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Abstract: Results of evaluation of using two automated methods for landform recognition —
modules r.param.scale and r.geomorphon in GRASS GIS - for the purpose of fuzzy delimita-
tion of mountain peaks in multi-scale manner are presented. For the analyses, some of the
most famous and frequent hiking destinations in Sovakia and two different DEM resolutions
were selected. For both tested methods and DEM resolutions, we applied various settings to
evaluate the most suitable ones. Conseguently, we assessed accuracy of the landform extrac-
tion against a dataset of spot heights from topographic maps and evaluated to which degree
such mapsreflect the terrain itself. In conclusion, results of this study could present contribu-
tion not only for geomor phol ogists but also for the general public by providing different per-
ception of the surrounding landscape from general paper maps when hiking or walking in
mountains.
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I ntroduction

Fisher et al. (2004) asked in their paper one simple question: “Where is a mountain?” This,
however, does not seem to have one simple or consistent answer. The most common answer
in the country with terrain as in Slovakia would be that it is the area with the atitude higher
than the altitude in the adjacent area, i.e., higher forms el evated above their surroundings (e.g.,
High Tatras Mts. above Podtatranskéa kotlina basin). Another ssmple answer could be that the
mountain is where the highest point or summit is situated. However, such answers contain
many ambiguities. On the contrary, we could at least agree that mountain is not represented by
amere point or summit; it has a spatial extent consisting of various parts. Therefore, mountain
is not a so-called bona fide object, with real and crisp boundaries, but it can be interpreted as
aso-called fiat object, strongly dependent on human definition and having variable boundaries
(Fisher et al. 2004). Based on this, we can conclude that some landforms are clearly part of a
mountain (e.g., the highest points or ridges), some have dightly smaller membership
(e.g., dopes downwards from the ridges) and some have transitional or unclear membership
(e.g., foothills or their adjacent slopes), suggesting that mountains do not have sharp bounda
ries that would separate them from their surroundings (Mark and Smith 2004). This statement
suggests that the concept of mountain as well asits parts (partial landforms) is vague, mainly
in definition of their spatial extent (Fisher et al., 2004). Therefore, approaches to landform
classification can be subdivided into two groups - rigid (e.g., sharp) and continuous
(e.g., fuzzy) (Burrough et a. 1997 in MacMillan et al. 2000). In sharp classification (i.e., clas-
sic set theory), an object (i.e., grid cell) isassigned by either value 1 (if it belongs to the class)
or value O (if it does not belong to the class). In fuzzy set theory, this binary perception is
replaced by a membership function, with an object assigned in the interval <0, 1> (1 represents
full and 0 no membership) based on its similarity to the class description (Fisher et al. 2004,
Minar 2006). The same fuzzy logic can be applied not only to the landform definitions but also
to geomorphological regions (e.g., mountains or basins) or elementary terrain forms (Minar
et al. 2016). Background to the notion of vagueness in geography can be found in works of
Varzi (2001) or Smith and Mark (2003), wherein authors ask a philosophical question if moun-
tains exist and anal yse an ontology of landforms.
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This study is focused on fuzzy identification or delimitation of the most prominent and
undeniable parts of the mountains — their highest parts (peaks) — and is inspired by the previ-
oudly cited work of Fisher et a. (2004), wherein multi-resol ution approach to the definition of
fuzzy set membership of morphometric classes of landscape is applied in the Lake District
(England). However, the presented study analyses only one of the six morphometric classes
included originally — peaks. Therefore, results of fuzzy recognition of some of the most popular
and frequently hiked mountain peaksin Slovakia are presented.

