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ABSTRACT:

Remote sensing facilitates the extraction of information for earth’s surface through its capability of acquiring images covering large
areas and the availability of commercial software for their processing. The aim of this study is the feature extraction from three
Geoeye-1 stereo pairs for forested area. The study area is located in central mountainous forested peninsula of Chalkidiki, in
northern Greece. Dominant forest tree species of the site are oak (Quercus conferta), beech (Fagus moesiaca), black pine (Pinus
nigra) and calabrian pine (Pinus brutia). Very High Resolution (VHR) Geoeye-1 stereo pair satellite images were utilized in
panchromatic and multispectral mode. The panchromatic mode was employed for Digital Surface Model (DSM) generation and its
evaluation. In this study the High Pass Filter (HPF) data fusion technique was applied between panchromatic and multispectral mode
for acquiring a new image with the benefits of both contracting images. Because of the fact that the feature extraction was attempted
in a forested region, NDVI index and Tasseled Cap transformation were applied in the fused images’ evaluation procedure. Optical
assessment was also applied. The accuracy of the generated DSM and the evaluation results of the fused images were remarkable.

1. INTRODUCTION

Forest management is important to environmental protection,
biodiversity preservation, recreation, timber production and
mitigation of climate change (Peterson et al., 1999). Remote
sensing facilitates the extraction of information for earth’s
surface through its capability of acquiring images over large
areas. This is even more useful in the case of consistent and
repetitive monitoring of forests (Hussin and Bijker, 2000).
Feature extraction from satellite images strengthens the ability
of monitoring the Earth’s surface and therefore forested areas.
In this study Geoeye-1 stereo pairs were utilized to extract
information on a forested area of Chalkidiki peninsula. Geoeye-
1 satellite was launched on September 2008 from Vandenburg
Air Force Base in California. It collects panchromatic and
multispectral imagery at 0.41m and 1.65m resolution at nadir,
while distributed commercially at 0.5m and 2m respectively
(DigitaGlobe, 2015). VHR Geoeye-1 images in stereo mode are
utilized to provide highly accurate DSMs. In (Saldafia et al.,
2012) the vertical accuracy of the Geoeye-1 generated DSMs
was better than 0.5m (standard deviation) in a study area with a
smooth coastal terrain and a mean elevation close to 7m in
Spain. For the same study site DSM vertical accuracy reported
by Aguilar et al. (2013) was up to 0.39m (standard deviation).
Other studies refer to the good georeferencing accuracy of the
Geoeye-1 stereomodels. Meguro and Fraser (2010) reported an
accuracy of 0.35m in planimetry and 0.7m in height, Fraser and
Ravanbakhsh (2009) reported an accuracy reaching 0.10m in
planimetry and 0.25m in height.
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2. STUDY AREA AND DATASETS
2.1 Study area

The study area is located in central Chalkidiki (Figure 1),
Northern Greece. The major part includes mountainous region
(mount Cholomontas) with height variation from around 300-
1165m. Vegetation species are calabrian pine (Pinus brutia),
black pine (Pinus nigra), beech (Fagus moesiaca), maritime
pine (Pinus maritima), oak (Quercus confertae) and various
bushes (broadleaf evergreen). Figure 2 presents a more detailed
view of the study area.

Figure 1. The study site is located in Chalkidiki peninsula,
Northern Greece.
© GoogleEarth Copyright 2015
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Figure 4.The Geoeye-1 PAN stereo pairs (0.5m).
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Figure 2. The geographical location of the study area.
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2.2 Datasets

The satellite data was three Geoeye-1 stereo pairs taken on
27/04/2013 in UTM projection, zone 34, ellipsoid WGS84 and
geodetic datum WGS84, both in multispectral (MS) (2m
resolution) (Figures 3, 5) and panchromatic mode (PAN) (0.5
resolution) (Figures 4, 6). Rational Polynomial Coefficients
(RPC), which relate image space coordinates (line and column)
to object coordinates (Samadzadegan et al., 2008; Krishna et al.,
2008), were also available. 50 Ground Control Points (GCPs)
were collected during July and October of 2013 using the
Global Positioning System (GPS) and the RTK method (Fotiou
et al., 2009) for the aerotriangulation of the stereo pairs. Their
3D accuracy was around 0.10m.

Figure 5. Part of the MS image.

3. METHODOLOGY

b

Figure 3. The Geoeye-1 MS stereo pairs (2m). 3.1 Overall process

The basic procedure and application is shown in Figure 7.
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Figure 7. Flowchart of the overall process.

3.2 Aerotriangulation

The aerotriangulation is performed in order to determine the
external orientation of the stereomodel. Two aerotriangulations
were performed, one with the MS stereo pairs and one with the
PAN stereo pairs. The processing was performed in the LPS
2011 software environment. For the MS stereo pairs 35 control
points and 13 check points were utilized. For the PAN stereo
pairs 37 control points and 14 check points. The overall
standard deviation was 0.39 planimetrically, 0.82m vertically
for the MS stereo pairs and 0.19m planimetrically, 0.28m
vertically for the PAN stereo pairs (Table 1). These results
correspond up to half pixel of the Geoeye-1 images and are
quite satisfactory for a mountainous forested terrain.

