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Abstract— Advanced remote sensing satellite data with detail spatial resolution can be an alternative to aerial photography and
outweigh in providing rapid and vast spatial, remote area, and consist of multispectral bands to produce continues information. The
various types of very high spatial resolution satellite, benefit in producing information for large-scale mappings, such as updating an
urban map and supporting disaster management for mitigation, preparedness, emergency response, and recovery effectively and
efficiently. Large-scale mapping information for disaster management, particularly for quick response is essential to map the
impacted sites, measure the number of houses and infrastructure damaged and determine the evacuation area. However, in
producing large-scale mapping, the information should refer to the geospatial specification standard, such as accurate geometric,
detail thematic information and completeness. This study aims to identify the use of Pleiades imagery for supporting large-scale
mapping, including for disaster management by assessing the geometry accuracy from a standard product acquired from the ground
station and precise orthorectification using different types of DSM, including TerraSAR-X and improvement using ground control
points. The results show that the improved accuracy to meet geometric accuracy standard for scale 1:5000 can be achieved using a
primary product data which process using an insertion of GCPs and selecting the better DSM, while for the standard ortho product
can be achieved using shifting the coordinate position of the image. Assessment of the thematic extraction visually shows that the
imagery meets the information for large-scale mapping, but detail attribution requires information from field data.

Keywords— geometric; pleiades; TerraSAR-X; DSM; disaster management.

two distinct seasons; monsoon wet and dry with average
annual rainfall varies from 1.7 to 3.1 cm, while on the
The devastating earthquake in Lombok Island in August mountainous regions, the rainfall rate reaches up to 6.1 cm
2018 killed 460 people, evacuated 417,529 people, damageg], [5]. This climate condition causes potential Indonesian
71,962 houses, including facilities and caused 7.45 trillion risk to natural disasters, such as landslide, floods, and many
rupiahs loss [1]. Indonesia is a tropical country prone to gthers.
catastrophe because geographically, it is located at three Report from Indonesia National Agency for Disaster
confluence of tectonic plates, namely Indo-Australia, Pacific Management (BNPN) shows that in 2017, there were 2,862
plates, and Eurasian, moreover the country located at thejisaster events and in the middle of 2018 record, about 1,095
ring of fire [2]. The confluence tectonic plates of Indo- events consist of floods, landslides, volcanic eruptions,
Australia and Eurasia span from the west coast of Sumatra tearthquakes, and forest fires [6]. The BNPB identify the area
the southern coast of Java and continue to the west part 0pf disaster based on the data from official institutions and the
Sulawesi, while the Pacific plates span from the northernanalyses of the area impacted is having a minimum of 1
part of Papua to Maluku. This geographic position causeshectare. The loss is from the victims, material loss and
Indonesia is vulnerability to earthquake and tsunami. The environmentally damaged [3]. Therefore, information of the
other geological hazard also comes from a large number ofprecise location of a disaster site produces in rapid and detail

volcanoes at about 150 spread over Sumatra, Java-Bali-Nusg essential to support disaster management to minimize the
Tenggara, North Sulawesi, and Maluku, including Papua, loss and for quick recovering.

causes the country prone to mount eruptions [3]. As a
tropical country, Indonesia’s climate characteristically has

I. INTRODUCTION
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For several decades, remote sensing has been a reliablmapping standard also requires the completeness and detalil
data, reaching remote area, provide fast information and forthematic assessment. Therefore, this paper will discuss the
a vast area, and consist of the multispectral band foruse of Pleiades imagery and TSX/TDX imagery in order to
continuous analysis. Advanced remote sensing data derivedupport large mapping, moreover for disaster management in
from optical very high spatial resolution satellite (VHSRS) Indonesia.
and radar can be used for supporting disaster management,
such as mitigation, preparedness, emergency response and Il. MATERIAL AND METHOD