Work of Fisher et al. (2004) was expanded and modified in Fisher et a. (2005), wherein
they applied multi-resolution classification as the basis of the morphometric classes as fuzzy
sets to the Ben Nevis area (Scotland) and the Ainsdale coastal sand dunes (England). Similar
issues were dealt with also in other studies;, Deng and Wilson (2008) mapped mountain peaks
as multi-scale fuzzy entities with modifiable boundaries and variable contents in the Santa
Monica Mountains (California), Podobnikar (2012) focused on detection of mountain peaks
and delineation of their shapes using DEM and autometrical methodological proceduresin the
Kamnik Alps (Slovenia), Schmidt and Hewitt (2004) presented fuzzy land element classifica-
tion from DTMs based on geometry and terrain position applied on different landscapes of the
New Zealand South Island, and Sa3ak and Gallay (2014) presented multi-scale analysis of
Spisska Magura Mts. (Slovakia) using r.param.scale tool.

The main aims of the presented study are to eval uate suitability of two GRASS GISterrain
classification methods (r.param.scale and r.geomorphon) for mountain peaks recognition, ap-
plied on severa peaks with various shapes and properties located in different mountains in
Slovakiausing two input DEMs different in resol ution and, subsequently, to eval uate accuracy
of peak representation as spot heights in the reference map — (topographic map of scale
1:10 000. Comparison of the two computationally different approaches and their application
on several mountain peaks differing in their shape and situation can be considered as original
contribution to the fuzzy topic in geomorphology.

Material and methods

Location of the 12 analysed mountains peaks within the territory of Slovakiais shown in
fig. 1. Tab. 1 lists the peaks with their elevation values extracted from spot heights in the
reference map and input DEM s and slope gradient values extracted from the input DEMs. The
peaks were chosen based on several criteria — local knowledge of the author as well as their
popularity among tourists and hikers.
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Fig. 1. Position of the analysed mountain peaks within Sovakia; numbers of peaks
correspond to the ID numbersin tables
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As an elevation input, two DEMs with different spatial resolution were used: coarser one
was a section of freely available global SRTM model with 30-meter resolution (USGS 2016)
and finer one was DEM with 10-meter resolution derived from contours of a topographic map
in scale 10:000 (GKU SR). Two methods of automated landform classification performing
multi-scale calculations in GRASS GIS software were tested: the r.param.scale tool (Wood
2009) classifying terrain according to different geometries of individual landforms (classifica-
tion is based on different values of the first and second derivatives of elevation) and the r.ge-
omorphon tool (Jasiewicz and Stepinski 2013) representing new and progressive approach to
terrain classification based on its overall topographic pattern (it uses computer vision as a sub-
stitute to human visual terrain classification). Analyses of landform classification (feature ex-
traction in r.param.scale and terrain form calculation in r.geomorphon) for 30-meter DEM
were carried out using 10 rowing window sizes of 5x5, 11x11, 17x17, 23x23, 29x29, 35x35,
41x41, 47x47, 57x57, 67x67 cells, representing areas with planimetrical sizes from 150 to
2010 m. For 10-meter DEM, 15 rowing window sizes from 5x5 to 89x89 cells (with an equal
increment of 6 cells) were used, representing areas with planimetrical sizes from 50 to 890 m.
Different rowing window sizes, used due to different resolution of input DEMs, allowed usto
evaluate the its effect on the method performance.

Tab. 1. List of analysed mountain peaks with values of elevation and slope gradient

Mountain peaks Elevation (m a.s.l.) Slope gradient (degr ees)
ID Name Topo.map DEM 10m SRTM30m DEM 10m SRTM 30m
1 Bystra 2248.40 2241.63 2221 14.03 7.51
2 Dumbier 2046.90 2049.23 2009 7.96 36.09
3 Gerlachovsky Stit 2654.40 2651.17 2588 26.34 8.98
4  Chleb 1647.00 1639.53 1624 17.24 2.90
5  Chopok 2023.60 2022.34 1998 10.44 8.10
6  KojSovska hola 1245.70 1243.13 1238 10.61 6.47
7  Kralova hola 1946.10 1945.02 1936 5.08 5.48
8  Krivan 2494.70 2488.03 2415 25.97 29.47
9  Ostredok 1596.00 1592.67 1587 6.04 422
10 Slavkovsky stit 2452.40 2449.26 2405 12.45 7.66
11 Velky Cho¢ 1607.10 1602.58 1593 15.03 11.73
12 Velky Krivan 1708.70 1704.32 1681 18.09 15.91

With the direct relationship between its value and the likelihood of an analysed cell being
identified as peak, the slope tolerance parameter in the r.param.scale module is crucial (Wood
1996 in Fischer et al. 2004). This statement was tested and confirmed here as well. As we
wanted to set the most representative value, we sampled 33 various mountain peaks all over
Slovakia with different shapes and properties. The value was calculated as their mean slope
gradient value, i.e., 8.73° for 30-meter DEM and 11.62° for 10-meter DEM. Other parameters
were |eft as default.

