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MODERN METHODS OF PROCESSING AND CREATING A DIGITAL
TERRAIN MODEL

Nowadays the requirements for topographic and geodetic products are becoming more important
and gaining direct economic importance due to the high rate of market development. The main require-
ment remains the reliability and differentiation of the results of cartographic materials, and the most
important issue is the accuracy of the developed products. The accuracy is affected by a variety of
factors, depending both on the means of measurement and the type of processing. This paper presents
an overview of modern survey methods for the projecting of linear structures based on the example of
road sections in Almaty. Currently, the design of roads is, as a rule, based on topographic survey data,
performed by traditional geodetic instruments. It is necessary to apply the automatic projecting system
containing components of software, information, technical and organizational support to increase the
quality of solutions on projecting objects. This article considers automated approaches for efficient data
processing, comparative analysis of software complexes that are widely used to create digital terrain
models, their ability to support and create three-dimensional models, import of point cloud, a way of
constructing relief, importing and processing initial data.

Key words: digital terrain models, processing data, roads.
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JKepriAikTi XkepAjiH, CAaHABIK, YATICiIH KYPY M€H OHAECYAIH 3aMaHayM dAicTepi

Kasipri ke3ae HapbIKTbIH AaMy >KbIAAAMABIFbIHbIH ©CYyiMeH 6GariAaHbICTbl, TOMOreOAE3MSAbIK,
OHIMAEPAIH GepiAeTiH TaAanTapbl KYLIEIAE >KOHEe 3KOHOMMKAAbIK, MAHbI3SAbIAbIFbIHA TiKeAel acep
etyae. COHABIKTaH KapTOrpamsIAbIK, MOAIMETTED HBTMXKECIHIH CapaAaHybl MEeH HAKTbIAbIFbl Heri3ri
TaAanTapMeH CakTaAaAbl, Gipak, eTe MaHbI3Abl GOAbIM KYPbIAFAH OHIMHIH ABAAIr 60AbIN TabbiAaAbI.
ABAAIKKE BpTYPAI hakTOpAap, BALLEY KYPAAAAPbI XK8HE OAapAbl BHAEYAIH SPTYPAI yAepicTepi acep
eTeAi. bepiareH Makanaaa oA KYPAbIChIH >k06aAay YLiH 3aMaHayu aaictepre, AAMaTbl KaAaCbIHbIH
ABTOMOOMAb XKOAAAPbI MbICaAbIHAQ aAblHABL. Kasipri kesae aBTOMOGMAbL XKOAAAPbIH >kKobaAay, Heri-
3iHeH TonorpausAblK, TYCIpiC MOAIMETTEpPIMEH, ASCTYPAI MeOAE3MSAbIK, acrnanTap apKblAbl Xy3e-
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re acaabl. HbicaHaapabl x)xo6anayAarbl xK06aHbIH, LLELIMIHIH canacblH KeTepy YLWiH MIHAETTI TypAe
aBTOMATTaHAbIPbIAFAH >KO0aAay >KYMECIH KOAAAHY KaXKeT eTeAi, OHbIH KypambiHa GarAapAamanbik,
aKMapaTTblK, TEXHUKAAbIK, XKOHE YMbIMAACTbIPYAbI KAaMTaMacbI3AQHABIPY Kipeai. ByA >KymbicTa MoAi-
MeTTepPAI TMIMAI BHAEY YLUIH aBTOMaTTaHAbIPbIAFAH BAICTEPI KapaCTbIPbIAAbI, OFAH YKEPTIAIKTI XXepAiH,
CaHABIK YATICiH KYPY, OAQPAbIH, YL OALLEMAT YATIAEPAI KYPY MEH KOAAQY MYMKIHAIKTEPI, HYKTEAIK OYAT-
TbIAbIKTapAbI MMIMOPTTay, Xep 6eAepiH Kypy MYKiHAIKTepi, 6acTankbl MOAIMETTEPAI OHALY XKOHE VM-
nopTTay YLliH KeHiHEH NarnAaAaHaTbiH OafAAPAAMAAbIK, KELLIEHAEPTe CaAbICTbIPMAAbI TAAAQY XKACAAAbI.
Ty¥iin ce3Aep: >KepriAiKTi XXepAiH CaHABIK, YATICi, MOAIMETTEPAI BHAEY, aBTOMOOMADB XKOAAAPDI.
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CoBpemeHHble MeTOAbI 06pPaboTKM U CO3AAHUS LIMDPOBOI MOAEAU MECTHOCTHU

