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The Elements of Cryosphere: Snow Fields & Gaciers
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Area: Manali-Dhundiregion,Himachal Pradesh, India
Elevation: 2000 to 5000 m R

Land-cover: Approx.30%is coniferous vegetation with bare ground above the mean tree line
;/:_%%tarlrtllo;esnhaa}rnic;irxvtl_?rs;é\lgjtr:lilre]:él:ltienlte;e:\;es &clamped structure with average height of Tall coniferous trees (~30-50 m
Observatories: Bahang (2000 m), Solang (2450 m),and Dhundi (2900 m) maintained by SASE, tall) spread across the Beas river

DRDO, India valley below the mean tree line
7 %""«.l
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PolSAR Data Representation: coherency/Covariance/Kennaugh matrix
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PolSAR Data Representation: coherency/Covariance/Kennaugh matrix
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Geometry of PoISAR Data
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Unsupervised Classification of PoISAR Data Using a Scattering Similarity Measure Derived from a Geodesic Distance,
D.Ratha, A. Bhattacharya and A.C. Frery, /EEE Geoscience and Remote Sensing Letters,vol. 15,no. 1, pp. 151-155, 2018
“ ggg Change Detection in Polarimetric SAR Images Using a Geodesic Distance Between Scattering Mechanisms,
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Snow Cover
Change Analysis
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Perspective
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Scattering Mechanisms

Bare Ground
Forest
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71> Describes the degree of helicity of the 15t dominant scattering mechanism
7,~> Describes the degree of helicity of the 2" dominant scattering mechanism
a,~> The scattering type magnitude

H - Quantifies the randomnessof the scattering mechanism
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Scattering Mechanisms

Bare Ground
6 BG: Overlying snow j Forest
5 & -~ Notice that as snow disappeared over the

Bare Ground (BG) the Helicity variance and

4t BG:Snow free

L | I the Entropy both dropped
3t Ao
1 « Thawing of Forest (F) resulted in increase in
2 S I E— the randomness of scattering from those
1 =t samples
1 } i 'JF' + ‘_; 1

85 /o“— '1__” \

H ' F:Thawed
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Scattering Mechanisms A

Acquisition

Note the
absence of snow

B

-F"'I'

Bare Ground (BG) Forest (F) over the canopy
Snowpack froze overnight—-> Dry Freezing of moisture in vegetation->

snow volume enabled penetration of Reduced complexity of scattering.

the incoming waves. Scattering is Hence,low entropy scattering from

random due to interaction of the forested areas

wave with complex snow matrix
Sy www.mrslab.in
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Scattering Mechanisms

SAR data

Forest cover Bare ground

[0, <0 ||aH&AG, <0 || A0, >0 | [0, >0 || AH&AG, >0 || a0, <0 ]

¥ K —means ¥ A 4 -
clustering

:

Snow cover map

o

z’%} Scattering Mechanism Based Snow Cover Mapping Using RADARSAT-2 C-Band Polarimetric SAR Data,
4) i A.Muhuri,S. Manickam and A. Bhattacharya, /EEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing, i
vol.10,n0.7, pp. 3213-3224, 2017 www.mrslab.in
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Scattering Mechanisms
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Polarization
Fraction
Perspective
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EH Scattered
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Target Scattering Matrix Scattering Vector
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Covariance Matrix

3\
PF = 1- A > A > A
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Eigenvalue spectrum
Polarized Fraction conveys information
about the diversity of the
scattering mechanisms
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H/a Segmentation
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Polarization Fraction Perspective
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Frozen Forest (F) demonstrated substantially Polarized Return
as compared to Bare Ground (BG) with overlying snow where
Unpolarized Return was evident with Randomness in Scattering

As snow cover disappeared beyond March and Minimum
Temperature crossed the 0°C line, the returns from BGareas
were comparatively more Polarized than those belonging to the
F class

10 . : 1 : S S .
Dhundi @2900 m i :
5 Solang @2450 m 22 Feb 2015 E
' Bahang @ 2000 m

" "'1\||mli|“||||\'r’*'|'1|'lw||||ﬂZ

0 10 20 30 40 50 60 70 80 9a
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Polarization Fraction Perspective
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1 1
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| L - Acquisition. -} ™ e ,
Snow — I |
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I I
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Proposed flowchart : ; . .
I 1
I I
I | High PF | | Low PF | |
I I

Seasonal response of polarimetric indicators

y Snow Cover Mapping Using Polarization Fraction Variation With Temporal RADARSAT-2 C-Band Full-Polarimetric SAR Data Over the Indian Himalayas,
{ ; A.Muhuri,S. Manickam and A. Bhattacharya,Snehmani, /EEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing, .
vol. 11,no. 7, pp. 2192-2209, 2018 www.mrslab.in
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Polarization Fraction Perspective

Notice the dominance of volume
scattering in the month of February
&March from snow covered areas
situated above the mean tree line

Notice the dominance of surface
scattering in the month of February
&March from forested areas situated
below the mean tree line

