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Intelligent Monitoring on the Basis of a UAV
for Assessing and Predicting the Condition of
Objects with Complex Relief

Ainakulov Zh.Zh., Makarenko N.G., and Paltashev T.T.

Abstract—This paper presents the practical experience of using
an unmanned aerial vehicle (UAV) for accurate mapping of complex
terrain. The use of aerial stereoscopic techniques with subsequent
application of digital photogrammetry techniques is described. The
obtained information on the area of the probed area, the boundaries of
the cadaster is given. And also, intellectual monitoring of the given
terrain, estimation, and prediction of the state of objects with a
complex relief was carried out. The system of remote sensing based
on UAV, its characteristics, such as economic efficiency, operation
features, and estimation of the accuracy of flight over the geometry of
the flight trajectory, is considered. The results of data processing
using digital photogrammetry methods are obtained: the structure of
motion algorithms and the geographic information system (GIS) for
visualization, where the system makes it possible to obtain images
with spatial resolution less than 10 cm, to determine the area of the
site, to evaluate individual complex objects such as dumps,
excavations or burial mounds, and also to make a topography of the
investigated territories. The results of the study obtained by
processing 3D models of mounds are presented. The technical
characteristics of operated UAV with complexes with artificial
intelligence are considered in detail.

Keywords—artificial intelligence, assessing, complex objects,
GIS, prediction, UAV.

I. INTRODUCTION

T present, the remote sensing industry is widely used in

the geo-information market of Kazakhstan to support
agriculture, forestry, and mining. In general, all applications or
orders are based on aerial photographs. This is due to some
reasons, such as the cost of production and the limited state of
the infrastructure of the relief. Unfortunately, many remote
sensing industries, like mine monitoring, do not have a
platform for providing images on their own. In addition, some
applications, such as monitoring the complex structure of
objects taken from high-resolution satellite images, do not
provide the required quality. One of the advantages of aerial
photography compared with satellite imagery is the ability to
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monitor each individual object, if these objects have a
complex structure.

Compared to satellite imagery, greater efficiency in
obtaining the result is provided by the technical capabilities of
modern UAV complexes (photo equipment, navigation,
control and communication systems), which provide higher
resolution (5 cm per pixel), as well as minimal dependence on
weather conditions [1].

I1. ASSESSMENT AND PREDICTION OF THE CONDITION OF

OBJECTS WITH COMPLEX RELIEF

When creating a 3D-model of objects, the use of laser
scanning technology can be most effective. When
photographing large-sized complex objects (over 1 kmz2.),
Dumps, pits, burial mounds and other objects, the labor costs
for scanning and processing ground-based data increase in a
geometrical progression [2].

To create a 3D-model of complex objects with significant
dimensions, the technology of aviation stereo filming with the
subsequent application of digital photogrammetry is used. At
the same time, the accuracy of a 3D model depends on the
shooting height and resolution of aerial imaging equipment
[3]. Aviation stereo technology, followed by the use of digital
photogrammetry methods, is based on observations and
responds to changes within the area being filmed. It relies on
new technologies such as imaging and information processing
technologies. In addition, this technology makes it possible to
more accurately determine the location of objects and their
volumes in the relief using aerial photography.

Fig. 1 presents the archaeological complex “Boraldai Saki
barrows”, Saki period (VI-1Il century BC). Consists of 47
large barrows. Sizes of barrows with a diameter of 80-150 m.
and a height of 10-14 m.

The system consists of an antenna, a gyro platform, a digital
camera, and data processing results using digital
photogrammetry methods: the structure of motion algorithms
and an open GIS source for visualization. This system has the
ability to produce images with a spatial resolution of <10 cm,
measure the area of the site, evaluate individual objects, such
as mounds, as well as the topography of the studied areas.
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Fig.1: Boraldai Saki Barrows

The main products of the system are Agisoft PhotoScan and
Photomod. The average geometric accuracy can be obtained
up to 3 pixels or the equivalent of submeter accuracy,
including production time can be achieved in 50-52 hours. An
orthophoto image can provide a visual interpretation, such as
the structure of individual objects, the density of the location
and the terrain with an accuracy of 3-6 pixels or 0.5-2.5 m.

