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Image classification based on feature selection using correlation
and overlap of probability density functions among features
derived from decomposition of polarimetric SAR

By
Kohei Arai and Masaharu Saeki

Abstract: T A sea ice classification method based on eigen value decomposition with polarimetric
SAR image data is proposed. Polarimetric SAR allows using surface and volume scattering
characteristics of the targets such as odd/even/diffuse scattering, sphere/diplane/helix scattering and so
on. Based on such these eigen value decomposition, sea ice classification can be done with a variety of
types of thin, rough and smooth surface sea ice. A comparative study among the proposed Maximum
Likelihood based method with three components data of HH, VV and HV as well as odd/even/diffuse
and sphere/diplane/helix scattering components is conducted with PI-SAR of fully polarimetric SAR
data of the Sea of Okhotsk area acquired on 23 Feb. 1999. It is found that the proposed method shows
1.3% improvement on percent correct classification compared to that of the existing method with three
components and odd/even/diffuse scattering components.
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Table 1: Major characteristics of PI-SAR

Instrument NASDA/L-SAR
Center frequency 1.27GHz
Peak power 3.5kw
Bandwidth 50MHz
Antenna size 1.6mx0.7m
Polarization HH/HV/VH/VV
Incident angle 20-60deg.(Fixed )
Swath width 42.5km
Spatial resolution 3m
Quantization bits 8bhit(l and Q)
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imagery data of intensive

PI-SAR
study area in the sea of Okhotsk acquired on 23
Feb.1999(Original data: Singlelook Slantrange Com-
plex Data, 8 look 1000 X 987 pixels, L band HH po-
larization) Green: Open Water, Black: Rough Sur-

Figure 1:

face lece, White:
Ice({Nilas like)

Smooth Surface Ice, Blue: Thin
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Table 2: Correlation Matrix (OpenWater)

Odd Lven Diffuse | Sphere | Diplane Helix HH HVY VvV
Od L.000 | -0.905 -0.495 0,390 -0.215 -0.206 | 0.527 0.130 0.608
Ev | -0.995 1.000 0.402 -0.371 0,233 0.233 ~0.484 | -0.183 | -0.572
Dt -0.495 0.402 1.000 -0.414 -0.048 0.660 -0.557 0.385 -0.578
Sp 0.399 [ -0.371 -0.414 1.000 -0.740 -0.481 | 0.504 | -0.055 0.377
Dp | -0.215 0,233 -0.048 -0.740 1.000 -0.234 | -0.221 | -0.186 | -0.0090
Hx | -0.206 | 0233 0.660 -0.481 -0.234 Looo | -0.441 0.322 | -0.427
HH 0.527 -0.489 -0.557 0.504 -0.221 -0.441 1.000 0,380 0.930
HY 0,130 [ -0.183 0.385 -0.055 -0, 186 0.322 0580 1.000 0.403
VV 0,608 [ -0.572 -0.578 0.377 -0.050 -0.427 | 0.930 0.403 1.000
Lable 3: Correlation Matrix{Rough Surface lee)
Odd Even | Diffuse | Sphere | Diplane | Helix HH HV VV

