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Annotation. Research of certain aspects of using a digital elevation model
(DEM), their classification and methods of obtaining in the Civil 3D software is
presented in this article. A land plot with vegetation and the building of the educational
building of the NULES of Ukraine was used as an object for the study. The analysis of
aerial photography materials of the territory of the research object is carried out. A
digital point cloud was created, which was taken as a basis for the further construction
of digital elevation models.

Classification of surfaces in the Civil 3D software is offered in article. An
algorithm for the formation of plane components and data filling is considered.
Highlighted the problems that arise in a robot with a cloud of points and surface
formation using Autodesk ReCap and Civil 3D. The main advantages and
disadvantages of building a relief on the basis of point clouds formed on the basis of
aerial photography of the terrain are shown. Attention is focused on the main ways to
reduce the identified shortcomings. The functionality and capabilities of Civil 3D and
Autodesk ReCap software, as well as the features of constructing surfaces based on

different initial data, are considered.
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The comparison of the DEM (generated using the Autodesk Civil 3D software)
and the topographic plan (generated as a result of tacheometric survey) is given.

Key words: photogrammetry, digital elevation model, Civil 3D, point clouds,
coordinate geometry points.

Introduction. Digital elevation models are widely used in solving a wide range
of issues in topography and land management. Many companies use 3D elevation
models for improving the visualization of the area and for validation of design
decisions. The advantages of the volumetric representation of the relief are obvious:
clarity, ease of use and a decreasing the likelihood of errors due to the human factor.

A digital elevation model (DEM) is a representation of the topographic (earth)
surface during computer processing of the results of engineering and geodetic works.
With the help of a digital elevation model, such applied problems as building contours,
obtaining longitudinal and transverse profiles, calculating the volume of earth masses,
etc. are solved. The processes of surface modeling are taken into account when
designing master plans; using a digital 3D model of the existing relief. Due to using
digital elevation it is possible to solve the problems of calculating and optimizing the
volumes of the moved soil And for the successful and effective implementation of the
projects being created, whether it be a master plan or a road project, it is necessary to
present the design solution in the form of a digital 3D model of the projected surface
relief. This is due to the fact that such data are an objective basis for ensuring the
operation of automatic control systems and making informed decisions. Therefore, the
task of creating and using digital surface models moves from a purely technical plane
and forms an expert interest in the formation of design solutions and territory
management.

Analysis of recent research and publications. Research on this topic was
carried out by many authors, in particular: Bartolomey Shipulya [1] investigated the
process of creating a digital elevation model in the ArcGIS software; Kostin A. V. -
Methods for creating digital elevation models and directions of use in the ArcGIS
software [3]; Ravi P. Gupta considered the formation of DEM for raster GIS [4];
Burshtynskaya Kh. V. performed a comparative analysis of the accuracy of DEM

construction using the Surfer software package and the ArcGIS geographic information



system [2]. They have developed methods for constructing DEM and various methods
for creating 3D models.

The issue of forming a digital elevation model and its applications remains
relevant, since there are quite a lot of software tools with the help of which DEMs can
be built, which creates the preconditions for their analysis and objective assessment
when solving special problems.

The purpose of the researching is an analyzing of the theoretical and
methodological foundations of creating a DEM in the Autodesk Civil 3D software
package based on aerial photography materials.

Research methodology and methods. The topographic method and the method
of scientific comparison are used in this work. A computational method was applied
for determination the mean square error of the medial deviation of the curve.
Comparative method was used for analyzing the topographic plan and DEM.
Experimental surveys from UAVs and ground surveys was applied. For obtaining the
possibility of constructing surfaces, such software tools as: Pix4D, ReCap, Civil 3D
were used.

In the process of forming the initial data for the implementation of the study, a
Phantom 4 Pro UAV was used. The camera of which drone (not a calibration camera
for topographic aerial photography purposes, but can be used to solve special problems
with an acceptable error) has the following technical characteristics:

* Matrix: 1 " CMOS

* Number of effective pixels: 20 MP

* Lens: Angle of view 84 °, 24mm (35mm format equivalent), f/ 2.8 - f/ 11,
autofocus 1m - oo

* [SO range:

» Mechanical shutter speed 8 - 1/2000 s

* Electronic shutter speed: 8 - 1/8000 s

Main part. To implement the stated goal of the study, it is necessary to carry
out a theoretical review of the concept of DEM, their components and purpose.

