpretation (Sec. 3.3), and re-
gression analysis (Sec. 3.4).

3.1 Tent characterisation

The available imagery consists of a panchromatic image at
a spatial resolution of 0.5m. Tents appear as rectangular
objects that are brighter than their surrounding. They are



Figure 2: IDP tents in the Mullaittivu region in Sri Lanka.
Left: in formerly inhabited areas. Right: in a village with
houses and roads containing a series of vehicles.

Figure 3: Detected IDP tents in the Mullaittivu region in
Sri Lanka (yellow overlaid on input images also shown in
Fig. 2). Left: in formerly inhabited areas. Right: in a
village.

scattered over a large area. Two distinct patterns can be
observed: IDP tents in formerly inhabited areas and IDP
tents in villages with roads and houses. These patterns are
illustrated in Fig. 2. Note also the presence of some bright
elongated objects on the roads and corresponding to bright
trucks or buses.

Similarly to initial experiments performed on the Lukole
refugee camp in Tanzania (Giada et al., 2003), the IDP
tents in the Mullaittivu region appear all as bright objects
over a darker background. More precisely, the following
observations can be made:

• most tents appear as bright objects over a darker back-
ground;

• the footprint of most tents appear as rectangles with
a length to width ratio lower than 3/2. The use of
this a priori knowledge requires the detection of the
complete footprint of the image objects. Because the
proposed procedure at this stage often only provide a
subset of the footprints (corresponding to the brightest
part of the tents), this criterion will not be used;

• bright thin elongated structures (length to width ratio
greater than 3/2 often correspond to the bright top of
trucks, buses, or other vehicles). Again, to exploit
this criterion, a full detection of the footprints of the
objects would be necessary.

• it is reasonable to consider that the footprint of a tent
must be compact enough to contain a square of 2m×2m,
i.e., 4×4 pixels. In addition, it is expected that its area

does not exceed that of a square of side 6m, i.e., 144
pixels.

3.2 Tent extraction

The image processing chains detailed hereafter aim at au-
tomatically extracting structures corresponding to tents. This
extraction relies on the characterisation of tents described
in Sec. 3.1.

An area opening (Soille, 2003)is used to suppress all bright
objects whose area is below a given threshold value (and
considering a given connectivity rule). These objects can
then be revealed by computing the difference between the
original and the transformed images. The following im-
ages have been calculated (the threshold values have been
set manually):

• 8-connected area opening with an area of 144 pixels.
This operation suppresses all bright objects with an
extent less than 144 pixels;

• top-hat by 8-connected area opening with an area of
144 pixels (i.e., arithmetic difference between input
image and area opening of the input image). This im-
age highlights bright objects;

• threshold of the previous image for all intensity values
greater than or equal to 16;

• threshold of the top-hat image for all intensity values
greater than or equal to 10;

• double threshold of the top-hat by opening using the
upper and lower thresholds defined previously;

• filtering of the previous image using size criterion:
each structure must contain at least 16 pixels. The
containment of a square of side 4 pixels has not been
used because it leads to the removal of many actual
tents that are only partially detected.

Results obtained on the two images shown in Fig. 2 are
displayed in Fig. 3. Figure 4 illustrates the main steps of
this procedure.

3.3 Random sampling and visual interpretation

The visual interpretation is used for a verification of the
results. It was performed on randomly selected samples
spread over the camp area. The camp area was overlaid
with a grid of 50m by 50m in order to select randomly
representative group of data for visual analysis. Figure 5
illustrates the location of randomly selected cells.

The focus of the interpretation is the enumeration of tents
as a basis for the damage assessment inside the camp. Con-
sequently, large structures such as buildings were not in-
cluded into the modelling process Fig. 2. The visual count-
ing of the tents was based on the tents characterisation de-
scribed in Sec. 3.1. Each individual tent was stored as a
single central point.



Figure 4: Extraction of tents. Left: original image. Middle: top-hat by area opening. Right: final results (white for mask
of tents, red for objects removed following the applicationof a size criterion, and yellow for regions removed following
the double threshold criterion).

Figure 5: Randomly selected cells of the IDP camp’s area
in Mullaittivu region, Sri Lanka.

3.4 Regression analysis

A statistic regression approach has been used to find the re-
lation between the visually interpreted number of tents and
the automatically extracted structures for the random sam-
ple. Based on that function the total number of tents for
the entire camp is estimated. Since the goal of this study
is to develop a robust methodology that provides stable re-
sults in different environmental conditions, the regression
model uses the numbers of dwellings (independent vari-
able) and relates this to the visually interpreted number of
structures (dependent variable). Using this approach over-
comes the problem with false positive results (brighter dry
soil and track along the roads have been detected as sin-
gle dwellings structure) and false negative results (struc-
tures which are close to each other or attached have been
detected as a single structure). The stability of the regres-
sion model was tested using different numbers of samples
for calibration and validation, respectively. The number of
samples ranges from 10 to 90% with 10% intervals. The
remainder of the samples was used for validation. Each
model was repeated 500 times with a different random se-
lection in each run. The final regression coefficients for the
estimation of total number of dwellings in the camp are the
average of coefficients derived in each step.

