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DEVELOPMENT OF CIRCULARLY POLARIZED SYNTHETIC APERTURE RADAR
ONBOARD UNMANNED AERIAL VEHICLE (CP-SAR UAYV)

Josaphat Tetuko Sri Sumantyo

Center for Environmental Remote Sensing, Chiba University, 1-33, Yayoi-cho, Inage-ku, Chiba-shi
263-8522 Japan Tel.+81-43 2903840 Fax +81-43 2903857 (jtetukoss@faculty.chiba-u.jp)

ABSTRACT

Synthetic Aperture Radar (SAR) is well-known as a multi-
purpose sensor that can be operated in all-weather and day-
night time. The past SAR sensors for Earth observation
mission are commonly operated in linear polarization that
sensitive to Faraday rotation effect, especially in low
frequency. This paper introduce our Circularly Polarized
Synthetic Aperture Radar onboard Unmanned Aerial
Vehicle (CP-SAR UAV) that is developed to retrieve the
physical information of Earth surface for Earth diagnosis
mission. The CP-SAR system is considered as small, light in
weight and low power consumption system. The CP-SAR
sensor is employing elliptical wave propagation and
scattering phenomenon by radiating and receiving the
elliptically ~polarized wave, including the special
polarization as circular and linear polarizations. This paper
introduces the CP-SAR and UAV system, including
simulated full polarimetric CP-SAR images.

Index Terms— CP-SAR, Synthetic Aperture Radar,
Unmanned Aerial Vehicle (UAV)

1. INTRODUCTION

Synthetic Aperture Radar (SAR) is well-known as a
multi-purpose sensor that can be operated in all-weather and
day-night time. Past missions of SAR sensors are operated
in linear polarization (HH, VV, HV and VH) with high
power, sensitive to Faraday rotation effect in low frequency,
ie. L band. In this research, we propose Circularly
Polarized Synthetic Aperture Radar onboard microsatellite
(CP-SAR uSAT) to retrieve the physical information and
land deformation on Earth surface for Earth diagnosis
mission [1]. Fig. 1 shows the illustration of CP-SAR uSAT
that is being developed in Josaphat Microwave Remote
Sensing Laboratory, Center for Environmental Remote
Sensing, Chiba University, Japan. Table I shows the
specification.

In this research, the CP-SAR sensor is employing the
elliptical wave propagation and scattering phenomenon by
radiating and receiving the elliptically polarized wave,

Fig.1. lllustration of Circularly Polarized Synthetic Aperture
Radar onboard microsatellite (CP-SAR puSAT)

TABLE 1. SPECIFICATION OF CP-SAR ONBOARD

MICROSATELLITE
Altitude 500 ~ 700 km
Inclination angle 97.6 degrees
Frequency / 1.27 GHz (L Band) / 24 cm
wavelength
Polarization TX : RHCP+LHCP

RX : RHCP+LHCP

Gain / Axial ratio > 30 dBic / <3 dB (main beam)

Off-nadir angle 29 degrees (center)

Swath width 50 km

Spatial resolution 30 m

Peak power 90 ~ 300 W (PRF 2000~2500 Hz,
Duty 6% : average 5.6 W)

Bandwidth Chirp pulse : 10 MHz

Platform size ImxImxlm

Weight 200 kg

Antenna size Elevation 1.0 m x Azimuth 4.0 m x
2 panels for RHCP and LHCP

- -



including the specific polarization as circular and linear
polarizations. CP-SAR is as active sensor that could
transmit and receive the L band chirp pulses with PRF 2,000
to 2,500 Hz. The sensor is designed as a low cost, light, low
power or safe energy, low profile configuration to transmit
and receive left-handed circular polarization (LHCP) and
right-handed circular polarization (RHCP). Then these
circularly polarized waves are employed to generate the
axial ratio image (ARI), ellipticity, tilt angle etc. This sensor
is considered not depending to the platform posture, and it is
available to reduce the effect of Faraday rotation during
propagating in lonosphere. Therefore, the high precision
and low noise image is expected to be obtained by the CP-
SAR. For this purpose, we are also developing the CP-SAR
onboard unmanned aerial vehicle (CP-SAR UAV) for
ground testing of this sensor.

