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OIIEHKA TOYHOCTH BECILIATHBIX ITIOBAJTBHBIX
LU®POBLIX MOJIEJIEN PEJILE®A (IIMP) 1 IU®POBLIX MOJIEJIEN PEJILE®A (LIMP)
HA OCHOBE COBETCKHX TONIOT' PAOMTYECKHUX KAPT
JUISI TIPOEKTUPOBAHMS JIOPOT B KBIPTBI3CTAHE

A.K. Bexmypos, A.Y. Yvimvipos

MpoBoanTCcA aHanu3 ToyHocTu BecnnartHon rnoGaneHon LIMP no cpaBHenutio ¢ LIMP, cosgaHHOM no cOBETCKUM
Tonorpacuyeckum kaptam. lNpoBeaeHa oLeHka BO3MOXHOCTY 1cnonb3oBaHus rnobansHon LIMP ans uenen opoxHoro
nnaHvpoBaHus. BeibpaHbl Tpy oTAenbHbIE TEPPUTOPUM C FOPHBIM, XONMWUCTBIM M PaBHUHHBIM penbedoM. [ns atux
TeppuTopuii cosgaHa LIMP no coeetckum Tonorpaduyeckum kaptam macwtaba 1:25 000. Co3gaHHble pactpbl LIMP
3ateM BblunTanuck us rmobaneHbix LIMM SRTM, ASTER GDEM n ALOS. Pe3ynbtaThl BblMMTaHUS NpoaHan“3npoBaHbl
C UCMOMb30BaHWEM CTaTUCTUYECKMX METOAOB W MNOATBEPXKAEHbI Ha3eMHbIMM AaHHbIMU. [lokasaHa BO3MOXHOCTb
3aMeHbl MOCTPOEHHbIX Mo Tonorpaduyeckum kaptam LIMM rmobanbHbiMM AaHHbIMKM ANS pasHblX TEeppPUTOPUN.
PesynkraThbl nccnenoBaHust MOryT GbITb NONE3HbI JOPOXHBLIM UHXEHEPaM, KOTOPbIE 10 CUX MOP MOMb3YHTCH COBETCKMMMU
TonorpadmyeckuMm KapTaMmu nNpu nnaHMpoBaHum gopor. Kpome Toro, HekoTopble pesynbsraTtbl MOTyT ObiTb UHTEPECHDI
cneumnanuctam no MNC, koTopble YacTo ucnonbaytoT rnobansHble LIMP.

Knroyesnle criosa: LIMP; Tonorpadumyeckas kapTa; aHanu3; 4OPOXHOe NnaHupoBaHue; Tonorpadus.

KBbIPTBI3CTAHJA KOJAOPAY JOJBOO0OPIOO YUYYH
COBETTHK TOIIOTI'PA®USIBIK KAPTAJTAPJABIH HETU3UH/JIE TY3YJII'OH )KEPAUH
CAHAPUII MOAEJJAEPUHUH (AKCM) KAHA KEPIUH AKBICBI3 ITTOBAJI/IBIK CAHAPHII
MOJAEJAEPUHHWH (KCM) TAKTBII'BIH BAAJIOO

