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V. BizomocTi npo gucepramniio
MoBga guceprariii:

Koy TeMaTHYHUX PYOPHK: 44.01.30
Tema guceprauii:

1. IndpopmaniitHa TexHOJIOri aBTOMATHU30BAHOTO PO3Ili3HaBaHHS Oy[iiBesib Ha POTOrpaMMeTPUIHNX 300paKEHHSIX

BHCOKOTO TIPOCTOPOBOTO PO3Pi3HEHHS

2. Automated building recognition information technology for photogrammetric images of high spatial resolution

Pedepar:

1. Inceprariis Ha 3006YTTSI HAYKOBOTO CTYIEHS KaHIWATa TEXHIYHMX HayK 3a crnenjanbHicTio 05.13.06 -
indopmaniitni TexHosorii. — HanjioHanpHU TeXHIYHUI yHiBepcuTeT «/JHIIpoBChKa nosiTexHika», Jninpo, 2021. Y
IycepTaliiiHiil poboTi PO3B’si3aHa BaKJIMBA HAYKOBO-TIIPUKJIaZHA 3a7ja4a MiiBUILEHHS €(DeKTUBHOCTI

aBTOMAaTH30BaHOi 06POOKY, aHaJi3y Ta PO3Mi3HABaHHS 6araTOKAaHAJIBHUX POTOrPAMMETPUYHMUX 300paKEHD



BHICOKOT'O IIPOCTOPOBOTrO pO3pi3HeHHs. [IpoBefeHni Oy, 3amycKiB KOCMivHMX anaparis 133, nutanb GOpMyBaHHS
11PpPOBUX CKAHEPHUX 306paskeHb BUCOKOT'O MPOCTOPOBOTO PO3Pi3HEHHS, ixX Kiacu@ikallist Ta 0COOGJIMBOCTI.
[TpoaHanizoBaHi 3arajibHi NifxonyM A0 po3Mi3zHaBaHHs 06pasiB Ta iX 3aCTOCYBaHHS B 33ja4ax PO3Ii3HaBaHHS
Oynisesib. [IpoBeieHO OIS, IPOrPAMHOrO 3a6€e3ne4eHHs 1151 00pOOKY 300pakeHb Ha 3HIMKax BUCOKOTO
IIPOCTOPOBOTO PO3Pi3HEHHS. AHAJI3 Cy4acHUX METOZIB pO3Ii3HaBaHHS OyliBeJib TI0Ka3aB HeLOCKOHAJIICTh
BHUKOPHCTaHHS OKPEMUX METOZiB Ta aJITOPUTMIB, MaJly KiJIbKiCTb iHpOpMaLiTHUX TEXHOJIOTi!l aBTOMAaTUYHOIO
po3Ili3HaBaHHs Oy[liBeJb Ta HEOOXiAHICTh PO3POOKY KOMIIJIEKCHOTO MigXOAY [JIs1 BUPIilI€HHS LIbOTO IIMTaHHSI.
3arporoHoBaHo iHPOPMalliliHy TEXHOJIOTiI0 pOo3Mi3HaBaHHS Oy[liBeJlb, sIKa CKIAJA€ThCs 3 aHaJi3y ricTorpam,
3HAXO/>KEHHSI KOHTYPiB OyiBesib Ta Bepudikauii peaysbTaTis. st Bepudikauii pesysibTaTiB po3nisHaBaHHS
PO3p0o06JIeHi METOAM Ha OCHOBi F€OMETPHUYHOTO aHasli3y, TIHbOBOTO aHali3y Ta BUKOPHUCTAaHHS METaJaHuX.
3anponoHoBaHa iH(popMalliifiHa TEXHOJIOTisl peasli3oBaHa y BUIJISi IPOrPaMHOrO AOJATKY, O JO3BOJISIE
BUKOHYBATU OIlepallii 10 aBBTOMaTU30BaHOMY PO3Ii3HaBaHHIO Oy[iBesb Ha POTOrpPaMMETPUUHUX 300PKEHHSIX
pizHOI npupoy (aepOKOCMIUHUX, JiaPHUX, KBAAPOKOIITEPHUX) HaBiTh HElIpodecilitHoOMY KOPUCTYyBady-
IemnpyBasbHUKY. BUKOHaHHS onepaliil 06po6KH 3a JOIIOMOIOI0 PO3PO6IEHOTO IPOrPaMHOr0 AOJATKY 3HAYHO

CKOPOYy€ 4aC OTPUMAaHHS PE3YJIbTATIB Ta MiABUINYE SIKICTb PO3III3HABAHHS.

