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GLACIER MAPPING

USING CNN
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Zhibek Solpleva
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BASIC CONCEPTS

DEEP LEARNING OBJECT-BASED
AN D IMAGE ANALYSIS
CONVOLUTIONAL
NEUTRAL
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STUDY AREA AND
DATA

THE GLACIERS IS
LOCATED IN HUNZA
VALLEY IN PAKISTAN

e Sentinel 2 optical satellite Imagery from
04.08.2018.

e Coherence data based on two Sentinel 1

IMmages (05.08.2018 and 17.08.2018).

Topographic data from the ALOS Global DEM.

Software eCognition e 01
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FLOW CHART

Prepare training data Create model Apply CNN model
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Pre-processing Create samples Train model OBIA
refinement
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1 Pre-processing

E B Create CNN
B B create layers

@ set custom view settings on first pane

B ® 16:42.078 layer preparation
B 8 1642078 convert to32-bit binary

FO r ea Ch p |Xe |I |t m a keS O n e Segm e nt @ 08.609 chess board: 1 creating 'New Level'
03.828 layer arithmetics (val 1.001, layer dem range [9000,1e+30] to layer dem_nulled[32Bit float ])

Th ese Ste pS a re Creatl ng norma | |Zed ] 38922 at New Level: green_max = max(Mean green)

] 37422 at New Level: blue_max = max(Mean blue)

\/a'ueS fOr eaCh raSter band One by ] 42.719 at New Level: red_max = max(Mean red)

] 56.578 at New Level: nir max = max(Mean nir)
] 01:23.797 at New Level: swir_max = max(Mean swir)

O ﬂ e ] 01:38.187 at New Level: dem_max = max(Mean dem_nulled)
] 02:13.547 at New Level: slope_max = max(Mean slope)

Th e C N N a |gO rlth m ta keS | n p Ut | n 3 2 ] 02:48.703 at New Level: sar_coherence_max = max(Mean sar_coherence)

01:20.281 layer arithmetics (val "blue/blue_max", layer blue_32[32Bit float ])
O it fl O a ti n O i nt t e 30.688 layer arithmetics (val "green/green_max", layer green_32[32Bit float ])
g p y p 18.109 layer arithmetics (val "red/red_max", layer red_32[32Bit float ])
26.359 layer arithmetics (val "nir/nir_max", layer nir_32[32Bit float ])

 d ye rarit h metics ca | CU | ate d 10.219 layer arithmetics (val "swir/swir_max", layer swir_32[32Bit float ])

06.781 layer arithmetics (val "(dem_nulled/dem_max)", layer dem_32[32Bit float ])

06.532 layer arithmetics (val "slope/slope_max", layer slope_32[32Bit float ])
10.937 layer arithmetics (val "sar_coherence/sar_coherence_max", layer sar_coherence_32[32Bit float ])
=% 02:19.750 delete 'New Level

&= 0.094 delete image layer ‘dem_nulled'
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2 Prepare training data

e Creating a buffer around each thematic class

B 8 loadintraining data
= 8 53.094 preparetraining data
<0.001s buffer_size = 25

r@ <0.001s vector buffering/shrinking 'clean_ice' -> 'clean_ice_buffered' (delta=buffer_size, round)

, <0.001s vector buffering/shrinking 'debris_covered_glaciers' -> 'debris_covered_glaciers_buffered' (delta=buffer_size, round)

. <0.001s vector buffering/shrinking 'stable_slopes’ -> 'stable_slopes_buffered' (delta=buffer_size, round)
. <0.001s vector buffering/shrinking ‘lakes’' -> 'lakes_buffered’ (delta=buffer_size, round)
vector buffering/shnnking ‘vegetation’ -> 'vegetation_buffered’ (delta=buffer_size, round)
04.985 chess board: 1000000 creating ‘level_1'
unclassified with Num. of overlap: debris_covered_glaciers > 0 at level_1: debris covered ice
unclassified with Num. of overlap: clean_ice_buffered > 0 at level_1: clean ice glacier
unclassified with Num. of overlap: lakes > 0 at level_1: lakes
unclassified with Num. of overlap: stable_slopes > 0 at level_1: stable_slope
unclassified with Num. of overlap: vegetation_buffered > 0 at level_1: vegetation
a 20.641 unclassified at level_1: chess board: 1
O 21.765 unclassified with Mean nir < 900 at level 1: shadows
@ 01.047 clean ice glacier, debris covered ice, lakes, shadows, stable_slope, vegetation at level_1: chess board: 1
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= W classes