In r.geomorphon the flatness threshold parameter (relatively similar to the slope tolerance
parameter in r.param.scale) was left as default (1°), since it showed no influence on peak (or
summit, as called in the module) delineation in the testing phase. Other parameters were left
as default, too.

The calculation of membership of araster cell to peak landform (i.e., fuzzy membership
calculation) was carried out according to the formula used in (Fisher et al. 2004):
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where [ is fuzzy membership of araster cell to peak landform, wis aweight applied to each
scale (i.e., rowing window size), mis a binary variable expressing presence of peak, nis
number of applied scales (10 and 15 for 30-m and 10-m DEM, respectively). Same weights
w = 1/n were applied to all scales.

Extents of resulting fuzzy area of all peaks were calculated for both memberships: lower
than 0.5 and higher than 0.5.

Results and discussion

Overadl, three aspects of automated peak recognition can be evaluated in this study:

1. Resolution of the input DEM and its effect on differences in peak recognition.

2. Suitability of the algorithm to correctly recognise peaks and its effect on differences in
peak recognition.

3. Influence of topographical accuracy of the spot height designation in the reference topo-
graphical map (scale 1:10 000) regarding the terrain shape (e.g., localisation of triangu-
lation spots not in the exact highest part of peaks on purpose).

In generd, the r.param.scale tool tends to extract much larger fuzzy peak areathan ther.ge-
omorphon tool (this applies to both used DEM resolutions). It is due to the sope tolerance
parameter, which allows recognition of adjacent slopes as peaks when slope gradient valuesfall
within the set threshold. Also, the extracted fuzzy areaisin both methods larger for plainer than
for sharper peaks (e.g., KojSovska hola vs. Gerlachovsky $tit). In r.param.scale this is due to
the mentioned dope tolerance threshold, while in r.geomorphon the extracted fuzzy area tends
to get widened along ridges. Thus, success of the algorithm in peak recognition increases with
the size of the fuzzy area extracted (i.e., spot height localisation falling into the extracted peak
fuzzy area). This areais naturally larger when using coarser input DEM for both used algo-
rithms. Since r.geomorphon tool extracts much smaller fuzzy area, the contained cells have
generaly greater membership to peak (e.g., no cells with membership smaller than 0.5). Next,
the r.param.scale fails to correctly locate peak with slope gradient higher than the used slope
tolerance threshold (e.g., Ostredok or Vel'ky Krivan), which is not the case with r.geomorphon.

Principally, the results from the DEM with 10-meter resolution would be expected to be
more precise than those from the DEM with 30-meter resol ution. However, thiswas not always
the case here, probably because of low quality of some contours or even their absencein high
and sharp mountains such as High Tatras Mts. and Nizke Tatry Mts.

The graphical results of fuzzy recognition of the analysed peaks are depicted in fig. 2to 5
and their fuzzy values (at spot height) and extent of fuzzy areas with membership lower than
0.5 and higher than 0.5 are in tab. 2. The results are complemented with photographs of the
analysed peaks (fig. 6).

