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« MONIMET Camera Network

 Finnish Meteorological Institute Image Processing Toolbox (FMIPRQOT)
« Snow Cover Fraction Algorithm

« Snow Cover Fraction Analyses
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ESSEM COST Action ES1404
A European network for a harmonised monitoring of snow for the benefit of climate change
scenarios, hydrology and numerical weather prediction

INTRODUCTION TO ESSEM COST Action ES1404

This COST Action on SNOW aims at building a better connection between snow
measurements and models, between snow observers, researchers and
forecasters, for the benefit of various stakeholders and the entire society

Aim of the Action

To enhance the capability of the research community and operational services to
provide and exploit quality-assured and comparable regional and global
observation-based data on the variability of the state and extent of snow.



@ e NE RO N errure 41 AN\ %

Overall Objectives & Benefits:

1.Establish a European-wide science network on snow measurements for their
optimum use and applications benefitting on interactions across disciplines and
expertise.

2.Assess and harmonise practices, standards and retrieval algorithms applied to
ground, air- and space-borne snow measurements => Foster their acceptance by
key snow network operators at the international level.

3.Develop a rationale and long term strategy for snow measurements, their
dissemination and archiving.

4.Advance snow data assimilation in European NWP and hydrological models and
show its benefit for relevant applications.

5.Establish a validation strategy for climate, NWP and hydrological models against
snow observations and foster its implementation within the European modelling
communities.

6.Training of a new generation of scientists on snow science and measuring
techniques with a broader and more holistic perspective linked with the various
applications.
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WORKING GROUPS (WG):

WG1: Physical characterization of show properties

WG2: Instrument and method evaluation

WG3: Show data assimilation and validation methods for NWP and
hydrological models

The Action focuses on observations and data assimilation: ‘
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Camera Networks

 Environmental Monitoring « Safety
* Research Institutes « Skiresorts
* Environment Institutes « Traffic Agencies
* Universities « Police
« Traffic « Touristic
« Traffic Agencies » Ski Resorts

* Municipalities
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MONIMET Camera Network

e 14 Locations
« 28 Cameras

« Wired (ethernet) or wireless (3G/GPRS)
connection to the cameras
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 Data access by FTP
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Finnish Meteorological Institute Image Processing Toolbox (FMIPROT)

A toolbox which,

Tanis, C. M., et al., “Automatic Digital Image Processing System for Multiple Camera Networks.” Agricultural and Forest Meteorology, under review. @

Implemented
Not implemented yet

Different camera networks can be used with

Downloads camera images from multiple networks

Handles downloaded images independent from the camera network
Has interface to select analyses parameters

Saves analyses parameters in files for later use and sharing

Run analyses independent from the camera network

Designed in a way to implement different algorithms by the developer(s)
and by the users

Filters input data and post-processes output data
Generate previews (configurable plots and maps) of output data
Generate scripts for production of operational products
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Finnish Meteorological Institute Image Processing Toolbox (FMIPROT)

= FMIPROT v0.14 Beta

Setup Scenario Camera networks Settings Log About

PO17-01-12 13:45:44: Checking the integrity of the cameras...
PO17-01-12 13:45:44: Checking different image sources for same location/device (
P.g. IR images for existing cameras)...

PO17-01-12 13:45:44: Check is complete and fixes are done.

PO17-01-12 13:45:44: Checking name duplicates...

PO17-01-12 13:45:44: No duplicate found.

PO17-01-12 13:45:44: Cameras from MONIMET are read.

PO17-01-12 13:45:44: Analysis is changed to Color Fraction Extraction
PO17-01-12 13:45:44: Analysis no changed to 1

P017-01-12 13:45:44: Camera network is changed to MONIMET

PO17-01-12 13:45:44: Checking preview pictures...

PO17-01-12 13:45:44: Checking complete.

P017-01-12 13:45:44: Camera is changed to Tammela Spruce Canopy
PO17-01-12 13:45:44: Camera is changed to Tammela Spruce Canopy
PO17-01-12 13:45:44: Analysis is changed to Color Fraction Extraction
PO17-01-12 13:45:44: Switched to scenario 1

PO17-01-12 13:45:44: Scenario no changed to 1( Scenario name: Scenario-1)
PO17-01-12 13:45:44: New scenario is added.

