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Materi Presentasi

 Sekilas tentang penginderaan jauh dan perkembangannya

* Prinsip deteksi kestabilan bangunan dan Kerentanan terhadap
bencana (Metode dan Interpretasi)
* Metode umum pengolahan data satelit
* Landsubsidence/movement
* Delineasi bangunan dari citra satelit
* Deteksi material bangunan dari satelit

* Contoh Aplikasi
* Rehabilitasi Bencana Gempa/Tsunami Palu
* Analisis Kerentanan Bangunan terhadap Bencana Tsunami



Sekilas tentang penginderaan jauh

Penginderaan jauh adalah ilmu pengetahuan dan seni
dalam memperoleh informasi tentang suatu objek, wilayah,
atau fenomena terutama di permukaan bumi yang
dilakukan melalui analisis data yang diterima oleh suatu alat
yang tidak bersentuhan langsung dengan objek, wilayah,
atau fenomena yang diamati.



Karakteristik data penginderaan jauh
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Resolusi spasial, spektral, dan radiometrik

Pixel Size (Resolution)

|30 Meters | Is Meters ‘1 Meter

Pixel Output (Display)

Resolusi spasial ialah ukuran terkecil objek
(kerincian informasi) yang dapat direkam
oleh sistem sensor.

| 30 Meters

Resolusi spektral menunjukkan kerincian
panjang gelombang yang digunakan dalam
perekaman obyek.

0.4pm 0.7um
Resolusi radiometrik menjelaskan kepekaan Lﬁfz’hﬁm
sensor terhadap perbedaan terkecil B | Blue+Green+Red |
kekuatan sinyal.
04 05 06 07
Resolusi Temporal (revisit time) coour |||
. . . inm ue foreen e 2 B e ;
menjelaskan waktu satelit untuk kembali ke 04 o8 s 1o iz
wilayah yang sama di permukaan bumi  ceRs ceT
R Gradient @ 100% (RGB/8) =S R Gradient @ 100% (RGB/16) =RRC X
8-bit 16-bit
(256 level) (65.536 level)




Perkembangan Penginderaan Jauh

Meet Earth Engine

i .
‘ The development of remote sensing:
QuikSCAT

— g S o - More higher spatial resolution
™ = s B0 Gl R - More faster revisit time
« ' ; - Satellite constellation
- Micro and Nano satellite
- Platform data sharing
- Mapping engine
- Drone
- Machine learning, Al, 10T, Crowdsourcing
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Metode Pengolahan Data Satelit Inderaja

e Visual
* Digital

Pixel based
* Sub-pixel
* Object based
* Index based

* Change Detection
* Fusi Data
* ML/AI

[ Picture 1]
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[ Picture 2]

Bright sub-pixel Dark sub-pizel




Metode deteksi penurunan permukaan
dengan satelit

Metode

Differential Interferometric SAR (D-
InSAR)

Persistent Scatterer Interferometry
(PS-InSAR)

Small Baseline Subset (SBAS-InSAR)

Multi-Temporal InSAR (MT-InSAR)

Corner Reflector Interferometry
(CR-INSAR)

Polarimetric Interferometry (Pol-
InSAR)

Menggunakan dua citra SAR untuk
menghitung perubahan fasa akibat
deformasi.

Menggunakan serangkaian citra SAR
untuk mendeteksi persistent
scatterers.

Menggunakan citra dengan baseline
temporal dan spasial kecil.

Kombinasi PS-InSAR dan SBAS untuk
analisis deformasi jangka panjang.

Menggunakan reflektor buatan
untuk pemantauan deformasi
presisi tinggi.

Menggunakan informasi polarisasi
untuk mendeteksi perubahan
struktur.

Keunggulan

Mudah, cepat, dan efisien untuk
deformasi sederhana.

Akurasi tinggi, tahan gangguan
atmosfer.

Analisis area luas, mengatasi
decorrelation.

Akurasi tinggi, cakupan luas, dan
robust terhadap atmosfer.

Presisi tinggi (millimeter-level) dan
stabilitas tinggi.

Mampu menganalisis vegetasi dan
deformasi secara bersamaan.

Keterbatasan

Sensitif terhadap atmosfer dan
vegetasi.

Membutuhkan banyak data SAR dan
fokus pada area urban.

Proses lebih kompleks dibandingkan
D-InSAR.

Membutuhkan banyak data dan
komputasi tinggi.

