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Abstract : To improve the accuracy of land-cover discrimination in SAR data classification, this paper
presents a methodology that includes feature extraction and fusion steps with multi-temporal SAR data.
Three features including average backscattering coefficient, temporal variability and coherence are
extracted from multi-temporal SAR data by considering the temporal behaviors of backscattering
characteristics of SAR sensors. Dempster-Shafer theory of evidence(D-S theory) and fuzzy logic are
applied to effectively integrate those features. Especially, a feature-driven heuristic approach to mass
function assignment in D-S theory is applied and various fuzzy combination operators are tested in fuzzy
logic fusion. As experimental results on a multi-temporal Radarsat-1 data set, the features considered in
this paper could provide complementary information and thus effectively discriminated water, paddy and
urban areas. However, it was difficult to discriminate forest and dry fields. From an information fusion
methodological point of view, the D-S theory and fuzzy combination operators except the fuzzy Max and
Algebraic Sum operators showed similar land-cover accuracy statistics.
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Fig. 4. Location of the study area((a)) and a multi-temporal Radarsat-1 data set used in the study((b) May 6, 2003, (c)
May 30, 2003, (d) June 23, 2003).
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Table 2. Mass functions assigned to each feature. W, P, D, Fand U stand for water, paddy, dry fields, forest and urban, respectively.

Class Feature Averait:):fz:‘izcl(iiﬁttenng Temporal variability Coherence
w mg(W) mfW) 0
P my(P) m(P) 0
D my(D) 0 0
F m(F) 0 0
U m(U) 0 m(U)
DUFUU - m(DUFUU) ) -
WUPUDUF - - m/(WUPUDUF)
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Fig. 7. Mass function distribution assigned for each feature;
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Fig. 9. Classification results; (a) D-S theory, (b) conflict image of (a), (c) fuzzy logic with the Min operator, (d) fuzzy logic with the
Algebraic Sum operator.
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Table 3. Accuracy statistics of classification results.

Accuracy | Overall Kappa Average User’s accuracy
Case accuracy accuracy Water Paddy Dry Forest Urban
DS 83.53 0.732 82.74 99.51 99.10 5242 7284 89.84
Min 84.42 0.744 82.82 99.51 98.59 53.08 7543 8747
Max 41.26 0.214 36.14 3.02 91.51 2325 26.67 36.25
Algebraic product 84.48 0.745 82.96 99.51 98.89 5337 7547 87.54
y=0.1 84.47 0.745 82.95 99.51 98.89 5333 7549 87.54
y=02 84.47 0.745 82.94 99.51 98.90 53.33 75.49 87.48
y=03 84.44 0.745 82.92 99.51 98.89 53.29 7542 87.48
y=04 84.43 0.745 8291 99.51 98.89 53.25 7542 87.48
y=05 84.43 0.745 82.89 99.51 98.90 5327 75.37 8742
y=06 84.43 0.745 82.88 99.51 98.90 5332 75.31 87.35
y=07 8441 0.744 82.84 99.51 98.90 53.33 75.23 87.22
y=038 84.37 0.744 82.719 99.51 93.90 5336 74.99 37.21
y=09 84.22 0.742 82.61 99.51 98.90 53.19 74.64 86.80
y=095 83.98 0.738 82.29 99.51 98.92 53.02 73.98 86.04
Algebraic sum 64.54 0468 51.25 1026 96.64 40.28 4225 66.83
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Table 4. Accuracy statistics obtained with various feature combinations. “avg.”, “temp.” and “coh.” represent the average
backscattering coefficient, temporal variability and coherence, respectively.

: Accuracy Overall Kappa Average User’s accuracy
Case accuracy accuracy Water Paddy Dry Forest Urban
all 83.53 0.732 82.74 99.51 99.10 5242 72.84 89.84
D-S |avg. +temp.| 82.71 0.720 79.59 99.51 98.77 51.51 7243 75.71
avg. + coh. 69.31 0.513 74.36 99.48 90.11 51.48 39.84 90.89
all 84.42 0.744 82.82 99.51 98.59 53.08 7543 8747
Fuzzy |avg. +temp.| 83.15 0.723 79.79 99.51 98.61 5129 72.83 76.71
Min | avg. +coh. 66.81 0.496 72.66 98.54 91.46 51.75 37.98 83.59
temp. + coh.| 69.72 0.527 5311 | 356 98.73 4073 | 6458 57.93
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(@)

Fig. 10. (a) Maximum likelihood classification of Landsat TM data, (b) D-S fusion of Landsat TM data and three features extracted
from multi-temporal Radarsat-1 data, (c) fuzzy Min fusion of Landsat TM data and three features extracted from multi-

temporal Radarsat-1 data.

Table 5. Accuracy statistics obtained with Landsat TM data and fusion of Landsat TM déta and three features considered in this study.

Accuracy | Overall Kappa Average User’s accuracy

Case accuracy accuracy Water Paddy Dry Forest Urban
MLC with Landsat only| ~ 85.72 0.77 79.48 8571 96.38 55.71 95.98 63.62

Fusion with D-S 90.82 0.85 88.90 99.51 9792 65.16 94.17 87.29
Fusion with fuzzy Min | 89.99 0.83 87.46 99.40 97.34 63.78 95.21 81.52
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