A.K. Bexmypos, A.Y. Yoimvipos

Byn makanaga coBeTTvk Tonorpadumsanbik KapTanapaaH Ty3ynreH xxepavH caHapun mogenuHe (XKCM) canbliwTebipmanyy
akbicbi3 rmobangeik XXCMauH TakTbirbiHa Tangoo >Kypry3yneT. Byn umavngeeHyH Hermsrm makcatbl - KOMNAOPAY
nnaHjawTbipyy yvypyHaa rnobangpik XKCMau KongoHyy MyMKYHUynyryH acentee. Byn makcaTka XeTyy Y4yH Too,
nebe >xaHa Ty3 penbed Ty3ynywTery y4 TypAyy arWmak TaHganbin anbiHraH. 1:25 000 macwTtabbliHaarbl COBETTMK
TonorpaduAnbIK KapTanapablH xapaaMbl MeHeH owon anmaktap ydyH KCM TtysynreH. AHgaH kuimH SRTM, AS-
TER GDEM xaHa ALOS rnobangbik XXCMpaepuHeH anbiHbIn xxacanraH DEM pactpnapel Ty3ynreH. CanbIwTbipyyHyH
HaTbliXkanapbl CTaTUCTMKamNbIK blkManapabl KONAOHYY MEHEeH 3CENTEenun, Xep YCTYHAery reofesuvsinbik YeKUTTepauH
Xapaambl MeHeH TacTbikTangbl. Tonorpadusinblik  kaptanapgaH Ty3ynreH MXCMgepan rmmobangbik XCM
MaarnbiMaTTapbl MEHEH anMaluTbipyy MYMKYHUYYNyry ap Kaucbl aimaktapga ganungeHreH. ArnblHraH Hatbliixanap
XONAy NraHAawTbipyy MakcaTbiHAa COBETTUK Tornorpadusnbik KapTanapAbl KONgoHYM Kemne XaTKaH Xomn UHXeHepnepu
YYYH naganyy 6onywy mymkyH. OwoHAon ane, avpbiM adbinbiwTap rmobangbik XXCMaepaun ken kongoHroH MMC
aanCTeEPU YUYH KbI3bIKTYy 60MyLLy MYMKYH.

TytiyHOyy ce3dep: XXCM; Tonorpadumsanbik kKapTa; Tangoo; Xxongopay nnaHaalTeipyy; Tonorpadus.

Becmnux KPCY. 2020. Tom 20. Ne 12 169



Cmpoumenbcmeo u apxumexmypa

ACCURACY ASSESSMENT OF FREE GLOBAL DIGITAL TERRAIN MODELS (DTM)
AND DIGITAL TERRAIN MODELS DTM BASED ON SOVIET TOPOGRAPHIC MAPS
FOR ROAD PLANNING IN KYRGYZSTAN

A.K. Bekturov, A.U. Chymyrov

This article analyses the accuracy of free global DTM comparatively to the DEM generated from Soviet topographic
maps. The main goal of this research is to estimate the possibility of utilising global DTM for the road planning’s purpos-
es. In order to reach this aim, three separate territories with mountain, hill and plain topography were chosen. A DEM
was generated for those territories from 1:25 000 scale level of Soviet topographic maps. The generated DEM rasters
where then subtracted from SRTM, ASTER GDEM and ALOS global DTMs. Results of the subtraction were analysed
using statistical methods and verified with ground data. The Possibility of the replacement of DTMs generated from
topographic maps by the global DTM data was proven for the different territories. The results obtained could be useful
for the road engineers who still use Soviet topographic maps for the purposes of road planning. Also, some of the find-
ings might be interesting for GIS-professionals who frequently use global DTMs.

Keywords: DEM; topographic map; analysis; road planning; topography.

Introduction. Road planning in mountainous region is a complicated problem relating economic and en-
vironmental considerations. Designers should evaluate sufficient number of alternative routes to locate a final
route with the lowest total cost, while conforming to design specifications and environmental requirements.
The current mountain road design systems are not developed to provide a designer with large number of alter-
native paths. They are generally used to make the mathematical calculations required in manual road design.
Besides, they are not capable of minimizing total cost of construction, maintenance, and transportation costs,
or aiming for least environmental impacts. One of the best instruments to utilize is a Digital Terrain Model
(DTM), these are widely used as a basis for the purposes of road planning. DTM’s are a crucial part for find-
ing of the best path for the road itself and locating of all the turns and crossings.

A modern DTM could be obtained by different ground and remote methods. Among them could be the
aforementioned traditional topography surveys, GNSS-methods, methods of analog and digital photogram-
metry, LIDAR-scanning, hydro location, radiolocation, satellite altimetry and interferometry. However, most
of these methods are costly and that’s the main reason why they are not very popular in the Post-Soviet states.
Instead of these methods road planners and engineers are using Soviet topographic maps of different scale
levels. Contours and elevation points are digitized from those maps and became source for the DTM creation.