Around the mounds are fences, funeral rings, altars. The
need for a thorough study of the entire territory of the burial
ground was the basis for aerial photography of the territory.

The use of aerial imaging systems using elements of
artificial intelligence based on UAVs make it possible to
accurately determine the planned coordinates, which is an
important indicator when conducting cartographic works,
when creating an orthophotomap and 3D elevation models, as
well as optimizing the quality of the objects created and
minimizing risks [4].

Fig.2: Orthohtomap

Good accuracy of the information in the process of
managing aerial photographs allows instant monitoring of the
state of the terrain (for example, every week or every few
days). The mapping of the topography of the terrain and
boundaries, as well as the analysis of the relief and volumetric
calculation of a complex object, relief elements, are necessary
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for accurate measurement of parameters such as height,
diameter, and slope of the terrain [5].

The survey was carried out for selected areas using
elements of artificial intelligence based on UAVs. Digital
images were created on a NEX-5N digital camera, with a
resolution of 4912x3264, processing was carried out in the
environment of Agisoft PhotoScan. The installation of digital
orthophotoplans was carried out in the software product
Photomod. Transformed images were sewn into a common
mosaic. The stitching lines of the images were chosen with
overlapping 80% [6]. Alignment of the photo tone was
performed automatically. The accuracy of the orthophotomaps
was checked by control points, which were determined in
characteristic places of the relief with photogrammetric
concentration of the reference network and not used in the
transformation process. For each orthophotoplan, at least 5
points were determined at different heights. The maximum
deviations of the position of these points on orthophotoplans
from the calculated one did not exceed the tolerance - 0.45 m.

[71.
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Fig.3: 3D Elevation Model

Fig. 4 presents the initial points that are highlighted in blue.
These control points indicate the latch position of the camera.
Clearly highlights the camera positions and image overlap.

Aerial photographs were taken using a NEX-5N camera,
with a resolution of 4912x3264, with a focal length of 24 mm.

Initial data:

- Total images: 91,

- Flight altitude: 61 m;

- Shooting resolution: 1.44 cm/pix;

- Coverage area: 0.0443 kmz;

- Shooting positions: 91;

- Tie points: 101,193;

- Projections: 291.265;

- Error: 1.56 pixels.
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Fig.4: Positions of the Camera Latch and Image Overlap

I1l. CAMERA CALIBRATION

91 images were taken from the camera.

The obtained aerial photographs of the area are processed
automatically. One of the most common processing tasks is to
automatically determine the overlap area and alignment of
individual images (image stitching).

Fig.5: Failure to Tie Points for NEX-5N

Table 1. Camera Indicators
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motion and simultaneously localizing and matching the
construction of SLAM (Simultaneous localization and
mapping) maps.

When performing aerial photography, a number of
simplifications are allowed, which allow increasing the speed
of data processing. On the other hand, there are problems
associated with poor conditioning of some subtasks and a
large number of errors in the solutions obtained by classical
methods [8].

In this paper, two approaches are proposed, methods for
extracting images from the SFM structure, highlighting the
structure in motion and simultaneously localizing and
comparing the construction of SLAM maps, which allow
speeding up the processing of data obtained from aerial
photography, as well as the asymptotic estimate of the
working time of these methods.

30 m
Fig.6: Shooting Positions and Error Estimation

Z error is displayed in the blue ellipse. Errors in the plan are
displayed in the form of an ellipse. The calculated shooting
positions are marked with a black point inside the blue figures,
the deviation errors by coordinates are shown in Table 2 and
Table 3.