rec;‘:(’)ver_y in effectiverlly and e\f/f|i_<|:ise£tsly.f di Pleiades imagery produced by LAPAN consist of the two-
revious researcnes on or disaster management, q| product; primary product and standard ortho, while the
at the local level can be seen on the application of QU|ckb|rd-|-SX ITDX consist of Single Look Slant Range Complex
ank()j IKONOS W'”:j O'Gd_ 1m Whlghbu_slg_ for mapping I’allpld SSC) and Enhanced Ellipsoid Corrected (EEC). The
ur al? ex;ent, ;_%% 0 gnwrz]a_tljto_mate uil r']”g at maphsca ?_hno leiades primary products are a raw product completed with
frg‘?‘ erRt an .S i I|;Slmaggr)é;v(ljtT 5 m, SUCff.a.S € a Rational Polynomial Coefficients (RPCs) and in a bundle
n |§1n gn}ote ensing (1_10)088 2t was su |C||ent ltoof multispectral and panchromatic bands, while the standard
produce information at 1:100C [7]. Information at loca ortho products are already in systematically orthorectified
level used for accounting in situ damages, such as houseand pansharpened
and building da”?age is using thg method of fu;zy color The SSC of TSX /TDX are in a raw format consist of
Image segmentation to detect object an_d anaIyS|s.t.he .lan%mplitude and phase information which best for creating
Zover _changes using i post-prohcessmg fd?/zsgggt'o'}'interferometry and radargrammetry [13], while the EEC
ssessing geometry quality on the use o 0 product are already in systematically geometric and terrain
Pleiades imagery were also conducted in Cyclades ISIandcorrected. The paired SAR imagery benefit in production
Greece showed that the imagery provides high accuracy forDSM
Iarge_-scale_ mapping and benefi_t for updating base map [8], The accuracy geometry of primary product depends on
[9], including to support mapping urban green space fory,o ayailability of GCP and DEM. Processing primary
scale 1:5000 [10]. The utilization of radar data using ,.oq,ct without GCPs can be build using the Rational
TerraSAR-X and TanDEM-X strip map mode also useful for Function of RPCs model which can be processed on
urban mapping footprint using 12 m resolution data [11]. o mercial software such as PCI Geomatics. The RPC

. In 2018, Indonesia’s |nternat|onal gro_und station chated created from two rational polynomials which correlate the
in Parepare, South Sulawesi can acquire Pleiades imagery,ordinate of the imagery and the ground. Therefore

and Terr_aSAR-X .(.'I.'SX)/TanDEM-x (TDX) through processing using RPCs user do not have to know the
programming acquisition. The government provides therPhysical parameters of the satellite [15].

VHSRS da_ta to support many applications, S”Ch as urba This study aims to compare the geometric accuracy
map planning a!”d d|sast_er managemgnt. Pleiades imager roduced from the various method of orthorectification
has Q'S m spatial resol_ut_lon and revisits cycle at Fh_e SaM&yrocesses from data with a different incident angle, DSM
location in the same orbit in 26 days and able to revisit every, g inejyding measuring the improvement using addition
day in equator region with incidence angle +30°. Detail nan a1 of Ground Control Points (GCPs) obtained from

specification of Pleiades data is in Table 1. field surve

; ) y. Improvement accuracy of standard ortho
. The TSX/TPX Imagery has various modes, one of thg product will also be measured and achieved using shifting
image mode is the Stripmap mode which has 3 m Spat'almethod of the geometric position

resolution can also be able to revisit each day and revisits e reference for assessing the geometric accuracy for

. . . X SIarge-scale mapping is based on the Geospatial Information

.SAR imagery is a benefit _for the t_rqplcal area due to Agency (BIG) law, with accuracy minimum 5 m for map

|n$ﬁpenq|¢nt from ?l%]HdSan t:cme ac?jms!tlonl[12]. _ 1:10000 and 2.5 m for 1:5000 for level 3 [16]. Measurement
e utilization o or producing 1argé mapping op he geometric accuracy as provided in the equation of CE

Sca'?-_ pa_rticularly for geometric assessment has to meet _th easurement, while the geometric accuracy standard for the
specification of standard large-scale mapping, which in base map (in meters) are in Table 2

Indonesia is regulated by the Geospatial Information Agency
(BIG). In this research, mainly is to meet the standard for
mapping at scale 1:1000 to 1:10000. The large-scale

TABLE 1
SPECIFICATIONOF PLEIADES 1A/18

Mode Imaging Panchromatic Multispectral
Spatial resolution 0.5 m GSD at the nadir 2 m GSD at the nadir
Spectral range 480 — 830 nm Blue (430 -550 nm) ; Green (490 —610 nm) ; Red (600 + 720

nm) ; Near Infrared (750 —950 nm)
Swath Width 20 km at nadir
Off-Nadir imaging Up to 47°
Radiometric range 12 bit per pixel
Reuvisit frequency 2 days for combine Pleiades 1A & 1B
Altitude 694 km