The usage of Soviet topographic maps as source of the data for the DTM creation have a lot of disadvan-
tages. The most serious of all, is that the Soviet maps were last time updated approximately 30 years ago and
therefore are significantly outdated. The digitization of contours is also a very time consuming and tedious
job with high probability of errors. Road planners do however in many Post-Soviet states (and especially in
Kyrgyz Republic) still prefer to use Soviet topographic maps because their accuracy meets the requirements
of regulatory documents which are mandatory for usage by planning engineers.

Global elevation models, like ASTER GDEM, ALOS or SRTM, on the other hand provide elevation data
that are actual and convenient for the processing. Although these sources are rarely used by road planers at
Post Soviet countries, because they considered as “imprecise” compared to the Soviet topographic maps [1].

Aim of the study. To estimate the accuracy of global altitude data SRTM, ASTER GDEM and ALOS
PRISM comparatively to topographic maps of scale 1:25 000 for various types of terrain (plain, hilly and
mountain) at the territory of the Issyk-Kul region of Kyrgyz Republic (Fig. 1). Analyze the results of the com-
parison and estimate possibility of usage of this data for road planning.

The choice of the studied area is due to the characteristic’s, uniqueness and peculiar contrast of the topo-
graphical structure. Parameters of the selected areas are shown on the Figure 2 and this is territorially limited
by trapezes of the corresponding map sheets (maps nomenclature).

Previous research on the subject. The question of the accuracy of SRTM models for the territory of
Osh oblast on Kyrgyz Republic was studied in 2007 by A. Djenaliev (Djenaliev A., 2007). He analized an
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assessment of the quality of SRTM’s DEM and notes that despite the relevance of research data for the rest of
Kyrgyz Republic, publications on the accuracy of such models is absent [2].

The accuracy of the SRTM matrix was studied by scientists from different countries. A. Karwel and
I. Evoic estimate the error of SRTM matrix with the following values: for plain terrain — 2.9 m, hilly —
5.4 m (Karwel A., 2008). In their view, the SRTM matrix meets the requirements for contour creation on
topographic maps with a scale of 1:50 000 and smaller, and can also be used to create orthophotomaps based
on high resolution satellite imagery.

An ASTER mission took place, and stereoscopic images of a significant surface area between 83° north
latitude and 83° south latitude were obtained at the end of 1999. Subsequent generation of DTM’s with a reso-
lution of 15 m in one pixel stimulated a new round of research.

The using of methods of DEMs analysis are very helpful in solving road planning problems. The DEM ac-
curacy analysis and modern methods of processing satellite images in this field was studied by A. Bekturov [3].

T. Ha, N. Zhusupov tested SRTM matrices for geographically dispersed objects, one of these was carried
out for Central Asia region, and it is possible to assert that the specified data can be applied for updating of
topographic bases of territories, for which no other survey data exsits [4].

Methodology. First of all, SRTM, ASTER GDEM and ALOS PRISM data was downloaded from the
USGS Earth Explorer service. The research territory is covered by the scenes of SRTM, ASTER GDEM and
ALOS PRISM data. All datasets were stored in signed 16 bit GeoTIFF raster with WGS-84 coordinate system
and EGM96 vertical datum. Using ArcGIS “Extract by Mask” tool and vector footprints of the chosen 1:25
000 scale topographic maps (lists: K-43-48-b-1, K-43-48-A-1, K-43-57-b-a) from each elevation raster was
extracted part that was covered by the topographic maps. After the extraction obtained nine separate rasters
(three rasters for the SRTM three rasters for the ASTER GDEM and three rasters for ALOS PRISM). All
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Fig. 1. The scheme of the investigated territory within the nomenclature sheets of topographic maps of different scales
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Fig. 2. Elevation characteristics of the researched polygons

these rasters were reprojected to Pulkovo 1942 Gauss Kruger zone 13N coordinate system (EPSG:28473) and
resampled to the 30-meter resolution. This was done to ensure that all the raster’s have the same extent, reso-
lution and coordinate system and therefore could be compared with each other.