Resolution Focal length Pixel size Calibration
4912x3264 24 mm. 4rr?§;):§n§;8 Yes Table 2. Coordinate Deviation Errors
Type: frame by frame F: 3903.44 X v z Xy G:rnreorral
Cx -67.176 B1: 0.720422
Cy 57.0259 B2: 0.0465502 16 | 16 16| 16 /32 ) 36 | 16 | -16 L6
K1 -0.0419109 P1: -0.00259134 18 | 18 | 1716231 38 | 175 | 471 3.2
K2 0.0539813 P2: 0.00455211 22 | 22 |18 |-163 36| 42 | 2 | 1915 4,65
K3 -0.0707309 P3: -1.17503 23 | -23 |19 -164 |48 | -44 | 21 | -1,97 54
K4 0.030755 P4: 1.41258 45 | -45 2 1,7 | 52| -39 | 325 -3,1 57
55 | -46 |21 |-1,72 |56 | -44 | 38 | -3,16 5,8
Information obtained as a result of image stitching, the 68 | -47 | 24| -1,74 | 58 | -48 | 46 322 59
overlapping area and the relative position of the photographs 00 | 48 | 42| -1,75 | 59 | 53 | 255 | -3.275 67
can be used to build accurate site plans, to analyze any events [ 75 [ 5 |48 | -2 |67]| 67 6 35 72
or changes in the terrain. Such tasks are related to the tasks of 757 51 |49 | 42 | 69 | -7.8 | 635 | -4.65 78
computer vision, which is currently one of the most rapidly 76 [ 52 [ 52| 43 | 72| 87 | 64 | 475 786
developing branches of information technology. In this task, 75| 53 | 54| 5 |82 95 | 645 | 515 795
we will use the methods of extracting images from the SFM 79 | 62 | 56| 51 | 86| 78 | 675 | -5.65 7.99
structure (Structure from motion), highlighting the structure in 8 | 61 |58 52 | 9 | 8 | 69 | =565 )
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Table 3. Average Camera Position Error

Error, X Error, Y Error, Z Error, XY General Error
(m) (m) (m) (m) (m)
5,1641 3,531 6,255 4,28 5,26

In Fig. 7, the positions of the control points are indicated in
red, and the control points are highlighted in yellow, where
01; 02; 03; 04; 05; 06 are reference points.

Fig.7: Positions of Reference Points

The standard deviation is the root of the variance, and is
calculated by the formula:

S =

Z?=1(x—f)z .

’
n

€]

Table 4 presents the standard deviation S over the reference
points, respectively, along with the coordinates X, Y, Z, where
the total error is 19.12 cm.

Table 4. Standard Deviation S on Reference Points

The digital terrain model that was obtained as a result of
image stitching, the overlap area (80%) and the relative
position of the photos are shown in Fig. 8. A point cloud
obtained as a result of aerial photography processing can be
used to build an accurate model of a complex object, as well
as to analyze any events or changes occurring in the area [10].

Fig.8: Calculated Digital Terrain Model

The digital model of a complex object was obtained as a
result of processing aerial photographs with a resolution of
2.89 cm/pix and a density of points: 1.2e + 03 points / m2. On
the digital terrain model, blue is shaded with a height of 723m.
above sea level, this is the basis of the mound, and the red
height of the mound is 741 m., then the real height of the
mound is 18 m.