Image dataset | oy, (M) | o, (M)
MS 0.39 0.82
PAN 0.19 0.28
Table 1. Aerotriangulation results: Overall standard deviation of
the aerotriangulations.

3.3 DSM generation

After the external orientation of the stereo model, which was
determined through the aerotriangulation process, a DSM with a
5m grid size (Figures 8-9) was generated from the panchromatic
stereo pair. In DSM, error assessment only check points took
part. Results are shown in Table 2. In order to further evaluate
the DSM quality, the DSM point status image (Figure 10) was
generated simultaneously with the DSM. It characterizes the
quality of the DSM points: Points classified as excellent are
rendered with green colour, as good with dark green and as fair
with yellow. This classification is based on the value of the
correlation coefficient between the images of the stereo pairs
and it is related to the research of the homologous points during
the automatic matching the process.

o

Figure 8. DSM.

Height values (m)

| ] o0.00-250.00
|| 250.01-450.00
I 450.01 - 650.00
B s50.01 - 850.00
B s50.01 - 1,090.00

Figure 9. DSM height values.

DSM, error Error (m)

RMSE (Root Mean 15
Square Error) )

Mean absolute error 0.9

Table 2. DSM accuracy.
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DSM Pomt Status Image
. Correlation )
Quiily Stls & thcint  pind
Excellent:  0.33-1.00 323
B Good: 0.70-0.83 34.0
Far: 0.50-0.70 33.7

Figure 10. DSM point status image.

3.4 Orthoimagery generation

After the aerotriangulation of the stereo pairs, orthorectification
of MS and PAN images was implemented. In both images the
5m grid size DSM was utilized. The orthorectified images are
shown in Figure 11.

a. b.
Figure 11. a: Geoeye-1 orthoMS (2m), b: Geoeye-1 orthoPAN
(0.5m).

3.5 Data Fusion

In data fusion MS and PAN orthoimages were utilized. The
High Pass Filter (HPF) fusion technique by Ute Gangkofner of

Geoville, Inc. and Derrold Holcomb of ERDAS, Inc. was
implemented. This technique involves a convolution using a
High Pass Filter (HPF) on the high resolution data. This reduces
the lower frequency spectral information of the high spatial
resolution image (Han et al., 2008). The multispectral image is
resampled to the pixel size of the high pass resolution image.
Then the filtered image is added to the MS image combining the
spatial information of the PAN image with the multispectral
information of the MS image.

The correlation matrices between the bands of each MS image
and the fused image are presented in Tables 4-6. Spectral
quality of the fused image can be evaluated by the correlation
between the bands of each image (MS and fused image) and the
correlation of the corresponding bands of the two images
(Tsakiri et al., 2002).

The NDVI index and Tasseled Cap transformation were applied
to the multispectral and the fused images, and the correlation
between them was computed, since most of the images include
areas of vegetation. The results for the value of the correlation
coefficient of the NDVI images are presented in Table 3 and for
the Tasseled Cap transformation in Tables 7-9.

NDVI images Corellation
(MS, fused) Index
00 0.97
01 0.96
02 0.98

Table 3. Correlation coefficient values between the NDVI-MS
and NDVI-fused image.

Figure 13. An extract of the fused‘imae'.
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MS image-00 Fused image-00 1. Cap MS-00 T4s. Cap Fusea-00
Bl B2 |B3|B4|[BL|B2|B3|BY Bl | B2 | B3 | B4 |BL1|B2 B3|BY
B | 100 | 084 | 085 |03 093 078 | 089 |-017 B | 100 | 062 | 046 | 043 [ 082 | 062 | -044 | 007
B2 | 084 | 100 | 082 023 | 080 | 0% | 078 | 026 B2 | 062 | 100 | 089 | 0.75 | 050 | 0% | 089 | 067
B3 | 095 | 082 | 100 | -024| 089 | 076 | 093 |07 B3 | -046 | 089 | 100 | 081 | -036 | -084 | 0% | 472
B4 | 023 023 |-024] 100 | 020 | 020 | 0.2 | 0.92 B4 | 013 | 075 | 081 | 100 | 009 | 070 | 08 | 090
B1|083| 080|089 |00 100|087 09 |-006 B1 | 08 | 050 |03 | 009 ] 100 | 067 | 0.38 | 019
B2| 078|092 076|020 | 087|100 08|03 B2 | 062 | 095 | 084|070 | 067 [ 100 | 087 | 050
B3| 089|078 09302009 |08 | L00|-007 B3 [ 044|089 |09 | -081]-038 | 087 | 100|072
B4 |-017] 026 | 0.7 09 | 006035 |-007 L0 B4 | 007 | 07 | 072] 090 | -019 [ 050 | 072 | 100
Table 4. Correlation matrix between the bands (B) of MS-00 image Table 7. Correlation matrix betwen the bands (B) of Tasseled Cap MS-00 image

(B.1-B.4) and fused image-00 (B_1-B_4). (B.1-B.4) and Tasselled Cap fused image-00 (B_1-B_4).

