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Summary. Image processing became necessary in various scientific applications and different
research fields, especially satellite imaging. In the field of remote sensing, which is our area of in-
terest, several researchers have developed classification and segmentation methods that are very
useful. However, those applications are limited regarding the complexity and diversity of satellite
images.

In this paper, we propose an original method for detecting buildings in RGB satellite images.
The idea is to treat the three RGB matrices separately to accurately detect the pixel intensity varia-
tions, which provides better detection of building contours. Our method is mainly based on mathe-
matical morphology operators. The method is a hybridization of two methods based on mathemati-
cal morphology which are the Hit or Miss Transform and the Top Hat, the Hit or Miss Transform
detects all buildings because of its robust precision in detecting segments, after applying the HMT
we apply the Top Hat to refine the segmentation result and finally detect clearly all building in the
satellite image. We applied our method on several images from many datasets mainly Ikonos
images, and Sentinel-2, the results of our method application gave great results with a Precision

that exceeds 95%, Recall across 89%.

© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

I. Introduction

Computer vision is used in various domains as it
facilitates the digital data acquisition and classifica-
tion. The challenge for researchers in this field lies
in choosing suitable segmentation and classification
methods, particularly the thresholding method. The
thresholding phase is crucial in all research domains
using image processing.

In their study, Praveena and Kasmewara (2022)
used image processing techniques to detect brain
tumors. One of the challenges they faced was the
unstructured shape of tumors. The authors employed
integrated learning-based training for shape detec-
tion.

Khan et al. (2023) used image processing tech-
niques for person identification through iris recogni-
tion. Despite the difficulty in achieving accurate
contour detection, the authors employed three con-
tour detection methods in their study.

Hedhli et al. (2018) used image processing for
multi-resolution, multi-date, and potentially multi-
sensor classification. The proposed method inte-
grates pixel-level information at the same resolution
to achieve their classification goals.

Babaali et al. (2022) used image processing
techniques to extract roads. However, the accuracy
of road extraction remains limited. To address this,
the authors proposed an approach based on semantic
segmentation and neural networks to improve the
accuracy of road extraction.

Dal Poz (2014) combined LIDAR and photo-
grammetric images to effectively detect building
roofs. However, the challenge of complex building
shapes still persists in their study.

Dikmen and Halici (2014) usedshadows proper-
ties. They first detected shadow areas and then at-
tempted to merge shadow parts belonging to the
same building that were affected by over-
segmentation. Based on the detected shadow zone,
they reconstructed the building. This approach al-
lowed them to effectively utilize shadow infor-
mation for building reconstruction.

In their study, Liu et al. (2005) performed roof
extraction of buildings using a multi-scale object-
oriented classification approach. They then proceed-
ed with shape reconstruction using probabilistic
Hough transform.

On the other hand, Sellaouti et al. (2013) adopt-
ed an object-oriented approach for building extrac-
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tion. They applied a watershed algorithm to divide
the image into regions, which caused over-
segmentation. In the second step, they applied fusion
techniques to reconstruct the over-segmented build-
ings.

Other researchers have also focursed on mathe-
matical morphology, such as (Sheeren et al., 2007,
Benediktsson et al., 2001; Peraresi and Benedikts-
son, 2001; Weber et al., 2006; Benblidia et al.,
2006; Bres et al., 2003).

Previously, in our works (Benali et al., 2014a;
2014b; 2017), we used mathematical morphology to
extract buildings from very high-resolution satellite
images. We achieved satisfactory results; however,
there is still room for improvement in these out-
comes.

In this study, we once again employed mathemati-
cal morphology because this tool is well-suited for ex-
tracting geometric and spatial information from imag-
es. Additionally, its application is simple and fruitful.

II. Principle of developed method for the

urban area detection RGB-split

The originality of our work lies in the separation
of the three spectral components of the satellite im-
age and the individual processing of each R, G, B
component. Subsequently, we merge the final results
from the three components to reconstruct a multi-
spectral image that contains the extracted building
information.

Our proposed method consists on the applica-
tion of 8 steps as mentioned in the Fig. 1.

