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DIGITAL IMAGE CORRELATION (DIC)

DIC DEVELOPED IN THE 80s FOR LABORATORY EXPERIMENTS

IN EARTH SCIENCES, DIC WAS APPLIED MOSTLY ON AEROSPACE IMAGES
DURING THE 90s

THE FIRST STUDY OF TERRESTRIAL DIC ON GLACIER WAS IN 2000 TO
MEASURE THE SURFACE VELOCITY OF THE GODELY GLACIER (NZ)I']

HOWEVER, CONTINUOUS DIC MONITORING PLANS ARE RARE

Glacier monitoring using time-lapse imagery




Glacier moni

DIC - FUNDAMENTALS

THE PRINCIPLE OF DIC IS TO SEARCH FOR THE DISPLACEMENT OF AN
IMAGE TILE BETWEEN TWO ACQUISITIONS OF THE SAME SCENE.

t

Lxr=r

K
2):?(

XX

oy
EVS

tjlcary

X
A K
A3

toring using time-lapse imagery

AN
HAZARD F/. ‘( ]
MONI I r
hutn di Ricerca per In e |dmgraligiea | Coneiglic Mazionsle cele Ricerche



g @n @

THIS IS DONE WITH THE CALCULUS OF THE SPATIAL CROSS-CORRELATION (CC)

CC IS A SIMILARITY INDEX CALCULATED BETWEEN THE REFERENCE TEMPLATE AND
MULTIPLE CANDIDATES OF SEARCHING TEMPLATES.

THE POSITION WHERE THE BEST SIMILARITY IS FOUND CORREPONDS TO THE
DISPLACEMENT OF THE REFERENCE TEMPLATES.
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DIC ACCURACY AND PRECISION

SUBPIXEL SENSITIVITY

ADOPTING AN INTERPOLATION OF THE
CROSS-CORRELATION MATRIX IT IS
POSSIBLE TO OBTAIN A ADOPTING AN
INTERPOLATION OF THE CROSS-
CORRELATION MATRIX IT IS POSSIBLE TO
OBTAIN A SUB-PIXEL MEASUREMENT

Glacier monitoring using time-lapse imagery

INTERPOLATION
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TYPICAL DIC APPLICATION FOR GLACIER
MONITORING IS TO ACQUIRE AN IMAGE
SEQUENCE USING A DSLR CAMERA

DIC PROCESSING PRODUCES DAILY RESULTS

Glacier monitoring using time-lapse imagery 7
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DIC - PROCESSING

IMAGE IMAGE CROSS-

COREGISTRATION
SELECTION PROCESSING CORRELATION
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IMAGE SELECTION”

FUNDAMENTAL TO OBTAIN HIGH-QUALITY RESULTS

MOSTLY DONE MANUALLY - HUMAN EFFORT REQUIRED

DIFFUSE
ILLUMINATION NO VISIBILITY

Glacier monitoring using time-lapse imagery 9
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IMAGE PROCESSING

DIC WORKS WITH MONOCHROMATIC IMAGES

RGB to BW

Glacier monitoring using time-lapse imagery 10
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COREGISTRATION

REFERENCE

SHIFTED

COMPENSATE IMAGE TRANSLATION
USING STABLE AREA AS REFERENCE

Glacier monitoring using time-lapse imagery 11
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DIC - OUTPUT

MAPS OF DISPLACEMENT COMPONENTS ORTHOGONAL TO THE LINE OF SIGHT
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DIC - OUTPUT

RESULTS REPRESENTATION IN THE REAL-WORLD COORDINATES ALLOWS
COMPARISON AND COUPLING WITH OTHER MONITORING SYSTEMS

ORTHORECTIFICATION GEOREFERENCING

3000 -
2900 -| N
2800 -

3

2 2700 -

2600 -~

5.0792 Tl L
T B (P EESCe
x10° TUU50706 T P 343 3431
' 428 3.429
Lat e 3425 3426 3‘E27 s 105

Glacier monitoring using time-lapse imagery 14



geoHazARD | A
" MONITORING = u)
GROUP Istitutn di Ricerca pes I Py Idmgralg [= " Ficerche

DIC:
A VALUABLE TOOL FOR GLACIER
MONITORING

PROS

2D SPATIALLY-DISTRIBUTED RESULTS
REMOTE SENSING

LOW COST AND PORTABLE HARDWARE
OBSERVATION OF COMPLEX GEOMETRIES

SIMPLE PROCESSING AND RESULT
INTERPRETATION

Glacier monitoring using time-lapse imagery

CONS

* |IMPOSSIBLE DURING NIGHT AND BAD
WEATHER

* SUFFERS SHADOW EFFECTS

* MANUAL IMAGE SELECTION

* NO 3D INFORMATION

* LOW SENSIBILITY OF THE MEASUREMENT
(IRRELEVANT FOR FAST GLACIERS)
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CASE STUDY:
PLANPINCIEUX GLACIER

