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PREFACE

Spatial database development is a fundamental activity to establish a strong GIS section
within ESP environment activities to develop good management for water conservation
together with ESP stakeholder.

The strategic is based on data sharing among public stakeholder and technical assistant in the
use of GIS database resources and technology.

Regarding experiences in the work with ESP partner, it is clearly significant potential to
increase the understanding of concept of spatial data on:

I. Where come from;

2. How to collect; and

3. How to analyze.

This document produced to assist our stakeholder in understanding some element of spatial
data sourcing and the need to maintain and update data to represent the changing
circumstances on land. Suggestion and criticism are welcome for our better future on using
GIS application for our work.






|. BACKGROUND

Basic data and information are the most important parts within inventory, territorial and
natural resources mapping activities. Accuracy, precision and truth always became the main
criteria for users as their needs.

Satellite imagery is one of basic data/information sources which may give answers from
questions and requests above, besides some other sources, such as aerial photography and
the RBI maps produced by the National Mapping Agency (BAKOSURTANAL).

Satellite imagery has been resulted from a technical process called Remote Sensing. Lillesand,
Thomas M. and Ralph W. Kiefer in "Remote Sensing and Image Interpretation " (1979, ppl)
described as the science and art of obtaining useful information about an object, area or
phenomenon through the analysis of data acquired by a device that is not in contact with the
object, area, or phenomenon under investigation.

In 2 more restricted sense, remote sensing usually refers to the technology of acquiring
information about the earth's surface (land and ocean) and atmosphere using sensors
onboard airborne (aircraft, balloons) or spaceborne (satellites, space shuttles) platforms
as described on figure | below.

RS Presentation, SCKPFP 2004 htep://crisp.nus.edu.sg

Figure | Examples of the practical remote sensing technology to the Earth surface.


http://www.crisp.nus.edu.sg/%7Eresearch/tutorial/airbrn.htm
http://www.crisp.nus.edu.sg/%7Eresearch/tutorial/airbrn.htm
http://www.crisp.nus.edu.sg/%7Eresearch/tutorial/airbrn.htm
http://www.crisp.nus.edu.sg/%7Eresearch/tutorial/airbrn.htm
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|.1.  VISION: AN EXAMPLE OF A REMOTE
SENSING SYSTEM

I.1.1. VISUAL SYSTEM

Passive Remote Sensing:
The eyes passively senses
the radiation reflected
or emitted from the
object. The sensing
system depends on an
external source of
illumination.

http://crisp.nus.edu.sg

The human visual system is an example of a remote sensing system in the general sense. The
sensors in this example are the two types of photosensitive cells, known as the cones and
the rods, at the retina of the eyes. The cones are responsible for colour vision. There are
three types of cones, each being sensitive to one of the red, green, and blue regions of the
visible spectrum. Thus, it is not coincidental that the modern computer display monitors
make use of the same three primary colours to generate a multitude of colours for
displaying colour images. The cones are insensitive under low light illumination condition,
when their jobs are taken over by the rods. The rods are sensitive only to the total light
intensity. Hence, everything appears in shades of grey when there is insufficient light.

As the objects/events being observed are located far away from the eyes, the information
needs a carrier to travel from the object to the eyes. In this case, the information carrier
is the visible light, a part of the electromagnetic spectrum!. The objects reflect/scatter
the ambient light falling onto them. Part of the scattered light is intercepted by the eyes,
forming an image on the retina after passing through the optical system of the eyes. The
signals generated at the retina are carried via the nerve fibres to the brain, the central
processing unit (CPU) of the visual system. These signals are processed and interpreted
at the brain, with the aid of previous experiences.

! Definition attached as ANNEX |
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When operating in this mode, the visual system is an example of a "Passive Remote
Sensing" system which depends on an external source of energy to operate. We all know
that this system won't work in darkness. However, we can still see at night if we provide our
own source of illumination by carrying a flashlight and shining the beam towards the object
we want to observe. In this case, we are performing "Active Remote Sensing", by
supplying our own source of energy for illuminating the objects.

Active Remote Sensing: The
sensing system provides its
own source of illumination.

http://crisp.nus.edu.sg

The development of remote sensing technology is running very fast as for public services and
military purposes.