PO17-01-12 13:45:44: Camera network is changed to MONIMET

PO17-01-12 13:45:44: Camera is changed to Tammela Spruce Canopy
PO17-01-12 13:45:44: Analysis is changed to Color Fraction Extraction
PO17-01-12 13:45:44: Switched to scenario 1

PO17-01-12 13:45:44: Setup is resetted.
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Anmalysis & changed to Color Frachion Extracton ~ 20170412
1345 44 Switched fo sconano 1 - 2017.01-12 13:45.44: Setup
resetiad
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Multiple camera networks
Camera network configurations

Camera network server Camera |

-+ Camera 2
Camera Images >

Camera 3

FTP Service

CNIF [

[ Camera n

F
¥
Internet
Fy

A camera network configuration of
using FTP for images from various
cameras and

HTTP over a web service for the
camera network information file.

Tanis et al., under review

A camera network configuration of

using FTP for both camera network
information file
and images from various cameras.

Camera network server

Camera Images [ FTP Service >
Webpage Server
CNIF |1 i'-| Web Service Ir-' L

Internet

Camera |

Camera 2

Camera 3

Cameran
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Multiple camera networks
Camera network configurations

Server 1 Server 2 Server 3
Camera Camera Camera
Network 1 CNIF | Network 2 CNIF 2 Network 3 CNIF 3
Images Images Images
v  J r h 4
‘ Web Service ‘ | FTP Service | | Web Service | | FTP Service | Web Service ‘ | FTP Service

HTTP
FTP

2 B

HTTP

E

h 4 h 4 r
| Internet
A A f Y f Y  \
E & al e E E
k ™ )
= = - o
‘ Web Service ‘ | FTP Service Web Service | | Web Service
NIE
A 4 FMIPROT |« c 'F?J" 6, L A
Camera Camera Camera
Network 4 Network 5 _Camcm Camera CNIF 5 Network 8
Images Images Network 6 Netwaork 7 Images
Images Images
Server 4 Server 5 Local Computer Server 4 Web Server

An example of using 8 different camera networks with different

configurations

Tanis et al., under review
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Finnish Meteorological Institute Image Processing Toolbox (FMIPROT)

@ - 0 Network Manager

Choose camera network

Number of camera networks: 4 Add new camera network |

Camera Network: MONIMET =i | Remaove |

[LIAEMEENECTIEEENEY o - o Edit Sources

Netwerk neme
CNIF Communication Protocoli Nuymber of cameras in network: 33 Add new camera ’ Duplicate camera I ? I
CNIF Host: Camera: Tammela Spruce Canopy et | Remove
Usermame for host:
Password for host: Camera name: \Tammela Spruce Canopy ?
Path to CNIF: Camera Communication Protocol: FTP — | ? |
Edit sources and CNIF Image archive Host: litdb.fmi.fi ?
Username for host: /monimet_user ?
Password for host: * ?
Path to images: [cameras/icp2_tammela_spruce/canopy Browse... l ? I

File name convention of images: [tam_spr_canopy_%Y%m%d_%H%M%S.jpg

'
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Finnish Meteorological Institute Image Processing Toolbox (FMIPROT)
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Features — Scenarios — Camera

a FMIPROT v0.14 Bata

Setup Scenario Cameranetworks Settings Log About

Carmera Network

Camera

Choose Pictura for Preview

3. Chacking
G COrpiate
wged 10 Kerfliwovs
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Features — Scenarios — Temporal Filtering

Setup Scenaro Camera networks Settings Log  About

01.10.201%

v Enable

Ground - 2017-01-12 23.22:03 C Ing preview pictees. -
0I7-01-12 23:22 03 Checking comphs 20017-03-12 232203
Camen & changed 10 Kenttaova Spruce Canopy

Setup Scenano Camera networks Settings Log - About

2017.01-12 2322:03 Checking compiato
Camera 15 changsd 1o Kenttarova Sprnuce Canopy
232350 Setup 15 upascaa
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Features — Scenarios — Thresholds