VIEW FROM THE MONITORING STATION

16
Glacier monitoring using time-lapse imagery
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AREA OF STUDY

333000 343000

=2
3
R

5083000

i : ‘ 7 g"",;ﬂ'a'n'pinc'iéux Glacier

4 MontBlanc Z

Time-lapse camera

Courmayeur

17



GeonazarD | AN
A’ MONITORING | o 'rl
Istitutn di

GRGUP Ricerca pes | " Rcerche

PLANPINCIEUX GLACIER

GLACIER ELEVATION 2500-3500 M

ACCUMULATION AREA COMPOSED OF TWO
CIRQUES

ABLATION AREA COMPOSED OF TWO LOBES
IN TEMPERATE THERMAL REGIME

MONTITAZ LOBE ~30° STEEP WITH MANY
CREVASSES

GLACIER TERMINUS IS IN CORRESPONDENCE
OF A MORPHOLOGICAL STEP THAT CAUSES
FREQUENT CALVING

Glacier monitoring using time-lapse imagery 18
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GLACIER ELEVATION 2500-3500 M

ACCUMULATION AREA COMPOSED OF TWO
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PLANPINCIEUX GLACIER

GLACIER ELEVATION 2500-3500 M

ACCUMULATION AREA COMPOSED OF TWO
CIRQUES

ABLATION AREA COMPOSED OF TWO LOBES
IN TEMPERATE THERMAL REGIME

MONTITAZ LOBE ~30° STEEP WITH MANY
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GLACIER SHRINKAGE

IN 20 YEARS THE GLACIER

RETREATED A FEW HUNDRED
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GLACIER SHRINKAGE

DEM OF DIFFERENCE

VOLUME LOST

BETWEEN 2014 AND 2019, THE GLACIER THICKNESS DECREASED IN 25106 m3
g m

THE ABLATION AREA OF 12 M IN AVERAGE
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PLANPINCIEUX GLACIER MONITORING

IN THE PAST SEVERE ICE BREAK-OFFS OCCURRED FROM THE MONTITAZ
LOBE (IN OROGRAPHIC RIGHT)

THE PLANPINCIEUX GLACIER IS CONTINUOUSLY MONITORED SINCE
2013 WITH A TIME-LAPSE CAMERA WHICH MEASURES THE SURFACE
DAILY VELOCITY

THE VISUAL INVESTIGATION OF THE IMAGES ALLOWS TO IDENTIFY THE
BREAK-OFFS AND TO ANALYSE THE DEVELOPMENT OF INSTABILITY
PROCESSES

Glacier monitoring using time-lapse imagery 25
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PHOTOGRAPHIC MONITORING SYSTEM

TWO TIME-LAPSE CAMERAS WITH
DIFFERENT OPTICAL LENGTH OBSERVE
DIFFERENT GLACIER PORTIONS

SCHEDULED HOURLY ACQUISITION

REMOTE CONTROL WITH GPRS
CONNECTION

| | AUTONOMOUS ENERGY SUPPLY WITH
B SOLAR PANELS

B GLACIER DISTANCE IS 3800 M

HARDWARE GLOBAL COST
APPROXIMATIVELY €10000

Glacier monitoring using time-lapse imagery 26
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PHOTOGRAPHIC DATASET

MORE THAN 35000 IMAGES ACQUIRED IN 7 YEARS OF MONITORING

= HIGH TEMPORAL RESOLUTION
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Glacier monitoring using time-lapse imagery
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PRODUCTS OF THE MONITORING

MAPS OF DAILY MOTION

TIME SERIES OF VELOCITY
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INSTABILITY PROCESSES
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KINEMATIC DOMAINS OF THE
MONTITAZ LOBE

THE SURFACE VELOCITY PATTERN IS TYPICALLY FORMED OF 4 DISTINCT KINEMATIC DOMAINS

THE LIMITS OF THE KINEMATIC DOMAINS CORRESPOND TO THE CREVASSES WHICH DELIMITATE THE
MORPHOLOGICAL SECTORS

THE POSITION OF THE CREVASSES INDICATE WHERE THE STRONGEST TENSILE STRESSES ACT

THE PORTION BELOW CAN BECOME UNSTABLE AND COLLAPSE

2015 2016 2017 2018 2019

Glacier monitoring using time-lapse imagery 30
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MORPHOLOGICAL SECTORS OF THE
MONTITAZ LOBE

2017 NG

A SERIES OF CREVASSES DEVELOPS EVERY
% YEAR APPROXIMATELY IN THE SAME
POSITION

THE MONITAZ LOBE IS COMPOSED OF
DISTINCT MORPHOLOGICAL SECTORS
WHICH SHOW DIFFERENT BEHAVIOURS

Glacier monitoring using time-lapse imagery 31
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CRISIS OF
2019 AND 2020