Table 6. Processing Parameters

Error, Error, Error, E;’(or, Gé:fgfl Photo Main
Sx (cm) | Sy (cm) | Sz (cm) y (pix) Images: 91 Aligned images: 91
(cm) (cm) . Coordinate system: WGS 84 /
9.18614 | 16,5288 | 2.07874 | 1891 | 19.1239 | 2.667 Markers: 6 UTM zone 43N (EPSG:32643)
Point cloud
Table 5 shows the deviation of the X, Y, Z coordinates of The number of points: 101,193 of Reprojection error: 0.402228
reference points, where the total deviation was 19.02 cm. Max. repmjelcct)zo’i?mr: 653615 - (_1'56268|p')f62|s; -
(17.4621 pixels) ective overlap: 2.9587
Table 5. Reference Points The average size of points: 4.84778 pix
General Alignment options
Name Error, X | Error,Y | Error,Z Error Photo Accuracy: Very high Preselection pairs: Binding
(cm) (cm) (cm) (cm) (Pix) Max. number of points: 40,000 Max. number of projections: 4,000
03 -1.66794 -5.08534 2.45898 5.88976 4.774 (6) Filter by mask: No Adaptive refinement of camera
04 5.3696 0.490129 | -0.134663 5.39361 0.645 (6) ) model: Yes
05 0.94732 6.35043 -1.90732 6.69801 0.834 (3) Time to _Search for matches: 13 Leveling time: 1 minute 5 seconds
02 -19.1376 -25.8512 3.13648 32.3167 0.951 (5) minutes 5 seconds
01 7.13126 29.3518 -1.6143 30.2488 1.537 (9) Optimization options
06 752976 | -6.55534 | 1.94446 10.1711 | 3.464 (8) Parameters f, bl, b2, cx, cy, k1-k4, pl-p4
General 9.18614 16.5288 2.07874 19.0239 2.667 Optimization time 6 seconds
Dense point cloud
From an orthophotomap, which contain contour Points: | 66,445,969
. . Reconstruction parameters
|qformat|on, you can measure the area of thg _plot apd the Quality: High Filtration Depth maps: Soft
diameter of the dome, while the 3D model or digital height of Calculation time of depth maps: 1 | Calculation time of a dense cloud:
the model product can be analyzed and evaluated to obtain hour 47 minutes 35 minutes 0 s.
information related to the structure of complex objects, such Model :
. . Polygons 13,225,901 Texture 4,096x4,096, uint8
as a blade (pit), surface reliefs of mounds, etc [9]. Vertices 6.618.110
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Reconstruction parameters

Surface Type: Height Map Interpolation: Enabled

Baseline: Dense Point Cloud

Quality: High Filtration Depth maps: Soft

Processing time: 3 minutes 57
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zadach marksheiderii i monitoringa otkrytykh gornykh rabot (Unmanned
aerial vehicles for surveying and monitoring of open pit mining), OO0
NPP “AVAKS-GeoServis”. Available at: http://uav-
siberia.com/en/news/bespilotnye-letatelnye-apparaty-dlya-resheniya-
zadach-marksheyderii-i-monitoringa-otkrytykh-gornykh-rabot/