Odd 100D | -0.988 | -0.321 0.621 -0.512 -0.200 [ 0.286 | -0.041 0.349
Ev | -0.980 1.000 0.174 -0.562 0.502 0.215 -0.265 | -0.050 | -0.318
DE | o321 0.174 1. 000 -0.528 0.193 0.545 -0.203 0.586 ~0.287
Sp 0.621 | -0.562 -0.528 L.0o0 -0.740 -0.570 | 0.332 | -0.241 0.402
Dp | -0.512 0.502 0.153 -0.740 1000 -0.131 | -0.297 | -0.066 | -0.321
Hx | -0.290 | 0.215 0.515 -0.570 -0.131 1.000 [ -0.126 | 0.437 | -0.201
HH 0,286 | -0.265 -0.203 0,532 -0.207 -0.126 [ 1.000 0.519 0.789
HV | -0.041 | -0.050 0,586 -0.241 -0.066 0,437 0.519 1.000 0.440
VV 0,349 | -0.318 | -0,287 0,402 -0.321 -0.201 | 0.789 0.440 1.000
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Lable 4: Correlation Matrix{Smooth Surface lee) e
Odd Even Ditfuse | Sphere | Diplane Helix HH HY Vy oc.o= |- =
Od 1L.O00 | -0.987 | -0.554 0.603 -0.531 0,352 | 0,537 | -0.038 | 0.620 o o= L
Ly -0,087 1.000 0,414 -0.652 0.546 0.271 -0.479 | -0.061 | -0.575
Df | -0.554 0.414 1.000 -0.550 0.179 0.589 -0.566 0.535 | -0.585 =-e7 =
Sp 0.693 | -0.652 -0.550 1.000 -0.747 -0.532 | 0.638 | -0.142 0.597 o.os |-
Dp | -0.531 0.546 0.179 -0.747 1.000 -0.165 | -0.435 | -0.175 | -0.367 g o= |
Hx | -0.352 | 0.271 0.580 -0.532 -0.165 1.000 | -0.393 | 0.433 | -0.418 ﬁ
HH 0.537 | -0.479 -0.566 0.638 -0.435 -0.393 1.000 0.146 0.834 A
HV | -0.038 | -0.061 0.535 -0.142 -0.175 0.433 0.146 1.000 0.140 o.o= |-
VvV 0.629 | -0.575 -0.585 0.597 -0.367 -0.418 | 0.834 0.140 1.000
c.o= |
‘Lable 5: Correlation Matrix('L'hin lce:Nilas) ==t ""‘?_*;, ! \\,ff \'\ e
Odd_| Even | Diffuse | Sphere | Diplane | Helix | HH | HV VV ° S Se= oS oSa= o©= o= o= ==
Od 1.000 | -0.989 | -0.338 0.656 -0.484 -0.307 -0.154 | 0.440 O sine=
Ev | -0.98%9 | 1.000 | 0.193 | -0.609 | 0.493 | 0.235 0.044 | 0377 Figure 1: Received power of VV polarization for tarining samples
Dt | -0.338 0.193 1.000 -0.471 0.074 0.533 -0.421 0.730 | -0.509
Sp | 0.656 | -0.600 | -0.471 | 1.000 | -0.676 | -0.539 | 0.533 | -0.275 | 0.537 === ‘
Dp | -0.484 0.493 0.074 -0.676 1.000 -0.256 | -0.279 | -0.133 | -0.252 =
Hx | -0.307 | 0.235 0.533 -0.539 -0.256 1.000 | -0.380 | 0.513 | -0.417 o.=
HH 0.331 -0.27R -0.421 0.533 y -0.380 1.000 | -0.064 0.425
HV | -0.154 0.044 0.730 -0.275 -0.133 0.513 -0.064 1.000 | -0.108
VvV 0.440 | -0.377 -0.509 0.537 -0.252 -0.417 | 0.425 | -0.108 1.000 . =SS IS
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Figure 4: Diplane scattering component for tarining samples
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Figure 10: Helix scattering component for tarining samples
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Table 7: Confusion matrix for the dataset of
HH,HV,VV polarization of received power, odd scat-
tering component together with diffuse and helix

components (in unit of %), PCC=87.3%
OpenWater | Roughlce | Smoothlce | Thinlce
OW 95.3 1.2 3.5 0.0
Rl 6.6 91.4 2.0 0.0
sl 30.8 0.8 67.6 0.8
Tl 2.0 0.0 3.1 94.9

Figure 11: The classified image with HH HV VV po-
larization of received power, odd and even scattering

components together with diffuse component
Blue: Open Water, Grey: Rough surface sea ice, White:
Smooth surface sea ice, Light Blue: Thin(Nilas) sea ice

lable 6: Confusion matrix for the dataset of
HH,HV,VV polarization of received power, odd /even
scattering components together with diffuse compo-
nent (in unit of %), PCC: Percent of Correct Classi-
fication=93.4%

Figure 13: The classified image with HH HV VYV po-
larization of received power, odd scattering compo-

OpenWater | Roughlce | Smoothlce | Thinlce nent together with diffuse and diplane components
OW 93.4 0.8 5.8 0.0
Rl 3.1 92.2 4.7 0.0 Table 8:  Confusion matrix for the dataset of
sl 6.6 0.8 92.2 0.4 HH HV,VV  polarization of received power, odd
11 0.8 0.0 3.5 95.7 scattering component together with diffuse and
' diplanecomponents (in unit of %), PCU=94.6%

OpenWater | Roughlce | Smoothlce | Thinlce

OW 2.2 0.8 7.0 0.0

Rl 2.0 92.2 5.8 0.0

sl 3.1 0.4 95.3 1.2

11 0.0 0.0 1.2 98.8
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Figure 12: The classified image with HH,HV,VV po-
larization of received power, odd scattering compo-
nent together with diffuse and helix components
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