A DEM is a raster representation of a continuous surface and typically refers to

the surface of the Earth. The accuracy of this data is primarily determined by the



resolution (the distance between sample points). Other factors affecting accuracy are

the data type (integer or floating point) and the actual sampling of the surface when the

original DEM was created.

The surface includes the following components:

points;

polygons (triangles);
borders;
horizontally;

grid.

Digital elevation models allow the following operations:

obtaining information about morphometric parameters (height, slope,
slope exposure) at any point of the model;

analysis of slope steepness and exposure, construction of corresponding
maps on the fly;

generation of contours;

construction of cross-sectional profiles of the relief in the direction of a
straight or broken ling;

analysis of surface runoff;

generation of thalweg and watershed networks;

calculation of volumes;

calculation of surface areas;

calculation of flooding levels and areas;

construction of three-dimensional terrain models with rendering
capabilities and surface draperies as vector objects (hydraulic network,
roads, settlements, landscape maps, etc.) and raster layers (topographic
maps, remote sensing data);

creation of a video image of the "flight" over the surface of the model
along a given route (virtual reality systems);

analysis of visibility zones from a given point or viewpoints and

construction of corresponding maps or three-dimensional models;



e transformation of the original model by adding new data. [6]

In the course of the researching, for creating the surface, the Civil 3D software
will be used. The surface will be formed in this software as a three-dimensional
geometric representation of the land. A surface is made up of data points that connect
to form triangles or a mesh of the surface.

You can turn the visibility of any of the surface components on or turn it off.
Thus, for example, by creating a design surface and turning on the display of contours
on it, you can see the vertical layout of the site. This planning will be dynamic and
responsive for all subsequent surface changes.

Typically, a Civil 3D surface is first created empty and then filled with
construction data. Such data can be:

e Coordinate geometry points COGO;

e Horizontal lines, breaklines;

e Simple AutoCAD objects (points, lines, blocks, texts, 3D-faces,
polyhedra);

e Borders;

e DEM files (DEM files are designed to store and transfer large amounts of
topographic information about the relief in the form of XYZ coordinates
of grid nodes with a constant step).

Surfaces in Civil 3D are of the following types:

TIN surfaces. Such a surface is based on triangles that connect the points of the
surface closest to each other, forming a triangulation network. The elevation of any
point on the surface is determined by interpolating the elevations of the vertices of the
nearest triangles. This is the most common and frequently used type of surface;

Mesh surfaces. Such a surface is based on points on a grid with a constant step.
Such surfaces are used for displaing large areas with low detail;

TIN surfaces for volume. A composite surface constructed from the difference
in elevation between the points of the reference surface and the reference surface. Most
often, the surface of the existing land is compared with the design one to calculate the

total volume of earthworks;



Mesh surfaces for volume calculation. The elevations of such a surface are
calculated as the difference between the upper and lower surfaces, with points on the
grid.

When creating a surface in the Civil 3D software [6], the result of processing
aerial photographs of educational building No. 6 of NULES, which is a point cloud,
was used as the initial data in the Pix4D software. It is worth noting that before
exporting in the Pix4D program, it is necessary to classify points and a separate group
of points intended for export, which does not include objects that can create errors
when constructing contours (for example, bushes, trees, houses, etc.). Civil 3D
supports this functionality and allows you to specify the desired point group or groups

when importing a point cloud from an external file.
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Figure: 1 Export point cloud. Pix4D

However, Civil 3D does not directly process .xyz files. For compatibility
reasons, the ReCap software is included with Civil 3D. This application can be
launched directly from the Civil 3D program interface (Insert menu on the toolbar).
This application provides the ability to convert the source data format to a format
compatible with Civil 3D: .rcp and .rcs. To perform format conversion in ReCap
software, you need to do the following: select “scan project”, then, in the menu that
opens, select the location of the file. The next step is to select the file extension .xyz -
then "index scans" - "import files" - "launch project”. As a result of these actions, the

point cloud will be imported into Civil 3D.



