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The PITER ALPIMED INNOV project S

Motivation
Proposed Framekork

Snow depth measurement using multitemporal drone
acquisitions

Snow groomer tracking

Some partial remarks
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™ The PITER ALPIMED INNOV project

AIMS — WP 4.1.2 2 lnterreg B ALPINAED
Optimisation of the use of water and energy A'—‘EPIEQH —

efficiency for artificial snow on ski tracks

(presentation of prof. Alessandro CASASSO, this morning)

« “carbon footprint" of the artificial snowmaking;
« Water flows required for artificial snow;
 Measurement of water consumption (climate parameters);

* Monitoring snow depth to limit water consumption;
* Survey of the routes of the snow groomer vehicles, which
will allow to quantify the fuel consumption.
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The objective of the PITER
ALPIMED strategy is to
iInterconnect and encourage
best practices in the heart of
the Mediterranean Alps in
a sustainable way and to
make its actors responsible
for development in the
Franco-ltalian cross-
border mountain areas
between the Maritime Alps,
the province of Imperia and
the province of Cuneo.
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Starting height
Top height

Height difference

Length

Avg. slope

Max. slope
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R ALPHVIED) ININC
PISTA PREL — Prato Nevoso (CN) — Maudagna Valley - Italy

Starting height 1688 m

Top height 1461 m
Height difference 227 m
Length 1,321 km
Avg. slope 17%
Max. slope 25%
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Snow depth measurement with UAV data

UAV survey of
snow height

UAV survey
of terrain

-

Image alignment
Georeferencing with marker
Generation of
dense cloud, DSM, orthofoto

’

Point cloud classification
DTM extraction

|

Comparison DTM height:
Terrain/Snow height
Estimation of snow depth (Raster)

2 test for each
case study

Real-Time

GNSS survey

Lever arms
measure with TS

Kinematic

Snow depth estimation: difference

Validation

between GNSS and DTM of terrain

Coordinate projection on Raster «<snow

difference» and depth extraction for

. . . Geomatics Lab, DIATI
l. Aicardi, S. Angeli, N. Grasso, A. Lingua, P Maschio

each position

olitecnico
I Torino




NOVV DEF \
UAV data acquisition | |

Execution of flights with UAVs: CT— P C === DJI Phantom 4 Pro

 DJI Phantom 4;
 DJI Mavic 2 Pro;
 DJI Mavic Mini.

Characteristics of UAVs

DJI DJI
Phanto Mavic 2
m 4 Pro Pro

DJI Mavic
Mini

| | Ivae';eﬁ’tﬁ 13889 907g  249g
Marker laying and measuremefg, e, e
Flight . . .
30 min 31 min 30 min
autonomy
= e 14Km 18Km 16 Km
Nadir + Oblique strips DJI Mavic 2 Pro ", /2.3’
Ava. GSD ~ 2 cm Sensor cmos =V cmos
g' : 20 MP 12 MP
Camerafocal 24 mm 28 mm 24 mm
length fl2.8-11 1/2.8-11 /2.8
DJI Mavic Mini %)
17 e ™y
o @pe o G
o Y A AV Politecnico
. . . Geomatics Lab, DIATI \ S .,,,‘,:,' di Torino
:Il} 458; l. Aicardi, S. Angeli, N. Grasso, A. Lingua, P Maschio ‘-\‘\.‘ff:_‘_d'



NOVW DEPIH VIEA
UAV data acquisition epochs

N. Dataset Imaie Res. [ix] N. GCPs N. CPs N. Imaies

2 ALP snow- | test 5472 x 3648 10 5 About 400
3 ALP snow- |l test 4000 x 2250 13 10 About 450
5 PPN snow - | test 4000 x 2250 28 10 About 450
6 PPN snow - |l test 4000 x 2250 34 10 About 400
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UAV data acquisition

*  Marker laying and measurement of the same with RTK technique.