1. To begin, we apply a Top-Hat transform (TH)
as follows:

a. Morphological closing on the original image.

b. Subtraction between the initial image and the
result of the first phase.

=1« E=(I®E)OE (1

Iene=1-1 (2)

With:

Ir : Resulting image from the morphological
closing applied to the initial image (I).

& : The dilation operator.

& : Erosion operator.

I: The initial image.

E : The structuring element.

2. To eliminate non-important structures, we
apply hysteresis thresholding.

(3)

Lo = {1 pour [ > Slow
low 0 pourI < Slow
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I _ {1 pour I < Shigh 4
high =10 pour I > Shigh )
It = Ilow * Thigh (5)

With:

I low: The resulting image from the low thresh-
old.

I high: The resulting image from the high thresh-
old.

It: The resulting image from the hysteresis
thresholding.

3. For denoising and road removal, we used a
sequential alternating filter.

Alternating filters are obtained by combinations
of closing (¢) and openings (°):

@x(It) = (It » By) o By (6)
Iy t) = PxPr-1 - @1(It) (7)

With:

B: Structuring element.

K: Filter size.

If: The resulting image of the sequential alter-
nating median filtering.

4. The hole filling process consists of four steps

e Complementing the initial binary image.

e Labeling connected components to distinguish
the objects of interest.

e Setting the pixel values of these regions to zero.

e Complementing to retrieve the refined result.

5. To finish the pre-processing we applied dila-
tion, this step is applied to correct the gaps generated
by the differents morphological operators that can
distort the buildings or cause the loss of some useful
information.

Iy=1®E (8)

With:
Id: The resulting image from the dilation.
: The dilation operator.

6. The extraction was carried out by the Hit or
Miss Transform (HMT):

AQEF=ABENA"OF )

With:

®: The Hit or Miss transform operator.
©: The erosion operator.

E, F: Structuring element.
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Fig. 1. Flowchart of the proposed RGB-SPLIT method

The transform consists in extracting all the ob-
jects with a size which is between the size of the
structuring element E and that of F.

7. Restoration of the buildings shape by a geo-
desic reconstruction:

The buildings shapes deformation is clear after
the application of HMT, which obliges us to apply a
reconstruction step to restore the original buildings
shapes.

The method requires a marker image which cor-
responds to the obtained HMT result, we apply a
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succession of dilation to this latter, the obtained re-
sult will be conditioned by a mask image resulting
from the 4th phases because this one contains all the
non-deformed objects of interest.
Irec = (Inmt © Ismoci)oo (10)
With an application of the conditional dilation
until invariance of the transformation defined by:

Thmt @ Ismoci = (Ihme @ C) Nlsmo  (11)
With :
I rec : The reconstructed image.
I_hmt : The resulting image of the hit or miss
transforms.
C _i: The structuring elements (1<i<3)
I smo : The smoothed image.

8. False detection suppression block.

e Since we are using an unsupervised approach,
we need to construct a reference image using global
thresholding. Sheeren et al. (2007) The result of our
approach will be conditioned by the reference image
in order to reduce false detections.

After the conditioning phase, we apply morpho-
logical smoothing to remove any remaining false
detections.

(12)

Ifus = Irec N Iseg
With:

I fus: Resulting image from fusion.
I seg: Resulting image from global threshold-

ing.
e Morphological smoothing
[.smo=1Ifus °N=(ILfus©@ N)@ N (13)

With :

Ismo: The result of applying smoothing to the
conditioned image.

N: The structuring element.

II1. Experimental results

To validate our method, we tested it on a dataset
of images with varying complexity and variability in
terms of color, size, and shapes

We will illustrate the results for three different
images to demonstrate the advantages and limita-
tions of our approach.

We present the results of applying our methods
to the images we have chosen. Images A and I con-
tain homogeneous rectangular buildings with areas
of vegetation and shaded regions. Image E contains
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buildings with more complex structures, more roof
details, vegetation, some areas affected by shadows,
and relatively similar colors.

Since our method is unsupervised, it is important
to visually inspect the images used in order to choose
structuring elements of appropriate size, especially
relative to the smallest building in the scene.