Surface scattering is restored with
the disappearance of snow cover
from the barren areas

Volume scattering begins to
predominates over the forested
areas with the onset ofsummer
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Polarization Fraction Perspective

RADARSAT-2

LANDSAT-8

February August www.mrslab.in
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Polarimetric
Channel
Correlation
Perspective

d %} :
www.mrslab.in
IIT Bombay



Polarimetric Channel Correlation Perspective
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Polarimetric Channel Correlation Perspective
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Span = Ci7 + Cao + Cs3

A image is thresholded using the method of Otsu

Seasonal Snow Cover Change Detection Over the Indian Himalayas Using Polarimetric SAR Images,,

A.Muhuri,D. Ratha and A. Bhattacharya, /EEE Geoscience and Remote Sensing Letters,vol. 14,n0.12,pp.2192-2209, 2017 WWWw.m I'Sl ab'l n



Polarimetric Channel Correlation Perspective

RADARSAT-2

LANDSAT-8
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General

Polarization Basis
_|_

Deep Learning
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Poincaré Sphere Parameters

Ay = 03 Ag = 1n8 Ay = 2r8 Ay = 3In@8
Transformation of the Stokes vector to i y ” -
any general polarization basis using the /H 47" H O"
Kennaugh ([K]} matrix as: . _ . _ .
Ap = 4mB A= S5nB Ay = 6n/8 Ay = Tr8
gor goi v v Iv v
(J1 4 1
g1 _ <[K]> . gri | . | - . = - .
g2r g2i _
9sr g3i e Me SN
Ap = 3x8 A= 9n3B A= 10x8 A= 11 m8
v v v v
g H V R L General % '
goi 1 1 1 1 1 N k“ | H : W
gi 1 =1 0 0 cos(2¢)cos(27) ! vera | g ;
g2i 0 0 0 0 sin(2y)cos(27) A0 = 1278 A = 13778 8 = 1478 Mb = 1528
gsi 0 0 -1 1 sin(27) ~ 3 .
o O & 7
Special Cases: e 1 |

Circular (L) Basis: ¢ = 0°,7 = 45° o _
Wave Polarization Basis

Lincar (H) Basis: ©» =0°,7 = 0°
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Overall Methodology

Final Classification

" FF
W |
8 g3t | -
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S —» E — . — ¢ » X 7 X' > h s
— M = 5
k: =
\ bd Encode Decode
Collated polarization X=X (training)
basis transformed _ _ _ : .
Stokes parameters Xj = {90?‘ 81r; 82r; g3ri]3,- for the jth pixel

gor 18 roll-invariant (common to all transformation)

Zxr, 18 a Ny X N, vector; where the subscript x is either {1,2,3}
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Data Set and Study Area

77 2'0"E 77 7°30"E 77T 130"E

77 18"30"E

o 338 s 13 Km

Meteorological observatories at
Bahang (2000m), Solang (2450m) and
Dhundi (2900m) are maintained in this
area torecord local climatic

L~ conditions.
p ‘1\}

IIT Bombay

e The testsite is located in the
Manali-Dhundi region of Himachal
Pradesh, India

¢ The lower elevations of the area are
covered with coniferous forest

SAR Data:
Radarsat-2
e 18t March 2015 (Ascending
6:14am)
* Resolution:
e Azimuth:5.1m
e Range:118 m
* Incidence angle:46.0°-47.2°

Optical Data:

e Landsat8
e 23"9March 2015
 Resolution:30m

1685 m...

Contour steps of 555 m

| | | ECHE
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Results

Radarsat 2 Landsat-8 FCC
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Dominant Scattering Type Comparison
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Results

Reference Map

Show . No-Snow
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Results: Snow-Cover Percentage snow M No-snow
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Classifier Comparison
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B ; -

g = = AE + MLP
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2 § S MLP
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Classifier Comparison

\ ¢
IIT Bombay

Proposed

OA = 88.96%
£, = 0.92

MLP (no AE)

0A = 75.39%
f, =0.81

Snow . No-Snow

Fo c

SVM (no AE, Lin)

0OA = 65.56%
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Overall Results

Numeric Accuracy Comparison

Method OA(% K f1

ALL (proposed) 88.96 0.73 0.92
CIR 65.02 0.35 0.70
LIN 64.48 0.34 0.69
/4 52.89 0.21 0.58
MLP ALL (no-AE) 75.39 0.45 0.81
SVM ALL (no-AE) 65.56 0.35 0.71

Snow-Cover Percent

NDSI ALL (proposed) LIN CIR /4
72.12 66.48 43.15 42.35 36.82
y; w“’r»‘}
“%f www.mrslab.in



Summary & Future Scope

» The algorithms are unsupervised in nature.

» Thresholds are not locally determined &qglobally imposed.

» The investigation highlights the meteorological impacts on the polarimetric variables.

» The possible role of time of acquisition on the polarimetric analysis is highlighted.

» Algorithms are compatible with C-band PolSAR data.

»Introduction of Deep Learning techniques using PoISAR data

www.mrslab.in
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