RS Presentation, SCKPFP 2004

Figure 2 Spaceborne surface imaging resolution trends in the civil and military fields.

More specific to the civil service purposes, below lists of satellite imagery available for public
uses.

ENVIRONMENTAL SERVICES PROGRAM WWW.ESP.OR.ID 3
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A. Optical/Infrared Remote Sensing Satellites

Low Resolution

e Geostationary Satellites

e Polar Orbiting Meteorological Satellites
0 NOAA-AVHRR
o DMSP-OLS

e  Orbview2-SeaWiFS

o SPOT4-Vegetation

e ADEOS-OCTS

Medium Resolution
e TERRA-MODIS
e ENVISAT-MERIS
e ADEOS2-GLI

High Resolution
e LANDSAT

SPOTI,2,4

MOS

EOI

IRS

RESURS

Very High Resolution

e |[KONOS2
e EROS-AI

e Quickbird2
e  Orbview3
e SPOTS5S

B. Microwave Remote Sensing Satellites
e ERS-SAR
e JERS-SAR
e RADARSAT-SAR
e ENVISAT-ASAR
e Space Shuttles
0 Shuttle Imaging Radar
0 Shuttle Radar Topography Mission

With regards, we will limit our discussion into common uses of satellite imagery in
Indonesia, such as: (1) LANDSAT ETM7+; (2) SPOT 5; (3) IKONOS; dan (4) QUICKBIRD.

ENVIRONMENTAL SERVICES PROGRAM WWW.ESP.OR.ID 4
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2. COMMON USES SATELLITE
IMAGERY IN INDONESIA

2.1.  LANDSAT

http://crisp.nus.edu.sg

The LANDSAT program consists of a series of opticallinfrared remote sensing
satellites? for land observation. The program was first started by The National Aeronautics
and Space Administration (NASA) in 1972, then turned over to the National Oceanic and
Atmospheric Administration (NOAA) after it became operational. Since 1984, satellite
operation and data handling were managed by a commercial company EOSAT. However, all
data older than 2 years return to "public domain" and are distributed by the Earth Resource
Observation System (EROS) Data Center of the US Geological Servey (USGS).

The first satellite in the series, LANDSAT-I (initially named as the Earth Resource
Technology Satellite ERTS-1) was launched on 23 July 1972. The satellite had a designed life
expectancy of | year but it ceased operation only on January 1978. LANDSAT-2 was
launched on 22 January 1975 and three additional LANDSAT satellites were launched in
1978, 1982, and 1984 (LANDSAT-3, 4, and 5 respectively). LANDSAT-6 was launched on
October 1993 but the satellite failed to obtain orbit. A new satellite LANDSAT-7 was
launched in I5 April 1999. Currently, only LANDSAT-5 and 7 are operational.

2 Definition attached as ANNEX Il

ENVIRONMENTAL SERVICES PROGRAM WWW.ESP.OR.ID 5
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Table | LANDSAT Orbit

Type Sun-Synchronous

Altitude 705 km

Inclination 98.2 deg

Period 99 min

Repeat Cycle |6 days
Sensors

I. MSS (Multi-Spectral Scanner), on LANDSAT-1 to 5. Being one of the older generation
sensors, routine data acquisition for MSS was terminated in late 1992. The resolution of
the MSS sensor was approximately 80 m with radiometric coverage in four spectral
bands from the visible green to the near-infrared (IR) wavelengths. Only the MSS sensor
on Landsat 3 had a fifth band in the thermal-IR.

Table 2 LANDSAT 4,5 MSS Sensor Characteristics

Band Wavelength (um) Resolution (m)
Green | 0.5-0.6 82
Red 2 0.6-0.7 82
Near IR 3 0.7-08 82
Near IR 4 0.8-I.1 82

2. TM (Thematic Mapper), first operational on LANDSAT-4. TM sensors primarily detect
reflected radiation from the Earth surface in the visible and near-infrared (IR)
wavelengths, but the TM sensor provides more radiometric information than the MSS
sensor. The wavelength range for the TM sensor is from the visible (blue), through the
mid-IR, into the thermal-IR portion of the electromagnetic spectrum. Sixteen detectors
for the visible and mid-IR wavelength bands in the TM sensor provide 16 scan lines on
each active scan. Four detectors for the thermal-IR band provide four scan lines on each
active scan. The TM sensor has a spatial resolution of 30 m for the visible, near-IR, and
mid-IR wavelengths and a spatial resolution of 120 m for the thermal-IR band.