Example of layout of markers
on the Armand Track
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Structure from Motion photogrammetric processing

Armand Track
gl imone Piemonte

HeE

Generated Multitemporal 3D models
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NOVYV DEF | M IVIEA SEIVIEN

| Test on Armand Track (Limone Piemonte) in presence of snow

* Uniform light (no shadows) and snow beaten by the snow cat = Uniform texture of the snow

Original image White balance Wallis filter
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- NOW DEF

Snow depth estimation

Difference in

Height | |
between the { ‘%

DTM of the > “:;
snow-free AY i i

8

terrain and the -ﬂ, 000 - n‘lﬂzm
DTM of the B 00282 - 0,209 1,07 - 1.3
snow altitude i 021-0,39 B 1.31-

B 0392-0572 Il 1.61-

[10575-0814 197 - 2,53 . |
- - Armand Track, Limone

o@D Piemonte (Il Test) ; A:_& _tﬂA Y Dofracrica
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JPOUSED FRAIVIEVVORK

Snow Groomer tracking and snow

UAV survey UAV survey of depth measurement with GNSS data
of terrain snow height

Kinematic Lever arms

Image alignment | .
Georeferencing with marker Real-Time GNSS survey | | measure with TS

Generationof |  TTT7TTTTTT l
dense cloud, DSM, orthofoto )

Snow depth estimation: difference
between GNSS and DTM of terrain

|

Coordinate projection on Raster «snow
- difference» and depth extraction for each
position

Point cloud classification
DTM extraction

Validation

Comparison DTM height:
Terrain/Snow height
Estimation of snow depth (Raster)
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~ GNSS sensor placement and lever arm calibration (Armand Track)

* Placement of the GNSS system and measurement of the lever arms between the GNSS

antenna and the lower central point of the blade of the snow groomer, with the total station;
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NOW ~VUOMER | RACKIN

Data Acquisition (Armand Track)

* Placement of the GNSS system and measurement of the lever arms between the GNSS
antenna and the lower central point of the blade of the snow groomer, with the total station;

*  GNSS tracking of the snow groomer.

GNSS Tersus Precis BX- GNSS Tersus AX3702
Receiver 306 Antenna

- Image

-
Weight 239 4
Constellatio GPS L1/L2, Weight 374 g
ns g;g';'ﬁ?/g; e Constellatio GPS L1/L2,
Position  1Hz-20Hz ns S SN I

BeiDou B1/B2

update rate

Corrections obtained via radio from a base station placed
on a known point for accurate real-time positioning.
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; GNSS data processing and analysis

« Solution with the Tersus BX-306: mean standard deviation values < 1 cm horizontal components
mean standard deviation values = 1 cm vertical components

 Ratio test:

22% Float solution
78% Fixed solution

® -> Float solution""'--.-.,. ..
® -> Fixed solution ™. e
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Snow thickness as
difference between the
height of the bottom of
the blade and the

height of the reference

[dentfy from: | < Top-most layer> ;I

| = gatto_nevi
' 7,562377
7,.962377

......

----------

. .- T -  Location: | 385.062,44% 4.891.375,096 Meters
terrain (DTM) : e i;.,,,.;:lﬁuﬂ |
l ) 0 ’ Eﬁ ﬂﬂ?il!l‘-".*. FE'Id 'I'-Ei.IE
"‘*-. " ﬂi’ w g‘#‘“‘m‘* FID 5057 o,
.% ,‘ it it & P s e r '_=_ Latitude 44, 166539 e
il % e, gt = e " "o LI:H"I-gtLId'E 7,562377 l'.:-
i’ . = Shape Point IM e
. " Snow_Depth 0,858132 Query on ArcMapy;
X b £ _hei... 1560,756448
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The research work is part of the Alpimed-INNOV Project and is aimed to provide a complete

EUSALP . . . .
Awgmwz.@go" for the snow depth estimation using low cost solution.
<

FRANCE 20/21 .

C

From aerial images, it is possible to model the ski slopes and estimate the thickness of the snow cover
with good accuracy

%

TETheAds evaluate the use of different sensors, such as multi/hyperspectral cameras.

* Results depend on the light conditions of the environment and on the uniformity of the snow == need to

* Double-frequency mass-market GNSS sensors could be considered as valid alternative to more
expensive receivers in the snow groomer tracking.

Future works will be aimed towards obtaining a real-time estimation of snow thickness.
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