Figure 6: The automatically generated binary mask of
dwelling structures with the camp outline.

4 RESULTS

For the random selection approximately 5% of the cells
were selected, in total 77 cells. The total number of tents
marked in visual interpretation process in the randomly se-
lected cells for the camp area was 1,035 (see also Table 2).
Figure 6 shows the final binary mask for the IDP camp with
the automatically extracted bright structures. The mask
highlights clearly the camp area. Lack of the automati-
cally extracted tents can be observed in the southern part
of the camp due to the fact that this area was inhabited af-
ter the 10th of May 2009. Objects outside the camp area
are mainly dry soil (bright sandy ground) surrounded by
darker vegetation.

The number of tents was derived automatically for the area
inside the camp borders. This was achieved by reducing
each connected component of the calculated binary mask
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Figure 7: Comparison between automatically derived
number of structures (method 1) and visually counted
number of dwellings for the randomly selected cells

Table 1: Results for IDP Camp in Mullaittivu dis-
trict: numbers based on automatically extracted structures
(method 1) and regression based estimation (method 2).

IDP Camp Method 1 Method 2
Mullaittivu 8,667 10,138

of dwellings to its centroid point and then counting the
number of points falling within the camp polygon. Re-
sults are presented in Table 1, where the proposed auto-
matic method is referred to as Method 1, and Fig. 7.

The regression model was first tested using different num-
bers of samples in the regression in order to identify a ro-
bust sample size with an acceptable maximum error. Based
on Fig. 8, a model with 46 samples was selected. This
model produced a mean error of 25 structures (4.5%) and
a maximum error of 81 structures (8.7%) in the sensitiv-
ity analysis. The scatter plots of calibration and validation
model of the regression analysis are shown in Fig. 9 and
Fig. 10. The total number of dwellings for each camp are
presented in Table 1 (here referred to as method 2).

Comparing the results of the automated dwellings extrac-
tion and the visual interpretation inside the randomly se-
lected cells, an overall good match is observed (see ta-
ble 2).

The correspondence between the automatically and visu-
ally detected tents was analysed by performing distance
measurements. Four buffer zones with interval 1 meter
were considered. The distance was counted from each
manually marked tent derived from visual interpretation
in randomly selected cells. The number of automatically
extracted structures was grouped in the class correspond-
ing to the intersection with each buffer zone. Figure 11
presents the results. 90 % of automatically extracted struc-
tures were detected in the distance range of 4 meters. Tak-
ing into account the average size of tent the acceptable dis-
tance between automatically and manually derived struc-
tures should not extend 2 meters, what gave us 83% of
results.
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Figure 8: Sensitivity analysis of the regression model.
The graph shows the mean, minimum and maximum error
[number of structures] for each step based on 500 calcula-
tions.
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Figure 9: Calibration model for the regression between
area of dwellings and visually interpreted number of
dwellings per randomly selected cell. The model uses 46
samples (60% of the randomly selected cells).
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Figure 10: Validation model for the regression between
area of dwellings and visually interpreted number of
dwellings per randomly selected cell. The model uses 31
samples (40% of the randomly selected cells).

Figure 11: Spatial correspondence between automatically
and visually detected tents. The centroid of the tents was
considered for both the automatic and visual interpretation.
The graph shows the number of automatically detected tent
centroids falling within a distance buffer from the visually
defined tent centroids.

Table 2: Comparison of visual interpretation and results of
method 1 for the randomly selected cells inside camp

IDP Camp Visual Int. Method 1

Mullaittivu 1,035 937

5 CONCLUSION

The structure of the Mullaittivu camp consists mostly of
bright rectangular tents. In the part of the north we can
observe an area with a network of roads and houses. This
latter were excluded from automated extraction, because
they are not directly linked to the IDP population. More-
over this part of the camp is characterised by high density
of tents. This made already the visual interpretation very
difficult despite the spatial resolution of 0.5m. The results
derived from automatic extraction and visual interpretation
are matching well and are confirmed by an independent as-
sessment carried out by UNOSAT, with the total number
of 11,500 shelters (UNOSAT, 2009). It could be demon-
strated that the implementation of a robust and consistent
method for the estimation of the total number of dwellings
is possible. The advantage of the proposed method is the
limited number of parameters that have to be taken into
account and the straightforward model development based
on a verbal characterisation of the dwelling structure. This
opens possibilities to adapt it easily to different environ-
mental conditions. Additional information could be de-
rived from the tents’ shadow detection.
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