B HacTosee Bpemst B CBS3M C BbICOKVMMM TEMMaMM Pa3BUTUS PbiHKa TPEOOBaHMS, MPEAbIBASIEMbIE
K TOMOreoAE3M4YeCcKon NMPOAYKLMU, BCE OOAEE YCUAMBAIOTCS M MPUOOPETAIOT HEMOCPEACTBEHHOE 3KO-
HOMMYECKoe 3HaueHue. [pu 3TOM OCHOBHbIM TpeboBaHMEM OCTAETCS AOCTOBEPHOCTb M AMddepeH-
LMPOBAHHOCTb PE3YALTATOB KapTOrpamrueckmx MaTepraAoB, a Takxke HamboAee BadkKHbIM BOMPOCOM
ABASIETCS TOYHOCTb CO3AABaEMOM MPOAYKLMM. Ha TOYHOCTb BAMSIIOT camble pasHooOpasHble (PakTo-
pbl, 3aBMCSLLIME KaK OT CPEACTBA M3MEPEHMS, TaK M BMAA npoLecca nx o6paboTku. B aAaHHOM cTaTbe
NMPeACTaBA€H 0030p COBPEMEHHbBIX METOAOB CbEMKM AAS MPOEKTMPOBAHMS AMHEMHbIX COOPY>KEHMIA
Ha NMpMMepe y4acTKOB aBTOMOOMABbHBIX AOPOr ropoaa AAMaThl. B HacTosee Bpemsi MpoeKTMpoBaHme
ABTOMOGMAbBHbIX AOPOI OCYLLECTBASIETCS, KaK MPaBMAO, Ha OCHOBE AQHHbIX TOMOrpadruueckomn CbEMKMU,
BbIMOAHSIEMOM TPAAMUMOHHBIMM T€OAE3UYECKMMM NPUBopamMmn. AAS MOBbILIEHUS KavyecTBa MPOeKT-
HbIX PELLEHMI Ha 06beKTax NPOEKTMPOBaHMS HEOOXOAMMO MPUMEHSATL CUCTEMY aBTOMATM3MPOBAHHO-
ro MpPOEKTMPOBaHMS, COAEPXKALLYI0 B CBOEM COCTaBE KOMMOHEHTbl METOAMYECKOrO, MPOrpaMmHOro,
MH(OPMALIMOHHOIO, TEXHMYECKOro M OpraHM3auMoHHOro obecriederms. B pabote paccmaTpusatoT-
CS ABTOMATU3MPOBAHHbIE METOAbI AAS 3PEKTUBHON 00PaGOTKM AaHHbIX, CPABHUTEAbHbIA aHaAM3
MPOrPamMMHbIX KOMMAEKCOB, KOTOPbIE LLIMPOKO UCMOAb3YIOTCS MO CO3AAHMIO LIM(PPOBbIX MOAEAEI MECT-
HOCTM, MX BO3MOXXHOCTb MOAAEP>KMBATb M CO3AaBaTb TPEXMEPHbIE MOAEAM, UMMOPTa 06AaKa TOYEK,
cnocob nocTpoerHns peabeda, MMNopTa M 06paboTka MCXOAHBIX AQHHDbIX.

KatoueBblie caoBa: LpoBas MOAEAb MECTHOCTM, 06paboTKa AaHHbIX, aBBTOMOOUAbHbBIE AOPOTU.

Introduction

Over the past decades, the world is rapidly mov-
ing towards a new type of economy, where digital
technologies are becoming the main tool for its
formation. The state program “Digital Kazakh-
stan-2020” promoted the digital transformation and
is the main factor of technological changes, as well
as a condition for ensuring the competitiveness lead-
ing to the restructuring of all economic and produc-
tion processes, and the increase of productivity. In
modern conditions, information technologies play
an important role in the work of the private and pub-
lic sectors, which is the basis for the transition to
a digital state (the State Program “Digital Kazakh-
stan” for 2017-2020).