2. Thesis for scientific degree of Candidate of Technical Sciences in specialty 05.13.06 - Information technologies. -
National Technical University "Dnipro Polytechnic", Dnipro, 2021. This dissertation work provides a solution for
developing information technology building recognition on images from remote Earth sensing and verification of
recognition results. Dissertation work contains general information about photogrammetry, current state of Earth
remote sensing, general approaches of pattern recognition, including existing software, methods and technologies
for image processing with high spatial resolution and there are currently several information technologies for
automatic building recognition showing low accuracy. The developed technology consists of the following stages:
division of a scene into sites; histogram analysis; feature segmentation; verification of recognition results based on
expert database; shadow analysis; geometry analysis; building contour localization. In the first stage, the image is
divided into segments to localize the search and to make the initial simplification of the recognition scene and to
determine plot types (residential, multi-storey or commercial), which facilitate the recognition process. The
second stage - histogram analysis is based on the localization of peaks in the histogram. In a large sample of
buildings in the test images, it was observed that about 50% of the plots contain buildings that create a majority
peak (the highest peak on the histogram). In other cases, the building generates a peak, but not a majority, and in
some cases, there is more than one house or complex of buildings on the site. Analysis of histograms makes it
possible to determine the binarization threshold at the next stage - the segmentation stage. The building contour
is removed from the binary image based on the Suzuki-Abe algorithm. The following steps are a mechanism for
estimating the probability of a segment being part of a building. Size analysis is based on expert attribute data. The
size constraint can be used to eliminate segments with features that do not match the expert data about the site.
The size constraint is estimated either by the area taken from the attribute table or calculated as the minimum
percentage of the plot size. After weeding out small segments, the neural network, previously trained on expert
data, decides to eliminate the "non-building" segment. At the stage of shadow analysis, belong to the segments
with buildings, and segments with "incorrect" shadows, and which are not buildings. Pixels with certain values are
grouped into segments ("feature" segments and shadow segments). Since the shadow segment and the building
segment should be adjacent, a buffer is created around the segmented shadows. Each shadow segment is then
examined for possible overlaps with buffers for "special" segments as there might be more than one shadow area
around the building. Any segment that is overlapped by the shadow buffer is marked as a potential building. If the
shadow is located on the "wrong" side, the segment is removed. Elimination of segments with a low probability of
being a building also depends on geometry. Measures used for geometric analysis were selected as follows -
rectangular, round, monolithic, convex. These characteristics are checked individually by comparing the behavior
of the parameter for objects "building" and "non-building". The values of each parameter were used to calculate the
probability of the segment "being a building". The possibility of cavities within a segment is assessed as an
indication to exclude a segment. For example, cavities larger than expected will be an indicator of the absence of a



building. Simple restrictions are used, such as the minimum width of the building. Segments with features that are
defined on the basis of various measures not as buildings will be eliminated. At the last stage, using the Ramer-
Douglas-Packer algorithm, the obtained contour of the building is smoothed, and the raster image is converted
into a vector one. Proposed technology was tested with three different characteristic types of scenes: multi-storey
buildings, commerecial (industrial) buildings and residential single- home areas. The evaluation of obtained results
was performed by comparing the area and geometry of the removed image and the parameters of the test building.
The test results showed that commercial (industrial) buildings are the most recognizable. Trees, shadows and the
offset for the terrain interfere with the building recognition. The proposed information technology is implemented
in the form of a software application, and it allows performing operations on building recognition from any
photogrammetric images of various nature (aerospace, lidar, quadrocopters) even by inexperienced users and
significantly reduces the time for obtaining results and improves the quality of recognition.
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