3. ETM+ (Enhanced Thematic Mapper Plus), is carried on board Landsat 7. The ETM+
instrument is an eight-band multispectral scanning radiometer capable of providing high-
resolution image information of the Earths surface. Its spectral bands are similar to thoss
of TM, except that the thermal band (band 6) has an improved resolution of 60 m
(versus 120 m in TM). There is also an additional panchromatic band at |5 m resolution.

ENVIRONMENTAL SERVICES PROGRAM WWW.ESP.OR.ID [
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Table 3 LANDSAT TM, ETM+ Sensor Characteristics

Band Wavelength (um) Resolution (m)
Blue I 0.45 - 0.52 30
Green 2 0.52 - 0.60 30
Red 3 0.63 - 0.69 30
Near IR 4 0.76 - 0.90 30
SWIR 5 [.55-1.75 30
Thermal IR 6 10.40 - 12.50 120 (TM) 60 (ETM+)
SWIR 7 2.08 - 2.35 30
Panchromatic 0.5-09 15

Different objects reflectance on the surface of the Earth to wavelength described on figure 3
below.

RS Presentation, SCKPFP 2004

Figure 3 A Typical Spectral Signature For Different Objects On The Surface Of The
Earth.

22. SPOTS5

SPOT 5 is a new satellite of the SPOT family of satellites. It is planned to be launched in the
first quarter of 2002. A new High Resolution Geometry or HRG imaging instrument is
developed by CNES to be carried on-board SPOT 5. The HRG instrument promises a higher
ground resolution than that of the HRV/HRVIR on SPOT | - 4 satellites: 5 m, and 2.5 m by
interpolation in panchromatic mode, and 10 m in all 3 spectral bands in the visible to near
infrared ranges. The spectral band in the short wave infrared band is maintained at a
resolution of 20 m due to limitations imposed by the geometry of the CCD sensors used in
this band. The field width of HRG is 60 km, same as SPOT 1, 2, 3, & 4. With two HRG
instruments, a maximum swath of 120 km at 5 m resolution can be achieved. The oblique
viewing capacity is maintained providing rapid access to a given area. A dedicated instrument,
High Resolution Stereo (HRS), for along track stereo acquisition will also be carried on
board SPOT 5. A VEGETATION large coverage instrument will also be available.

ENVIRONMENTAL SERVICES PROGRAM WWW.ESP.OR.ID 7
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http://crisp.nus.edu.sg

To ensure continuity with the SPOT | - 4 satellites, the SPOT 5 spectral bands will be the
same as those for SPOT 4: Bl (0.50-0.59 pm); B2 (0.61-0.68 pm); B3 (0.79-0.89 pm); and
SWIR (1.58-1.75 pm). The panchromatic band will, however, return to the values used for
SPOT | through 3 (Pan: 0.51-0.73 pm).

SPOT 5 will have the same swath (60 km) as SPOT | - 4 satellites, but with higher
resolution. In order to transmit the increase volume of data within a data rate limit of 100
Mbit/s, data compression techniques will be used while downlinking the data to the ground
station.

The specifications of SPOT 5 call for a planimetric accuracy of 10 m (rms) and an elevation
accuracy of 5 m (rms). These figures are compatible with conventional mapping standards at
1:50 000 scale. The radiometric quality of SPOT 5 imagery will be equal to or better than
that of SPOT 4.

Table 4 SPOT 5 Orbit

Type Sun-Synchrongus, 10:30 am ('Iocal solar
time) descending node crossing

Altitude 832 km

Inclination 98.7 deg

Period 101 min

Repeat Cycle 26 days

Off-Nadir Revisit | to 3 days

SPOT 5 will have the same orbit as SPOT | - 4.