2451



Mode Imaging

Panchromatic

Multispectral

Orbit

Sun-synchronous, 10:15 A.M

Geometric accuracy

Rrimary product GCP and perfect DEM has 0.30 m CE90

- Standard ortho product: 8.5 m CE90 at nadir has + 10.5m at 30°

Source: [12],[14]

TABLE Il
THE GEOMETRIC ACCURACY STANDARD FOR THE BASE MAP [16]

Geometric Accuracy
No Scale Cl Level 1 Level 2 Level 3
H (CE90) | V (LE90) | H(CE90) | V (LE90) | H (CE90)] V (LE90)

1 1:1000000 400 200 200 300 300 500 500
2 1:500000 200 100 100 150 150 250 250
3 1:250000 100 50 50 75 75 125 125
4. | 1:100000 40 20 20 30 30 50 50
5. 1:50000 20 10 10 15 15 25 25

6 1:25000 10 5 5 7.5 7.5 12.5 125
7 1:10000 4 2 2 3 2 5 5

8 1:5000 2 1 1 1,5 15 2.5 2.5

9. 1:2500 1 0.5 0.5 0.75 0.75 1.25 1.25
0.| 1:1000 0.4 0.2 0.2 0.3 0.3 0.5 0.5

1
*Cl = Contour Interval, H= Horizontal, V= Vertical, CE 90=Circular Error 90% accurate

Measurement of CE is as follows; primary level products were processed using refining the

CE90 = 1,5175 X RMSE, 1) RPCs by addition of GCPs and processed using Toutin
LE90 = 1 6499 x RMSE @) Rigorous Model [17]. This method is superior for improving
Where ! = geometric accuracy which can be processed using PCI
RMSE = Root Mean Sguare at x and y (horizontal) Ge:srggggfﬁent of horizontal geometry measure as follows;
RMSE, = Root Mean Square at z (vertical) |'; '
The study area is located in Madiun and Magetan regency RMSEyorizontal = 14': (3)
at 7°2838.68S 7°519.82S and 111°154.68E - 7 _ 3 2
111°4143.69E with the topographic elevation ranging from b~ = ER'I'{SEX + RMSEy _
0 to 2,000 m. The area is prone to natural disaster, such as = au'E[[me — Xner)” T Vaara = Vener) ]

landslide and flooding. A total of 32 natural disaster events

in Madiun in 2016 (Madiun Regional Disaster Management Where: n is total field surveyed points; D is the difference
Agency/BPBD) and more critical to Magetan with 43 events between field surveyed coordinates and map coordinates; x
for 3 months during January — March 2017 (Magetan is coordinate in X (Easting); y is coordinate in Y (Northing).
Regional Disaster Management Agency/BPBD). However, The next step is to identify the information extracted from
both regencies are mostly located in a plain area at 0-2%pPleiades imagery to fulfill the land cover classes/object for
while some area has steep at more than 40%. map 1:5000 to 1:10000 which is determined by the

Three Pleiades imagery scenes were acquired in 2017ndonesia National Standard (SNI) with number 19-6502.1-
with an incidence angle ranging from 13°-22°. The data 2000. Assessment of the thematic information processed by
were produced in primary and standard ortho. The DSM for comparing the reference map of detail urban planning from
the comparison were TSX, ALOS PALSAR, and SRTM. local government and Pleiades imagery.

The TSX DSM is in 9 m spatial resolution and SRTM 30 m  Identification of minimum building/houses identified is
from BIG, and ALOS PALSAR DSM with 12,5m can be based on SNI 03-1733-2004 which stated that the minimum
downloaded from JAXA. (Dataset: ASF DAAC 2015, house which is measured by the concrete floor for one
ALOS PALSAR_Radiometric_Terrain_Corrected_high_res; family (5 persons) in Indonesia is at 5 m

Includes Material © JAXA/METI, 2007. Accessed
through ASF DAAC, 11 July 2018).