According to the results of fuzzy peak area computations (tab. 2) two regularities can be
seen. In the fuzzy area extracted using r.param.scale tool and both input DEMSs, prevailing is
the area with membership to the peak landform < 0.5. This applies to all the peaks and differ-
ence between area with membership < 0.5 and > 0.5 tends to be larger for plain shaped peaks
(e.g., KojSovska hola or Kral'ova hol'a). On the contrary, in the fuzzy area extracted using
r.geomorphon tool and both input DEMS, prevailing is the area with membership to the peak
landform > 0.5 (in some cases it is equal to the area with lower membership). This appliesto
all the peaks except two with plain shape — KojSovska hol'a and Kral'ova hol'a. Thus, since the
extracted fuzzy area using r.geomorphon tool is smaller and contains higher proportion of
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membership to the peak landform > 0.5 for mgjority of the analysed peaks, it should also in-
corporate less ambiguity in their recognition. Though, r.geomorphon tool tendsto extract more
fragmented fuzzy area which in some cases contains more separated objects with membership
> 0.5 separated by areas with smaller membership to the peak landform (e.g., Gerlachovsky
Stit or Chopok. More detailed description of the 12 analysed peaks follows.

Tab. 2. Values of the fuzzy member ship and extent of fuzzy areas for analysed mountain peaks

Method r.param.scale r.geomor phon
Mountain peaks SRTM 30 m DEM 10 m SRTM 30m DEM 10 m

Height Fuzzyarea Height Fuzzyarea Height Fuzzyarea Hejght Fuzzyarea

ID Name spot spot spot spot
memb. <05 >05 memb. <05 >05 memb. <05 >05 memb. <05 >05
1 Bysra 100 038 006 100 0.09 002 093 001 005 100 001 001
2 Dumbier 020 011 002 013 006 003 100 011 013 0.00 0.01 0.02
3 Gerlachovsky §tit 090 049 004 047 007 001 087 004 007 080 0.01 0.01
4 Chleb 080 016 003 053 009 004 087 001 005 100 000 001
5 Chopok 060 047 008 100 008 005 100 005 0.08 100 0.03 003
6 KojSovska hola 090 067 021 100 021 018 060 011 007 080 0.06 0.02
7 Kralova hola 100 072 067 100 018 013 093 010 0.07 090 004 0.03
8 Krivan 020 023 002 013 003 001 093 003 008 070 001 001
9 Ostredok 060 030 007 100 003 003 100 002 006 093 001 003
10 Slavkovsky Stit 100 017 005 100 0.06 002 087 001 007 090 001 002
11 Velky Cho¢ 010 047 004 000 006 003 087 003 007 100 0.03 003
12 Velky Krivan 070 041 012 087 019 005 067 001 003 090 000 001

Fuzzy area of peaks with membership < 0.5 and > 0.5isin kn?

Bystra peak (fig. 2), located in its eastern part on the south spur of the main ridge, is the
highest peak of Zapadné Tatry Mts. (2248.4 m.a.s.l.). View on itsrather sharp shape from west
can be seen from Klin peak in fig. 6, A. The peak is well recognised with both methods and
input DEMs, except for one case (r.geomorphon and 30-meter DEM) with the spot height
located in the fuzzy membership of 0.93. Extracted fuzzy peak areais smaller with r.geomor-
phon and for 10-meter DEM for both tools, as expected.

Dumbier peak (fig. 2) is the highest peak in Nizke Tatry Mts. (2046.9 m a.s.l.), located
in its central part on the main ridge. View on the peak with steep and high northern slopes
from Krdpovo sedlo saddleisinfig. 6, B. Although it was recognised as a peak |andform, it
did not reach good membership value at the spot height; in one case, it is not even located
in the fuzzy peak area. Major reasons are the peak’s location on the edge of a glacial cirque
(i.e., absence of contours on the northern slope influenced the results from the 10-meter
DEM) as well as higher slope gradient value at spot height in 30-meter DEM, which influ-
enced results of the r.param.scal e tool with maximum fuzzy membership reaching only 0.8.
Also, while r.param.scale extracted fuzzy area as one object, r.geomorphon tool subdivided
it into two parts. The separated north-western part apparently contains another peak not
marked in the map.