Table 5 SPOT 5 Sensor Characteristics

Swath Width 60 km
Metric Accuracy [0 m (rms) planimetric, 5 m elevation
Radiometric Digitization 8 bits

ENVIRONMENTAL SERVICES PROGRAM WWW.ESP.OR.ID 8
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Spectral Bands wavelength (um) Resolution

| (green) 0.50 - 0.59 10m

2 (red) 0.61 -0.68 10m

3 (NIR) 0.79 - 0.89 10m

4 (SWIR) .58 - 1.75 20m

Panchromatic 0.51-0.73 5 m (2.5 m by interpolation)

2.3. IKONOS

http://crisp.nus.edu.sg

Launched on September 24, 1999, IKONOS is the world's first commercial satellite
providing very high resolution (up to | m) imagery of the earth. The IKONOS satellite is
operated by Space Imaging Inc. of Denver, Colorado, USA. IKONOS simultaneously collects
one-meter resolution black-and-white (panchromatic) images and four-meter resolution
color (multispectral) images. The multispectral images consist of four bands in the blue,
green, red and near-infrared wavelength regions. The multispectral images can be merged
with panchromatic images of the same locations to produce "pan-sharpened color" images of
I-m resolution. The satellite camera can distinguish objects on the Earth’s surface as small as
one meter square, but it cannot see individual people. The IKONOS satellite is equipped
with state-of-the-art star trackers and on-board GPS, enabling it to acquire imagery with
very high positional accuracy. The IKONOS imagery is suitable for applications requiring a
high level of details and accuracy, such as mapping, agricultural monitoring, resource
management and urban planning.

Table 6 IKONOS Orbit

Type Sun-Synchronous
Altitude 681 km
Inclination 98.1 deg

Descending node
crossing time

Period 98 min
Off-Nadir Revisit [.5 to 2.9 days at 40° latitude

10:30 am local solar time

ENVIRONMENTAL SERVICES PROGRAM WWW.ESP.OR.ID 9
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Table 7 IKONOS Sensor Characteristics

Agile spacecraft, along track and across

Viewing Angle track pointing

Swath Width I | km nominal at nadir

Single scene: I3 km x 13 km
Strips: 11 km x 100 km up to || km x
1000 km

Image mosaics: up to 12,000 sq. km

Image Modes

. 12 m horizontal, |0 m vertical without
Metric Accuracy

GCP

Radiometric Digitization I'l bits

Spectral Bands wavelength (um) Resolution
I (blue) 0.40 - 0.52 4m

2 (green) 0.52 - 0.60 4m

3 (red) 0.63 - 0.69 4m

4 (NIR) 0.76 - 0.90 4m
Panchromatic 0.45-0.90 I m

2.4. QUICKBIRD

http://crisp.nus.edu.sg

The Quickbird satellites are a series of very high resolution satellites operated by
EarthWatch Inc. In September 2001, EarthWatch changed its name to DigitalGlobe. The first
of the satellites, Quickbird-1 was launched on 20 Nov 2000, but failed to reach orbit. The
second identical satellite, Quickbird-2, is planned to be launched in October 2001. Both
satellites were initially planned for | m resolution imaging. In December 2000, EarthWatch
received a license to operate a 0.5 meter resolution satellite system. The plans for
QuickBird 2 are modified to increase the resolution of the satellite imaging system from the
originally planned |-m resolution to 0.61 m by lowering the orbit in which the satellite will
be flown. The panchromatic resolution is increased from | m to 0.61 m and the
multispectral resolution is increased from 4 m to 2.5 m.

ENVIRONMENTAL SERVICES PROGRAM WWW.ESP.OR.ID 10
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The Quickbird-2 satellite will simultanelously collect panchromatic images at 0.61 m
resolution and multispectral images at 2.5 m resolution. The multispectral images consist of

four bands in the blue, green, red a

nd near-infrared wavelength regions. The multispectral

images can be merged with panchromatic images of the same locations to produce "pan-
sharpened color" images of 0.6]1 m resolution. The satellite’s ability to acquire high-
resolution imagery will supply users with satellite data at resolutions comparable to aerial
photography. Buildings, cars, and even large individual trees can be recognized. Locational

information collected by the satell

ite’s star trackers and onboard global positioning system

(GPS) will enable users accurate, large-scale mapping without using ground control points

(GCPs).