The demand on various services needed for
Earth surface surveying in the geospatial market is
quite high. Therefore, the pace of information col-
lection and processing should be at an appropriate

rate. Typically, these processes are local in nature,
affecting small areas scattered in space, and are
quite numerous. (E. Levin, 2017:206).

The purpose of this work is to study the modern
methods of data collection and comparative analysis
of survey results to obtain an estimate of accuracy
and improve performance. The goal of our work
was to choose a method of obtaining a digital ter-
rain model (DTM) that would reduce the processing
time and at the same time leave the reliability and
differentiation.

The creation and development of construction
can be carried out with the help of classical methods
of geodetic work, with modern geodetic instruments.
The most elaborated from the technological point of
view are the measurements of the road coordinates
carried out by the traditional geodetic methods us-
ing the electronic tachometers and digital levels
(S.Babic, 2015, Volume 1). The time-proved solu-
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tion provides millimeter accuracy, but it requires
significant costs to create a high-precision coordi-
nate space in the area where the measurements are
made (SCNP-02-036-02.) Moscow, TsNIIGAIK,
2002:6).

The validity of the engineering solutions should
be confirmed in the comparison projects for all pa-
rameters including the costs for the construction,
maintenance and repair of the road, the transport
and operational qualities of roads and road facilities,
road safety, the impact on the ecological system,
contribution to the economic and social and cultural
development of the region and other factors (SNiP
of the Republic of Kazakhstan 03.03-09-2006 High-
ways).

According to the Law of the Republic of
Kazakhstan “On Roads”, the technical solutions for
the location of roads in the area, its main structural
elements should be economically justified, should
include the use of advanced energy and resource-
saving technologies that promote quality and safety
of road traffic. Design, construction, reconstruction,
repair and maintenance of motor roads are carried
out in accordance with established requirements
and norms, with the use of materials, instruments,
equipment and measuring instruments authorized
for use to achieve the high transport and operational
parameters of highways (speed, evenness, durability,

increased conditions for the safety of motor vehicles)
(Law of the Republic of Kazakhstan, 2001: N 245).

The use of data collection methods based only
on ground surveys increases the cost of work. In
these circumstances, the use of easily transportable,
remotely controlled aircraft (unmanned aerial
vehicles) equipped with the required imaging
equipment allows to carry out all the necessary
stages of the project very quickly and to flexibly
regulate the current technology, even in the absence
of stable weather conditions for traditional shooting
(A.Sechin,2011). Aerial photography, with an
unmanned aerial vehicle (UAV) can provide the
informative and accurate orthophoto coverage in the
shortest possible time due to the appearance of new
processing algorithms changing the methodology.
The technology is used for massive mapping and 3D
modeling of the linear infrastructure objects (roads
and railways, power lines, city streets), area objects
of complex structure and high detail of the research
- creation of a digital model.

Methods of research

T.Luhmann introduced a categorization scheme
of measurement techniques that trades sizes of
the measured objects versus required accuracy.
Modification of this scheme is presented in Figure 1
(E. Levin, 2017:205; T.Luhmann, 2006: 26).

Accuracy
(mm)
A
Remote-sensing
10* 4 GPS (satellites)
10° 4 Arial (manned)
hotogr 14
10%
Terrestrial laser scanning L
achymetric
10 4 surveying
Architectural
1 and engineering
g photogrammetry
107" 4 Theodolite
1072 4 Industrial
metrology
1073 4
Interfero-
metry
- T T T T # Object/area
1 10 102 10° 10* m) " size

Figure. 1 — Classification of measurement techniques

Three methods of topographic and geodetic
work were considered:
— Tachometric survey (traditional method);

— Aerial photography using an unmanned aerial
vehicle;
— Mobile laser scanning.
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1) The traditional method of surveying using
the electronic tachometers was considered as a
cheaper and simpler method of obtaining the data
(A.Lofton,2016). However, the time costs, loss

of completeness and quality of the data collected,
as well as subjective perception of the road
infrastructure elements by the direct executors made
this method to be brought to the background.