2. CP-SAR MISSION

The main mission of our CP-SAR (see Fig. 2) is to hold
the basic research on elliptically polarized scattering and its
application developments. In the basic research, we will
investigate the elliptical (including circular and linear
polarizations) scattering wave from the Earth surface,
circularly polarized interferometric technique (CP-InSAR),
generation of axial ratio image (ARI), ellipticity and tilted
angle images etc. We hold the analysis and experiment of
circularly polarized wave scattering on vegetation, snow, ice,
soil, rock, sand, grass etc to investigate the elliptical
scattering wave. In experiment of CP-InSAR, we will hold
some experiments to compare the InSAR technique by using
circular and linear polarizations. This technique will be
implemented to extract the tree trunk height, DEM etc by
using the elliptical polarization. The axial ratio image (ARI),
ellipticity, tilted angle, polarization and other images will be
extracted by using the received RHCP and LHCP wave. The
principle of CP-SAR UAV is shown in see Fig.3. This
figure shows CP-SAR sensor transmits only one
polarization, RHCP or LCHP, then we receive RHCP and
LHCP scattering waves simultaneously. Then this image is
employed to investigate the relationship between the ARI
and physical characteristics of vegetation, soils, snow etc.
The image of tilted angle as the response of Earth surface
also will be extracted to mapping the physical information
of the surface, i.e. geological matters, contour, tree trunk
structure and its characteristics, snow-ice classification,
vegetation characteristics etc.

In application development, CP-SAR sensor will be
implemented for land cover mapping, disaster monitoring,
Cryosphere monitoring, oceanographic monitoring etc.
Especially, land cover mapping will classify the forest and
non-forest area, estimation of tree trunk height, mangrove
area monitoring, Arctic and Antarctic environment
monitoring etc. In disaster monitoring, CP-SAR sensor will

Fig.2. Josaphat Laboratory Experimental CP-SAR onboard
Unmanned Aerial Vehicle (CP-SAR UAV : JX-1)

Fig. 3. Principle of CP-SAR sensor onboard UAV

Chirp Pulse Generator GPS

Onboard Computer
Flight Control System
Telemetry & Command
Data Handling “

Transmitter & Receiver
Image Signal Processing

Fig. 4. CP-SAR UAYV Sub-system

be employed for experiment of CP Differential InSAR in
earthquake area, volcano activity etc.
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TABLE II. CP-SAR UAV SPECIFICATION

Parameter

Value

Altitude

Frequency range

Baseband range

Pulse transmission
output power

Polarization

Transmission system
gain

Receiver system gain

Gain flatness

Receiver noise ratio

Modulator

Output higher harmonic
wave

Output spurious

Transmission system
gain tuning function

Receiver system gain
tuning function

Impedance

Transmission system
output VSWR

Receiver system input
VSWR

Transmission system
antenna switching
speed

Receiver system antenna
switching speed

Transmission system
On/Off speed

Receiver system On/Off
speed

Power voltage

Current consumption
Temperature
Saving temperature
RF connector
Power connector
Control connector
Weight

Size

Pulse Length

Off Nadir
Resolution

Swath Width
Antenna Size
Axial Ratio
Antenna Gain

1 to 4 km
1270 MHz + 150 MHz
DC to 150 MHz

50 W, Pulse width 10 ps (max),
Duty circle 2% (max)
TX & RX : RHCP+LHCP

+47 dB (min)

+ 60 dB (min)

+ 1.5 dB (max)

3.5 dB (max) @+25°C
(RX and TX) QPSK

-30 dBc (max)
-60 dBc (max)
1/2/3/8/16 dB (0 to -31 dB)

1/2/3/8/16 dB x 2 (0 to -62 dB)
50Q
1.5:1 (typ.)

1.5: 1 (typ)
1us (typ.) / 2 ps (max)

Lus (typ.) / 2 ps (max)
100 ns (max)

100 ns (max)

DC+28V (DC+25t0+35V
switchable)

SA (max)

+0°C to 45°C

-20°C to 80°C

SMA-Female
N/MS3102A10SL-3P
D-Sub-37P

10 kg (max)

W250mm x H100mm x D300mm

4.33 up to 47.63 s
30° up to 60°
Uptolm
1 km
0.75 x 0.2 m (4 panels)
<3dB
14.32 dBic

Transmitter (Tx)

g
p Il foal—9—+
§5r v

’] Receiver (Rx): RHCP
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Fig.7. Images of linear and circular polarization
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3. CP-SAR SYSTEM

Fig. 4 shows sub-systems installed in CP-SAR UAV. The
system is mainly composed by Flight Control System,
Onboard Computer, Telemetry and Command Data
Handling, Attitude Controller, and Sensors. Flight Control

System is composed by manual and automatic flight module.