Biaya mahal, membutuhkan
pemasangan reflektor.

Proses rumit, memerlukan data
polarisasi penuh.
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METODE DINSAR

Phase Interferogram
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DINSAR - LAHAN GAMBUT
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DINSAR — LAHAN GAMBUT

PULANG PISAU
REGENCY
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Software yang dapat digunakan
D I N

ESA SNAP (Sentinel
Application Platform)

GAMMA Software

SARscape (ENVI Add-on)

DORIS (Delft Object-
oriented Radar
Interferometric Software)

Pengolahan data Sentinel-
1 dan sensor SAR lainnya,
Mendukung D-InSAR, PS-
InSAR (melalui plugin), dan
SBAS-InSAR.

Analisis SAR tingkat lanjut,
termasuk PS-InSAR, SBAS-
InSAR, dan D-InSAR.

Integrasi dengan ENVI
untuk analisis SAR,
Mendukung PS-InSAR,
SBAS-InSAR, dan CR-InSAR.

Fokus pada D-
InSAR.Dikembangkan
untuk tujuan penelitian.

Gratis dan open-source,
Mendukung berbagai
sensor SAR.

Sangat fleksibel untuk
penelitian SAR.Akurasi

tinggi.

Antarmuka ramah
pengguna, Dapat
digunakan dengan data
optik.

Gratis untuk penelitian.

Berlisensi dan mahal.

Berlisensi dan
membutuhkan Software
ENVI.

Antarmuka berbasis
perintah (command-line).



Delineasi bangunan

Digital Method (machine) Metode Visual (manual)



Deteksi Material Bangunan

Analysis data sample: Nir-

Red, gap per material
Stage-1 Stage-2 \ Stage-3 Stage-4
Pleiades satellite Spectral Reference Composite _Jx:_l__l.l., Roof Materials Masking
imagery data Roof Materials bands Stacking 9 e classification Fields survey or
Layers 9 d Training Reference

¥ v | samples and Roof Materials
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Sumber: Widipaminto, 2023




Contoh hasil interpretasi

1: aluminum roof 3 : ceramic tile S : sand metal tile
2: asbestos 4 : concrete
Keterangan:

Menggunakan data Pleiades (2018-05-01, 03.22.16.4 UTC) di Lokasi 1

Sumber: Widipaminto, 2023
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Spectral Prosie Observation Field
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Menggunakan data Pleiades (2018-05-01, 03.22.16.4 UTC) di Lokasi 1

& Sand metal tie

4 Concrete

3 Coramic tile

2 Asbestos

1 Aluminum roat




: SATELLITE-BASED MONITORING SERVICE FOR RESILIENT INFRASTRUCTURE

Rhéticus’
INSTABILITY AND GLOBAL CHALLENGE FOR MAINTENANCE

Operators and authorities spend a lot of
money fighting against structural problems due
to natural or human-induced land instability;

Land instability may cause structural damages and
failures to roads and bridges, increased
maintenance and repair costs, disruptions of
service, accidents and casualties;

Ground displacement is one of the best
indicators for the likelihood of failure;

The use of traditional techniques for periodic
monitoring of wide networks requires
considerable economic and time resources;

Generally, surveys and inspections are performed
when the problems have already occurred

(i.e. damage or failure) due to lack of predictive
info about what/where to inspect.



= SATELLITE-BASED MONITORING SERVICE FOR RESILIENT INFRASTRUCTURE

Rhéticus’
RHETICUS INTERACTIVE

fvain @ gl
- I.]-(‘-ti-(:l.]:\ About How it works Services Book a demo Contact us E
Hello * Rheticus® is a cloud platform

- o Home » Account » Subscriptions & Services
Username | useremail@mail.it

developed and operated by Planetek
Italia, which provides geoinformative

Overview PURCHASED SERVICES ALL ACTIVE SUBSCRIPTIONS services for
EXPIRE DATE. monitoring the evolution of the earth'
Subscriptions & Services ) f'”'”' '.WV'”,T ek - hon " Rheticus Interactive | 0 YYVY-MM-DD viaw s . '
o : surface, safeguarding infrastructures a

aticus Sofewoy Surchayo View

nd protecting natural resources, using
satellite images acquired periodically.