IV. Results evaluation

In Figures 2, 3 and 4 we can clearly observe
an improvement in the results obtained with our
method (RGB-SPLIT) compared to the other
methods studied.

1. The first evaluation criterion is the Quanti-
tative evaluation. It involves to calculating the
number of buildings detected. To consider a build-
ing as correctly detected, at least 60% of its size
must be detected.

Table 1
Quantitative evaluation
Image 1 | Image 2 | Image 3

Original Image 5 16 7

HMT 5 13 8

TH 6 11 9
Hybridation meth-

od of Benali et al. 5 13 8

(2017)
RGB SPLIT 5 14 8

The first image (1) (Table 1) contains 5 built-up
areas with trees. The application of the TTR (Thresh-
olding and Region Growing) algorithm allowed the
extraction of all the buildings with some deformations
caused by the morphological operators.

The application of the second method, CHF
(High Hat Filtering), also resulted in the same num-
ber of buildings with an additional area. This is be-
cause the pixel intensities in this area are quite simi-
lar to those of the buildings.

The third method Hybridation of Benali et al.
(2017) has helped correct some deformations com-
pared to the first two methods.

Our approach has allowed for well-defined
building boundaries and improved detection quality.

The image (2) contains more complex structures
and heterogeneous building shapes, as well as more
information compared to the previous image. This
has resulted in the loss of several buildings after ap-
plying the TTR method.

The application of the CHF method also result-
ed in the loss of several buildings due to the com-
plexity of the image and the operators used in the
method, which are not well-suited to the shapes of
the building areas in the image.
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© ()

Fig. 2. (A). Resulting image of HMT, (B). Resulting image of TH, (C). Resulting image
from hybridation method of Benali et al. (2017), (D). Proposed RGB-SPLIT

Fig. 3. (E). Resulting image of HMT, (F). Resulting image of TH, (G). Resulting image
from hybridation method of Benali et al. (2017), (H). Proposed RGB-SPLIT

207



A.Benali | ANAS Transactions, Earth Sciences 1 /2024, 203-214; DOI: 10.33677/ggianas20240100120

Fig. 4. (I). Resulting image of HMT, (J). Resulting image of TH, (K). Resulting image
from the hybridation method of Benali et al. (2017), (L). Proposed RGB-SPLIT

The application of the Hybridation method of
Benali et al. (2017) allowed us to reduce the number
of false detections.

Our approach further allowed for a successful
reconstruction of buildings and improved the detec-
tion quality.

The image (3) contains more buildings com-
pared to the first image, along with a parking area
with multiple cars of different shapes and colors.
The high brightness of this image led to the detec-
tion of two additional areas, in addition to the exist-
ing buildings, after applying the TTR method.

An over-segmentation occurred after applying the
CHF method, leading to an increase in false detections.

The application of the Hybridation method of
Benali et al. (2017) did not allow for the suppres-
sion of false detections.

Our method allowed for the suppression of false de-
tections, but it caused the detection of small vehicles as
our method is sensitive to variations in pixel intensity.

To demonstrate the effectiveness of our approach,
we applied our method to a carefully selected satellite
image dataset, considering the complexity of structures
and different shapes to distinguish the advantages and
disadvantages of our approach. In the following, we
present comparison graphs with multiple criteria for the
four methods applied to our image dataset.
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We observe (Fig. 5) that the result of applying
our method is consistently closest to the number of
buildings present in the original image.

2. The second evaluation criterion is the false
rejection rate and the false acceptance rate.

The first image (1) (Table 2) contains very
simple structures, which resulted in a similar false
acceptance rate of around 2% after applying the
four extraction methods.

The application of TTR resulted a false rejec-
tion rate of 1.7%, which is considered to be a very
good detection rate. This rate increased to 2.42%
after the application of CHF due to its complexity,
causing deformation of the structures. The applica-
tion of the third method reduced this rate to 0.5%,
and finally, our contribution further reduced it to
0.28%, which is considered to be very good.

Image (E) contains more complex structures and
condensed information, which increases the com-
plexity and difficulty of extracting building zones.