Autodesk ReCap provides functionality for filtering point, if at the previous
stage points, that introduce errors when constructing contours, were not removed or
filtered into a separate group. There are two ways for removing them:

* by using the Fence tool;

* by dividing objects into regions (areas), select the necessary points into a
separate area, and then export it (Fig. 3);

041

Figure: 2 Point cloud in Autodesk ReCap
Figure: 3 Creating Point Regions in Autodesk ReCap
In this work, the second option was used. The points that introduced an error
during the construction were assigned to a separate region. The visibility of this region
was subsequently turned off, and the remaining points as a result were exported to a
separate file. This file was loaded into Civil 3D using the Insert menu.
For creating a DEM according to the loaded cloud, on the "Home" tab, select the

"Create surface from point cloud" option. As a result, the program created the surface
presented in Figure 6.
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Figure: 4 Creating a Surface from a Point Cloud in Civil 3D Software



The figure shows that the surface built by the program contains errors.
Unfortunately, it is almost impossible to avoid them by filtering points at the previous

stages, especially if there is a lot of vegetation on the treated area.

Figure: 5 Surface created from point cloud Figure: 6 Contour errors

Therefore, the terrain will be constructed using COGO points that will be
manually generated. This will minimize errors. Coordinate Geometry Points (COGOs)
are AutoCAD Civil 3D objects that can be displayed in a drawing and that can be
manipulated graphically. The appearance of points is customizable using point labels
and point styles. To create points on the "Home" tab, select the "Create points™ option
in the "Points" menu, specifying "Along the polyline / horizontal" as the "Surface"
parameter. Then the program will offer to enter additional parameters for the created
points:

» distance between points,

* point description

* the contour on which the point is to be drawn.

In the description of points, you can assign these points to separate groups, which
Is convenient for setting the display style for this group of points, as well as when filling
the virtual surface with data from the current group of points.

To create points manually, Civil 3D provides a tool "create points manually".
When this tool is selected, clicking on the left mouse button will create a point at the
selected place, with the specification of its description and specifying the height. Points

are deleted using the delete key.
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Figure: 7 Creating COGO points along contours
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For effective work, it is proposed to combine commands: automatically add
points for common horizontal filling, and then manually add points where they are

needed.
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Figure: 9 COGO point group properties
To change the style of a group of points in the "Navigator" panel, select the
required group of points, having previously opened all the existing ones, and then by
pressing the RMB call the menu, where select the option "Properties"
It is worth noting that for points that are barely added or removed from the group,
the new style settings may not apply. In order to avoid such a scenario in the same



menu, caused by pressing RMB, you need to periodically after each adding or
removing a point from the group use the "Update™ option to keep the group of points
up to date.

As a result of the work done, it is necessary to obtain a group of points describing

the surface being built more accurately than in the previous stages.

Figure: 1 Created COGO points

For creating the final surface, use the "Surface" option on the "Home" tab. In the
menu that opens, it is need to specify the surface information: type, name, description,
style and material for rendering (Fig. 11). As a result of these actions, the surface will
be created and displayed in the "PathFinder”. At this moment it is only virtual: the next
step is to fill it with data. To do this, on the "Navigator" tab, in the menu of the selected
surface, it is necessary to add a previously created group of points by means of the
option "Point groups” - "Add" in the "Definitions" menu. In the dialog box that opens
(Fig. 12), you should specify the desired group of points. Pressing the "OK" button to
complete the surface filling process. As a result of the work done, the program will

draw the created relief.
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Figure: 11 Surface creation
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Figure: 12 Filling the surface with data (COGO point group)

As a result, we get the surface and change the display style to shaded:

Figure: 13 Surface based on COGO points

Comparing our relief and the topographic plan (Fig. 14) created as a result of
tacheometric survey, you can notice the difference in the tortuosity of the contours.
Why there are differences at all, firstly, it may be insufficient data availability or data
imperfection, since the point cloud that we used was not perfect and contained gaps.
Secondly, the survey with a total station is also not ideal. During its implementation,
there are different factors of influence and types of errors, which to a certain extent
affect the results.

That is, there are always some errors. And, of course, it is best when the results
of several types of surveys are available, after analyzing them, you can achieve the

desired and more accurate result.



Figure: 14 Topographic plan
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Fig. 15 Medial curve deviation

In order to determine how much the contours are formed on the basis of data
from the point cloud and the contours are formed on the basis of COGO points, to
assess the accuracy of the work and the possibility of using the algorithm for special
tasks in land management, we use the coefficient of variation, which shows the degree
of variability in relation to the average sampling.

