EEPEERIE 32(3): 203-22, 2017 203

& FINDVIAE A 4542 52 - 35 {4
FAEB BB ENARHBHER
— RS BRABRE L B E RE % A5
WEKD wEKD Fh
W =

T R AT D R R S G T St AR 0 B - 0 DUBOT R 2R R 0 B 3 - AEAERICR
AL NIE 5 TR B G EIEN - DRI G R 7 1] DUS B E L RIAER - ARfE
Dhrm i 75 s ek B b B L 32 29,400 6 + 3t R BB e » S PG —5E20064F ~ 20094F K201 1431515
Fih o R BEH R IERTIHER R A DGR R 2 R BRI S R H - J R END VIS
B ATRER A SHE - EF 2 2 TR S (B R R R R 00 Bk e FE AV T AR FE AR B B R T e
7 BTGB R AR o BRI R URGE - DI IR A TBUEA A St E (st E A
SCE AR H B A HUATRE LR AL o SRS G AR 95 % LU L - KappafRBi#85% Ll L » BUR
AR B B 7 B 2 P S22 B i Bty B B IR R A AOASR » ELRTHERTE - 1831 #th
TR S 53 AT A6 R AT » 200947 5T T e 522 13 7 F A R L 48 ol i Rt 1 B R SR 1 R G £ U T 1y
3.56% » 20094 2201147 i Hy A ARt R I i R A A A2 12 T 32 20064E 222009 4R (19 18. 745 - IREAMKS
20094 201 HEEFrid R AR #RI - B BB AT A R 1Al R A - TR i A S 2 AL I A
HUAE L3 AR AR I o AR SRR RIS 7S SR A B S iy o e JB 28 4 th ) 22 R B
RAEREE ¢ B ®] Bt WA AR AT -

HUEE ~ SBERT  BRIT - 2017 - EAIND VI A SRR BV (EFRE 2 G 00 BA R 2K L — LU 3R
B % e SR B R Bl o GEMSERIER32(3):203-22 -

DAk BT ARG A 0 100665 LT FGE RS 53%% Division of Forest Management, Taiwan Forestry
Research Institute, 53 Nanhai Rd., Taipei 10066, Taiwan.

Dk R BT KRR SE L 0 96341 SR KR B A T AEIE6SE Taimali Research Center,
Taiwan Forestry Research Institute, 6 Bridge Header, Taimali Township, Taitung County 96341,
Taiwan.

V5EENMEZE Corresponding author, e-mail:micky@tfri.gov.tw
2016511 H X5 20174£1 H3@# Received November 2016, Accepted January 2017.



204 AR E— B BRI AR AE Y

Research paper

Using the NDVI and Mean Shift Segmentation
to Extract Landslide Areas in the Lioukuei Experimental
Forest Region with Multi-temporal FORMOSAT-2 Images

Han-Ching Hsieh,"”  Chih-Hsin Chung,”  Chun-Yuan Huang”
[ Summary ]

When applying high-spatial-resolution satellite imagery to classify of earth surface targets,
traditional pixel-based classification methods often produce unsatisfactory results. In contrast,
using object-based image classification with image segmentation approaches over the last decade
achieved further improvements. In this study, 29,400 ha of forestland involving the Lioukuei
Experimental Forest and the surrounding area in Kaohsiung City was used as the experimental
area. Three Formosat-1I (FS2) images of the experimental area obtained in the summers of 2006,
2009, and 2011 were respectively selected and preprocessed through radiometric calibration and
pan-sharpening fusion without distorting their spectral characteristics. The normalized difference
vegetation index (NDVI) of each FS2 image was established for follow-up image segmentation
with a mean-shift algorithm. After NDVI segmentation with the mean-shift method, landslide
and bare (LSAB) areas for each date were automatically extracted using a simple rule including a
shape index and average slope of an object to filter out noise objects and mountain village areas. To
improve the accuracy assessment for extracting of LSAB areas for each date, an assessment was
performed by comparing to manually digitized sub-images of each pan-sharpened image through
a system sampling method. Results showed that the overall accuracies of the 3 dates were > 95%),
and their Kappa coefficients were > 85%; thus, the mean shift procedure can successfully be
applied to extract LSAB areas from multi-date FS2 images. The area transition rate of Un-LSAB
to LSAB areas between 2006 and 2009 after typhoon Morakot was 3.5-times that in the following
2 yr, and from 2009 to 2011, the area transition rate of vegetation regeneration was 18.7-times that
between 2006 and 2009. Inspecting the spatial distribution of newly increased LSAB areas from
2009 to 2011 with extended tributaries derived from digital elevation model, transition areas from
vegetation cover to LSAB were mostly located in headward areas.

Key words: NDVI, mean shift segmentation, FORMOSAT-2, landslide.

Hsieh HC, Chung CH, Huang CY. 2017. Using the NDVI and mean Shift segmentation to
extract landslide areas in the Lioukuei Experimental Forest region with multi-temporal
FORMOSAT-2 Images. Taiwan J For Sci 32(3):203-22.
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Fig. 1. Location of the experimental area in Taiwan. Right image shows a Formosat-II image
acquired on 19 August, 2009 overlaid with the boundary (yellow lines) of the Lioukuei

Experimental Forest.
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Fig. 2. Mean shift procedure. Starting at data point x;, the mean shift procedure is run to find
stationary points of the density function. Superscripts denote the mean shift iteration, the
shaded and gray dots denote input data points and successive window centers, respectively,
and the dotted circles denote the density estimation windows, (modified from Depanis, 2005).
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Fig. 4 (A). FS2 image acquired on 19 August 2009 as an example and sub-figures to explain
the procedure of mean shift image segmentation and object extraction in this study. Using
pan-sharpened image (left image) to derive the normalize difference vegetation index
(NDVI), the area selected by the black box is magnified in the next sub-figure (B).