The application of TTR resulted in a false ac-
ceptance rate of 13.18%, which is normal and ac-
ceptable for a complex image. This rate increased to
16.3% for CHF. The third method reduced this fac-
tor to 8.53%, and the RGB-SPLIT further reduced it
to 5.8% because our method allows us distinguish-
ing variations in each color spectrum separately.
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Fig. 5. Number of detected buildings
Table 2
Qualitative Evaluation TFA&TFR Table 3
Good detection rate
Image 1 | Image 2 | Image 3
g £ £ Hybridation RGB
HMT TFA | 2.47% | 13.18% | 2.62% HMT TH |ofBenali et SPLI"I"
TFR | 1.7% 2.3% | 11.23% al. (2017)
TH TFA | 2.6% | 163% | 3% Image (1) | 96.84% | 97.11% | 97.34% | 99.04%
TFR | 2.42% | 3.2% | 9.93%
Hybridation of | TFA | 2.7% | 8.53% | 2.87% Image (2) | 91.27% | 95.36% | 95.36% | 96.87%
Benali et al. (2017)] TFR | 0.5% | 7.92% | 9.65% Image (3) | 91.12% | 94.09% | 94.32% | 98.14%
TFA | 1.64% | 5.8% | 3.41%
RGB SPLIT  ™7FR | 0.28% | 0.46% | 0.32%

The false rejection rate obtained with TTR on im-
age (2) is 2.3%, which is considered good. CHF still
causes more deformations, resulting in an increase in
this rate to 3.2%. The third method increased this rate
to 7.92%, which is considered the detection limit for
complex building areas. Our method was able to cor-
rect these deformations and reduce the rate to 0.46%,
which demonstrates the robustness of our approach and
its effectiveness in extracting the most complex zones.

For image (3), we have a nearly similar false
acceptance rate after applying all four methods.

The false rejection rate is also nearly similar for
the first three methods. However, the application of our
proposed approach has significantly reduced this rate
to 0.32%, demonstrating the effectiveness of our meth-
od.

3. To effectively demonstrate the efficiency of
our approach, we have used a third evaluation crite-
rion, which is the detection accuracy rate:

(FRA + FRR)

GDR=1-
2

(14)
We can clearly state (Table 3) that our method

allows for the correction of detection errors and im-
proves the detection accuracy rate.

In the following, we present the results of ap-
plying the four methods to a dataset of 20 different
images carefully chosen to study the advantages and
disadvantages of our approach.

Regarding the false acceptance rate (Fig. 6), we
can clearly see that the two methods that yield the
best results are CHF and our method. Therefore, we
can conclude that our approach effectively distin-
guishes non-relevant areas.

Regarding the false rejection rate (Fig. 7), we
observe that the two methods that yield the best re-
sults are the third method and our method (RGB-
SPLIT). Therefore, our method preserves the differ-
ent shapes of building areas and effectively elimi-
nates non-building structures.

In Fig. 8, we can observe that the rate of good
detection obtained with our method is significantly
better than that obtained with the other methods.

4. We will present a comparison of our results
with previous works using the evaluation criterion
called Precision and Recall.

TP TP
P= —— R= ——
TP+FP TP+FN

(15)

TP: True Positive
FP: False Positive
FN: False Negative
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Fig. 6. False acceptation rate for database satellite images
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Fig. 8. The good detection rate for dataSET satellite images
Table 4
Comparative table illustrating Precision for different methods of detecting buildings
P
HMT HMT HMT TH . TH (Benali (Hao et | (Qian et (leme':n' (Benali et| RGB-
(Sheeren et | (Benali et | (Chandana et | (Benblidia et etal., 2014) al., al., |and Halici, al., 2017)| SPLIT
al., 2007) | al., 2014) | al., 2015) al., 2006) ? 2015) | 2016) 2014) °
91.00 91.86 94.46 92.00 93.25 92.76 | 93.00 65.94 93.1095 | 95,7625
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B HMT [Sheeren et al 2007]
B HMT [Benali et al 2014]
B HMT [Chandana 2015]

TH [Benblidia et al 2006]
B TH [Benali et al 2014]
B [Hao 2015]

[Qian 2016]

[Dikmen and Halici 2014]