Gerlachovsky Stit peak (fig. 2), located in its western part on the northern edge of well-
known Gerlachovsky glacial cirque, isthe highest peak in High Tatras Mts. (2654.4 m a.s.l.).
View on its sharp and rocky shape as seen from north-east from Ladovy Stit peak isinfig. 6,C.
Using r.geomorphon and both input DEMSs, the peak was recognised with membership value
at spot height of more than 0.8. Results of r.param.scale for both input DEMs were again in-
fluenced either by missing contours or by higher slope gradient value at spot height. Also, in
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northern part of the fuzzy area with membership > 0.5 r.param.scale with 10-meter DEM sep-
arated another peak that is not marked in the map. Next, r.geomorphon tool with 10-meter
DEM separated southern part of the fuzzy area with membership > 0.5, which is marked in the
map as Gerlachovska veza peak (2614 m a.s.l).

Chleb peak (fig. 3) isthe third highest peak in Mala Fatra Mts. (1647 m a.s.l.), located on
the main ridge of its northern part called Krivanska Fatra Mts. View on its conical shape from
west from Velky Krivan peak can be seen in fig. 6, D. The peak was recognised relatively
well, except for one case (r.param.scale and 10-meter DEM — influenced by gradient value at
spot height slope higher than threshold, with resulting maximum fuzzy membership only 0.8)
with membership at spot height more than 0.8, and the smallest fuzzy peak area extent was
generated with r.geomorphon and 10-meter DEM. Furthermore, r.param.scale tool with 10-
meter DEM partially recognised (membership < 0.5) another peak in north-eastern direction
from Chleb which is hot marked in the map. The same peak was recognised also by r.geomor-
phon tool in fuzzy areawith membership > 0.5 (for 30-meter DEM itislocated in Chleb’sown
fuzzy area, for 10-meter DEM it is separated).

Chopok peak (fig. 3) is the second highest peak in Nizke Tatry Mts. (2023.6 m asl.),
located in its central part on the main ridge with similar properties as Dumbier peak. View on
the peak from east as seen from Deménovské sedlo saddleisin fig. 6, E. Peak was recognised
well, except for one case (r.param.scale with 30-meter DEM) with fuzzy membership val ue of
1, influenced probably by overall terrain pattern. Here, too, was recognised another peak, with
similar properties in terms of its recognition by both tools as in the Chleb peak case. It is
located in south-west and not marked in the map.

KojSovska hol'a peak (1245.7 m a.s.l.) (fig. 3) islocated in eastern part of Volovské vrchy
Mts. dlightly north of the main ridge. View onits plain conical shape with meteorological radar
from its north-western slopes is seen in fig. 6, F. Even though its spot height is not located
exactly in the highest part due to a building with the meteorological radar included in both
input DEMs, it was recognised with relatively high membership values at spot height (more
than 0.8). Results of r.geomorphon with 10-meter DEM (membership at spot only 0.6) were
affected by the previously mentioned | ocation of the height spot. In addition, three partial peaks
arevisible in results of r.param.scale tool. For 30-meter DEM all are located in the fuzzy area
with membership > 0.5 (unseparated by lower membership), unlike for 10-meter DEM, where
al have a'so membership > 0.5 but are separated by lower membership. Based on the field
experience, two of them (excluding the main peak in the centre) can be labelled as small ele-
vations, which are not marked in the map. However, r.geomorphon tool recognised them only
partially, mainly the eastern one (for 30-meter DEM with membership > 0.5, for 10-meter
DEM with membership < 0.5).

Kralova hol'a peak (fig. 4), with its plain shape elongated in east-west direction, islocated
in eastern part of Nizke Tatry Mts. and is the highest peak of so-called Kralovohol'ské Tatry
Mts. (1946.1 m as.l.). View on the peak with a transmitter building as seen from west from
Orlovapeak isinfig. 6, G.