Service requests

SUBSCRIPTIONS & SERVICES AVAILABLE FOR ACTIVATION

L : , * The Rheticus® Interactive platform:
Rheticus Interactive 1 (1D:100) ® expiminG otal credits 1000
Start date YYYY-MM-DD | End date YYYY-MM-DD Remaining credits 1000

Edit your account e * Allows the end-user to manage the
Ry e s o St P A 0 G PER 100 Koe oETALS Rheticus® activations through

Logout | processing credits.

& Rheticus Building Check ESTIMATED COST ©
provishiring of Ro-Grciies MAkeions s B the blingl ofc Sacined Sty 100 CR PER 100 K2 Lot
: » Allows users to request autonomously

Rheticus Safeland ESTIMATED COST B

e et Fia oo oy 100 CR PER 100 K DETALS the activation of the Rheticus® services
of own interest.

Rheticus Safeway ESTIMATED COST ©

DETAILS |
snalytics indicatorns related to the roads and rallweys stability 100 CR PER 100 KM*

Rheticus Network Alert ESTIMATED COST O

DETAILS |
joning of geo-analytics indicators related to the pipalines (wastewater) stobiity 100 CR PER 100 KM




=@sa BRIDGING THE GAP BETWEEN GEO-SPECIALISTS AND OPERATIONS

Rheticus’
RHETICUS INTERACTIVE

» Geospatial interactive
dashboard with key
indicators and alerts

. Utilities = Hlstor!cal time-series
analysis and
continuous updates

» Predictive analytics,
actionable information

= Cloud-hosted info-as-
a service subscrition

* Insurance / Property Management i
* Natural Risk Management



@Sa MONITORING 5 STRATEGIC CITIESIN NORTH JAVA

Rheticus’ - .
RHETICUS BUILDING CHECK

* Areas of Interest:
- Jakarta
- Cirebon
- Pekalongan
- Semarang
- Surabaya

* Data used:
* Satellite: Sentinel-1
*  Orbit: Ascending and Descending
*  Period: April 2015 — June 2021 Pyt
Pekdlgngqn Asc
+ Methodology:; b L F W
The ground motion map obtained through the Rheticus® cloud
platform that implements the Persistent Scatterers Interferometry
technique, identifies zones and infrastructures more/less prone to
instabilities. The ground motion map contains the average velocity
of the measured points called Persistent Scatterers (PS) and
Distributed Scatterers (DS) highlighting the areas and infrastructures
that are moving with respect to the others that are stable.
The measured points are thematized based on the average velocity
along the satellite Line-of-Sight (LOS), according to the following
colour ramp:




BUILDING STABILITY INSPECTION

Rheticus® Building check — Building stability Methodology

RhétiCIlS® The buildings are classified in into 4 motion classes (Red, , , N/A)
RHETICUS BUILDING CHECK according to the normalized building motion Score[min: 0 — max:1] that is provided
for each building.
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Rl DISPLAYING 2 OF 267.543 BUILDINGS - JAKARTA UTARA pliinete

Building Status i p R Rhéic DISPLAYING 50.326 OF 267.543 BUILDINGS - JAKARTA UTARA
Building ID: 1680548 ~ 4l
RED : 2 (100%) Lat: -6.107859

W YELLOW : 0 (0%) L < BRI Lon: 106.779176
GREEN : 0 (0%) R Y TN Building Status: 1]|| RED
W N/A:-0 (0%) R N Mean Velocity Ascendi

Inspection Priority
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4
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&

No. of Bulldings
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Velocity (mm/year)
. - .. Example of the buildings with the highest inspection The buildings with the highest level of
e ' priority score (1.0) over the entire Jakarta affected by a Inspection priority ( and Red)
Rhetlcus® | subsidence characterized by an average velocity have been detected in the eastern part
(LOS) of 63 mm/year and a mean differential velocity of the Utara coastal area.