Table 8 Quickbird-2 Orbit

Type Sun-Synchronous
Altitude 450 km
Inclination 98 deg

Period 93.4 min.
Off-Nadir Revisit | to 3.5 days
Field of Regard 544 km swath

Table 9 Quickbird-2 Sensor Chal

racteristics

Agile spacecraft, in-track and cross-track pointing +/-

Viewing Angle 30 deg nominal fore-and-aft and side-to-side,
45 deg maximum
Swath Width |7 km nominal at nadir

Image Strip Length

Up to 225 km

Metric Accuracy

23 m circular error (CE), |17 m linear error (LE)
at 90% confidence (without ground control points)

Radiometric Digitization

Il bits

Spectral Band Woavelength (um) ?;s:::;l:;n ?;s:::t;: nadir)
I (blue) 0.45 - 0.52 25m 29m

2 (green) 0.52 - 0.60 25m 29m

3 (red) 0.63 - 0.69 25m 29m

4 (NIR) 0.76 - 0.89 25m 29m
Panchromatic 0.45-0.90 0.6l m 0.73 m

ENVIRONMENTAL SERVICES PROGRAM WWW.ESP.OR.ID
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3. COMPARISON

3.1.

RESOLUTION, COVERAGE AND
PRICING

Satellite
imagery

Description

PRICING (US$)

NEW
ACQUISITION

ARCHIVE

LANDSAT ETM
7+

Available for 15m resolution in
b/w and 30m resolution in colour
imagery and the scene coverage is
180km X 180km. These imagery
are best for map scale at 1:50,000 to
1:100,000

600%*

50%*

SPOT 5

Available for 2.5m, 5m, 10m &
20m resolution in both b/w and
colour imagery and the scene
coverage is 60km X 60km. These
imagery are best for map scale at
1:10,000 to 1:50,000

ATTACHED
AS ANNEX 111

ATTACHED AS
ANNEX 1l

IKONOS

Available for Im resolution in b/w
and colour and 4m resolution in
colour imagery and the scene
coverage is | lkm X I lkm. These
imagery are best for map scale at
[:5,000 to 1:20,000

ATTACHED
AS ANNEX IV

ATTACHED AS
ANNEX IV

QUICKBIRD

Available for 0.6 I m resolution in
b/w and colour and 2.44m
resolution in colour imagery and
the scene coverage is

16km X 16km. These imagery are
best for map scale at 1:2,500 to
1:10,000

ATTACHED
AS ANNEX V

ATTACHED AS
ANNEX V

*) http://btic.biotrop.org/landsat7/dataservices.html

Note: Price lists attached are representing the price information version to the date. For the
latest price lists, please contact an international and/or representative provider/distributor.
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3.2. SAMPLE IMAGES

3.2.1. LANDSAT ETM7+

GIS-ESP East Java GIS-ESP East Java

I5M resolution 30M resolution
Band combination 5428 Band combination 542
Path/Row | 18/065 Path/Row | 18/065
Acquired: 23 Aug 02 Acquired: 23 Aug 02
GIS-ESP East Java GIS-ESP East Java

I5M resolution 30M resolution

Band 8 (Panchromatic) Band 4 (NIR)

Path/Row | 18/065 Path/Row | 18/065

Acquired: 23 Aug 02 Acquired: 23 Aug 02

ENVIRONMENTAL SERVICES PROGRAM WWW.ESP.OR.ID
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3.22. SPOT5

http://www.spotasia.com.sg

ENVIRONMENTAL SERVICES PROGRAM WWW.ESP.OR.ID
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http://www.spaceimaging.com http://www.spaceimaging.com
4 meter, false color 4m true, color

http://www.spaceimaging.com http://www.spaceimaging.com
| meter, black/white | meter, true color
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3.2.4. QUICKBIRD

http://www.digitalglobe.com

ENVIRONMENTAL SERVICES PROGRAM WWW.ESP.OR.ID
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4. HOW TO FIND AN IMAGE

All the satellite imagery providers have post their complete information to public through
internet as the best media at present time for communication and advertising. Even tough,
users still can access necessary information through their colleagues and/or local consultant
reachable for them.

Please note that better to check availability of archive imagery before deciding to take new
acquisition data because of some benefits, such as:

I. The price is always cheaper then new acquisition data;

2. Faster time delivery; and

3. Image quality, including cloud cover has been informed into a quick look image.

Description and steps on finding archive imagery from the internet will be quite detail
explained below for each imagery as our previous discussion.