Onboard computer is employed for controlling all sub-
systems in CP-SAR UAV. Telemetry and Command Data
Handling subsystems use X-band communications between
UAYV and ground station. Attitude Controller is composed
by Inertial Measurement Unit (IMU) and four GPS units.
Sensors are composed by CP-SAR as main mission sensor,
and other sensors, including hyper spectral camera and five
small cameras. CP-SAR sub-system is composed by Chirp
pulse generator module, Transmitter and Receiver (Tx-Rx)
module, and Image Signal Processing module.

Fig. 5 shows the circuit block of Tx-Rx module of CP-
SAR with specification shown in Table II. Basically, this

system is composed by transmitter and receiver sub modules.

The input of transmitter is In-phase (I) and Quadrature (Q)
signal of chirp pulse generated by pulse generator with
baseband range is DC to 150 MHz. Then chirp pulse is
modulated by frequency 1,270 MHz, where our Tx-Rx
system has frequency range 1270 MHz + 150 MHz. The
transmission system has gain tuning function as 1, 2, 3, 8,
16 dB or 0 to -31 dB, and receiver has gain tuning function
as1,2,3,8and 16 x 2 or 0 to -62 dB. Power amplifier (PA)
is available to control pulse transmission output power 50
W with pulse width maximum 10 ps, and maximum duty
circle is 2%. The switching speed of transmission and
receiver system antennas (RHCP and LHCP) is typically 1
us and maximum 2 ps. The antenna is composed by two
sets of CP microstrip array antenna (LHCP and RHCP
panels) as shown in Fig. 6, totally 4 panels to realize full
polarimetric CP-SAR sensor. Size of Tx and Rx unit is
W250 mm x H100 mm x D300 mm as one module in our
CP-SAR system as shown in Fig. 4.

4. CP-SAR ONBOARD UNMANNED AERIAL
VEHICLE (CP-SAR UAV) SYSTEM

In this research, the CP-SAR onboard unmanned aerial
vehicle (CP-SAR UAV) as shown in Fig. 2 is developed for
ground testing of CP-SAR before installing this sensor on
our microsatellite. The platform called Josaphat Laboratory
Experimental CP-SAR UAV (JX-1) has 25 kg of payload
availability for various microwave sensors (CP-SAR, GPS-
SAR, and GPS-Radio Occultation) and optic sensors, i.e.
hyper spectral camera. The operation altitude is 1,000 m to
4,000 m. As shown in Table II, the specification of CP-SAR
sensor for UAV is center frequency 1,270 MHz, ground
resolution up to 1 m, pulse length could be tuned from 4.5
to 48 ps, pulse bandwidth 150 MHz, off nadir angle 30° to
60°, swath width 1 km, antenna size for 4 panels of CP-SAR

1.5 m x 0.4 m, antenna radiation efficiency >80%, PRF
1,000 Hz, and peak power 8.65 W (1 km) to 95 W (4 km).
We plan to hold ground experiment with altitude less than 2
km with pulse transmission output power 50 W. The CP-
SAR has receiver antenna composed by LHCP and RHCP
antenna. The data retrieved by LHCP and RHCP antenna is
employed to investigate the characteristics of elliptical
polarization, including circular and linear polarizations.

We have simulated circularly polarized waves with full
polarization (LL, LR, RL and RR) as shown in Fig. 7 by
using ALOS PALSAR polarimetric mode images. Where L
and R is left handed circular polarization and right handed
circular polarization, respectively. LR means LHCP
transmission and RHCP receiving. This image shows that
circularly polarized images show more clear than linear
polarized image, and less foreshortening and shadowing
effects. It is assumed that the geometrical effect of object
(volcano) is strongly affecting to linear polarized images,
but less to circularly polarized waves. In the near future,
further investigation of characteristics of circular
polarization will be done by using our CP-SAR UAV and
microsatellite. CP image will be used to retrieve the
physical information of Earth surface, i.e. soil moisture,
biomass, Cryosphere, agriculture, ocean dynamics, land
deformation, disaster monitoring, DEM etc. In the UAV, we
also install the linearly polarized SAR (LP-SAR) in same
frequency. The LP-SAR data will be compared with CP-
SAR data, and employ for some applications.