The coefficient of variation is the ratio of the standard deviation s, to the
arithmetic mean s, expressed as a percentage:

So
c, = —
v

The arithmetic mean deviation is determined by the formula:

i=1 ,

Vi—Y,;
n

%]
Il

n

where: s - arithmetic mean deviation;



n is the number of samples;
y;- value along the Oy coordinate of the function graph, corresponding to x; (i-
th sample) on the final horizontal,
y'. - value along the Oy coordinate of the function graph, corresponding to x;
(i-th sample) on the previous horizontal.
s = 2,076037

The mean squared error is determined by the formula:

1 i=1
So= |——= ) = 9)?
n

where: s, - mean squared error;

n is the number of samples;
y;- value along the Oy coordinate of the function graph, corresponding to x; (i-
th sample) on the final horizontal,

y'; - value along the Oy coordinate of the function graph, corresponding to x;

(i-th sample) on the previous horizontal.
s, = 0.144281
Having received the value of the arithmetic mean and standard deviation, it is

possible to determinate the coefficient of variation:

| 0,144281
“ = 3076037

Variability is considered weak if ¢, <10%. If c,, is from 11-25%, then its value

5,23%

Is average. And this value is significant at c,> 25%. Thus, according to the formula
above, the variability (deviations) of contour lines is weak, which makes the described
DEM method based on aerial photography materials acceptable for solving a certain
range of land management and topography problems.

Conclusion. Despite the seeming simplicity of the relief as an object of
modeling, practice offers a large number of methods and technologies for the formation
of DEM. The variety of types of data sources for creating DEMs is caused by a variety

of methods for obtaining and organizing primary data and their derivatives.



The variety of software, in which it is possible to build a DEM, only emphasizes
the relevance of this topic. In this paper, Autodesk Civil 3D is the most detailed. The
description of the surface construction process allows you to determine its advantages
and disadvantages. The advantage of Civil 3D, of course, is its wide functionality. The
downside is the processing time. The point cloud used in the research process contains
about 2500000. Points, its processing time is about 30-50 minutes. After completing
the formation of the surface, user need to wait about 20 minutes to download the work
results. After this time, it becomes possible to continue working in this software.

It is worth noting that at the stage of surface creation, the contours obtained from
the point cloud are rather inaccurate. Moreover, many small closed contours are created
by software on this stage. Errors when constructing a surface occur quite often in the
Civil 3D program. However, it is possible to correct these errors automatically. But in
the analyzed case (Fig. 6) it is rather difficult to eliminate them. Therefore, as an
alternative solution to the problem, the construction of COGO points is used.
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®OPMYBAHHA U DPOBOI MOJIEJII PEJIbEDY 3A
MATEPIAJIAMH AEPO®OTO3HOMKH B TIPOTPAMHOMY 3ACOBI
CIVIL 3D

Anomauin. Y cmammi 00CnioxHceHo oKpemi acnekmu 6UKOPUCMAHHI YUPDPOBOT
mooeni penvehy (LIMP), ix kiracugikayis ma cnocodou ompumanHs 6 npocPamMHOMY
3aco6i Civil 3D. Ilpoananizosarni mamepianu aepogomo3stiomku mepumopii 0o ’exma
oocnioicenns (3emenvHa OUISIHKA 13 POCIUHHUM NOKPUBOM Ma 6Y0i8er0 HA8UAIbHO20

kopnycy HYBill Ykpainu) i3 nodanvuoro o6podKoo pe3yibmamis GUMIPIOBAHHS, 34
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00noM02010 npocpamuoeo 3acoby PIX4D, gpopmysanns xmapu mouox, saxa i 6yna 63ama
3a 0CHOBY 0151 N0OY008U YUPPosoi modeni penvedy.