4.1. LANDSAT ETM7+

There are numbers of websites given information on LANDSAT imagery, especially based on
USGS website. Within our discussion, we will limit only to the local website:
http://btic.biotrop.org/landsat?. This is enough for information exploring as needed.

http://btic.biotrop.org/landsat7

ENVIRONMENTAL SERVICES PROGRAM WWW.ESP.OR.ID 17
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After seeing as above, try to click BTIC Archive, and you will fine as shown below. However,
you may try to click Indonesia and Global as well.

http://btic.biotrop.org/landsat7

The next step is to click a box represent your area of interest. In this case, we will try to
click on Kota Batu area, and normally we will see several choices.

http://btic.biotrop.org/landsat7
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Seems, the best choice available is LANDSAT acquired on |9 May 2005, according to the
time acquisition, cloud cover and image quality. Let’s click on it to see a full quick look
image.

http://btic.biotrop.org/landsat?

Save the image in JPG format and try to rectify it using GIS application to make sure out
present choice cover the area of interest (Kota Batu).

Other way, when we have known number of path and row, we can try to choose it through
list on a table by clicking klik disini as shown below.

http://btic.biotrop.org/landsat7
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GIS-ESP East Java

Now, we can see clearly that the LANDSAT image cover Kota Batu area. The next process

is to order it to the provider. Pricing and how to order for LANDSAT image explained on
ANNEX VI.

Important notices:

I. After 2003/2004, LANDSAT imagery has problem with the result image. The image will
contained with some strips in it (please figure 4). ASTER imagery could be a good choice
to replace LANDSAT imagery. To have detail information on ASTER imagery, please
surfing to http://aster.indomicrowave.com/;

2. In some case, LANDSAT imagery provided by free. To find the detail on it, please try to
search on the web by using key words like “USGS free LANDSAT” or just “Free
LANDSAT” (please figure 5).
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http://btic.biotrop.org/landsat7

Figure 4 Quick Look Of Landsat Image Acquired On 22 February 2005.
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http://www.google.co.id

Figure 5 : Free Landsat Data Search Result Example.

42. SPOT5

There are at least two official website to search SPOT 5 satellite imagery:
I. http://www.crisp.nus.edu.sg; and
2. http://lwww.spotasia.com.sg.
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We will limit the discussion only to the first option as described below, and basically the way
to explore the second option will be more-less similar.

http://crisp.nus.edu.sg

As soon we see the CRISP page, click on Catalogue icon to start searching on SPOT 5
archive imagery. It will require a user id and password to access it. Fortunately, everybody
may register for free by clicking Register Now and follow they request.
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http://crisp.nus.edu.sg

For whom, who has already registered, just enter the correct user ID and password, then
click ENTER Icon. We will find the CRISP Catalogue Browse which containing several
different satellite imagery, including SPOT 5 and IKONOS as shown below. This site is very
interesting to explore a lot of information from various satellite imagery cover our area of
interest.

http://crisp.nus.edu.sg

Let’s start by clicking SPOT-5 Quick look Browse.
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http://crisp.nus.edu.sg

Make a selection to represent our area of interest (shown with green box) by clicking and
dragging mouse, and then click Submit button. In this case, we will try to see the availability
of SPOT 5 archive covering Kota Batu.

http://crisp.nus.edu.sg

http://crisp.nus.edu.sg

ENVIRONMENTAL SERVICES PROGRAM WWW.ESP.OR.ID 25



SATELLITE IMAGERY
BASIC INFORMATION, AVAILABILITY, CHARACTERISTICS AND HOW TO PURCHASE IT.

Change the Search Period as needed and Spot No into 5, and then click the Submit
Query button.

http://crisp.nus.edu.sg

We can try to click the red box representing our area of interest (Kota Batu) or clicking one
of the lists below the map. We can see all the information on the SPOT 5 imagery from
number of satellite (SP) until the Mode Possible. The best CI_Cover (cloud cover)
represented as “AAAAAAAA”.