5. SUMMARY

In this paper, we introduce the circularly polarized
Synthetic aperture radar onboard Unmanned Aerial Vehicle
(CP-SAR UAV) for ground experiment to investigate
performance of CP-SAR sensor. The CP-SAR is designed
as the small, light in weight and low power consumption
system. The CP-SAR sensor is developed to radiate and
receive elliptically polarized wave, including circularly and
linearly polarized waves. In the near future, this sensor will
be installed in our microsatellite that will be applicable for
land cover mapping, disaster monitoring, snow cover and
oceanography monitorig etc.
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Geoinformatics Center
Established in 1999
(Self Funded)

U a— | —

Staff Profile
5 PhD
5 MSc¢

A4 Modes of Technology Transfer of AIT (304

1. Higher Education (Graduate & Undergraduate)
v" Long-term planning
v" High and indirect investment
v" Comprehensive and robust

2. Diploma & Certificate (3-6 Months)
v Target oriented
v Direct investment

3. Short-term target oriented training (1-4 weeks)
v" Targeted audience
v Application oriented & Readiness in implementation
v" Conducted locally or at AIT

4. Seminars & Workshops (1-2 Days)

v Indirect investment
v Awareness raising
v' Address larger audience, senior officials




Main Services Of GIC/AIT

»Training Programs

»Receiving & Distributing MODIS/NOAA satellite data
» Consulting Works

»Rapid mapping support for Sentinel Asia & IDC
»Conduct Workshops and Conferences

» Applied Research (Disaster, poverty, aquatic ..)

> Publications: journal, reports, manuals, results

»Collaboration (exchange programs, Students, experts ..)

17" CEReS International Symposium, 1* March 2012, Chiba University, Japan

A Ongoing and Recent Activities ”™

v’ Completed Mini-Project Training in 8 countries in February 2012 (JAXA)

v' Completed use of RS/GIS in agriculture for Ministry of Agriculture, Indonesia,
December 2011 (Government of Indonesia)

v' Completed training program for technicians from 8 African countries on
remote sensing application on forest fire management, February 2012 (JICA)

v’ Mini-Project Training for 10 countries concluded in February 2010 and start of
8 new projects for 2011 (JAXA)

v Phase II of the Poverty Mapping for ASEAN was started on March 2, 2009.
Poverty Mapping Workshop in June 11-12 (ASEAN Foundation)

v’ One month Training on MODIS data handling and application for Remote
Sensing Center of Mongolia, May 2009 (Mongolian RS Center)

v’ Extreme Flood Event F orecasting — 5 countries in Asia: (2010, United Nations
University, Tokyo)

17" CEReS International Symposium, 1% March 2012, Chiba University, Japan
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o Ongoing and Recent Activities -

5%
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v’ Asian Node in Second Administrative Level Boundary data initiative of WHO
handling 36 countries, on going

v' Capacity Building Project on Space Data for DRR for ADRC in ASEAN
countries (2009-2011, Asian Disaster Reduction Center).

v' Technical support for Space Application for Environment (SAFE) of JAXA

v’ Forest Mapping and Database Development for Dept. of Forestry Lao PDR,
2010 - 2011 (JICA)

v’ Professional Development Training Program on “Project Management, PPP
and Good Governance” for Manipur State Officials (09-13 May 2011)

v’ Professional Development Training cum study visit on “Application of GIS
and RS for Ground Water Salinity and NRM ” for Bangladeshi Officials (11-
15 July 2011)

A Terra/Aqua MODIS Receiving, Archiving and Processing
Systems in Geoinformatics Center (6IC), AIT

- Operational since May 2001 — present < )
- More than 20,000 Scenes for Terra/Aqua(day and night) ‘ Concept (_)f Processing System:
- Covering 19 countries (South and Southeast Asia) * Automatic

« Products include: + Near Real-time
Land, Ocean, Atmosphere and Cryosphere disciplines + Daily (6-8 image scenes/day)
- Most products are Standard NASA Products + Online Product Access for 24 hours

- Mostly use NASA ATBD (Algorithm Theoretical Basic Documents) for * Easy-to-use Data format Products
data processing
- Operating System : Linux (only!)

