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Introduction

 Inventories, susceptibility, hazard and risk

 Landslide inventories with conventional methods

 Detecting remote of landslides with passive and active sensors

 In semi-automatic detection, brain functions for extracting objects are not fully understood.

 Hybrid approach: 

 Multi-sensor feature fusion

 Multi-temporal feature fusion

 Multi-resolution feature fusion

 Multi-angular feature fusion
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Theoretical perspective

Fusion approach

Spectral and radiometric data

Textural and coherence information of radar system

Phase shifts of differential interferometry radar

Pattern recognition techniques
Semi-automatic recognition

of landslides

Passive sensors
Active sensors

DEM - INTERFEROMETRY RADAR 
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Zone training model

Cauca department
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Background
Semi-automatic classification of landforms

2016
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Accuracy classification = 60%
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DEM accuracy assessment

AP_23078_FBD_F0030_RT1.dem.tif BLUH

[Bundle block adjustment

Leibniz University Hannover]

DEMANAL

[Analysis of a digital elevation model

(DEM) against a reference DEM]

RMSz = 5,86 m

BIAS = 1,06 m

RMSz without bias = 5,77 m

NMAD (68% probability level) = 4,57 m

Sz = 2,06 + 19,063*TAN(SLOPE)

Sz* = 0,09 + 22,877*TAN(SLOPE)

Topographic map

DEM (Thin plate spline)

DEM ALOS-PALSAR
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Change detection
AP_23078_FBD_F0030_RT1.dem

AP_07645_FBD_F0030_RT1.dem

BLUH

DEMSHIFT (Shift and rotation of a DEM to another

in X, Y, Z, scaling in Z, rotation in X-and Y-direction)

(SAGA Development Team, 2008)

RMSz = 1,56 m

BIAS = -0,21 m

RMSz without bias = 1,55 m

NMAD (68% probability level) = 1,65 m

Sz = 0,99 + 3,264*TAN(SLOPE)

Sz* = 1 + 3,065*TAN(SLOPE)

DEM 1 – DEM 2
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Morphometric analysis

 ElevALOS 

 Slop 

 Asp 

 GenCurv 
 ProfCurv 

 PlanCurv 

 TanCurv 

 LongCurv 

 CrsSecCurv 

 MinCurv 

 MaxCurv 
 TotCurv 

 FloLinCurv 

 ConvIndex 

 CatArea5000  TWI 

 Landform 

 Texture 

 Convexity 

 Texture.1 

-15 -10 -5 0 5

-5

0

5

10

Factor 1: 7.0724 (37.2%)

F
a
c
to

r 
2
: 

3
.0

8
1
7
 (

1
6
.2

%
)

146

7

89
1112

1415

18

19

20

2123
24

26
33

37

44
4547

53

63

6567
68

7172
73

78

82

516

31

41

46

48

49
51

54

55

56
57

59
76

77
80

83

84 86

89
90

91

93

94

95
96

102

103

105
106

111

112114

27

42

50

69
74

85

88

92

99

100101

104

107

108

109

110
113

2

3

1013

17

22

25

2829

3032

3435

36
3839

40
4352

58

61

6264

66

70

75

79
81

87

9798

Slop

AspPlanCurvFloLinCurv
Landform

GenCurvProfCurvTanCurvLongCurvCrsSecCurvMinCurvMaxCurvTotCurvConvIndexConvexity

CatArea5000
TextureTexture.1

TWI

 cl1 

 cl2 

 cl3 

 cl4 

 cl5 

 cl6 

 cl7 

5
8

2
8

2
9

3
4

3
5

1
0

7
0 3

1
7

7
9

8
1

4
3

1
3

5
2 3
9

8
7

6
1

3
0

3
8 6

3
6

3
2

7
5 2
0

2
1

3
7

4
4

4
5

2
2

6
4

6
6

6
5 4 1

8
2

6
2

2
6

3
3

4
1

5
5

4
8

9
1 9
5

8
6

1
6

8
3

8
4

1
0

5
1

9
9

6
1

1
2

1
1

4
1

0
2

8
9

5
4

9
0

1
0

3
9

3
1

0
6

8
0

4
9

5
6

6
8

4
6

7
7

6
7 8 9

1
1

1
2 7

1
8

4
7

7
2

5
3

6
3 7
8

5
1

2
3

2
4

3
1

7
1

7
3

9
2

2
5

8
8

2
1

1
3

9
9

9
7

9
8

2
7

1
4

1
5

5
9

7
6

1
1

1
9

4
1

0
0

1
0

1 5
1

0
7 5
7

8
5

1
0

8 5
0

4
0

4
2

7
4

6
9

1
1

0
1

0
4

1
0

9

0.0

0.5

1.0

1.5

2.0

2.5

3.0

In
d

e
x
e

s

Topographic Wetness Index Texture Slope Convergence Index

Principal Component Analysis
Dendrogram
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Quality assessment of GPS georeferencing [1]

Single-frequency receiver

Static mode
Static mode for landmarks

HRMS = 2,45 m

Dynamic mode for road axes

NMAD*1,96(95%)

= 4,20 m

Dynamic mode
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Quality assessment of GPS georeferencing [2]

Nuggett =0,13 m

Sill = 0,64 m

Range = 1559 m

HRMS (Kriging Ordinary)

= 2,568 m

HRMS (ITRF 1995.4)

= 2,393 m
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Conclusions

 The ALOS PALSAR-DEM quality was evaluated by using GPS control points in the field.

 A mass shift evaluation was obtained by the difference between two ALOS PALSAR-DEM.

 Furthermore, Principal Component Analysis technique allowed to choose terrain parameters with low
collinearity.

 Morphometric variation of the study area was evaluated

 The precision and accuracy of a single frequency GPS mapping was stimated by robust statistics methods.

 Next stage will be analyze radiance and radiometric data of satellite images; including backscater and
coherence, as well as polarimetric and shift phase of radar images.
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Thank you for your attention!
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