RHETICUS BUILDING CHECK with respect to the surrounding area of 7 mm/year.
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. <@Sa BRIDGING THE GAP BETWEEN GEO-SPECIALISTS AND OPERATIONS

Rhﬂtlbﬂ‘a Inspection priority insights for roads and railways operator

Rhet i«-'u_l'-

F From reactive
Y to proactive
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RED 173 %) = 3 B\ = Understand ground movement trends;
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DESPLACEMENT =

“The service gives us the opportunity to monitor in real-time the
dynamics of ground movements and identify the most critical
/ points on roads, viaducts and bridges”
et Chiara Gardini, Municipality of Milano
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Monitoring Period: April,2015 — June 2018~ Monitoring Period: October 2018 — Decefiber 2021
'Y o ;

: N

3 YEARS "Ny 6 MONTHS FL. ; 1YEAR ) J P e 3 YEARS

BEFORE DISASTER A ] AFTER DISASTER " ” AFTER DISASTER ' AFTER DISASTER *

The area is generally stable | The area was still affected by The ground motion in the afea P R A Some spots area still
Ry ground motion ‘ is decreasing s B4 x affected by ground

# motion
0

. 45
]

( mtn/year ) <15

7.5  15km § e\ i)

( mm/year )

The ground deformation analysis consists in the Multi-Temporal Interferometry processing of the Sentinel-1 images acquired in Descending
orbit over Palu from 2015 — December 2021 through the Rheticus® Displacement service.

RHETICUS
Rheticus® is an automatic, cloud-based, geoinformation service platform. It's carefully designed to deliver insight accurate + Land movement maps and stability

information, on our ever-changing world. analysis have been extensively

RHETICUS® BUILDING CHECK used to inform planning and
Rheticus® Building Check provides predictive analysis of any building movement patterns within the monitored area of engineering designs and to support
interest while also timely tracking any anomaly and its evolution over time. Building Check delivers periodic reports based on the implementation of BUILD
constant monitoring that allows quick detection of structural instability, supporting the local authorities in charge of the BACK BETTER

buildings management.




MAIN BUILDING BACK BETTER ELEMENTS:
* DESIGN CHALLENGES

* GREEN CAMPUS AND BUILDING DESIGN.

* DISASTER-RESILIENT DESIGN.
* GENDER-RESPONSIVE AND INCLUSIVE
DESIGN FEATURES.

A point shows movement with movement
velocity (V-LOS) about 0.1 mm/year. It
move with a range from -5 to +5 mm

1508

Active Fault (Pusgen, 2017)
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A point shows movement with movement
velocity (V-LOS) about 0.1 mm/year. It move
with a range from -4 to +4 mm

After one year the ground motion average velocity decreased
from more than 20 cm/year that was registered in some hot
spot areas in the first 6 months after the earthquake to few
mm/year only in some areas that we measured after 1 year.

Palu Koro Fault. The area is affected by an average
ground motion velocity of about 30 mm/year. These

|
The area close to the seismic fault, £390 m from the i
are located close to the area affected by the ; f

* Monitoring Before Disaster: April 2015 - June 2018
LOCATION OF ISLAMIC STATE INSTITUTE

LAND STABILITY FOR THE ISLAMIC STATE INSTITUTE

™ ol @ - PR | 3 & Y 3

Monitoring After Disaster: October 2018- October 2021




MAIN BUILDING BACK BETTER ELEMENTS

e THE REDESIGN SHOULD BE CONSISTENT WITH
THE LEVEL OF DAMAGE

* REDESIGN OF THE MAIN CANAL

* MAIN CANAL STRUCTURES

* SECONDARY CANAL REPLACEMENT
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* Monitoring Before Disaster: April 2015 - June 2018
LOCATION OF GUMBASA IRRIGATION SYSTEM

* Monitoring After Disaster: October 2018- October 2021

rovs

+ This area with 1.103 points of psi has
average velocity about -8,78 mm/y
(move downward).

A point shows movement from O to -
50 mm (move downward) during
2018-2021.
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24
it
i- Yo R
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o5t
LOS_AVG
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LAND STABILITY IN GUMBASA AREA
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+ This area with 1.552 points of psi has
average velocity about -6,51 mm/y
(move downward).

« A point shows movement from 0 to -25

mm (move downward) during 2018-

vors

« This area with 4.295 points of psi has
average velocity about -0,03 mm/y
(stable).

« A point shows movement with a range
of 0 to -4 mm (stable) during 2018-

2021.
BGKN 24 - BGKN 42

Irrigation Canal
= Main/Primary Irigation Canal
Secondary Imgation Ganal
Tertiary Irigation Canal

Quatemary Irigation Canal

V-LOS Max (+) : Move towards the satellite/uplift/upward
V-LOS Min (-) : Move away form the satellite/subside/downward

R




LAND MOVEMENT MONITORING IN SUPPORTING THE REHABILITATION OF PASIGALA RAW WATER SUPPLY SYSTEM

MAIN BUILDING BACK BETTER ELEMENTS : e

*  INCREASED RAW WATER SUPPLY. s —

*  EARTHQUAKE/ LIQUEFACTION RESISTANCE OF THE
NEW TRANSMISSION PIPELINE.

