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ASSESSMENT OF THE USEFULNESS OF UNMANNED AERIAL 
EHICLES TO INS ECTION OF EROSI E ROCESSES  

ALONG TOURIST TRAILS IN TERMS OF 
GEOMOR HOLOGICAL MA ING

S
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-
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wykorzystano do wygenerowania wysokorozdzielczej ortofotomapy oraz 
numerycznego modelu pokrycia terenu (NMPT). W ramach prac tereno-
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-
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wa, erozja, kartowanie geomorfologiczne

A

The paper is an attempt to determine the suitability of unmanned 
aerial ehi les  for eomorpholo i al studies  The resear h as 
arried out in the Tatra ational ar  reen trail from y leni ie 

Turnie to aspro y ier h  orpho eneti  pro esses o ur ith hi h 
intensity in this area and give rise to numerous erosive form. A multiro-
tor e uipped ith a non-metri  visible light amera as used for meas-
urements. The a uired data as used to generate a high resolution or-
thophotomap and a digital surfa e model . As part of the in- eld 
data apture  geomorphologi al mapping of the resear h area as ar-
ried out as ell. n this basis  it as possible to assess the suitability 
of the generated  for the geomorphologi al resear h. oreover  the 
orrelation bet een the  and the terrestrial geomorphologi al map-

ping is evaluated. In virtue of obtained data, effects and the intensity of 
tourist trails erosion ere assessed in this part of the Tatra ountains. 
The analysis involved the orthophotomap and the  current data  
as ell as archival data from aerial laser scanning A  conducted in 

. Interpretation of above-mentioned results allo ed to conclude 
that the data originating from UAV is very helpful in geomorphological 
studies. It is possible to determine the level of trails erosion and their 
spatial changes ith high accuracy. urthermore it allo s to assess 
visually and quantitatively the extend of the land transformations (e.g. 
determine the volume of removed roc  aste and soil). In conclusion, it 
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is also possible to prescribe the further course of erosion processes and 
identify areas that might be suffered by erosion in the near future. This 
in turn ill allo  to change trails planning strategy, in order to mini-
mi e the impact of anthropogenic effect caused by intensi ed tourist o s. 
 
K  unmanned aerial vehicles, lo  altitude photogrammetry, ero-
sion, geomorphological mapping

:STĉP

-

-

charakter punktowy, liniowy lub powierzchniowy. 
-

-

-

-

-
-

-

-
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cji zjawisk jest czas nawalnych i intensywnych deszczy. W obydwu tych prze-

-
-

-

-
nudacyjnych (Gorczyca 2000).

geomorfologiczne z wykorzystaniem prostych technik pomiarowych (Fide-

-

i lotnicza, naziemny i lotniczy skaning laserowy czy zobrazowania satelitarne) 

-

i in. 2017;  i in. 2018).
-
-
-

w TPN w aspekcie kartowania geomorfologicznego. 
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m n.p.m.) na szczyt Kasprowego Wierchu (1987 m n.p.m.). Rejon Kasprowego 
-

-
-

-
-

-

-

-
-

-

punktu startu.
-

-
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-
kich Turniach i na Kasprowym Wierchu. Do pomiaru wykorzystano odbiorni-

-
-

-

mx = 20 mm, my = 17 
mm i mh mxy = 

mxyh = 35 mm.

Tabela 1. 
Table 1. Errors of points coordinates of the photogrammetric control

2bs]ar mx [mm] my [mm] mh [mm] mxy [mm] mxyh 
[mm]

– 17 15 21 22 31
– Kasprowy Wierch 23 19 26 30 40

-
-

we parametry zestawiono w tabeli 2.

Tabela 2.
Table 2.

 2bs]ar

Lic]ba 
punktyZ 

ZiąĪących  
(T  )

Lic]ebnoĞü 
chmury  
punktyZ 

Ro]miar  
piksela  

ortofotomapy 

Ro]miar  
siatki 

NMPT 

– 587 015 809 605 131 20 mm 40 mm
– Kasprowy Wierch 1 510 834 1 039 351 322 15 mm 30 mm



cena pr ydatno ci be a ogo ych stat  lata cych...

383

wynosi minimum 4 pkt/m2 

-
-

-
-
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-

w aspekcie kartowania geomorfologicznego. W wyniku kartowania opisano 
-

przedstawiono w tabeli 3 oraz na rysunku 1. 

Tabela 3. 
Table 3. List of areas covered by geomorphological mapping

Symbol :spyár]ĊGne 2pis procesyZ i form 

K1 N49° 14,046’ 
E19° 58,819’ -

K2 N49° 14,066’ 
E19° 58,805’

K3 N49° 14,214’ 
E19° 58,675’

 
-

K4 N49° 14,235’ 
E19° 58,656’

K5 N49° 14,291’ 
E19° 58,631’ punktowe i liniowe wymywanie pokryw zwietrzelinowych. Pojedyncze 

K6 N49° 14,402’ 
E19° 58,659’

-
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Symbol :spyár]ĊGne 2pis procesyZ i form 

K7 N49° 14,693’ 
E19° 58,557’

-

K8 N49° 14,740’ 
E19° 58,547’

-

K9 N49° 14,992’ 
E19° 58,593’

-

K10 N49° 15,068’ 
E19° 58,607’

K11 N49° 15,063’ 
E19° 58,649’

K12 N49° 15,019’ 
E19° 58,696’

-

K13 N49° 14,962’ 
E19° 58,758’

-

glebowy. 

K14 N49° 15,560’ 
E19° 58,451’

-

-
-

-

-

-
-
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Rysunek 1. Lokalizacja stanowisk kartowania geomorfologicznego
Figure 1  Location of geomorphological mapping stations



386

. i a a, . ocier , . uniach, . ombara, . d a, . roche , . ie iem, . i ce

Rysunek 2.
Figure 2. Changes in the relief in the vicinity of Kasprowy Wierch

Wyniki kartowania geomorfologicznego wykorzystano do sprawdzenia, 

-

-

-

-

-



cena pr ydatno ci be a ogo ych stat  lata cych...

387

a) ortofotomapa – BSL 2017 rok 
a) orthophotomap – UAV 2017

b) map of differences UAV 2017 – ISOK DTM (color scale according to Figure 2)

Rysunek 3. 
Figure 3. 

w aspekcie wspomagania kartowania geomorfologicznego. Na rysunku 5 zapre-
-

-
-
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tej formy terenu.

Rysunek 4. Ocena stopnia erozji szlaku w obszarze B (K3)
Figure 4. Assessment of the degree of erosion of the route in area B (K3)

-

-

-

-
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Rysunek 5.  
geomorfologicznego – Kasprowy Wierch

Figure 5. Ortofoto picture of the 2017 location of the K2 area of geomorphological 
mapping – Kasprowy Wierch

Rysunek 6.  
geomorfologicznego – Kasprowy Wierch

Figure 6. DTM 2017 location of point K6 of geomorphological  
mapping – Kasprowy Wierch
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dowemu w 2017 roku.
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