212 AR E— B BRI AR AE Y

0, e/

2, & Image segmentation
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Fig. 4 (B). Top image showing part of the image magnified from (A), middle image showing
the segmented image with the mean shift algorithm, and bottom image showing non-
vegetation objects using the NDVI mean threshold.

2006F9H28H 200988 19H 2011FE8817H

Fig. 5. Thematic map of landslide and bare areas (in purple) on each date output from the
mean shift segmentation and object-extraction procedure in this study.
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Fig. 6. FS2 image acquired on 17 August 2011 as an example to display distributions of
8 (2.2 by 2.2 km) plots determined by the system sampling method. Shaded red patches
in each plot represent landslide and bare areas, which were output from the mean shift
segmentation and object-extraction procedure in this study.
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Fig. 7. Distributions of 8 plots determined by the system sampling method. Shaded red
patches in each plot represent landslide and bare areas artificially interpreted and digitized
through a geographic information system, and them were used for ground truthing as an
accuracy assessment.

Table 1. (A) Accuracy assessment: confusion matrix on 19 August 2009

Manual digitization (%)

Class
Non-LSAB LSAB Sum (%)
Non-LSAB 89.86 3.23 20.78
LSAB 10.14 96.77 79.22
Sum (%) 100.00 100.00 100.00

LSAB, landslide and bare area.

Table 1. (B) Accuracy assessment: summary table of different accuracies on 3 dates

Date 2006.09.28 2009.08.19 2011.8.17
Accuracy Producer User Producer User Producer User
Class (%) (%) (%) (%) (%) (%)
Non-LSAB 87.17 87.11 89.86 87.62 98.22 97.30
LSAB 99.18 99.18 96.77 97.41 87.69 91.61
Overall (%) 98.45 95.37 96.31
Kappa 0.863 0.858 0.873

LSAB, landslide and bare areas; Kappa: Kappa coefficient; overall: Overall accuracy.
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Table 2. Area occupancies to the entire study area of landslide and bare areas on 3 dates

Date / Area LSAB (ha) Rate (%) Non-LSAB (ha) Rate (%)
2006.09.28 1404.48 28,022.50 95.23
2009.08.19 5003.26 17.00 24,422.55 82.99
2011.08.17 3963.94 13.47 25,461.82 86.53
*Total area of the experimental region: 29,426.98 ha; LSAB, landslide and bare area.
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Fig. 8. Bar chart showing the ratio of the total area of landslide and bare areas (red-colored

portions) on 3 dates.
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Fig. 9. Thematic change maps of landslide and bare areas between 2 periods, from 28
September 2006 to 19 August 2009, and from 19 August 2009 to 17 August 2011. There are

4 categories in the change maps: the white color-shaded areas represent vegetation-covered
areas, the red ones represent increased landslide and bare areas, the green ones represent
vegetation-recovered areas, and blue ones represent common existing landslide and bare
areas between the 2 dates. The left map shows the change result of the first time period, and
right one shows the change result of the second period.
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Table 3. Area transition matrixes of landslide and bare areas between 2 periods

2006.09.28 2009.08.19 Area (ha) Rate (%) Rate in 2 yr. (%)*
Non-LSAB Non-LSAB 24.514.46 82.64 57.13
Non-LSAB LSAB 3736.98 12.60 8.71
LSAB Non-LSAB 138.76 0.47 0.32
LSAB LSAB 1265.26 4.27 2.95
2009.08.19 2011.08.17 Area (ha) Rate (%) Rate in 2 yr. (%)*
Non-LSAB Non-LSAB 23,934.63 80.69 80.91
Non-LSAB LSAB 724.53 2.44 2.45
LSAB Non-LSAB 1763.85 5.95 5.98
LSAB LSAB 3239.49 5.95 5.98

* time weight: 2006.09.28 — 2009.08.19 1056 d or 2.89 yr;
2009.08.19 — 2011.08.17 728 d or 1.99 yr.
LSAB, landslide and bare area.
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Fig. 10. Bar chart indicating transition rates (red-colored portions) of Landslide and bare
areas between the 2 periods, from 28 September 2006 to 19 August 2009 and from 19 August
2009 to 17 August 2011.
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Fig. 11 (A). Background picture which is a part of the FS2 pan-sharpened image in 2011,
with red parches indicating increased landslide and bare areas from 2009 to 2011. Dark-
blue lines are perennial flow streams, light-blue lines stand for headward tributaries
extracted by a threshold with 1500 pixels cumulative flow, and short yellow lines show the
direction of extended reaches which stand for further headward tributaries extracted by a
threshold with 1000 pixels cumulative flow.
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Fig. 11 (B). Gray patches indicating landslide and bare areas after Typhoon Morakot. Red
patches indicate increased landslide and bare areas from 2009 to 2011. Blue thick lines

are perennial flow streams, fine blue lines stand for headward tributaries extracted by a
threshold with 1500 pixels cumulative flow, and short purple fine lines show the direction
of extended reaches which stand for further headward tributaries extracted by a threshold

with 1000 pixels cumulative flow.
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