Receiving System

Automatic Near Real-Time
Processing Systems

Backup Storage:
- External USB Hard disks (2.0 TB)
al ° DLT Tapes (40 Gigabytes)



GIC/AIT Near Real time Automatic MODIS
Receiviry,“Processing oAt sFransferring and Distributing System

Cryosphere
- Snow Cover, etc.

Pes Ocean
g““”“"""“"‘ - Sea Surface Temperature,
Global/Regional Earth [ mcrsTinG sverma - Chlorophyll concentration,
Environment Monitoring | - etc.

World-Wide users

it Systems
- !‘“ ] _ MODIS Products
= Level 1B,
- = Level 2,
MODTS Quickiook eaoToA + Level 3

Lo

MO ntrute
hiepe/ wwen geosafo.sit sc.th /modia/

L4xA

NTRIP

+  “Networked Transport of RTCM via Internet Protocol” (NTRIP) stands for an
application-level protocol streaming Global Navigation Satellite System (GNSS)
data over the Internet.

— FEliminate need of Radio Unit for RTK.
Coverage is not limited. ( compared to radio unit)

|

Easy to use. ~ NTRIP setup at GIC/AIT

VRS(Virtual Reference Station) can be used to calculate precise correction.
— Number of uses per Base station is not limited.

§ AGNES stasen
HTTP Steam /@

& NTRIP Claster '

RTCM
HTTP Steam
i

NTRIP flow diagram

17 itional

NTRIP Source
(Master Base Station)
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e QzZss

» The Quasi-Zenith Satellite System (QZSS), is a proposed three-satellite regional
time transfer system and Satellite Based Augmentation System for the Global
Positioning System,

Calbration Sigral-
Generation Conrel Lt

*  QZSS will enhance GPS services in two ways
— Availability enhancement

— GPYQIS Recaver

— Performance enhancement

* Transmitting Signals .
— L1C/A signal, L1C signal, L2C signal and L5 sign QZSS Monitoring Station'at GIC/AIT
— L1-SAIF and LEX ,performance enhancement signals( DGPS data)

* Applications

— Precise vehicle navigation "

— Automated farming ED i

— Precise Point Positioning Al i =
Current: Less than four measurements After QZSS: more than four

QZSS Improves availability and coverage of GNSS

pt Growing NAVIS

The project is coordinated by
Instuto Superiore Mario Boella, Italy.

Targets:

1.Research in Asia on ionospheric condition, algorithm
development, Algorithm enhancement

2.Multi GNSS signal and receivers, signal processing
3.Wireless communication
4 Training, seminars and awareness raising programs

Partners: Italy, Spain, France, Vietnam, Thailand, Malaysia,
Australia

—-11 -



W . . . ﬂ:
JAXA Multi-GNSS Joint Experiment “=

Effectiveness of QZSS-LEX signal compared to DGPS and IGS PPP data for Thailand

*The project will be done as static and RTK modes. Study area will cover urban and semi
urban environments.

*Objective
— To Quantitatively measure the improvement in positioning due to precise
ephemeris and clock from QZSS-LEX, compared to DGPS and PPP calculation
from IGS data.

— Evaluation of GPS positioning improvement techniques.

*Expected results
— QZSS is expected to give =10cm positioning accuracy .
— Comparably high accuracy than IGS real time PPP data.
— Quantitative evaluation of GPS positioning improve techniques.

17" CEReS International Symposium, 13 March 2012, Chiba University, Japan

G Mini-Project Training

(Sponsored by Japan Aerospace Exploration Agency)
Application oriented & Locally Selected projects
conducted at GIC-AIT since 2004.

Procedure:

a. Applications for New Mini-Projects are called in December each year

b. Selection is done in March (by GIC and JAXA)

c. Initial training/procedure development in July-August (1 month in
AIT)

d. Fieldwork is carried out during Sep-December

Analysis and output generation is done in Jan-Feb (1 month in AIT)

More Information: www.geoinfo.ait.ac.th/training/miniproject.php

17" CEReS International Symposium, 1*t March 2012, Chiba University, Japan
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#4 Mini-Projects - conducted in 2009-2010 -~

V' Training and capacity building through real-world projects such as flood, landslides,
climate change, mapping etc. (individual)

v' Involve data/service provider agencies and services/products user agencies,
(Institutional/Systematic)

V' Calibration/validation through field observations

~

Landslide related Risk Analysis — Indonesia (LAPAN)

Land use mapping & Monitoring — Cambodia (Ministry of Land)
Cyclone Risk Mapping — Bangladesh (LGED)

Drought Analysis — Mongolia (Remote Sensing Center)

Landslide Mapping — Nepal (Survey Dept.)