[Rr—cp—

Figure 2 — Fragment of tacheometric survey of the road section of Almaty city

2) Aerial photography using an unmanned aerial
vehicle

Qualitatively new method of obtaining
information about this area is the use of digital aerial
photography with UAVs (H.Eisenbeiss, 2012) It is
worth noting that in comparison with the satellite
images and traditional aerial photography, aerial
photography with UAVs has significant advantages.
First, the high resolution of the images obtained:
maximum - up to 1-2 cm (at flight altitudes of 30-50 m),

average — 8-10 cm (at an altitude of 250-300 m).
Secondly, the pictures can be taken and be initially
processed in a very short time without leaving the
place of survey. Third, the possibility of surveying
the local and hard-to-reach areas, the space imagery
and traditional aerial photography of which are
not cost-effective. Fourth, the quality of images
obtained does not depend on the cloudiness, since it
is possible to shoot under the clouds on cloudy days,
which is especially urgent (Y. Polyakova, 2012.)

Figure 3 — Fragment of orthophoto of the road section on the territory of Almaty
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As for aerial traffic safety issues, small UAVs
are not equipped with air traffic communication
equipment and collision avoidance systems,
compare to manned air-crafts (I.Colomina,2008).
Therefore, due to the lack of communication with air
traffic authorities, small UAVs are restricted to flight
in line-of-sight (LOS) and to operate with a backup
pilot. Besides UAV control stations communication
frequencies (typically 30-40 MHz) signals may
interfere with another civil segment device (remote
controlled cars and hobbyist aircrafts), therefore
there is the possibility of signal jamming (E. Levin,
2017:207).

3) Survey of the site using a mobile laser scanner.

Mobile laser scanning is the best one for
measurements of linearly extended objects and, at
first, the roads. This method is effective in terms
and quality of the data obtained. The problem of
constructing the three-dimensional digital models
has become much simpler, allowing to create a high-
precision digital model with spatial coordinates in
the form of a set of points. If the survey of a large
constructed area with tachometers can take weeks,
the mobile scanner can make it in a matter of hours.

Table 1 — Comparison table of survey methods

The main reason for choosing a mobile laser scan
for surveys is to perform the field measurements
with very high speed and detail (Sarychev D., 2013).

Advantages of mobile laser scanning systems
also include:

1. Achieved relative accuracy — up to 10 mm.

2. The result of scanning is a very dense set of
points — thousands of measurements per 1 m?, even
at high shooting speeds

3. Ability to install on various vehicles.

4. Economic data processing.

5. Fast and safe shooting of roads and road
infrastructure.

Table 1 presents the parameters characterizing
the traditional technology of geodetic survey
and survey using MLS and UAV. Analysis of the
data of Table 1 shows that the traditional method
significantly loses the method of MLS and UAV
in many respects precisely when shooting linear
long objects. In addition, in the works (A.Baigulov,
2013; Sarychev D. 2013; V.Safar, 2014), the authors
identified the following advantages mobile laser
scanning in comparison with other methods of
engineering and geodetic research.

Survey method

departure;

Parameters
UAV MLS Tacheometric survey
for a resolution of 10 em 300 thousand measurements per
Productivity / point - up to 30 km2 / P 300-500 pickets / day

second

Organization of shooting Does not affect the

Does not affect the movement

It is necessary to block the

movement movement
030mn | ohhe el e e | Smm—3 om dspnds on ke
quality of the GPS signal
Productivity per day 70 km 100-250 km relatively
Density of a point model - 2 points on m? 1 point on 100-200 m?
Digital model accuracy 15-20 cm 5-10 cm relatively
The width of the swath 30-50 m 50-250 m no more 100 m

As can be seen from Table 1, the MLS method
is the most effective in accuracy and speed, and the
UAV method is economically advantageous. The
traditional method gives the necessary accuracy, but
significantly lower performance indicators.

