Tree crown detection and classification using
forest imagery by IKONOS
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Abstract— The purpose of this study is detection and classifi-
cation of tree crowns using forest imagery taken by IKONOS.
A forest image contains many tree crowns of different sizes
and shape that are touching each other. By using IKONOS
pan-sharpened data, discernment of tree crown and species is
possible. To detect tree crowns in the image, we used Watershed
segmentation. If an image is viewed as a surface, with mountains
and valleys, the Watershed segmentation finds intensity valleys in
an image. In this study, a gradient of intensity in an image was
used in order to find valleys separating tree crowns from shadows.
To classify tree species, the spatial features of each segmented
region were calculated. Image features for the classification were
extracted by texture analysis using gray level co-occurrence
matrix. Image texture is produced by an aggregation of unit
features, such as tree leaves and leaf shadows. Variations in crown
texture are important in the identification of species. Supervised
classification using maximum likelihood decision rules with these
features was performed. Classification accuracies on the order
80% were achieved.

I. INTRODUCTION

Satellite remote sensing technology is expected as the tech-
nique of managing the forest which is the source of absorption
of carbon dioxide. It is an interesting subject to investigate
each position, size, shape, and species of trees from satellite
data [1].

The spatial resolution of IKONOS data used by this study
is very high so that the visual interpretation of the tree crown
can be carried out. Since the image of one tree crown consists
of many pixels, the peculiar spatial pattern to a tree crown is
formed of the difference of the brightness value between the
neighboring pixels in a tree crown. Distinction of tree species
is possible if this spatial pattern is used [2].

In this study, each tree crown is detected from high resolu-
tion satellite data. and the tree crowns are classified into some
species class.

II. DATA

The satellite data used by this study is shown in Fig. 1. The
area of left image is the forest of the Arimine area in Toyama
prefecture which the IKONOS satellite took on June 1, 2002.

The spatial resolution of this IKONOS data is 1 meter, and
the size of right image is 128 by 128 pixels. These four images
are blue, green, red, and the near-infrared band.

[I1. METHOD

Fig. 2 shows the processing procedure of this study.

Fig. 1.

IKONOS imagery

A. Segmentation

Principal component analysis(PCA) is carried out to these
four images, and the first component image is created.

If segmentation of this image is carried out, many regions
will be detected very much. In order to detect a tree crown, it is
necessary to make the brightness value of each tree crown into
an independent peak before segmentation process [3]. First, a
image is smoothed using a small Gaussian filter. High spatial
frequency components are removed from the image. Next,
morphological reconstruction by dilation and erosion operation
is performed. The brightness value of each tree crown serves
as an independent peak by this processing. This processing is
not made to change the shape of a tree crown unlike smooth
processing. A watershed algorithm is used as segmentation for
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Fig. 2. Flow diagram of segmentation and classification.

detection of tree crown [4]. This algorithm is processing which
find peaks and valleys ,and extend these regions from there.
The segmented region of peak or valley, and is equivalent to
a tree crown or a shadow, respectively.

B. Classification

The classification processing is performed to segmented
regions. The classification technique uses the maximum like-
lihood decision rule which needs training data. In this study,

the 6 class of training data is shown in Fig. 6. Tree crowns of

each class were determined manually.

The features used for a classification are intensity,
NDVI(normalized difference vegetation index) and entropy.
Entropy is a kind of textural feature using the gray level co-
occurrence matrix(GLCM) [5], [6].

class A class B class D
broadleaf conifer shrub soil
Fig. 3. Training data set. Shadow is class F.

1st component

Fig. 4. Principal component analysis.
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where p(i, j,d, ) is the (i, j)th element of a N x N GLCM,
indicating the relative frequency that gray levels ¢ and j are
found at a distance d in the relative direction 6.

The intensity of a tree crown is calculated the average of
the brightness value in each tree crown from blue, green, and
red data. NDVI is calculated the average value in each tree
crown from red and near-infrared data.

IV. RESULT

The PCA result is shown in Fig. 4, and results of smoothing
and morphological reconstruction is shown in Fig. 5. The
segmentation results are shown in Fig. 6. The shapes of tree
crown are detected correctly. The three features of training
data is shown in a Fig. 7. It means that the intensity can be
used for separation class B, F and F from others, NDVI can
separate D and E, and entropy can separate A and C. The clas-
sification results are shown in a Fig. 8. Automatic classification
accuracies were 80% compared with visual interpretation.
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Fig. 6.
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Fig. 7. Extracted features of training data.

V. CONCLUSION

In this study, we have detected tree crown from forest
imagery by IKONOS and classified segmented regions. In
detection process, watershed segmentation was used after
principle component analysis, smoothing and morphological
reconstruction. In classification process, two spectral features
and one textural feature using gray level co-occurrence matrix
were used by maximum likelihood classifier. Classification
accuracies on the order 80% were achieved.
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Fig. 8. Classified results.
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