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ABSTRACT

Landsat 7 ETM+ was launched in April 15 1999 witbrenadvantaged features than previous satellites
of Landsat programme, but after four years on thgtan May 31, 2003, operation of Landsat 7 hackt @
great problem that was Scan Line Corrector in thidvE instrument permanent failure. At the SLC-offd®,
causing lines of no data in zig-zag fashion appdane images. This report presents a performacgay-filled
image for land cover classification. The methodagb-filling was applied from the approach of USEBOS.

There were 12 classes were classified with ovexediuracy of 87.44% and Kappa Coefficient is 0.86.
This is a good result for an Landsat 7 image SLC+#Hd been applied gap-filling by another SLCiofage .
The area of study is a part of Hochiminh city andiBDuong province, belongs to image scene of 125/5
acquised in January 2014,

1. INTRODUCTION

Since May 31, 1999 — failure of Scan Line Corre¢®8LC) instrument causing SLC-
on turn into permanent SLC-off mode happened todsanh7 ETM satellite (USGS) just
after four years on its orbit acquiring multisettnaagery data. On Imagery of SLC-off, there
are nodata gap-lines in pattern of zizag that app&ang the the edge of the scene and
gradually decrease its size toward the middldefscene. The width of nodata lines is from
1-2 pixels at the middle to 15 pixel at the edgéhefscene. About 22 percent of any scene is
lost information and more than 75 percent of thagmpixels are still retained radiometric
and geometric information as before the malfuncfid8GS, 2003). However, although the
number of remained pixels is large but these areigaag pattern that appears to be an
interleave pattern with long strip of data and riadsrip. This makes actual usability of the
scene only about 12 percent, which is accountedrfaund 4,500 sgkm of unaffected area by
SLC-off compared to 35,000 sgkm of the whole sdé&igure 1).

Although the data has a great number of nodatalgixvhich is still usable for the rest
in many appications and in order to keep using\hlsable data for Earth observation task,
there have been efforts to solve this problem. Sdtar that event, there was an approach of
using a previous acquired scene at SLC-on fon§llihe gaps of SLC-off image, both of the
same path/row (Scaramuzza,e®.al, 2004; Howard, S.M. and J. Lacasse, 2004) thear af
adopted by NASA (Landsat - USGS) to develop gdpdiproduct. However, this approach
only was applied for a short time because tempdifidrence between SLC-on and SLC-off
images became longer by time and it made produattsuitable for monitoring land cover
change. Based on this approach, a new algorithnbbad developed that uses multi-scenes
SLC-off scenes for gap-filling and all select sceas close in time to the primary scene as
possible, known as Phase 2 gap-fill algorithm orapid/e Window Local Histogram
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Matching (USGS-EROS, 2004; Sadiq ét. al, 2014). This meets requirement of surface
change monitoring, for those regions that aretivedahomogenous and less change over a
short time. To apply gap-filled scenes for clasaifion of heterogenous areas, recently an
approach ofunsupervised land use classification performed ath lgap-filled SLC-off data

to validate the Phase 2 algorithm mentioned aba¥ewhich classification results and
accuracies were very comparatidohammdy Met al, 2013.

There are many other approaches developed lateh ss methods of simple
interpolation, spectral interpolation, recoverytioé gaps by single or multi other images at
the same area, Geosattistical anaysis, etc. (Fadig al, 2014). Each method has its own
advantages and litmitations, use single or mulirse images for filling gaps and these have
similar problem with heterogeneous land coverhis tesearchPhase 2 Methodology of the
USGS is appliedto consider performance of this approach for imafgessification in a
relative heterogeneous areas regarding land céveld survey are implemented to check
accuracy of classification.

2. METHOD
2.1 Study area and data

A heterogenerous area with different land coveesypre considered to select an area
of study (AOS). Urban area of Hochiminh city ansl itinge, with type of sprawl area is
selected as AOS as it is met this criteria becahisearea has different land cover types of
built-up (with variety in construction types, rogdwater, swamps, vegetation (both annual
and parennials). Image data of this reasearchlésted based on criteria that close in time
between two image acquisition time, no cloud. Fus,tscene of 125/52 is chosen, covers a
part of Hochiminh city, acquisition day of imagés113 January, 2014 and that of image 2 is
29 January, 2014 - time is one cycle (Figure 3 4nd’hese images are downloadable from
the Earth Explorer website of USGS (USGS-EROS). AGS is a part of the select scene,
sized 1000 x 1000 pixels or 900 sgkm extended witlif42’ — 158’ lat N. and 1089’ —
106’45’ long E., and it is near the edge of the scéiigufe 1 and 2). The width of each gap
line in this AOS varies from 5 to 10 nodata pixels.
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Figure 3: Date 1: 13 January, 2014 in SLC- | Figure 4: Date 2: 29 January, 2014 in SLC-
off mode. | mage sour ce: USGS-EROS. off mode. Image sour ce: USGS-EROS.

2.2 Method

Gap-fill: This reasearctapplied thePhase 2 algorithm mentioned above, which is
considered as a simple and effective gap-fill atpor (Mohammdy M. et al., 2033 To
process, this make use the tool Frame and Fillldped by Richard Irish (2009based on
the algorithm and at the present many applicatioss for filling gaps Ifish R. and
Scaramuzza P., 200A8ttarchi S. and Richard G., 2014).

Classification: To classify land cover types as Indetails as possible, there are 12
classes selected based on reviewing the entire AQb quality of these images. These
classes include Water bodies, Forests, Parenrfaist trees, Annuals (rices), Annuals
(crops/ grasses), Buil-up 1, Built-up 2, Built-up Built-up 4 (large streets or large beton
surface), Marshes, Bare 1 (prepare for construgtenmd Bare 2 (crop land no planted). Field
survey was carried out to collect samples for trgmiata, which is used for a supervised
classfication, using ENVI and appying Support Vedfiachine classifier.