Y cmammi 3anpononosana xknacughixayia nogepxoHv y npocpamuomy 3acooi
Civil 3D, ¢opmyeanns ix xomnonenmie ma HanoeHerHs OaHumu. IIposedero
NOPIGHAHHS OMPUMAHUX NOBEPXOHL 3ANENHCHO 810 8UXIOHUX Oanux. Ilpointocmposani
HOMUNIKU, SIKI BUHUKAIOMb NPU pOOOMI 3 XMApolo MOYOK ma (YOpMy68aHHI NOBEPXHI 3
suxopucmannsim npoepam Autodesk ReCap ma Civil 3D. Buseneni ocnoeni nepesacu
ma HedoNiKu nobyoosu penvedh)y Ha OCHO8I cGopMosaHux 3a mamepiaramu
aepoomostomKu micye8ocmi xmap Mmook, i 3anponoOHOBAHO CNOCIO iX YCYHEeHHS..
Poszensnuymi ¢ynxyii i moorcaueocmi npoepam Civil 3D ma Autodesk ReCap ma
ocoousocmi no6y008u NOBEPXOHb HA OCHOBI PIZHUX BUXIOHUX OAHUX.

Haeseoeno nopisnanus LIMP (chopmosaroi 3a 00nomozor npocpamHozo 3acooy
Autodesk Civil 3D) ma monoepagiunoco nnany (cpopmosarnozo y pesyavmami
maxeomempuyHoi 3UOMKU,).

Knwwuosi cnosa: omoepammempis, yugposa mooenv penveghy, Civil 3D,
XMapa movox, mouku KOOpOUHAMHOL 2eoMempii.

N

bymenko E.B., boposuk K.B., I'epun A.P., I'yokun b.A.

®OPMHUPOBAHUE IIU®POBOM MOJEJU PEJBE®A TIO
MATEPUAJIAM AIPOPOTOCBEMKH B IMPOT'PAMMHOM
OBECIIEYEHUWMU CIVIL 3D

Annomauyun. B cmamve uccieoosano omoenvbHvle acnekmvl UCHONb308AHUS
yughposoti modenu penvega (LIMP), ux kraccugukayus u cnocobvl nonyueHus &
npoepammuom  cpeocmee  Civil  3D.  Ilpoananusuposamvl  mamepuaisl
aspogpomocvemMku meppumopuu 00vbeKma UCCiIe008aHUs (3eMeNbHbll YUACMOK C
pacmumenvbHulM HOKPOBOM U 30aHuem yuednoeo kopnyca HYbBull Yikpaumuel) us
oanvHelweli 00pabomkol pe3yibmamos UMepeHus, ¢ NOMOWbIO NPOCPAMMHO2O
obecneuenuss Pix4D, copmuposanue obraka mouex, Komopoe u Obllo 839mo 3d

OCHOBaHUe 0151 NOCMPOEHUsL YUDPOoBoTl Mooeu perveda.



B cmamve npednoswcena xnaccuguxayus nogepxuocmeu 8 npoPAMMHOM
obecneuenuu Civil 3D, gpopmuposanue ux KOMNOHEHMO8 U HANOJHEHUEe OAHHLIMU.
IIposedeno cpasHnenue nonyyeHHbIX NOBEPXHOCMEU 6 3ABUCUMOCMU OM UCXOOHBIX
oannvix. Ilpounntocmpuposansvt owubKuU, KOmopwvle 803HUKAIOM 8 pobome ¢ 00IaKOM
mouex u opmuposanue no8epxXHOCMuU ¢ UCNOIb308anuem npoepamm Autodesk ReCap
u Civil 3D. Obuapysicenvl 0CHO8HblE Npeumyujecmea U HeOOCMAamKU NOCMPOeHUs]
penveda Ha OCHOBe CHOPMUPOBAHHBIX NO MAMEPUANAM  AIPOPOMOCHEMKU
MecmHocmu 00]1aK MouYeK, U Npedslod#ceHo cnocod ux ycmpaueHue. Paccmompensi
@Qyuxyuu u 6ozmoxcrnocmu npoepamm Civil 3D u Autodesk ReCap, a maxoice
0CObOEeHHOCMU NOCMPOEHUsL NOBEPXHOCMEU HA OCHOBE PA3HBIX UCXOOHBIX OAHHDIX.

Ilpuseoeno cpasnenue L[MP (chopmuposanmnoii ¢ nomowpio npocpammHo20
cpeocmea Autodesk Civil 3D) u monoepaguueckoeo ninauy (cpopmuposannozo 6
pe3yivmame maxeoMempuieckuil CbeMKu).

Knioueevie cnosa: goomocpammempus, yugposas mooenv penvegpa, Civil 3D,

obnaxa moyex, mouykKu KOOpaZ/lHCZWIHOﬁ ceomempuu.