IN 2019 AND 2020, THE TWO LOWER
SECTORS MERGED - A LARGER VOLUME
BECAME UNSTABLE (250000-500000 m3)
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TIME SERIES OF DAILY VELOCITY

EVERY YEAR A FEW SPEED-UP PERIODS OCCUR
AND CULMINATE WITH LARGE BREAK-OFFS
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VELOCITY vs VOLUME

4
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o
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E MAXIMUM GLACIER VELOCITY AND
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LUME ESTIMATE

VOLUME IS ESTIMATED WITH 2D IMAGES
ADOPTING ASSUMPTIONS OF ICE AND
BEDROCK GEOMETRY

GOOD AGREEMENT WITH LIDAR DATA
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BREAK-OFF IDENTIFICATION
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MAP OF CHANGE DETECTION .=
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BREAK-OFF CLASSIFICATION

DISAGGREGATION

SLAB FAILURE \
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WATER TUNNELLING

DISAGGREGATION: TOPPLING
OF SMALL FRAGMENTS (103 m3)
DUE TO THE MOTION BEYOND
THE BEDROCK CLIFF

SLAB FAILURE: DETACHMENTS
OF LARGE ICE LAMELLA (104-
10° m3) DELIMITED BY LARGE
CREVASSES OFTEN PRECEEDED BY
ACCELERATION

WATER TUNNELLING:
DEVELOPMENT AND COLLAPSE
OF ENDOGLACIAL TUNNELS
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GRAVITY MORE RELEVANT DURING WINTER

2019 Jan 16
2019 Feb 06

WINTER BEHAVIOUR

DURING THE WARM SEASON, THE FRONTAL
PORTION PARTIALLY DETACHES FROM THE MAIN
GLACIER BODY

|, INTHE COLD SEASON, THE LOWER PART
5 FREZEES AGAINST THE BEDROCK

THE GLACIER BODY MOVES FOR GRAVITY

39
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WHAT MAKES THE GLACIER MOVE?

LIQUID WATER FACILITATES SLIDING

e ICE MELTING > HIGH TEMPERATURE CAN INCREASE
GLACIER VELOCITY (2)

»  WATER PERCOLATION > THE PRESENCE OF
SNOW /THE ABSENCE OF CREVASSES ON THE
GLACIER SURFACE CAN REDUCE SLIDING (2)

Glacier monitoring using time-lapse imagery 40
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VELOCITY vs TEMPERATURE

SUMMER 2014 WAS MUCH COOLER THAN USUAL -
IN 2014 SPEED-UP PERIODS DID NOT OCCUR
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A CLEAR RELATION BETWEEN VELOCITY
AND TEMPERATURE DOES NOT APPEAR
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EFFICIENT WATER
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LIMITED WATER
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HYDRAULIC SYSTEM™

WELL-DEVELOPED HYDRAULIC SYSTEM FACILITATES THE
WATER DRAINAGE AND DECREASES THE GLACIER SLIDING

DIFFUSE SMALL CHANNELS, FILM AND WATER POCKETS
INCREASE THE BASAL PRESSURE AND CAUSE THE GLACIER

SLIDING
HYDRAULIC SYSTEM CAN CHANGE FOR THE GLACIER
MOTION
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CONCLUSIONS

DIC PROVIDES MAPS OF SURFACE KINEMATICS. THE DISPLACEMENT
PATTERN INDICATE WHERE THE STRONGEST STRESSES ACT. THIS IS IN
ACCORDANCE WITH THE FORMATION AND POSITION OF CREVASSES.

THEREFORE, THE ANALYSIS OF THE KINEMATIC MAPS CAN BE A FIRST
EVALUATION TO IDENTIFY POSSIBLE UNSTABLE BODIES AND TO ESTIMATE
THEIR VOLUME.

THE VELOCITY-VOLUME RELATIONSHIP CAN PROVIDE AN A-PRIORI
ESTIMATE OF THE BREAK-OFF.

A STRONG VELOCITY INCREASE CAN BE A PRECURSOR OF A LARGE
COLLAPSE

DIC PROVIDES RESULTS WITH DAILY TEMPORAL RESOLUTION AND
CANNOT BE APPLIED DURING NIGHT AND BAD WEATHER

PRESENTLY, IT IS NOT POSSIBLE TO PREDICT THE ISTANT OF THE BREAK-OFF

Glacier monitoring using time-lapse imagery
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TIME-LAPSE IMAGERY CAN
BE A VALUABLE TOOL FOR
RISK ASSESSMENT

DIC CAN NOT BE USED
FOR EARLY WARNING
ACTIVITIES
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