Accuracy assessment: Ground truthing was carrigdand Google Earth was made
used as a valuable reference source (fortunated¢yetare new high resolution images of
2014 in this area). Points of groundtruth wereglesil in a systematic grid, distributed in the
extent of AOS, with total points are 225, at eamir fpixels are selected as a set to check the
actual land cover. Error matrix was computated thase statistical model for assessing
accuracy (Congalton, 2009).

3. RESULTS
3.1 Gap-filled image

Color composites of bands with differrent image ardement are visually displayed
and without smears on gap-filled image (Figure 8 &) The image was converted to
reflectant value (percentage) as Top of Atmosple@A) to check any fault on reflectance
at lines with data and lines without data that haeen filled. Statistcs shows without any
abnormal in values for the whole.
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Figure 5: Prior to gap-filled Figure 6: After gap-filled
(RGB B.5,B.4,B.2). (RGB B.5,B.4, B.2).

Spectral profiles were made over areas of threa haaid covers of water, vegetation
(forests) and built-up types. These profiles shakat there are not unusual changes on
values across pixels, illustrated as Figure 5.

ial Profile
R e 020F e

oaef
0.18F

Water ® 0.16F

018 F
©

o e
5 =
o0 [=]

T o7

o
£ onsf
3

5

= D4f
k]

B.4 . o 01zF

ez =

Data value

b

pa

&
T

=3
o
e

ook 015 F

=]
=1
=
ook
m
I

014 F

CO8E

N
Location Locat

Figure 7. Spectral profile across gap and normal after gap-filled applied. Checking
spectral reflectance changes by space for band 2, 4, and 5.

3.2 Classification and accuracy

Twelve clases were classified, in which there axg tlasses of built-up, large streets
are clearly identified diffrence from other builp-uypes. Parennials and annuals are two
different cover types, recognized from the oth&igyre 8).

Table 1. Confusion matrix

Reference/ Ground truth data

Classfieddata 1 2 3 4 5 6 7 8 9 10 11 12 Total
1. Water 23 0 0 O 0 00 O 0 0 1 O 24
2. Fortests 0 90 3 1 0 10 O 0 0 0 2 97
3. Parennials 0O 2 38 2 0 00 0O 0 0 0 1 43
4. Annuals 0O 0O 2 58 0 00 0O 0 1 0 O 61
5. Built-up 1 O 0 0O 0 126 20 4 2 0 11 0 145
6. Built-up 2 0O 1 0 O 0 125 O 7 3 1 3 0 140
7.Barel O 0 O O 0 0 4 O 0 0 0 O 4
8. Bare?2 0O 1 0 O 2 18 0 120 4 1 2 0 148
9. Built-up 3 0O 0 0 O 5 00 158 0 2 O 66
10. Annuals/ 0O 0 0 1 0 10 4 0 20 0 1 27
11. Buil-up 4 0O 0 O O 7 10 O 1 073 O 82
12. Mar shes 1 2 1 2 0 00 0O 0 5 0 52 63

Total 24 96 44 64 140 148 4 136 68 28 92 56 900
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Systematic samples for accurcy checking from 22&tpowith four pixels at each are
calculated following confusion matrix as table tlyields an overall accuracy of 87.44% and
Kappa coefficient of 0.86. This result is accepgafdr Landsat 7 image in SLC-off mode.
Image in SLC-off mode, radiometric information ametained and it still valuable for
claasifying land cover or mapping. Errors of clfsation are mostly due to sampling for
training data, as seen on commission and omissionsgTable 2).

Table 2. Commission and omission errors

Classes Commission Omission
(%) (%)
1. Water 4,17 4.17
2. Fortests 7.22 6.25
3. Parennials 11.63 13.64
4. Annuals 4,92 9.38
5. Built-up 1 13.10 10.00
6. Built-up 2 10.71 15.54
7.Barel 0.00 0.00
8. Bare?2 18.92 11.76
9. Built-up 3 12.12 14.71
10. Annuals/ 25.93 28.57
Grasses
11. Buil-up 4 10.98 20.65
12. Marshes 17.46 7.14

If post-classification applied, such as majorityalgsis, overall accuracy and
Kappa is higher than if that is not applied. Irstbase, it will result in overall accuracy
90.88% and Kappa of 0.89. This result is approgfiat land cover mapping.
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Classification results from
filled—gap images

Landsat 7 ETM+ SLC-off
Base image: 13/01/2014
Filling image: 26/01/2014
Images source: USGS—EROS

Figure 8. Classification result from gap-filled images.
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4. CONCLUSIONS

Landsat 7 ETM+ SLC-off image gap-filled by anotlarthe same scene but different
acquisition date yields a satified results for landver classification for a relative
heterogenous area. The two images used must be ioldsne to avoid changes of incident
radiation by time and status of land cover typesnges in a short time, e.g. annual/ rices/
grasses growing. The overall accuracy and kapptiiceat are high, with 87.44% and 0.86
respectively. This result is acceptable regardiagnate sensing approach for land cover
identification. If post classifiction apllied thesults will be higher in terms of accuracy.

This result indicates that usability of LandsatlZCff image is still high. Gap-filled
images of Landsat 7 ETM+ SLC-of can be used aloith wandsat 8 images to make
utilization of Landsat data more efficient becattse two satellites make a shorter cycle of
the Earth observation, in 8-day instead of 16-dapjecfor Landsat program.
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