ENVIRONMENTAL SERVICES PROGRAM WWW.ESP.OR.ID 26



SATELLITE IMAGERY
BASIC INFORMATION, AVAILABILITY, CHARACTERISTICS AND HOW TO PURCHASE IT.

http://crisp.nus.edu.sg
Small quick look image appear represent the red box with yellow color in inset map. We

may click the other red box to see other images on the same track. Now, we will try to
click on the small quick look image for better result.
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http://crisp.nus.edu.sg

As we did for LANDSAT, we should rectify the SPOT 5 quick look image above to make
sure our area of interest already covered in it.

GIS-ESP East Java

The next step to do is to contact CRISP for asking Indonesian provider for SPOT 5, other
wise we should purchase directly to CRISP. In this case, we may purchase for only /4 or 1/8
image with cheaper costs then purchasing | full scene which is not necessary. Price lists,
term and condition attached as ANNEX |lI.
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4.3. IKONOS

We will simplify discussion on IKONOS by doing repetition from what we have done with
SPOT 5. We only need to change by clicking the IKONOS Quick look Browse at the
beginning. This is could be part of our self training.

Other choices, we may surf on http://www.spaceimaging.com/products/ikonos/index.htm, to
explore more necessary information on IKONOS imagery.

http://www.spaceimaging.com
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44. QUICKBIRD

We are now arriving on the latest satellite imagery within our discussion. We will start by
going to http://www.digitalglobe.com/. Basically it is more-less the same way to click for
finding our area of interest coverage (Kota Batu).

http://www.digitalglobe.com

Next step is clicking the DigitalGlobe ImageLibarary button to find out archive QUICKBIRD
image available.

http://www digitalglobe.com

By clicking MAP TOOLS (“+” in yellow color) to the area of interest, then we will see as
shown below. When we found still too general, just try to click pricier.
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http://www.digitalglobe.com

http://www.digitalglobe.com

To highlight represent image, use the HIGHLIGHT TOOLS, click and drag the area
of interest. We will see result as shown below and click View for the best option
available. In this case will be catalog ID number 1010010004685A01.
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http://www digitalglobe.com

http://www.digitalglobe.com

Normally, we should see the ENVIRONMENTAL QUALITY in percentage, in this case the
image still not rate yet. However, we can ask directly to the provider.
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Same as in the previous steps, we will try to rectify the quick look image and see how it fit
on our area of interest using GIS application.

GIS ESP-East Java
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5. DISCUSSION

There numbers of satellite images available to support our activities with various resolutions.
We can explore the information offered by the satellite imagery in the internet. Most of the
time always better to check the availability of archive image before deciding to buy new
acquisition. Some important reasons on it are:

I. The price is always cheaper then new acquisition data;

2. Faster time delivery; and

3. Image quality, including cloud cover has been informed into a quick look image.

So far, all the owners has distributor in indonesia, at least in jakarta. Asking the international
or local provider on various necessary questions would be the best action before deciding.
We should not worry on the pricing, because normally they will use worldwide price-lists.

However, we should be wise on deciding which product we will take, according to the need
and budget, and possibly there is still a lot of information on other remote sensing

technology products to be explored.

Finally, the discussion should not stop here, we may continue at anytime convenience by
calling and or visiting esp-east java office.
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.  ELECTROMAGNETIC SPECTRUM

Electromagnetic Waves

http://crisp.nus.edu.sg

Electromagnetic waves are energy transported through space in the form of periodic
disturbances of electric and magnetic fields. All electromagnetic waves travel through space
at the same speed, ¢ = 2.99792458 x 108 m/s, commonly known as the speed of light. An
electromagnetic wave is characterized by a frequency and a wavelength. These two
quantities are related to the speed of light by the equation,

speed of light = frequency x wavelength
The frequency (and hence, the wavelength) of an electromagnetic wave depends on its
source. There is a wide range of frequency encountered in our physical world, ranging from
the low frequency of the electric waves generated by the power transmission lines to the

very high frequency of the gamma rays originating from the atomic nuclei. This wide
frequency range of electromagnetic waves constitute the Electromagnetic Spectrum.

The Electromagnetic Spectrum

http://crisp.nus.edu.sg
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The electromagnetic spectrum can be divided into several wavelength (frequency) regions,
among which only a narrow band from about 400 to 700 nm is visible to the human eyes.
Note that there is no sharp boundary between these regions. The boundaries shown in the
above figures are approximate and there are overlaps between two adjacent regions.

v

Woavelength units: | mm = 1000 pm; | pm = 1000 nm.