Wildlife Mapping & Monitoring — Pakistan(WWF)

Watershed Management — Thailand (National Parks and Forest)
Mangrove Monitoring— Thailand (Chulalongkorn University)
Flood Risk Mapping — Sri Lanka (DMC, Survey Dept)

10. Flood Risk Mapping — Vietnam (STI, MONRE)

11. Flood Risk Mapping — Lao PDR (DMC and Hydrology Dept)
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Mini-Projects - conducted in 2008-09 ’«j

Landslide relted Risk Analysis — Bhutan (Geological Survey)
Land use mapping/flood — Cambodia (Ministry of Land)

Flood Mitigation — Bangladesh (SPARSSO/LGED/FFW(C)
Drought Analysis and Global Warming — Philippines (PhilRice)
Drought Analysis — Mongolia (Remote Sensing Center)

Mangrove/coastal Monitoring — Malaysia (Fishery Dept.)
Risk due to Sea Level Rise — Sri Lanka (CCD/Survey Dept.)
Flood Risk mapping — Thailand (Irrigation Dept)

Forest Fire Risk Analysis — Indonesia (LAPAN)

10. Flood mitigation — Vietnam (STI, MONRE)

11. Flood Mitigation — Lao PDR (DMC and Hydrology Dept)
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VIETNAM Forest monitoring 11S/University of Tokyo

LAO PDR Forest monitoring and management 11IS/University of Tokyo

SRI LANKA Risk of Sea Level Rise on Coastal Zone University of Tokyo

SRI LANKA Modeling ocean frontal zones using high Fishery Research Agency, Japan
resolution satellite and float data to locate
tune fish aggregations

Case Study: Flood Risk Mapping
Irrigation Dept and Survey Dept of Sri Lanka




Flood Risk Mapping - Summary
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Tsunami Affected Areas
2011-Sendai, Japan

Tsunami affected areas
extracted from IKONOS
Panchromatic image (1m)
acquired 12 Mar 2011

@ Usas 2011
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@ Digital Globe (Google} 2011

Map produced 15 Mar 2011 by
Geo-informatics Center (AIT)
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Regional Human Network

HOME | Training/Project Material | COUNTRY REPORT | CONTACT US
JAXA HRNet (March 2008) QEED WELCOME

Japan Aerospace Exploration Agency (JAXA) previously known as National Space

Q}JAXA HRMet Final Report Development Agency (NASDA) of Japan has been contributing to capacity

building in remote sensing and related space technologies in Asian region with
£} JAXA HRMNet Database (This DB is the cooperation of Geoinformatics Center (GIC) previously named as GIS
password protected & only JAXA & GIC Application Centre (GAC) of Asian Institute of Technology since 1995, The first
members are permitted to access it training course under JAXA sponsorship was launched in 1995 inviting twenty
Request for password) participants from Asia to GIC, The title of the course was PC based GIS

Information System, which was appropriate at that time due to wvery limited
awareness of these new technologies.

ovided by IFNet and Sentine! Asia

{:} PailysAccurnyl JAXA supported capacity building and information sharing in the region was
{:} 3, 7, 30, 60, 100-day Accurmulated carried out in number of initiatives since 1995, namely, Structured Training
Programs, Caravan Training Programs, Mini-Projects, and Workshops. Structured
training programs were carried out at GIC inwiting participants from the region
who are working in national agencies, Structured courses were conducted for two
August )7 weeks at GIC with full sponsorship of JAXA., This activity was continued until year
2003 satisfactorily training more than 400 people. During training at AIT,
participants were benefited with access to the library of the institute and
opportunities to rmeet faculty members of AIT to further exchange information
2007 and develop future collaborative opportunities.,