The geometric reference obtained from the field survey.
From 34 points collected from dGPS Garmin Geo7X where .
the accuracy in the field is between 0.01 cm and 15 cm.
These points later divided into 24 points for GPCs and 10
points of Independent Control Points with the distance each
point around 2-5 km. The study area and distribution of
GCPs/ICPs can be seen in Fig. 1.

The steps of systematically orthorectification processed
using rational function model and the improvement of the

I1l. RESULT AND DISCUSSION

Assessment of the geometry accuracy of orthorectification
imagery is based on field coordinate. Based on the process to
build the orthorectification using different incidence angle
data, and different DSM, the result of the statistics
displacement from those 4 types of orthorectification process
can be seen in Table 3 and Fig. 2.
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Location A

.93 Julv'd Location B Location C
Dabee 25301y 2017 Date: 25 May 2017 Date: 25 May 2017
Incident Angle (1A): 19,745 IA: 15,265 1A: 21,709

Fig. 1 Distribution of GCPs and ICPs on three scenes of Pleiades imagery and its different incident angle

TABLE llI
STATISTICS DISPLACEMENT FROM 4 TYPESOF SYSTEMATIC ORTHORECTIFICATIONPROCESS
. . Primary using . .
Primary using Primary using
Location | Incident Sta'g’rir(;’ugrtho DSM TSX DFS,XALékgs DEM SRTM
Scene angle (Without GCP) (Without GCP) (Without GCP)
X Y X Y X Y X Y

Min -2.286 -2.875 -0.113 -4.004 0.393 -4.4B9 -7.071 -3.27

Max 6.516 0.844 3.391 0.200 3.292 0.084 -5.430 0,263
A 19,745

Std 2.118 0.860 1.120 1.184 0.944 1.243 0.528 0{995

RMSE 3.067 2.688 2.764 6.228

CE90 4,655 4.079 4,195 9.452

Min 1.892 -0.156 1.168 -2.15(L 0.005 -1.5B4 -0.833 -8.120

Max 6.477 3.821 6.173 1.572 5.219 2.404 3.962 9,034
B 15,265

Std 1.300 1.026 1.236 1.088 1.343 1.031 1.252 41225

RMSE 3.877 3.675 3.308 6.144

CE90 5.883 5.577 5.020 9.323

Min 1.609 0.823 1.77¢ -3.55[L 2.053 -3.7P8 -3.606 -10.[744

Max 6.407 6.816 5.492 3.495 5.1%57 2.664 0.812 -4,852
c 21,709 | gy 1.439 1821 1.26P 2013 0982 1768  1.484 1/813

RMSE 5.562 3.940 3.693 9.714

CE90 8.440 5.979 5.605 14.741
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Fig. 2 The comparison displacement in CE90 from 4 types of orthorectification process
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COORDINATE AND DISPLACEMENTIN LOCATION C

TABLE IV

Elevation Field coordinate Standard ortho product Displacement

No. (meters) Easting Northing Easting Northing (meters)
ae06 90.40p 566106.043 9171320.642 566104.434 9171318.881 2.385
ae07 99.650 571950.844 9166384.714 571946.639 9166383.506 4.375
ae08 149.676 576214.896 9159398.774 576209.640 9159397.951 5.320
ae20 209.808 565698.103 9151367.935 565691.931 9151361.119 9.196
ae22 418.535 574080.155 9150763.736 574076.263 9150762.096 4.224
ae23 641.889 570547.296 9145061.528 570542.064 9145057.946 6.340
ae24 413.771 566590.797 9144039.132 566586.725 9144035.966 5.158
ae34 335.143 563535.892 9136978.514 563529.485 9136975.927 6.909
ae35 634.7817 567330.183 9139294.202 567325.232 9139290.549 6.153
RMSE 5.562
CE90 8.440

Table 3, 4 and Fig. 2, shows that the highest displacement Improvement on geometric accuracy for standard ortho
occurred in the location C, which is located in the mountain and primary product in order to meet the substantial scale
area, and the incidence angle is larger than the other scenemap standard, in this research shows that can be achieved by
This because the RPCs is dependent on relief [18] whichprocessing using an insertion of GCPs/refinement for
also can be seen that in Location B is relatively in flat primary product, while an improvement for standard ortho
topography. Therefore the RPCs method will produce bettercan be achieved by shifting the geometric position of the
accuracy. imagery.