Soviet topographic maps were scanned from the paper sources, stored in the unsigned 8-bit JPEG ras-
ter’s and georeferenced in Pulkovo 1942 Gauss Kruger zone 13N coordinate system. The overall number of
the rasters was three on scale 1:25 000, lists: K-43-48-b-r for the mountain area, K-43-48-A-B for the hilly
area and K-43-57-b-a for the plain area. Contours and elevation points were digitized for each of the map and
stored in the separate shapefiles. Then, with ArcGIS “Topo to Raster” tool nine separate DTMs were gener-
ated. The resolution of each DTM was set to 30 meters to match the resolution of the SRTM, ASTER GDEM
and ALOS PRISM rasters. All the other parameters of the “Raster to ASCII” tool were set accordingly to the
general requirements of DTM generation.

To make a comparative analysis of the DTM generated from the SRTM and other two free global DTMs
a map algebra spatial analysis technique was utilized. Using the ArcGIS Raster Calculator tool, each of the
rasters generated from SRTM was subtracted with rasters using ASTER GDEM and ALOS PRISM eleva-
tions. Also, the ASTER GDEM raster was subtracted from the ALOS PRISM raster. Therefore, the overall
number of the rasters generated by this tool is equal to nine and each of them represents elevation difference.
For instance, raster SRTM-ASTER.tif represents elevation difference between DEM generated from SRTM
and ASTER GDEM raster. On the Figure 3 presented geoprocessing model that was used for the generation
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Fig. 4. The rasters of surface’s difference according to different sources of DTM data
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of every elevation difference raster and on Figure 4 is a nine-elevation difference raster for the 1:25 000 scale.
These were used as a basis for the further statistical analysis.

For the calculation of statistical indicators in the above-mentioned study, the following equations have
been used:
average:

(@)=L, m

where d — height difference of two matrices in a cell and N — number of cells
d=H, -H, (2)

standard deviation:

o=y 3)

value that with probability will not exceed 90 %
(LE90)=1.645x 0 “4)

(LE95)=1.96 x o value that with probability will not exceed 95 %

(LE95)=1.96x0 . (5)

Statistical processing of high-altitude matrices was performed in the environment of the Microsoft Office
Excel 2013 table processor, this is shown in the Table 1.

From the results obtained, it can be seen that the accuracy of SRTM data is pretty high. On the area en-
closed by the map sheet K-43-48-B-a (plain territory), the proximity of the mean value and the mean-square
deviation is observed, indicating a systematic error. If we consider the situation in the indicated area (see Fig.
2), then it can be noted that a large part is covered with stones, which greatly distorts the results in height.
Analyzing the mean square deviation in Table 1, the tendency of its direct dependence on the type of relief of
the territory is revealed.

As in the previous case, a separate comparison of the ASTER GDEM, ALOS PRISM and SRTM matri-
ces among themselves (see Table 2), similarly revealed a systematic error in the plain area of the study, due to
the presence of territories covered with stones and vegetation.

The SRTM, ALOS PRISM and ASTER GDEM elevation matrices can be analyzed more precisely by
grouping the differences that, with a given probability of 90%, these do not exceed the deviations of the char-
acteristic point height estimate from its true height (see Table 3).

The standard deviation calculation for study areas based on the reference data are mentioned in Table 1.
Standard deviation table shows that the least amount of standard deviation for mountain, hilly and plain areas.
The bar diagram of the table is showed in Figure 5.

Since, in ASTER with SRTM data comparison case (Fig. 5), such groups did not exceed the range
from —15 to +15 m, it was decided to take them for a clear comparison for the construction of the three cor-
responding histograms.

ALOS PRISM data compared with SRTM showed good results, which range from --19 to +19 m;

ASTER GDEM data compared with SRTM showed slightly weaker results (Fig. 6). In the case of the
mountain areas, for a scale of 1:25 000 it took an interval of —24 to +24 m.
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Table 1 — The statistical parameters of map’s height difference DTM by topographical maps
and matrix data SRTM, ASTER GDEM and ALOS PRISM
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Fig. 5. Standard deviation comparison of free DEM’s
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Table 2 — Ranges of deviations of high-grade DTM markings satisfying the condition LE90
for different scale and conditions of relief

Scale 1:25000
Height matrix SRTM - ALOS PRISM | ASTER GDEM - ALOS
Relief type SRTM - ASTER GDEM (AW3D30) PRISM (AW3D30)
Plain [15 +15] [-4 +4] [-15 +15]
Hilly 14 +14] [-11 +11] [-15 +15]
Mountain [-21 +21] [-19 +19] [-24 +24]
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Fig. 6. DEM Elevation Error Distribution Histogram for different scales and terrain conditions

Given vertical scale at Figure 5 is characterized by a smaller difference and being in close proximity to
the reference values. However, in case there is a clear tendency: on a plain type of terrain, a greater number of
values are characterized by smaller standard deviations in relation to reference heights, and vice versa, with
the transition to a more complex topography, the trend is reversed.