Number of polygons 13,289,193 seconds [2] Beloshapkin M. A., Avtomaticheskii tsifrovoi aerofotos"emochnyi
Texturing options “Photolie"), Shestol Mesbdurarodni seminar pol sovaidle sstamy
Parameterization Mode: Orthophoto 1e’), ! zhau V! ! zov I sistemy
- : nop PHOTOMOD (VI International PHOTOMOD User Conference), Becici,
Blend Mode: Mosaic Texture Size 4,096x4,096
Enable color correction: Yes Enable hole filling: Yes Montenegro, 19-22 Septemb_er 2006, Book of Abstrac_ts, 44p. .
T terizati .2' inut Text xina .16 Ut [3] Khan N.Y., Imran A.S., Ali N, Distance and color invariant automatic
Ime param3e4er|za |8n. minutes exture m|;<|3ng |m((ej. minutes license plate recognition system Emerging Technologies, 2007, ICET
seconds seconds 2007, International Conference, pp. 232-237.
Tile model. Reconstruction parameters [4] Klasing K., Wollherr D., Buss M, A clustering method for online
Baseline: Thick cloud Tile size: 4096 segmentation of 3d laser data, Proc, ICRA, 2008, pp. 4043-4048.
P ing time: 3 h 51 minut Heidhts M [5] Sveshnikova N.V., Yurin D.V., Otsenka pogreshnostei vosstanovleniya
rocessing time: 5 ours 51 minutes _ eignts Map trekhmernykh stsen algoritmami faktorizatsii (Estimation of errors in the
Size 12.221x11.238 Coordinate system WGS 84/ UTM reconstruction of three-dimensional scenes by factorization algorithms),
- ' zone 43N (EPSG::32643) 2006, ) 28-33. Available at:
Reconstruction parameters Baseline: Thick cloud http://www.graphicon.ru/html/2006/proceedings/papers/fr09_32_Sveshn
. Processing time 4 minutes 50 ikova_Yurin.pdf
Interpolation Enabled seconds [6] Sin'kova M.G., Ispol'zovanie tsifrovoi aeros"emki i sozdanie
Orthophoto Plan Size 16.809x14.955 ortofotoplanov po materialam s"emki tsifrovoi aeros"emochnoi kamery
Coordinate system WGS 84/ UTM Channels 3. Uints ADS-40 (The use of digital aerial photpgraphy apq the c_reation of
zone 43N (EPSG::32643) J orthophotos on the materials of the shooting of a digital aerial camera
Blending Mode: Mosaic %)S-{O),kwll( l\lilezh_dun_?rodnay? nauchno-tekhr?lcigska{?] kolnfe_(tlelntf,ll)h/a
Reconstruction parameters t snimka k karte: tsifrovye fotogrammetricheskie te hnologii (The
Surface: Height Map Include color correction: No VIlI-th Int_er_natlonal Scientific f_ind Technlcgl Conference "From imagery
P — ime: 3 minutes 55 d' to map: digital photogrammetric technologies"), September 17-20, 2007,
rocessing time: minutes 55 seconds Bulgaria, . a1 Available at:
. . Program . . http://www.racurs.ru/download/conf/Bulgaria2007/Presentations/Sinkov
Version 1.2.6 build 2834 | Platform: Windows 64 bit apdf
[7] Instruktsiya po fotogrammetricheskim rabotam (Instruction on
photogrammetric ~ works),  KIShINEU, 2010. Available at:
http://geoportal.md/ru/default/uploads/index/id/48
IV. CONCLUSION [8] Karpov D.P., Rodikov D.E., Sshivka izobrazhenii, poluchennykh v
This article presents a practical experience of using the rezul'tate aerofotos"emki (Cross-linking of images obtained as a result of
. . . aerial photography), ITMO University, 2012, pp. 3-6. Available at:
platform of an unmanned aerial vehicle (UAV), which http://is.ifmo.ru/projects/2012/karpov/description.pdf
performs remote sensing of the earth to create an accurate  [9] Ainakulov Zh.zh., Makarenko N.G., Paltashev T.T. Experience of
mapping of the terrain of a given area. On the UAV platform, mode_ling mining landscapes by uging methods of_ intelligent monitoring.
a gyro platform carrying a digital camera is used to perform ST;‘:C ;,?”rng('ngc””é’;tluing'e’lnss " eemote Se’fg’_‘sgo‘ﬁ X‘Saﬁ:&'; frgtrﬂ
aerial photographs. Thus, the developed method can be used to http://d33.infospace.ru/d33_conf/sh2018t7/43-50.pdf
find the relationship between the structural parameters of  [10] Tailakov O.V., Korovin D.S., Osobennosti fotogrammetricheskoi

individual objects (Height, Density), which can be measured
by this system with a potential supply of solutions. The main
products of the system are an orthophoto map and a digital
elevation model (cloud of 3D points) with an accuracy of 2-
pixel errors for the horizontal position and 5-pixel error for the
vertical. The coordinates of the control points verify the
accuracy of the orthophotoplans, they were selected from
certain places of relief that were not used in the transformation
process. For each photomap, at least 5 points with different
elevations have been selected. The limit value of the deviation
of the coordinates of control points on orthophotoplans from
the calculated ones does not exceed the permissible value by
0.45 m.
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