In  general, the highest accuracy for precise Fig. 4 showed that based on statistics and a visual
orthorectification using RPCs without GCPs using different assessment on the quality of DSM TSX and ALOS PALSAR,
DSM/DEM showed that the highest accuracy resulted from the TSX DSM has more detail resolution, which then will
TSX, followed by ALOS PALSAR DSM. The ALOS determine the accuracy of the orthorectification results
PALSAR is categorized as s medium-resolution spatial compare to the lower DEM resolution (such as SRTM) as
sensors [19]. This can be concluded that data with incidentthe input of elevation data. The comparison DSM from TSX
angle is less than 20 degrees processed with systematicallp m resolution and ALOS PALSAR DSM 12.5 m can be
orthorectification is entirely suitable for scale 1:10000 to seen in Fig. 4.

1:25000, including for imagery from standard ortho product. ~ While Refinement RPCs by using the addition of GCPs
While analysis for highest displacement due to topographiccan fulfill the standard geometric accuracy for 1:5000 which
and incident angle occurred in location C which analysis for shows in location B, which can be seen in Fig. 5 and Table 5.
each point can be seen in Table 4 and Fig. 3.

Fig. 3 The highest CE in Location C occurred for points located at number 20, 22, 23, 24, 34, 35
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@ G
Fig. 4 Comparison of a) TSX DSM (9m) and b) ALOS PALSAR DSM (12.5 m)

: <> GCP (Ground Control Point)

@ ICP (Independent Control Point)

Fig. 5 Distribution of GCPs and ICPs in Location B

TABLE V
PRIMARY USING TsX WITH GCPIN LOCATION B
Elevation Field coordinate Standard ortho product Displacement
No. (meters) Easting Northing Easting Northing (meters)

ae04 91.36 550054.5653 9165080.5 5500554000 9165080.5 0.434
ael9 122.01 561066.9303 91491538.4 561067/503 9149153.5 0.578
ae27 118.10 548548.3225 9145486.2 548548]499 9145486.5 0.341
ae33 160.84 556511.73461 9137880.1 556510/493 9137879.0 1.668
ae37 120.29 549802.7066 9133834.9 549803/488 9133835.0 0.784
RMSE 0.898

CE 90 1.363

On the other hand, geometric accuracy for standard This because the displacement shows a pattern of
ortho product can be improved using the shifting method. systematic direction which can be seen in Table 6.
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TABLE VI
MEASUREMENT ANDDIRECTION OFDISPLACEMENT OFSTANDARD ORTHO PRODUCT COMPARE WITHA COORDINATE
ON FIELD SURVEYED (METERS

Location A Location B Location C
No. X Y No. X Y No. X Y
ae0l -2.286 -0.281 ae04 3.015 1.624 ae06 11609 1.761
ae02 3.274 0.844 ae05 6.4y7 1.047 ae07 41205 1.206
ae03 3.465 -0.382 ael0 4,416 1.636 ae08 5(256 0.823
ael2 2.504 -0.798 aell 3.063 1.539 ae20 6(172 6.816
ael3 6.516 -0.096 ael8 2.2p5 1.631 ae22 31892 1.640
aeld 1.770 0.178 ael9 4,550 3.821 ae23 5(232 3.582
aelb 2.096 -0.972 ae25 1.892 2.965 ae24 4,072 3.166
ael6 3.168 -2.875 ae26 2.045 0.928 ae34 61407 2.585
ael7 2.205 -0.420 ae27 2.653 0.291 ae35 4(951 3.653
ae28 0.915 -0.607Y ae32 3.605 0.954
ae29 3.413 -0.797 ae33 4.060 1.411
ae30 4.970 -1.134 ae37 3.5Y9 -0.156
ae31l 0.884 -0.881
TABLE VII
IMPROVEMENTACCURACY FORSTANDARD ORTHO PRODUCTUSING SHIFTING METHOD FOR LOCATION B.
Displacement in X Displacement in Y RMSE h
(meters) (meters)
0.994 1.079 1.079
1.729 1.747 1.747
1.272 1.279 1.279
2.160 2.383 2.383
0.238 0.563 0.563
3.702 4,193 4,193
0.102 0.287 0.287
1.502 1.506 1.506
1.021 1.077 1.077
2.027 2.410 2.410
4,506 4,514 4,514
1.386 1.663 1.663
RMSE 1.892
CE90 2.871