-~ FMIPROT v0.14 Beta

Setup Scenarn Camera networks  Settings

Image Thresholds

Pixel Threshaolds

Camar & changed (0 Kentlaeows Spruce Cano
2323:59: Setup s updated. - 2017.01-1.
UpOaLes.

log About

- FMIPROT v0,74 Bata

Setup Scenario Camers networks Settings Log  About
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Camera s e 10 Kenttarova Spruce Canopy ~ 2017-01-12
232350 Setup 5 updated. ~ 2007-01-12 23,7452 Seaup is
updated

& FMIPROT v0,14 Beta

Setup Scemano Camera networks Settings- Log About
e ——————

' Scenario-l '

Minimum

v Enable

Maximum

Camera 15 changad 10 Kanitarowa Spruce Canopy ~
2322 80 Setup s updaied. -~ 20170112 222452 Setup i
pastag
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Features — Scenarios - Masking

L FMIPROT v0.14 Beta

| Setup Scenano Camera networks Settings Log  About

v Display preview with polygons
Polygon 2 >
Add Polygon
Delete Polygon
Pick Points Remove Pants
Aemove Al Test Mask
Decrease Senstivity
Increase Senstivity
Coordinates:
0.0021,0.0208.0.1229.0.0194,0.1542

Choose Picture for Preview

Active Palygon Color:

Polygon Color:

#FFTFS0

(L

Palygan Line Width
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Features — Scenarios — Analyses

-

* FMIPROT v0.14 Beta

| Setup Scenano Camera networks Settings Log  Adbout

Analysis 1 >

Snow cover analysis with
orthorectification or rectification

WD NS =33

2332 26 Anddysis 13 changed to Snow Cover Faction

~ FMIPROT v0.14 Beta

Setup Scenar Camera networks Settings Log About

Spata extent
-50,0:50:90

Spatiad Extent Coordinate System

—~

“INIEPSG:3067) GEOID with Carner..a

Spatial resolution

set

v
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g

wLmeran
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g
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67.36849,26.65442

Camera coordinate system
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scenano 1 ~ 201701 333:37: Sconario no changed 1o 1
Scenario name. Sodarkyla 7-01-12 233337
S50 W 15 loaded

- FMIPROT v0.14 Beta

Setup Scenano Camera networks Settmgs Log  About
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Features — Previewing output data

Setup Scenano Camera networks Settings Log About

|

|

irova Spruce Canopy « Color Fractic.&

Variable

Merged Flot
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Features — Plugins
If the code of an algorithm can be compiled to binary, it can be used as a

plugin

/ FMIPROT Plugins Directory

/ myplugin

-‘:.':—'l—

..... —

myplugin.exe myplugin myplugin.def Auxiliary file(s)  Auxiliary directory(s)

> /
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Snow cover fraction algorithm

Snow covered pixel detection algorithm by Salvatori et al. (2011)

g 10* Blue Channel Histogram
: . “ ! —

- » = »

SNOW h

NO-SNOW

05}

o | i \

0 50 100 150 200 250

Defining the threshold for snow covered pixels

Salvatori, Rosamaria, et al. "Snow cover monitoring with images from digital camera systems." Ital. J. Remote Sens 43 (2011): 137-145.

In the algorithm, threshold value

for the image is chosen by finding

the first local minima after

digital number (DN) 127 in

the histogram of the blue channel.
The algorithm is tested on the images
from different cameras looking over
the mountains in the Alpines and
Southern lItaly.

In this study, this algorithm is used
to detect snow cover in the boreal
region, where the monitored areas
include wetlands, forests and hills.

\C
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Snow cover fraction algorithm
Geo-referencing algorithm by Corripio (2004)

viewing
frustum A : .
clip plane  Viewpoint

el
.
.
.
-
bt

Image credit: Tim Hubson Tutorials

Corripio, Javier G. "Snow surface albedo estimation using terrestrial photography.” International journal of remote sensing 25.24 (2004): 5705-5729. @
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Snow cover fraction algorithm
Geo-referencing algorithm by Corripio (2004)

74
-
== Ty
X (0,0,0) e X
Change from world to camera coordinate Simplified geometry of the perspective
system. projection for one single point.