The peak has similar properties as KojSovska hol'a peak (fig. 3), i.e., location of a trans-
mitter and plain shape, which affected mainly the results of 30-meter DEM and r.param.scale
tool (i.e., large extent of fuzzy peak area), but overall it has surprisingly high membership
values at spot height (more than 0.9). Moreover, both tools and input DEMs recognised not
only its own peak, but a so another two el evations, one to the west and other to the east. Eastern
one is unmarked in the map, unlike western one, which is marked in the map as spot height
(1944 m a.sll.) and visible in the photograph in fig 6, G.
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Fig. 2. Fuzzy membership of peak landform of peaks Bystra, Dumbier and Gerlachovsky $tit

extracted using the r.param.scale and r.geomor phon tool with input DEMs with 10 and 30-
meter resolution, numbers of peaks correspond to the ID number in Tables
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Fig. 3. Fuzzy membership of peak landform of Chleb, Chopok and KojSovskéa hol'a extracted
using the r.param.scale and r.geomorphon tool with input DEMs with 10 and 30-meter
resolution, numbers of peaks correspond to the ID number in Tables
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Krivan peak (2494.7 ma.s.l.) (fig. 4) is located at the end of a long ridge of spur jutting out
of the main ridge of High Tatras Mts. in its western part. North-eastern view on the peak with
relatively sharp shape from Koprovsky Stit peak is seen in fig. 6, H. The peak has high slope
gradient at spot height, which affected the results of the r.param.scale tool using both input
DEMs. Moreover, the spot height is not located precisely in the highest part of the peak, there-
fore the membership values at spot height are expect one case (r.geomorhon with 10-meter
DEM) lower than 0.9. With r.param.scale it has membership at spot height only 0.2 and 0.13
using 30- and 10-meter DEM, respectively. Both methods using 30-meter DEM as well as
r.param.scale using 10-meter DEM resulted in maximum fuzzy membership of only 0.7, which
is probably affected by overall accuracy of the used DEMs. Also, r.geomorphon tool with 30-
meter DEM extracted fragmented fuzzy area with membership > 0.5.

Ostredok peak (fig. 4), located in its southern part on the main ridge, is the highest peak in
Velka Fatra Mts. (1596 ma.s.l.). Infact, it hastwo peaks ca. 300 metres apart - lower northern
one (1593 mas.l.), which wasfor along time considered and marked as the highest point, and
slightly higher southern one, which is analysed. View on their indistinctive and plain shape as
seen from east from Frékov peak is in fig. 6, I. Overall, both methods and input DEMs per-
formed well in its recognition with at spot height membership more than 0.9, except for one
case (r.param.scale with 30-meter DEM with at spot height membership 0.6). Its composition
of two peaks mostly affected the results of r.geomorphon extracting the fuzzy area as an elon-
gated ridge line connecting the peaks together. In addition, r.param.scale tool with 30-meter
resolution DEM surprisingly connected fuzzy area not with the northern partial peak but with
another unnamed peak marked in the map as spot height (1545 m as.l.).

Slavkovsky S§tit peak (fig. 5), located in the central part of High Tatras Mts. (2452.4 m
a.s.l.), hasbroad, burly and relatively plain shape, with sharp edges though. Northern view on
the peak as seen from Priecne sedlo saddle is in fig. 6, J. Surprisingly, regarding its plain shape,
both methods and both input DEM s performed quite well in its recognition (membership value
at spot height higher than 0.8 with small extent of fuzzy peak area). In 1813 a massive rock
blocks collapsed from peak down to Velka Studena dolina valley, where it is still visible to
this day. According to assumptions, Slavkovsky §tit peak could have been the highest peak of
High Tatras Mts. until this event.

Velky Cho¢ peak (fig. 5) is the highest peak in Cho¢ské vrchy Mts. (1607.1 m a.sl.), lo-
cated in its south-western part. View on the peak as seen from south-east from Poludnica peak
(Nizke Tatry Mts.) isinfig. 6, K. It has pyramid-like rugged shape with steep slopes, relatively
small extent of the highest part and no centralised spot height. Thus, the r.param.scale tool did
not perform well in its delineation with either input DEMs (membership values at spot height
0.1 and 0, respectively). On the other hand, the r.geomorphon tool handled this shape better,
with both input DEMs reaching membership values at spot height higher than 0.8 and rela-
tively small fuzzy area extent.

