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Existing Methods

» Airborne Laser Scanning and SfM-Photog
GPS, IMU (INS))




Lots of development in the past decade
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ABSTRACT. Laser altimetry (lidar) is a remote-sensing technology that holds tremendous promise for
mapping snow depth in snow hydrology and avalanche applications. Recently lidar has seen a dramatic
widening of applications in the natural sciences, resulting in technological improvements and an
increase in the availability of both airborne and ground-based sensors. Modern sensors allow mapping of
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Product: High resolution (cm/dm scale) DSM (Digital Surface Model)




Final product: High resolution (cm/dm scale) Show Depth Map

408 V. Vionnet et al.: The coupled snowpack/atmosphere model Meso-NH/Crocus

_Laser : 28/02/11 - 17/02/11 Meso-NH/Crocus : 18/03/11 23h - 01h

dHsS Tm) dRS Tm)
<08 CJor,00s@loz, 08 -0, 008
0.6, 04 %u -Mou u.u gu - 305 R
04,02 0.05,0.1 »0.6 0402 0,05, 0.1 »>0.6 204- 215
0201 [Jei,0.2 02,01 [TJoaso2 ::;‘ Es:u

Fig. 10. Maps of snow cover evolution during northern blowing snow events around Col du Lac Blanc (black box on Fig. 9): (a) snow depth
difference measured by TLS at an horizontal resolution of 1 m between 28 February 2011 and 17 February 2011, (b) same as (a) but averaged
at an honizontal resolution of 50 m and (¢) SWE difference simulated by Meso-NH/Crocus between 23:00 and 01:00 on 18 March 2011. The
arrow indicate example of snow deposition pattems discussed in the text. Note the difference of colourbars. The spatial coordinates are in m
and the dashed isolines correspond to Az = 10m.



Multiple crowd-sourced SfM-DEMs of an Alpine valley glacier: Validation by LIDAR and surface change detection 2012-2017
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Left: map of the DEM difference. The positioning mismatch is obvious in the lower-right
corner where a hill exhibits a positive height difference on the right and negative height
difference on the left. Right: cross section of DEM differences between the airborne lidar
dataset and two DEMSs generated from photogrammetric processing of the same
pictures with the same camera GNSS coordinates provided in each picture Exif header,
using Agisoft PhotoScan and MicMac. So that the graph is readable, +5 m was added
to the PhotoScan- MicMac difference



. 25 S50 75 100m

Left: colour-shaded image of the DEMs generated from SfM and adjusted through a
translation using GCPs. The two dates at which the data were acquired were 24th
September 2015 and 24th April 2016. Right: difference of DEMs generated from Lidar.



TLS Riegl VZ 6000 vs RiCopter UAV Riegl VUX-1
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VUX-1 vs VZ-6000
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Article
HOVE-Wedge-Filtering of Geomorphologic
Terrestrial Laser Scan Data

Helmut Panholzer * and Alexander Prokop 2
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Resolution is reported but what else is to mention?

408 V. Vionnet et al.: The coupled snowpack/atmosphere model Meso-NH/Crocus
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Fig. 10. Maps of snow cover evolution during northern blowing snow events around Col du Lac Blanc (black box on Fig. 9): (a) snow depth
difference measured by TLS at an horizontal resolution of 1 m between 28 February 2011 and 17 February 2011, (b) same as (a) but averaged
at an honizontal resolution of 50 m and (¢) SWE difference simulated by Meso-NH/Crocus between 23:00 and 01:00 on 18 March 2011. The
arrow indicate example of snow deposition pattems discussed in the text. Note the difference of colourbars. The spatial coordinates are in m
and the dashed isolines correspond to Az = 10m.



Precision of the device used

Impossible to be more
accurate than the precision!
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Point density (SfM How many pairs did the algorithm really find on snow
surfaces?)

How many minimum points . o
| grid cell? o s o bk
d - - d- ]
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Actual foot print size?

Not at exit of the device, the actual footprint size at the target is needed!
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A .-> beam diameter —=
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Interpolation method / SfM software (algorithm used)

= Triangulation (Delauney % —
Algonthm) I PhotoScan-MicMac+5 m
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Registration error /| coordinate system

The same or different source of measurement? Coordinate system matching?
DGPS or GPS referencing?

Modified Image from Riegl et. al., 2004




Additional co-registration method

Iterative closest point algorithm (ICP)

The ICP algorithm is an iterative

alignment algorithm that works in »
three phases: 1) establish
correspondence between pairs of ?
features in the two structures that

are to be aligned based on

proximity, 2) estimate the rigid Start K=0 K=1
transformation that best maps the -7 U,
first member of the pair onto the £ '

second and then 3) apply that : '
transformation to all features in . — .
the first structure. These three ' ‘a8 K=30 K=37
steps are then reapplied until

convergence is concluded. | - |
Distance method —minimizing method- error function



Reproducibility test results (usually of snow free areas)

Reproducibility is defined as the closeness of two results of measurements
based on the same object carried out under changed measurement conditions.
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Any filter applied? Manual or automated, type of filter?

Legend: IDWMO A. Wedge (60°)
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Conclusions

The following information should be added to a high resolution snow depth map
product :

Coordinate system

Resolution

Precision of the instrument

Foot print/pixel size (at target area, range of values)

Point density (minimum and average point density per grid cell)
Interpolation method /SfM software (algorithm used)

Registration error, Global coordinate system matching by GPS or DGPS
Additional co-registartion methods (ICP)

Reproducibility test results (statistical values; RMSE!)

Filter used (type and area coverage of the filter)

Uptake of the data into models easy but needs to be customized!



Any questions or
recommendations ?
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