[Benali et al 2017]

RGB-SPLIT

Fig. 9. Qualitative evaluation with: Précision

Table 5
Comparative table illustrating Recall for differents methods of detecting buildings
R
HMT HMT |HMT (Chan- TH TH (Hao et | (Qian et| (Dikmen | (Benali
(Sheeren et| (Benali et | danaetal., | (Benblidia | (Benaliet| al., al.,,, |andHali- | etal., |RGB-SPLIT
al., 2007) | al, 2014) 2015) etal, 2006) | al., 2014) | 2015) | 2016) |ci, 2014) | 2017)
71.50 74.33 81.22 89.00 86.56 92.79 | 85.00 79.15 |84.46187|89.18883678

B HMT [Sheeren et al 2007]
m HMT [Benali et al 2014]
B HMT [Chandana 2015]

TH [Benblidia et al 2006]
B TH [Benali et al 2014]
B [Hao 2015]

[Qian 2016]

[Dikmen and Halici 2014]

[Benali et al 2017]

RGB-SPLIT

Fig. 10. Qualitative evaluation with: Recall

From (Table 4) we can confidently affirm the The two methods from (Table 5) that show a higher
effectiveness of our approach, which has provided recall are the method of Hao et al. (2015) and our pro-

us with superior precision compared to other meth- posed method, which further demonstrates the effective-
ods ness of our contribution.
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VI. Conclusion

In this paper we have adopted a different ap-
proach which consists in separating the spectral
components of an image then applying the hybrida-
tion method proposed in our previous paper (Benali
et al.,, 2017) that we already developed to improve
the efficiency of buildings detection.

The separation of the three spectral components
allowed us clearly distinguishing the intensity varia-
tions of the pixels for each of the three components,
which allowed us clearly delimiting the contours of
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mations caused by the morphology operators, and
the rejection rate.
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As perspectives, we can apply our method to
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medical or other images.
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PA3PABOTKA HOBOI'O RGB-CILIAT METO/IA IJIA YJIYUYIIEHUA BbIAEJEHUS 3TAHUMN
HA CIIYTHHUKOBBIX CHUMKAX

Benann A.
Daxynomem asmomamuxy, Yuusepcumem Hayk u mexnonozuti Moxameoa Byouaga ¢ Opane, Ansicup
UstombBp 1505 El M 'naouer Oran

Peztome. O6paboTKa n300pakeHN He00OX0AUMa B PA3TUYHBIX HAyYHBIX MPHIOKEHUSIX U 00JIaCTAX UCCIIEAOBAHUM, OCOOCHHO B
CIyTHHKOBOH CheMKe. B 001acTn AMCTaHIIMOHHOTO 30HAUPOBAHUS, KOTOpast ABIAETCS c(hepoil HAIINX HHTEPECOB, HECKOIBKO HCCIIe-
JoBatenel pa3paboTany OUeHb MOJIE3HbIE METOABI KiIaccH(uKanuy u cermenTauy. OIHAKO UX NPIMEHEHHE OTPAaHUIEHO CIIOXKHO-
CTBIO M PA3HOOOPa3HeM CITyTHUKOBBIX N300paKeHHH.

B 370l cTaThe MBI IpeaIaraeM OpUrHHAIBHEINA MeTox oOHapyKeHus 3qaHui Ha RGB crryTHHKOBEIX cHEMKax. Mnes 3axiodaer-
csl B pa3zesibHON 00paboTke Tpex Marpun RGB i TouHOrO OnpeneneHus U3MEHEHNH HHTEHCUBHOCTH IIHKCeNel, 4To obecrieunBa-
T Jy4liee oOHapy)KeHHe KOHTYpPOB 31aHui. Hanr MeTox B OCHOBHOM OCHOBaH Ha IMPUMEHEHHUH OIEPaTOPOB MaTeMaTHYECKOi Mop-
¢onorun. MertoJ npeacTaBiseT coboi rHOPUAM3AIMIO IBYX METOJOB, OCHOBAaHHBIX Ha MaTeMaTH4ecKoil MOpdooruu, a UMEHHO:
npeobpaszosanus Hit or Miss u Top Hat. I[Ipeo6pa3zoBanue Hit or Miss oOHapyxuBaeT Bce 37aHus Oiarofapsi CBOeH HaJeKHOU TOU-
HOCTH B 00OHapy’>K€HUH CETMEHTOB, TIOCIE MPUMEHEHHsI 3TOro MeToza Mbl npuMenseM Top Hat st yrouHeHuUs pe3ynbTaTa CEerMeH-
TalUH ¥, HAKOHEII, Y4eTKO 0OHApYKMBAeM BCE 3/[aHUS Ha CITyTHUKOBOM M300pa)KEHHN.

