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UAV origins & PermacosT

Drone: Popular and general term
- Military contexts

UAV: Uncrewed/Unpiloted/Unmanned
Aerial Vehicle = Scientific term

UAS: Uncrewed Aerial System (Aircraft +
Ground Control Station +
Communication Link)

RPAS: Remotely Piloted Aircraft System
—>Another technical term
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UAV types w’j* PermaCOST

—»1 Fixed Wing

] Fixed Wing
Hybrid

—»{ Single-Copter

UAV
CLASSIFICATION
BASED ON WING

AND ROTOR

ff #| Tri-Copter

—a Quad-Copter

ScoskE ~ permacost.eu
7 e oo m ” cost.eu/actions/CA24157 09/03/2026

IN SCIENCE & TECHNOLOGY



A

European Legislation PermaCOST
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European drone regulations overview %’AgEagle
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Remote sensing & PermacosT

Active RS: Using the sensors own transmitted and reflected
radiation [A]
e.g. laser scanning (lidar) or microwave RS |
vl
Passive RS: Using mainly the reflected solar radiation (RGB, B - ~
multi- and hyperspectral RS) [B] or emitted terrestrial radiation O ' & sl ’#k_
(thermal RS) [C] P
vl Ll 4% .
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Distance (m)

Laser scanning & PermacosT

Laser scanning 2the measurement of 3D ’ \
point coordinates and the recording of their < &
back-scattered laser signal to characterize ' 7 \

object geometry and surface properties
The IMU (inertial measurement '“ X

unit) gives the precise orientation ‘\ S
ULS: UAV-borne laser scanning O T S \% Yy vy

Ty
= The GPS gives the precise
ik

[lumination location of the scanner
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2 Kool pulses which reflect off the T,

o3 _ : _,H
~ Multiple Return surfan:e of the earth and objects \
a0 Distance 2 on it. The returned pulses are |
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PermaCOST
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Photogrammetry SfM & PermacosT

g \z o Photogrammetry > measuring and

Photo coorante_ Prineialgoint ot lll\ 0"['\-""_:-""]” F] L ‘ “ o inte e I‘eting ObjeCtS by phOtOS
7 \L_ R a\/" "'jZR .
i | X ~r SfM: Structure from Motion A computer
\\ i - ':"—_f vision and photogrammetry technique which
k. i '\ 3 T f: | ?stimates 2D and 3D shapes,. as well as the
o < Persacive cnt \ / | internal and external orientations of a camera,
le  Focal lenght \ / e -Z']’| h

from a sequence of overlapping two-

: close-up P R SRR e . . ) .
e / \ / Ty & nanan dimensional images captured from different
L AA T viewpoints.
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UAV and GNSS surveys

w"* PermaCOST

eBee RTK

| Automated GNSS Network
Switzerland (AGNES)

#| GNSS base station
! (Trimble R10)

. unde ermacost.eu
v E DS t m rhe gu?ol:::an Union p

EUROPEAN CODPERATION cost.eu/actions/CA24157

IN SCIENCE & TECHNOLOGY

GNSS: Global Navigation Satellite
System—2>Includes GPS, GLONASS, Galileo and
other constellations.

CORS: Continuously Operating Reference
Station=>Permanent, static GNSS base station
providing corrections

Base station: Local, temporary GNSS receiver
used as a reference

VRS: Virtual Reference Station—=> Virtual GNSS
base station

RTK: Real-Time Kinematic=>Broadcast
corrections from base station or VRS.

PPK: Post-Processed Kinematic = Corrections
are applied after work

PPP: Precise Point Positioning>High accuracy
without a local base

GCP: Ground Control Point 2 For quality
CP: Check Point > For validation
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General workflow w’“ PermaCOST

GNSS
survey

UAV survey
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Examples W’“ PermaCOST
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Les Cliosses & Yettes Condja v4d PermaCoOST

Permafrost and Ground Ice Distribution
B Permafrost < -3°C

- 24 I Permafrost -2 to -3°C
" | I Permafrost < -1 to -2°C
Permafrost < 0to -1°C
Ground temperatures 0 to +1°C (possible patchy permafrost)
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GCP and CP distribution PermaCOST

= =

CP Error Z (m)
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Hillshades & 3D models & PermaCosT
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/

Lateral shearing
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DoD and surface velocity

2016-2021, LoD = 0.06 m N

Vertical change (m)

[~ i i [ S I'_
D O QD D N D D
\Q"\@\ '\q’*\Q v b hpq’() ()q' Q q"\ *\q’\ {O\Q"\%

b\o.@\o\o.@\o\o.@ @\0\0\0‘\0\0@@@‘?

LRI NN AN QQQ@QQ@
%@umgﬁgbpug‘lggg P S

00
v"0

Front and side slopes

Lower lobe

Upper lobe |

2016-2021, LoD = 0,02 m/yr

Surface velocity (m/yr)

e 4 4 ‘

O & O o D O S

N Qo o o&{"o({b o 00‘-’
A b b - b e

Sé”r@r@fé’@u

permacost.eu

/\ E D 5 t Funded by .
m“‘eE“”"“"umn cost.eu/actions/CA24157

EUROPEAN COOPERATION
IN SCIENCE & TECHNOLOGY

04

0.38

0.36

0.34

0.28

0.26

0.24

6817

6/18

PermaCOST

6/19
Date

09/03/2026

- e s s sl mrceenrcm—my - - - - e - e e a-

Legend

BN Lower lobe
i B Upper lobe
= = |pper kinematics zone
= = |ower kinematics zone

6/20 6/21

0.08

0.06

0.04

0.02

0

-0.04

-0.06

-0.08

Average net thickness change (m)



Yettes Condja PermaCOST

Seasonal firn
patch

Lateral levee

latero-frontal
rampart
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DoD and surface velocity €8 PermaCoOST
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Yettes Condja subsurface
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Destabilized Tsarmine rock glacier w"* PermaCOST
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PermaCOST

Periods

Rock glacier kinematics zones
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Uppet/Lower

d (m)

U (myrl)

d (m)
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o 0 T
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Horizontal velocity (m/a)

Tsarmine rock glacier

Rock glacier sections
from the front to the
rooting zone :
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DoD and frontal changes PermaCOST
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Velocity profiles
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Lac des Vaux 3D | __ T4 PermaCOST
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Hillshades PermaCOST
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ac des Vaux mapping PermaCOST

Surface Velocity 2019-2020
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DEM of Difference (DoD) w’}* PermaCOST

Elevation Changes 2016-2021
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