The quality of DTM can be estimated by comparing the results obtained with the normative values of the
mean square deviation of the definition of the height position of the point. According to basic guidelines for
the creation of the topographic maps, at each maps sheet of the 1:25 000 scale must be at least three points
of the horizontal and vertical geodetic basis, including the points of the state geodetic network, geodetic net-
works of congestion and points of sampling networks fixed on the ground by the centers.

Control points were selected exclusively on the open, mountainous, hilly and plain territories (Table 3).
The obtained results showed significantly less error in the SRTM matrix compared to the ASTER GDEM and
ALOS PRISM matrix in almost all the cases. The emergence of maximum differences has quite objective rea-
sons. Thus, we can assume that a slight linear displacement in any of the directions would give a completely
different result. In this case, everything is limited to raster resolution capabilities.

Results. The use of statistical estimation methods is justified, but with greater probability it is possible to
establish the accuracy of the created model of the study area relief. Instead, comparing the results of a model
to individual points can lead to a probable fall in the point of anomalies, which exceeds the value LE90.

Of all the constructed difference maps, without correlation and coefficient of variation is specific for the
DTM SRTM of plain (6.00 m), hilly (25.40 m) and mountain (21.90 m), which indicates that these DTMs are
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Table 3 — Difference of high values of global surfaces with respect to separate markings of topographic maps

Reli The name of the point | Height on Height He1gh§ Height
clief State Geodetic Network | topographic | onmatrix | d,m | %0 matrix dm | %0 ALOS d, m
pograp , > )
type or altitude mark map, m SRTM, m ASTER PRISM
’ ’ GDEM, m (AW3D30)
Chon Taldy-Bulak river 1785.20 1783.00 2.20 1780.00 5.20 1785.00 0.20
Plain Orto Taldy-Bulak river 1826.00 1825.00 1.00 1827.00 -1.00 1825.00 1.00
pumping station 1725.00 1719.00 6.00 1716.00 9.00 1721.00 4.00
Kok-Dobo mountain 2629.50 2608.00 | 21.50 | 2621.00 8.50 2624.00 5.50
Hilly Uch-Kungey pass 2198.00 2199.00 | -1.00 2196.00 2.00 2203.00 -5.00
geodetic point «2513.4» |  2513.40 2488.00 | 25.40 | 2491.00 | 22.40 | 2501.00 12.40
At-Zhailoo river 2591.10 2610.00 |-18.90| 2620.00 |-28.90| 2623.00 | -31.90
Mountain Bakhtiyar spring 2560.40 2567.00 | -6.60 2553.00 7.40 2545.00 15.40
geodetic point «2824.9» |  2824.90 2803.00 | 21.90 | 2791.00 33.90 | 2795.00 | 29.90

as close as possible than other DEMs to topographic maps of scale 1:25 000. This is indicated by the histo-
gram of the distribution of heights of the DTM (Fig. 4).

The results for ASTER GDEM shows following numbers: for plain (9.00 m), hilly (22.40 m) and moun-
tain (33.90 m)

The results for ALOS PRISM for the same area and scale had map difference larger (for the flat —4.00 m,
the hilly — 5.50 m and mountains — 31.90 m).

Conclusions

Obtained results allow the following conclusions to be drawn.

1. SRTM data, with proper correction and analysis, fall within the acceptable accuracy range for the
purposes of road planning.

2. The use of open radar interfacing data allows achieving a tangible economic effect. DTMs built on
their basis can be used in surveys at the stage of feasibility study, for tracing the passage of linear struc-
tures, etc.
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