MBI IPUMEHIITH Halll METOJ{ Ha HECKOIBKMX M300paXXeHHUAX U3 MHOTHX HaOOPOB JaHHBIX, B OCHOBHOM Ha m300pakenusx Ikonos
u Sentinel-2. Pe3ynbTaThl IPUMEHCHNS HAIIETO METO/A JaJIM OTIINYHBIE Pe3yJIbTaThl: TOYHOCTH NpeBBICHIA 95 %, 0T3EIBEL — 89 %. B
Ka4yecTBEe MEePCHEKTUBEI, YTOOBI BOCIOJIB30BATHCS IIPEUMYILECTBAMI METO/A, MBI MOXKEM MPUMEHHTH €0 K MEANIMHCKUM WM Jpy-
THM THIIaM U300paKCHUH.

Knrwouesvie cnosa: obpabomra uzobpaxcenuil, mamemamuseckas mopgonozus, RGB-uzobpasicenue, kiaccuguxayus

PEYK OKSLORINDO BINALARIN AYRILMASI KEYFiYYOTININ YUKSOLDILMOSi UCUN YENI
RGB-SPLIT METODUNUN iSLONILMOSI

Benali A.
Avtomatika fakiiltasi, Oranda Moxamed Budiaf Elm va Texnologiyalar Universiteti, Olcazair
UstombBp 1505 El M 'naouer Oran

Xiilasa. Tosvirlarin islonilmasi miixtalif elmi tadqiqatlarda, xiisuson peyk okslorinds istifadesi miitloqdir. Bizim maraq sfera-
mizda olan distansiyon zondlama sahosinds bir sira todqiqat¢ilar olduqca faydali tosnifatlar vo seqmentasiya metodlar1 islomislor.
Lakin onlarm totbiqi peyk okslorinin miixtslifliyi vo miirokkabliyi ilo mohdudlagmisdir.

Bu moqalodo RGB peyk okslorindo (sokillorinds) binalarin agkar edilmasinin orijinal metodunu toklif edirik. Ideyanm mogzi pik-
sellorin doyismo intensivliyinin doqiq toyini {iglin ii¢ RGB matrislorinin ayrica islonilmasindon ibaratdir ki, bu binalarin konturlarinin
daha yaxs1 agkar edimosini tomin edir. Bizim metod riyazi morfologiya operatorlarinin tatbigine asaslanir. Metod riyazi morfolo-
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giyaya asaslanan, daha dogrusu Hit or Miss ve Top Hat operatorlarinin doyisilmasi — 2 metodun hibridlogsmasinden ibaratdir. Hit or
Miss ¢evrilmasi seqmentlarin agkar edilmoasinds 6z etibarli doqigliyine gors biitiin binalari fiksasiya edir, bundan sonra seqmentasiya
naticalarinin daqiqlesdirilmasi ticiin Top Hat metodundan istifade edilmisdir ve nohayat peyk okslorinds biitiin binalar1 aydin agkar
edirik.

Bizim metod c¢oxlu ¢esidli molumatlar igorisinds, osason, Ikonos vo Sentinel-2 tosvirlorinds totbiq etdilmisdir. Metodumuzun
totbiqi qiymatlori 95% - don, daha dogrusu 89% - don ¢ox doaqiqlikls ola naticelar verdi. Perspektivda bu metod tibbi vo diger prob-
lemlarin halli {igiin istifads oluna bilor.

Agar sézlor: tasvirlorin islonilmasi, riyazi morfologiva, RGB-tasvir, tasnifat
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