*  ENHANCING EARTHQUAKE/ LIQUEFACTION
RESISTANCE OF THE EXISTING TRANSMISSION PIPELINE.

*  PIPELINE MANAGEMENT AND LEAK DETECTION
SYSTEM.

pou

This area with 618 points of psi has

average velocity about -5,23 mm/y

(move downward).

+ A point shows movementfrom0to -
40 mm (move downward) during

2018-2021.

HOUSOE 12000 12000°€

LOS Velocity (mmy/year)
[v_LOS_MIN -30.31
IV_LOS_AVG
IV_LOS MAX
[COUNT (Paints]

« This area (near pressure release tank)
with 2.009 points of psi has average
velocity about +3,7 mm/y (move
upward).

+ A point shows movement from 0 to 60
mm (move upward) during 2018-2021.

« This area with 2.219 points of psi has
average velocity about -6,46 mm/y
(move downward).

« A point shows movementfromOto -

70 mm (move downward) during

2018-2021.

y1ows

LOS Velocity (mm/year)
105 MIN -20.10
105 AVG 3.70¢
105 MAX 19,801

" COUNT (Points) 2,009
'DATE (COMMTY)

logical Structures
o Pl Ko Fauit (Pusgen. 2018)
Actve Foult (Puspen, 2017)
[ — — Potental Faut (Badsn Geclogl, 2018)
neament

logical Structures.
o oy Koo Pt (Pusgen. 2018)
Actve Fout (Pusgen, 2017)
— — Potatel Faut (Baden Goclogl 2018)
—— uneament

LOS Velacity {mm/year)
105 MIN -35.
LOS_AVG
LOS MAX

INT (Points)

- s

LOS Displacement Velocity (mmiyear)
® 56500000 12000000
© 11990699 .7.00000

936999 - -6.000000

LOS Displacement Velocity (mmiy
® s650000. 2

N ]
n ,, 1 9369002000000
£] £ 200001 - 4000000
H B T o ox0or-sceom
® 12000001 48000000

® 12000001 - 48000000
“Acquisition Ti

“Acquisition Time: e
ba{ Oktober 2018 - Oktober 2021

ha{ Al 2015 - June 2018

LAND STABILITY FOR PASIGALA AREA

V-LOS Max (+) : Move towards the satellite/uplift/upward
V-LOS Min (-) : Move away form the satellite/subside/downward

19450E 194508

* Monitoring Before Disaster: April 2015 - June 2018 * Monitoring After Disaster: October 2018- October 2021 = el
LOCATION OF PASIGALA RAW WATER SYSTEM




Metode Analisa kerentanan bangunan

small edium Shape 1
simple
Long span
' Shape
Long spa hig regulari
low

simpla

Parallel coast
Accessibility

close to main road
far to mainroad
dDBE to mainroad

Farallel to coast

‘erpendicular to wave direction
Height

C lass VE c lass C

Perpendicular to wave direction-

Accessibility

far to mainroad high

(sumber: Sumaryono (2010))



Analisa Kerentanan Bangunan Terhadap Bencana

Building Vulnerability
to Tsunami Hazard Map

Building Vulnerability

+2,500 to Tsunami Hazard Map
CILACAP Edtion10 - 2010 1:2,500
PADANG Edion10 - 2010

___“H e

;:.e‘*';:

Legend

Building Vulnerability
[ uilding Vunerability Class A
| Building Vuinerability Class B
Building Vuinerability Class C
Bl Building Vunerability Class VE
Critical Facilities

Legend

- Building Vulnerability Class A
[/ Building Vunerability Clase B

Building Vuinerability Class C
b Harbor
ok Hospital Bl suitding Vunerability Class VE
W Folice station
Power plant

& Provinoe office 1 homats

# Districts office
¥ Kesamatan office
27 ity office
-

e homamy

c s Yy g [N

3 Scale 1:2,500 - — RO R
y b aa e o
[ Scale  1:2,500
CLACAP - —— - S—————— ¥ = -

Kerentanan bangun terhadap tsunami di Cilacap (Kiri) dan Padang (kanan) (sumber: Sumaryono (2010))



TIRANK YOU
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