= @ glacier
@ clean ice glacier

@ debris covered ice
@ potential debris-covered glacier

(3 lakes
() shadows

() stable_slope
@ vegetation

B ® create samples
B B create
sample_size = 16
sample_folder = "{:Workspc.OutputRoot \samples\”
ﬁ debns covered ice at level_1: generate 2000 raw sample patches sample_sizexsample_sizext using layers ("sample_folder”)
¥ clean ice glacier at level_1: generate 2000 raw sample patches sample_sizexsample_sizex6 using layers ("sample_folder")
f’- lakes at level_1: generate 2000 raw sample patches sample_sizexsample_sizext using layers (sample_folder)
ﬁ stable_slope at level_1: generate 18000 raw sample patches sample_sizexsample_sizexb using layers (sample_folder)
'_?- vegetation at level_1: generate 2000 raw sample patches sample_sizexsample_sizexb using layers (sample_folder)
ﬁ shadows at level_1: generate 2000 raw sample patches sample_sizexsample_sizext using layers (sample_folder)
E 8 shuffle
ﬁ': shuffle labeled sample patches ("sample_folder”)
E\: spit labeled sample space from "“{:Workspc.OQutputRootisamples™ to ""{:Workspc.OutputRoot\samples\samples1™, "“{:Workspc.OutputRoot \samples\samplesd™
= = 03:10.934 create, train, apply
E B 03531 create model
': 0.531 create 6-layer convolutional neural network with kernels [3,3,3,3,3], features][30,30,20,20,16] and pocling [false false false false true)
H 8 03:10453 train and apply model
E 01:09.765 train convolutional neural network (learn rate 0.0006) with J000x 16 samples ("{:Workspc.OutputRoot\samples'\samples1™)

t 01:35.719 apply convolutional neural network (Class[debns covered ice]-> Layer[heatmap_debns_covered_ice]]

ﬁ <0.001s set custom view settings on second pane
=5 04.969 delete "level 1’
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HeatMap
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OBIA refinement

= W OBIA refinement
= B generation of indices
= W ndsi
layer arithmetics (val "(green-swir)/(green+swir}", layer ndsi[32Bit float ]}
= W ndvi
layer arthrmetics (val "(nir-red)/(nir+red)", layer ndvi[32Bit float [}
=B ndwi
layer arthrmetics (val "(green-nir)/{green+nir)", layer ndwi[32Bit float ])
= B glacier ratio
layer arithmetics (val "nir/swir", layer glacier_ratic[32Bit float ])
B image segmentation
m multi-resclution: 80 [shape:0.5 compct.:0.6] creating 'level_2'
B classification of clean ice
& unclassified at level_2: clean ice glacier
£+ clean ice glacier at level_2: merge region
B classification of debris-covered ice
&e unclassified at level_2: debns covered ice
£+ debris covered ice at level_2: merge region
B expand classification to nearby objects based on heatmap
O unclassified with Mean heatrnap_debris_covered_ice = 0.3 and Rel. border to glacier = 0.5 at level_2: potential debris-covered glacier
O potential debris-covered glacier at level_2: debris covered ice
F debris covered ice at level_2: merge region
B expand classification to nearby objects based on coherence
O unclassified with Rel. border to glacier = 0.1 and Mean sar_coherence < 0.4 and Mean ndvi < 0.1 and Mean slope < 20 at level_Z: potential debnis-covered
O potential debris-covered glacier at level_2: debris covered ice
¥+ debris covered ice at level_2: merge region
B expand classification to nearby objects based on relative border
O unclassified with Rel. border to debns covered ice = 0.9 at level_2: potential debris-covered glacier

O potential debris-covered glacier at level_2: debns covered ice

£+ debris covered ice at level_2: merge region
B Remove objects
O debris covered ice with Area < 0.1 km*® at level_2: unclassified
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B B classes
= - glacier

----- @ clean ice glacier

----- @ debris covered ice 1
" @) potential debris-covered glacier i
7 lakes

----- 3 shadows

T stable_slope

.. @ vegetation
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