The shifting method has a benefit for improving the the standard ortho product can be achieved using shifting the
accuracy because requiring less/few GCPs. This researclposition calculated from the reference image/base GCPs as
shows that the shifting of the standard ortho product couldcan be seen in Table 7. The shifting process for geometric
increase the geometric accuracy (in CE) from 5.883 to 2.871limprovement can be run automatically.

m. The result can be seen in Table 7 above. Analysis of the quality information of feature extracted

This we can conclude that based on Table 5 shows thefrom Pleiades imagery was analyzed using the visual method
improvement of geometric accuracy in order to meet thewith the reference map of the local government map in
standard mapping scale for 1:5000 can be achieved for darge-scale mapping 1:5000. This is Fig. 6 shows that the
primary product which processed by using an insertion of houses can be accounted and delineated using Pleiades
GCPs and selecting the better DSM. While improvement of imagery, where the small settlement size is at 6-60 m

Fig. 6 Assessing feature extracted from Pleiades imagery for large scale map using the reference map shows building and road delineation
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While based on the quality of precision and accuracy of building. Moreover, typical of settlements are in densely
delineation resulted from the orthorectification processed topopulated and close together causes challenging to process
support extracting feature for large-scale mapping 1:5,000,in digital classification for its individual building as shown
can be seen in Fig. 7. The figure shows that Pleiadesin Fig. 8. While several features that can be detected from
imagery is able to delineate for an object with an area lessPleiades imagery for scale 1:5000 is determine based on SNI
than 45 i However, accuracy on thematic and attribution 19-6502.1-2000 and for detail, planning map is based on
should be completed through validation in the field due to Indonesian Government Law No. 8, 2013, as can be seen in
the limitation of information/attribution extracted from the Fig. 9.
optical imagery. This because building and settlements were
identified by the roof not identified for the function of the

(a) (b)
Fig. 7 Delineation accuracy for building from the reference map in white and red as tolerance accuracy for 0.5m from reference
(for level 2 map scale standard), yellow as tolerance accuracy for 2m from the reference map (for level 3 map scale standard),
while image b) shows the building delineation for area less tharf 45 m

Agriculture (Sugar and
Paddy)

d (progress)

7 ; D ;
Industry and Commercial
Warehousing building

1,
Toll roa

Socio-cultural
Fig. 9 Several features extracted at scale 1:5000

Cemetery
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(b) After
Fig. 10 Building loss detected after Lombok earthquake from Pleiades imagery acquired on a) 1 May 2018 and b) 7 August 2018

(a) Before

This research shows that Pleiades imagery has fulfilled standard, requires field data for attribution. The DSM could
the standard in supporting large-scale base map and updatinge processed using the paired of the TSX/TDX. Nevertheless,
the large-scale map. In supporting the disaster managemenfpr the detail, automatic classification and building modeling
information on spatial area impacted and counting thein order to support disaster management require further

number of building loss can be seen in the case of Lombokresearch.

Island disaster event. This natural disaster is caused by the
series of the earthquake. An analysis of the building loss is
measured using the imagery from before and after of the
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Analysis on the use of Pleiades imagery and TSX/TDX
with its agility which can be programming, and has a high
geometric accuracy, ability to provide detail thematic
information which will be one of the original national data is
critical data to support a national program, particularly in (M
disaster management. This VHSRS benefit to give precise
and up to date information on the disaster impact extent, sq2]
the rescuing team will able to start identifying the
infrastructure to rescue and evacuate people. However, an
improvement in automatic classification to detect the object 3
by combining various data, method, and modeling should be
a focus to support active disaster management. ”

IV. CONCLUSIONS

Pleiades imagery with 0.5 m spatial resolution suitable to 5]
support large-scale mapping, this can be seen by an
assessment on the geometric accuracy and thematic
extraction. Pre-processing on improving the geometric [6]
accuracy can be divided based on the types of two-levelm
product produced by the ground station. Improvement
accuracy to meet standard mapping scale for 1:5000 can be
achieved using a primary product data which processed byi8]
using an insertion of GCPs and selecting the better DSM,
while the improvement of the standard ortho product can be
achieved using shifting the coordinate position. Assessment9]
of the thematic extraction detected visually shows that the
imagery meet the information for large-scale mapping
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