The obtained survey data are used for further
planning and modeling of the transport infrastruc-

ISSN 1563-0234

ture. First of all, it is necessary to create a DTM that
will meet the requirements and conditions for de-
sign.
Features of creating a digital site model
Digital models significantly reduce the time
and labor costs compared to the traditional tech-
nology of obtaining marks from topographic
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maps and plans (I. Zhurkin, 2012: 32). Creation
of a digital terrain model with high accuracy of
displaying reality despite the variety of different
software products is a priority task (Ch. Frueh,
2003)

With the appearance of new methods for col-
lecting the geodetic information, satellite imagery,
airborne, mobile and terrestrial laser scanning, it be-
came possible to automate the creation of 3D site
models (Zhilin Li,2005:5).

We used the following softs to create digital
models.

1.Agisoft Photoscan

2. Erdas Imagine

3. Fugro Viewer

Program for compare the obtained digital models
of Cloud Compare

1) Agisoft PhotoScan program is a universal
tool for generating the three-dimensional models
of the photography objects surfaces from the photo
images of these objects (V. Seredovich, 2012).
PhotoScan is successfully used both for creating
the models of things and objects of different scales
- from miniature archaeological artifacts to large
buildings and structures, and for building the site
models based on aerial photographs and generation
of height matrices and orthophoto maps based on
these models.

H Agisoft_Ainura.psx* — Agisoft PhotoScan -8
File Edit View Workflow Tools Photo Help
DERA 9 BI0CBR® +A0e X T 8K e e H B0 EE &
Workspace & X Model
BBRb 20X

"2 Workspace (2 chunks, 2 camel
> [ Chunk 12 cameras, 1 md
[ Chunk2 (0 cameras)

Photos
QO X2/ BB -

8 x

10:36

LG s aa0m

Figure 4 — Fragment of processing Agisoft Photoscan program

As a result of processing of photography
materials, it becomes possible to get the three-
dimensional site models in TIN and DEM
formats; 3D site models with a texture from the
original photo images; 3D site models in the form
of point clouds; orthophoto maps of user-defined
resolution in user boundaries and cuts (I.Zhurkin,
2012).

2) Program Erdas Imagine

The universal software product Erdas Imagine,
used in this study for UAV data processing, in order
to improve the quality and accuracy of the results.
It consolidating remote sensing, photogrammetry,
LiDAR analysis, and radar processing into a single
product. (Erdas Imagine Brochure, 2012: 4) This is

an easy software Erdas Imagine supporting multiple
workflows, including:

* Data conversion

* mosaicking

* Land cover mapping

* LiDAR classification

* Spatial modeling and analysis

* Terrain creation

The capabilities of Erdas Imagine can vary
depending on the user’s needs at creating the
geospatial projects: from Imagine Essentials,
through Imagine Advantage, to Imagine Profes-
sional. To increase the productivity and increase
data processing capabilities, allowing to solve
a wide range of tasks related to photogrammet-
ric processing of images, additional specialized
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modules are available. Each subsequent package
includes the previous one and extends its func-
tionality (I.Zhurkin, 2012). The Erdas software

K (D AD R P Untitled:1 - ERDAS IMAGINE 2014
IE vovc | Mensgests  Raster  Vecor  Temain  Toobox  Help  Google Earth
El P T3 Select il ) I O Previous Extent
¥ = b 2
4 Inquire ~ Copy & ® v B Pan — =
Contents Metadata Fitto Reset - Add Link
- < | = Measure - | i Paste Fame - [22] 1:7 - | Views~ Views -
£

Contents B X 2D View #1: sopron_dem]374_1375.mg (Layer_1)
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is designed for fast processing of big data, for
carrying out deep image analysis and creating
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Figure 5 — Fragment of processing Erdas Imagine program

3) Program Fugro Viewer

Another software we chose was the free
program Fugro Viewer, which allows users to
improve the processing of their geospatial data

FugroViewer - [07122015_2(0)_Laser-000_LAS1_2las]

o5 21814] 9l sl O8]

[0 File Settings POl AOI Wind

&[] A S|

Help

ARG
A1 PR

Z00M S 653217.04 478902546
40 ) 6 ena Mol
,-G““" AN ﬂ J I

Figure 6 — Fragment of processing FugroViewer program
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(fugro.com). You can get a three-dimensional
model, longitudinal profile, orthophoto. Suffice
functional program that allows you quickly and
efficiently processing the data.