S image-1 Fused image 1 Tas, Cap MS-01 Tas, Cap Fused-0L
B1[B2[B3[B4B1[B2[B3[BY Bl )82 B B4 Bl B2) BB
B [ 100 [ 095 [ 096 | 0101 05 | 03¢ | 091 [ 044 B | 100 | 0% | 12 | 41 ) OB ) 03T | 010 | 040
B2 | 095 | 100093 |03 [ 091 [ 0% [ 090 [ 03 B2 | 0% | L00 | 081 ) 08 | 03 | 046 | 80 | 04
B3| 095 | 098 | 100 | 007 | 091 [ 080 [ 05 [ 01 B3 | 012 0| 100 ) 063 | 009 | 476 | 046 | 055
B4 | 010 [ 032 [ 007 | 100 | 011 | 03L ] 009 [ 035 B4 | 01| 036 | 068 100 | 0% ) 058 | 404 | 087
511 0% | 091 | 9L [ 041 ] L00 | 036 | 039 00 B1 0% |09 | 009 03 | 100 | 04 | Af% | 49
B2 | 091 0% | 090 | 03L | 0% [ 100 | 035 | 03 B2 | 097 | 0% | 076 | 03 | 04 | 100 | 078 | 0
B3| 091 090 | 096 | 009 | 0% [ 096 | L00 | 08 B3 |00 | 0% 0% | 464 | 206 | 078 | 100 | 49
34 (014|034 ] 011 [0%5 [ 020039 | 018 | 10 B 040 | 04 | 030 | U7 | 08 | 0% | 099 | LD
Table 5. Correlaion mati between e bands (B)of NS 01 imge Table 8 Correlation matrix betwegn the bands (B) 0f Tasselled Cap MS-0L

(B.2:B.4)and fused image 01 B8 4, image (B.1-B.4) and Tasselled Cap fused image-01 (B 1-B 4).

WS image-02 Fused image-02 T, Cap MS-02 T35, Cap Fusea-02
B1|B2|B3|B4|BI|B2|B3|BY BL | B2 | B3 | B4 |BI|B2[B3|BY
BL | 100 | 0.98 09 | 041 (099 |07 ]084 041 BL | 100 | 022 ] 030 | 083 | 0% [022] 03 [-079
B2 | 0.98 [ 100 | 097 | 049 | 0.97 {099 | 09 | 049 B2 | 022 | 100 | 054 | 059 [ 020 ] 099 | -054 | 056
B3 | 0.9 | 097 | 100 | 042 [ 094 | 096 | 099 | 043 B3 | 030 | 054 | 100 | 046 | 028 | 053 | 0% | 043
B4 | 041|049 | 042 | 100 | 0.4L | 049 | 042 | 0.99 B4 | -083 | 059 | 046 | 100 | -078 | 058 | 047 | 0%
B 1099|097 |08 04110009908 04 BL | 0% | 020|028 | -078 ] L00 | 020 | 033 | 08
B2| 097099 |09 049099100097 040 B2 |-022| 099 |-053 | 058 | 020 | 100 | 055 | 056
B3| 09409 |099) 042095 | 097|100 043 B3 | 032 |-054 | 098 | 047 ] 033 | 055 | 100 | 048
B4 | 0411049 | 043099042050 |043] 100 B4 [ 079 | 056 | 043 09 | -08 | 056 | 048 | 100
Table 6. Correlation matrix between the bands (B) of MS-02 Table 9. Correlation matrix between the bands (B) of Tasselled Cap MS-02

image (B.1-B.4) and fused image-02 (B 1-B 4). image (B.1-B.4) and Tasselled Cap fused image-02 (B_1-B 4).
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4. DISCUSSION AND CONCLUSIONS

Aerotriangulation results were very good and compatible with
other studies (Meguro & Fraser, 2010; Fraser & Ravanbakhsh,
2009). The DSM, error was 1.5m (RMSE) and 0.9m (mean
absolute error), which is quite satisfactory for a mountainous
forested terrain. Other studies have showed better accuracy
(Saldafia et al., 2012; Aguilar et al., 2013), but they were
conducted in a study area with smooth coastal terrain. The DSM
point status image shows the good quality of the DSM points
(Figure 10). The statistical results from the High Pass Filter
fusion show a very good correlation between the corresponding
bands of the MS and the fused image. The correlation values
were 0.92-0.99, while for the Tasseled Cap images the
correlation values were generally over 0.90, except in three
cases, which were between 0.80-0.90. NDVI and Tasseled Cap
transformation are very significant for forested areas. The high
correlation values show there is high similarity in the spectral
behavior of NDVI index and Tasseled Cap transformation
between the MS and the fused image. We can conclude that
Geoeye-1 stereo pairs have a significant potential for forested
areas to produce DSMs with high accuracies and fused images
that preserve detail and are suitable and ancillary in procedures
such as photointerpretation, classification (Karydas et al., 2014)
etc.
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