Corripio, Javier G. "Snow surface albedo estimation using terrestrial photography.” International journal of remote sensing 25.24 (2004): 5705-5729.
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Snow cover fraction algorithm
View shed algorithm by Wang (2000)

The elevation recorded
by the auxiliary data point
1 The elevation at the
| intersecting point on
| the reference plane

pa B 0 gle
/ d surface
/ The distance from
ground surface up to
the reference plane

—

Pan

Point m,n is visible to the point i, Point m,n is not visible to the point i,

Wang, Jianjun, Gary J. Robinson, and Kevin White. "Generating viewsheds without using sightlines." Photogrammetric engineering and remote sensing 66.1
(2000): 87-90.




ILMATIETEEN LAITOS
METEOROLOGISKA INSTITUTETY
FINNISH METEOROLOGICAL INSTITUTE

Snow cover fraction algorithm
Basic lens distortion correction

+

X —Xo=c1 (% —x0) ’—-’L

Y —Yo=c2(9 —w)

Real coordinates Offset coordinates \—x\ 1%—‘

Scale factors

Image (distorted) coordinates Barrel type distortion Pincushion type distortion

Hugemann, Wolfgang. "Correcting lens distortions in digital photographs." Ingenieurbiiro Morawski+ Hugemann: Leverkusen, Germany (2010).
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Image

Time

FSC (%) (ROI'1 —ROI 2)

Image

Time

2014.10.23 1201:38

2015.05.09 13: Ol 39

ESC (%) (ROI 1 —ROI 2)

23 | 28

28 | 0
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Image
Time 01:38
FSC (%) (ROI 1 —ROI 2) 63 3 66 7
=1
Image
Time 2015.04.18 12:31:38 2015.05. 0217 01: 38" )
FSC (%) (ROI 1 — ROI 2) 75 | 80 90 | 74
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Snow cover fraction algorithm

Image

Time

2015.04.14 12:31:39

2014.12.06 12:31:39

FSC (%) (ROI'1 —ROI 2)

90 | 88

93 | 93
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Snow cover fraction analyses
Sodankyla Peatland Camera

Camera Location:
67.36849° N, 26.65442° E
Images between dates:
23.05.2014 - 29.01.2017
Images between time of day:
10:45 -12:45
Number of images:
3827

ROI
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Snow cover fraction analyses
Sodankyla Peatland Camera

Sodankyla Peatland Ground Measurements
I

80 T T T T T
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40

20 -

Snow Depth (cm}
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20 | | | | | |
Oct 2014 Dec 2014 Feb 2015 Apr 2015 Jun 2015 Aug 2015

Sodankyla Peatland Image Processing
I I

I I
1r [ B I 7
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| | I | | |
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Snow Cover Fraction

Ground data by FMI, litdb.fmi.fi
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Snow cover fraction analyses
Sodankyla Ground Camera

Camera Location:
67.36201° N, 26.63751° E
Images between dates:
23.05.2014 - 29.01.2017
Images between time of day:
10:45 -12:45
Number of images:
3836
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Snow cover fraction analyses
Sodankyla Ground Camera

Sodankyla Meteorological Mast Area Ground Measurements
T T T T T T I

MWJJNH“\ _
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Sodankyla Ground Image Processing
T T T T

1
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Snow Cover Fraction
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Feb 2015

Ground data by FMI, litdb.fmi.fi
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Snow cover fraction analyses
Kenttarova Canopy Camera

Camera Location:
67.98726° N, 24.24302° E
Images between dates:
07.04.2015 - 29.01.2017
Images between time of day:
10:45 -12:45
Number of images:
2592

ROI




Snow cover fraction analyses
Kenttarova Ground Camera

Camera Location:
67.98726° N, 24.24302° E
Images between dates:
07.04.2015 - 29.01.2017
Images between time of day:
10:45 -12:45
Number of images:
2579
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Snow cover fraction analyses
Kenttarova Cameras

Kenttarova Canopy Image Processing
T T T T T T

Snow Cover Fraction
=]
L
T
I

0 L —
| | 1 1 | 1 1 1
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I(entl:irova Ground Image Pmcesslng
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Ground data by FMI, fmi.fi
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