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Introduction

A Motivation

ALandslidesind debrisflows induced by Typhoon or
earthquakes.

AUAV

AHigher resolution, more flexible and dynamic RS platform
APrecise landslide mapping, monitoring and geomorphology




Typhoon Morakot

AOccurred at Aug7-9, 2009

ABrought a cumulativainfall of 2,542 mm
Aln Taiwan, the average annual rainfall is about 2,500 mm.
ACaused99 deaths, including 400 peoplesHiisaoLin Village

AAccording reports, totarea of landslides inducesnge from
183.1 kn% to 396 kn% in size using satellite images.

AAmong them two agencies utilized Form@sattellite
Imageswithchange detectiotechnique .

AOne got259 knt and the other 34%n?, with a difference
inarea of 90 kn?. Anaccurate and reliable total landslide
area still remains unknown
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Specification of the Used UAV

A GarminGPSreceiver

A Attitudeheading reference system
(AHRY

A Twohours of flighendurance
A 3 kg of payload
A Flightcontrol range of 2&km

A Realtimevideo signal downlink withil
15 kmradius




Specification of the Acquired Imagery

A Canon EOS 450D digitakmera
A Image size 427X 2848 (12Mp)and 5.2 m pixelsize

A Focal length : 24mm

A Average flying height above M$ around 1,400netersand
average terrain height is 61theters, results in a nominal GSD

around 17cm
AOrthorectified image GSD : 20cm
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Landslide Mapping
P I‘O ced U re U S i n g Multiresolution Segmentation

(Input: R, G, B & Slope)

O B I A » Classification of landslide seeds

(using GRVI, Density, Slope & Brightness )

GreenRed Vegetation Index (GRVI) :

P —
l:"- Landslide Seeds )
Green Red

GRVI=
Green+ Red

Densitfeature describes the distribution in
spaceof an image object. The most "dense"
shape is asquare the more an object is shaped
like a filament, the lower its density.

Brightnesmeans the weighting average of
image intensity for each image object




Study area

A Terrain elevation
A580 to 1,600 meters

A Slopegradient
A0 to 76 degrees

A 21.3kn? insize

A Landslides were inducést
Typhoon Morakot
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Accuracy
Assessment &
Input Parameters

Reference landslides
were selected by
human interpretation
from objects after first
stage multiresolution
segmentation.

(Larger than)
(Small thany

Pre-event

Post-event

Platform / Sensor

Airbome / EMK TOP 15

UAV /Canon EOS 5D Mark 2

GSD of Image

30 cm

20 cm

Image size (pixels)

10,484 x 16,822

19,000 x 28,106

GSD of DEM

3 meters

5 meters

Total of process time

34m37s

2hd46m44ds

Stage 1

Method

Scale

Segmentation
g Inputs

tiresolution segmentation (Pix el)
(oo 400 )

R, G, B, Slope

R, G, B, Slope

Weighting

1.1.1.2

1.1.1.2

GRVI (<)

0-~-0.02

0.01-0.03

Densitv (=)

1-1.2

0.9~1.1

Classification Slope (=)

25~30

25~30

Brightness (=)

160~180

120~140

Producer's accuracy

0.95

0.92

Accuracy

User's accura
Assessment &y

0.52

0.73

Kappa Index

0.66

0.8

Area(m?)

620.320.75

1.470.913.68

Stage 2

Method

Scale

Multiresolutign segmentation region grow (Obje
(200)

(600

S tatl
cgmentation ]npl_‘lIS

R, B, Slope, GRVI

E, B, Slope, GRVI

Weighting

1.1.1.1

1.1.1.1

GRVI (<)

0-0.02

0.01~-0.03

Classification Slope (=)

25~30

25~30

Brightness (=)

160~180

120~-140

Producer's accuracy

0.89

0.94

Accuracy

User's accura
Assessment &

0.67

0.72

Kappa Index

0.76

0.8

Area(m?®)

436.422.24

1.570.435.92

Stage 3

Method

dslides)

Scale

Segmentation
g Inputs

Multir tion segmentation (Object level.
( 100 400
R. G, B, Slope

R. G, B, Slope

Weighting

1.1.1.2

1.1.1.2

GRVI (<)

0-~-0.02

0.01-0.03

Classification Slope (=)

25~30

25~30

Brightness (=)

160~180

120~140

Producer's accuracy

0.88

0.91

A
cetracy User's accuracy

0.86

0.84

Assessment Kappa Index

0.87

0.87

Area(m?)

343.612.75

1.287.768.08

evel - landslides)



Accuracy improvement of pre-event case
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Accuracy improvement of post-event case
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Roads are removed from susceptible landslides
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Conclusions

A A threestage segmentation and classificasoheme using
OBIAisproposed in this study.

A Within the study site, totalea of the landslides after Typhoon
Morakot Is 129 hectares which is 3.7 times of landslide area
before theevent.

A Thedeveloped landslide detection algorithm can achieve up t
91% of producer6s accuracy,
Kappa index of 0.87

A Forall three stages, the overall accuracy is maximized due to
the commission and omission errors are minimized

A UAV is suitable for small area remote sensing and mapping
applications, validation and detail surface modelling.
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