Radio Waves: 10 cm to 10 km wavelength.

Microwaves: | mm to | m wavelength. The microwaves are further divided into
different frequency (wavelength) bands: (I GHz = 10? Hz)
e Pband: 03 -1 GHz (30 - 100 cm)

L band: | - 2 GHz (15 - 30 cm)

S band: 2 -4 GHz (7.5 - |5 cm)

Cband: 4 -8 GHz (3.8 - 7.5 cm)

X band: 8 - 12.5 GHz (2.4 - 3.8 cm)

Ku band: 12.5 - 18 GHz (1.7 - 2.4 cm)

K band: 18 - 26.5 GHz (1.1 - 1.7 cm)

Ka band: 26.5 - 40 GHz (0.75 - |.1 cm)

Infrared: 0.7 to 300 um wavelength. This region is further divided into the following
bands:

¢ Near Infrared (NIR): 0.7 to 1.5 pm.

Short Wavelength Infrared (SWIR): 1.5 to 3 pm.

Mid Wavelength Infrared (MWIR): 3 to 8 pm.

Long Wanelength Infrared (LWIR): 8 to 15 pm.

Far Infrared (FIR): longer than 15 uym.

The NIR and SWIR are also known as the Reflected Infrared, referring to the main
infrared component of the solar radiation reflected from the earth's surface. The MWIR
and LWIR are the Thermal Infrared.

Visible Light: This narrow band of electromagnetic radiation extends from about 400
nm (violet) to about 700 nm (red). The various colour components of the visible
spectrum fall roughly within the following wavelength regions:

Red: 610 - 700 nm

Orange: 590 - 610 nm

Yellow: 570 - 590 nm

Green: 500 - 570 nm

Blue: 450 - 500 nm

Indigo: 430 - 450 nm

Violet: 400 - 430 nm

Ultraviolet: 3 to 400 nm
X-Rays and Gamma Rays
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Photons

According to quantum physics, the energy of an electromagnetic wave is quantized, i.e. it can
only exist in discrete amount. The basic unit of energy for an electromagnetic wave is called
a photon. The energy E of a photon is proportional to the wave frequency f,

E=hf

where the constant of proportionality h is the Planck’s Constant,
H=6.626 X 1034])S.
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ll. OPTICAL/INFRARED REMOTE SENSING
SATELLITES

http://crisp.nus.edu.sg

Optical remote sensing makes use of visible, near infrared and short-waveinfrared sensors to
form images of the earth's surface by detecting thesolar radiation reflected from targets on
the ground. Different materials reflect and absorb differently at different wavelengths. Thus,
the targets can be differentiated by their spectral reflectance signatures in the remotely
sensed images. Optical remote sensing systems are classified into the following types,
depending on the number of spectral bands used in the imaging process.

I. Panchromatic imaging system: The sensor is a single channel detector sensitive
to radiation within a broad wavelength range. If the wavelength range coincide with
the visible range, then the resulting image resembles a "black-and-white" photograph
taken from space. The physical quantity being measured is the apparent brightness of
the targets. The spectral information or "colour" of the targets is lost.

2. Multispectral imaging system: The sensor is a multichannel detector with a few
spectral bands. Each channel is sensitive to radiation within a narrow wavelength
band. The resulting image is a multilayer image which contains both the brightness
and spectral (colour) information of the targets being observed.

3. Superspectral Imaging Systems: A superspectral imaging sensor has many more
spectral channels (typically >10) than a multispectral sensor. The bands have
narrower bandwidths, enabling the finer spectral characteristics of the targets to be
captured by the sensor.

4. Hyperspectral Imaging Systems: A hyperspectral imaging system is also known
as an "imaging spectrometer”. it acquires images in about a hundred or more
contiguous spectral bands. The precise spectral information contained in a
hyperspectral image enables better characterisation and identification of targets.
Hyperspectral images have potential applications in such fields as precision
agriculture (e.g. monitoring the types, health, moisture status and maturity of crops),
coastal management (e.g. monitoring of phytoplanktons, pollution, bathymetry
changes).
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lll. SPOT 5 PRICE LISTS
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