Velky Krivan peak (fig. 5) is the highest peak in Mala Fatra Mts. (1708.7 ma.s.l.), located
on the main ridge of its northern part called Krivanska Fatra Mts. Western view on its sharp
and conically shaped peak as seen from Pekelnik peak isin fig. 6, L. Even though maximum
fuzzy membership values are 1 for both methods and input DEMs, fuzzy membership at spot
height haslower values. Results of r.param.scale using 30- and 10-meter DEM reach member-
ship values of 0.7 and 0.87, respectively. The tool was influenced mainly by slope gradient
value at spot height higher than the set threshold. Results of r.geomorphon have not full mem-
bership at spot height (0.9 and 0.67), either, which was probably affected by the peak’s shape.
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Fig. 4. Fuzzy membership of peak landform of peaks Kralova hol'a, Krivan and Ostredok ex-
tracted using the r.param.scale and r.geomor phon tool with input DEMs with 10 and
30-meter resolution, numbers of peaks correspond to the ID number in Tables
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Fig. 5. Fuzzy membership of peak landform of peaks Slavkovsky stit, Velky Cho¢ and Velky
Krivan extracted using the r.param.scale and r.geomorphon tool with input DEMs with
10 and 30-meter resolution, numbers of peaks correspond to the ID number in Tables
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Fig. 6. Photos of view on the analysed peaks: Bystra (A), Dumbier (B), Gerlachovsky &tit
(C), Chleb (D), Chopok (E), KojSovska hol'a (F), Kralova hola (G), Krivan (H),
Ostredok (1), Slavkovsky §tit (J), Velky Cho¢ (K) and Velky Krivar (L),
photos by Vladimir Macak
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Conclusions

We successfully applied fuzzy membership logic on recognition of some of the most
known mountain peaks in Slovakia using two automated landform classification methods in
GRASS GIS as well as two different DEM resolutions. Overall, the r.gemorphon tool per-
formed better than the r.param.scale tool for this purpose (due to the great impact of input
slope tolerance parameter in the case of r.param.scale tool), and the DEM resolution (30 vs.
10 meters) did not have great effect on the results. However, using finer resolution is more
appropriate, and it would be even more proper to apply these methods on high-resolution DEM
representing actual terrain (e.g., LIDAR-based). To remind, these 12 selected mountain peaks
were used only as examples for evaluation of suitability of this approach, thus the study calls
for extension. Nevertheless, the results of this study could be a contribution for geomorpholo-
gistsin terms of providing comparison of two computationally different approaches for appli-
cation in fuzzy recognition of several mountain peaks different in shape and situation. More-
over, contribution can also be for the general public by providing different perception of the
surrounding landscape from general paper maps when hiking or walking in mountains.
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Viacmierkové rozpoznavanie vybranych hor skych vrcholov zDMR
na Slovensku zaloZené na tvare georeliéfu