] |
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Journal of Geography and Environmental Management. Ne4 (47) 2017 39



Modern methods of processing and creating a digital terrain model

Results and discussion

The Photogrammetric, geodetic and mobile laser
scanning serve to obtain qualitative input data. The
necessary accuracy and size of the area of interest
are decisive factors for choosing the appropriate
method for developing the material. (V.Safar ,
Z.Smejkal, 2014). This paper carries useful data
on how to process the data and which software
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parameters should be chosen during MLS or UAV
data processing. The study highlights differences in
the output DEMs depending on various possibilities
of “point cloud” data processing. Nowdays there are
many software tools and applications have appeared
that offer procedures, scripts and algorithms to
process and visualize data (K.Korzeniowska,

2011:271).

LS M  haration 122+

Figure 7 — Program for compare the obtained digital models of Cloud Compare

This set of software and methods for processing
contributed to the purpose of this study: comparative
analysis of survey results to obtain an estimate of
accuracy and improve performance, also various
software tools used for data classification, by carefully

studying digital elevation models (DEM), MLS data
and UAV data. The work was focused on the most
important software tools: both commercial and open
source. It should be mentioned, that achieved results
depend also on spatial resolution of generated DEMs.
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Figure 8 — Comparative evaluation of altitude indicators Digital Elevation Models
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We selected Agisoft PhotoScan data processing
software as a free soft Fugro Viewer for MLS
data processing, as well as the Erdas Imangine
program, which was chosen to improve the quality
of the processed data from the UAV. Models
DEM, created using the analyzed software, were

compared in the program Cloud Compare.

Here in figure 8 it obvious that Erdas and Fugro
Viewer are quite similar distributed but AgiSoft is
more wide. However if we look to distributed of
AgiSoft z histogram it almost repeated the shape of
two cloud data.

Table 2 — The results of the comparison of the processing of survey methods

Type of soft N points min max St.dev Density p ot per Mean Total area

square unit

AgiSoft 4721776 153,48 663,02 118,575 0,40 403,566 11,94
Erdas .

. 18375866 282,44 581,40 69,4653 2,22 (per s unit) 440,067 8,29

Imagine

Fugro Viewer .

for MLS 20966143 254,73 591,54 66,1417 1,44(per s unit) 432,451 14,21

As seen in table 2, Results achieved in this work
show that processing in agisoft I Erdas Imagine
shows a very big difference, although the original
data is the same, performed by the blob, but the Er-
das processing is much closer to the mls data. Ac-
cording to our statement, using a more cost-effective
UAV method will solve the problem of obtaining
more reliable data as a result, giving the same ac-
curacy as MLS, by processing the Erdas data.

Processing in Agisoft and Erdas Imagine shows
shows a very big difference, although the original
data is the same, executed by UAV, but the Erdas
processing is much closer to the MLS data. According
to our statement, using a more cost-effective UAV
method will solve the problem of obtaining more
reliable data as a result, giving the same accuracy as
MLS, by processing the Erdas data.

Conclusion
New requirements on always more superior

map sources for needs of road designing call
for suitable selection of the acquisition method

(M.Fellendorf,2013). In this paper considered 3
types of survey: tacheometric, UAV method and
mobile laser scanning methods of loaded traffic
sections of Almaty city road.

According to above the purpose of this work has
made a comparative analysis of the results of UAV
and MLS data, the processing workflow of survey
has been studied and obtained digital terrain models
(DTM) which give a more an estimate of accuracy
of the investigated terrain. By the goal of our work
has been identified the most effective method for
creating a DTM, that would allows to reduce the
processing time and at the same time leave the
reliability and differentiation.

The efficiency of the obtained DTM realized
by processing Erdas Imagine of UAV data, which
are the same to the results of MLS data. And in
comparison with the processing of the Agisoft
program exceeds by several times. The application
of UAV allows you to quickly and efficiently get
information about the research terrain for further
design and application of deformations of linear
structures.
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