Peter BANDURA

Zhrnutie: Téma exaktngj a fuzzy logiky aplikovana na urcenie rdznych hranic patri k naj-
diskutovanejSim problematikam v geomorfoldgii (napr. definicia hranic regionov, foriem
alebo elementarnych foriem georeliéfu). Vdaka neustalemu vyvoju pokrocilych automatizo-
vanych metdd a pristupu ku globalnym DMR s €oraz vy$Sou presnostou sa moznosti rieSenia
takychto problémov zlepSuju. Tato Stadia sa inSpirovala v pracach, ktoré tito tému spraco-
vavajU, a je zamerana na fuzzy rozpoznavanie vrcholovej formy georeliéfu viac-mierkovym
pristupom. Zhodnotili sme dve automatizované metody klasifikacie foriem georeliéfu imple-
mentované v softvéri GRASS GIS - néastroj r.param.scale, ktory klasifikuje georeliéf podla
rozdielnej geometrie jednotlivych foriem, a nastroj r.geomorphon, ktory reprezentuje novy
a progresivny pristup ku klasifikacii georeliéfu podl'a jeho celkového topografického vzoru.
Na analyzy sme pouZili niektoré z najznamejsich a turisticky ¢asto navstevovanych horskych
vrcholov na Slovensku s rozlicnymi tvarmi a vlastnostami (napr. vo Vysokych a Nizkych
Tatrach, Velkej a Malej Fatre) a dva DMR s roznym rozliSenim — globalny model SRTM
s 30-metrovym rozliSenim a DMR interpolovany z vrstevnic topografickej mapy v mierke
1:10 000 s vyslednym 10-metrovym rozliSenim. Velkosti plavajldceho okna sa nastavili roz-
liCne pre oba vstupné DMR, aby sme zistili, i to ovplyvni vysledky metéd. Vysledné rozpo-
znané fuzzy plochy vrcholov sme porovnali s prislusnymi kétami v referencnej mape - ¢asto
vyuZivanej topografickej mape v mierke 1:10 000. Analyza presnosti bola vykonana vizual-
nym hodnotenim, hodnotou fuzzy prislusnosti na mieste koty, maximalnou hodnotou fuzzy
prislusnosti a rozlohou fuzzy plochy. Celkovo lepSie vysledky dosiahol nastroj r.geo-
mor phon, ktory na rozdiel od nastroja r.param.scale, v ktorom je pre rozpoznavanie vr cho-
lov rozhodujlci parameter tolerancie sklonu (nastaveny bol na priemernt hodnotu skionu
vietkych vzorovych vrcholov), neovplyvnili vstupné parametre ani geometria georeliéfu. Us-
pech rozpoznania vrcholu zavisi aj na jeho celkovom tvare a vlastnostiach. Grafické vy-
sledky st doplnené turistickymi fotografiami analyzovanych vrcholov. KedZe analyzované
vrcholy sldzili len ako priklady na zhodnotenie prezentovaného pristupu, existuje stale pries-
tor na dalSie analyzy (napr. pouZitie DMR s vysokym rozliSenim). Napriek tomu mézu byt
vysledky tejto prace prinosom nielen pre geomorfoldgov, ale aj pre laick( verejnost, ktorej
mozu pocas tdr alebo prechadzok v horach poskytnit iny pohl'ad na vnimanie krajiny na-
okolo ako obycajné papierové mapy.

-120-



Tab. 1. Zoznam analyzovanych horskych vrcholov s hodnotami nadmorskych vySok a sklonu
georeliéfu
Tab. 2. Hodnoty fuzzy prislusnosti a rozlohy fuzzy plochy pre analyzované horské vrcholy

Obr. 1. Lokalizacia analyzovanych horskych vrcholov v ramci Sovenska

Obr. 2. Fuzzy prislugnost k vrcholovej forme pre vrcholy Bystra, Dumbier a Gerlachovsky Stit
odvodena nastrojmi r.param.scale a r.geomoprhon so vstupnymi DMR s rozliSenim 10 a
30 metrov

Obr. 3. Fuzzy prislusnost’ k vrcholovej forme pre vrcholy Chleb, Chopok a KojSovska hola
odvodena nastrojmi r.param.scale a r.geomoprhon so vstupnymi DMR s rozliSenim 10 a
30 metrov

Obr. 4. Fuzzy prislusnost’ k vrcholovej forme pre vrcholy Kralova hola, Krivan a Ostredok
odvodena nastrojmi r.param.scale a r.geomoprhon so vstupnymi DMR s rozlisenim 10 a
30 metrov

Obr. 5. Fuzzy prislusnost’ k vrcholovej forme pre vrcholy Slavkovsky Stit, Velky Choc a Velky
Krivan nastrojmi r.param.scale a r.geomoprhon so vstupnymi DMR s rozliSenim 10 a
30 metrov

Obr. 6. Fotografie pohl'adov na analyzované vrcholy: Bystra (A), Dumbier (B), Gerlachovsky
§tit (C), Chleb (D), Chopok (E) and KojSovska hola (F), Kralova hola (G), Krivan (H),
Ostredok (1), Slavkovsky §tit (J), Velky Cho€ (K) a Velky Krivan (L); autor fotografii: Vla-
dimir Macék
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