£3 Mini Project Field Data Site
-E:} Upload Waypoint Site

ated Precipitation Site

Precipitation Site

{:} Web Mapping more

Another type of training program that is conducting by GIC for JAXA sponsorship
is referred to as Caravan Training. These programs are being conducted locally
with the collaboration of local agencies. It is expected that this program could
offer opportunities to a larger audience to increase awareness in rermote
! sensing, GIS and GPS by conducting locally, Generally, the duration is five days
ﬁ} HRN Meeting at Bangladesh more targeting a topic that is relevant to the country concerned. Since 1997, after two

4 vears of first structured training program, Caravan type training programs were
£F HRN Meeting at Nepal more started and the first training program was conducted in Philippines. Since then
{3, HRN Meeting at Indonesia more seventeen Caravan training programs were conducted in ten countries, more

2006
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Student Internships

colnformatis entr - A | |

Faculty of Geomatics, Sabaragamuwa University of Sri Lanka

“Internship at 6IC was a wonderfull experience for me. I had first hand experience with real data and real situation, selecting the
appropriate data for the project. downloading freely available data, accuracy assessment of result. Web 6IS and SAR interferometry were
another new subject that | was able to study in depth with the help from the expert staff at the center. The atmosphere at EIC was very
pleasant. the staff was very kind enough to explain any question that I came a cross. Every day was a new experience learning some thing
new. If you are planning to work in the fields of GIS and Remote Sensing GIC is the place to be in your Internship, the experience you gair
will help you through out your career. Finlay I must thank Dr. Lal and all the other staff member at GIC for giving me this wonderfui
opportunity which i will never forget.”

Apiwat Thongchan
Faculty of Electronic and telecommunication Engineering, Rajamangala University of Technology(Jun 2009 - Oct 2009)

“Internship at Geoinformatics Center helped me to gain a good working experience with Network . IP address. Windows server and relates
technologies. I also learned about field of Geoinfomations such as Digitizing Map and involved some of training programs. This center was
my first international work place. I had practiced and learned English language from working experience. The staff was very friendly ana
their work style like famify. I have good friends and good experiences from GIC that i have never had before”

Kushani Tharangika Wickramasekara
Faculty of Engineering, University of Moratuwa, Sri Lanka (October 2008 —March 2009)

“I consider the appertunity i got to work as an Intern at the Geoinformatics Center ane of the main highlights of my undergroduate period.
Apart from the multinational work environment it provided i had the chance to be exposed to the latest technological advances in the fiela
of Remote Sensing and GI5. Not only did i have the privilage of working with the specialists in that area the training sessions under the
industry experts had been an invaluable experience. i will always be indebted to the Director, Dr Lal Samarakoon and the Staff of the GI¢
for that amazing opportunity and i hope that they will continve their wonderful work of lending a hand to enligten the young minds with
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Field Work in Philippines

G Field Observations in Thailand
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Community Based Survey in Nepal i
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GIC/AIT Working Environment
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Summary

1. AIT contributes to capacity building in space
based technologies in Asia with various
programs,

2. GIC/AIT provides opportunities for joint

research works on MODIS and multi-sensor GPS
technologies,

3. Truly international institute work without
boarders,

4. Knowledge is shared through publications,
accepting internships, and through conferences
presentations.

Ccapacity Building and Technological Support
Geoinformatics Center, AIT
www. geoinfo.ait.ac.th
geoinfo@ait.ac.th
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Introduction of Advanced small satellite for earth observation

Tomoki TAKEGAI' Toshiaki OGAWA' Yasuhiro UCHIBORI' Koichi KISHI® Tsuyoshi OISHI'

]Space Systems Division, NEC Corporation.
? Satellite Business Development Office, NEC Corp.
E-mail:

Abstract

1-10 Nisshin-Cho, Fuchu, Tokyo, 183-8501, Japan
3-20-2 Nishi-Shinjuku, Shinjuku, Tokyo, 163-1403, Japan
! {t-takegai@bu, t-ogawa@dt, y-uchibori@cj, t-ooishi@cj}.jp.nec.com, *k-kishi@aj.jp.nec.com

The Earth observation system by using advanced small satellite bus of "NEXTAR (NEC Next Generation Star)"
developed by NEC is introduced in this paper. NEXTAR-300L and NEXTAR-100L are one of NEXTAR series
buses, respectively. NEXTAR is designed as standard bus , which we can realize advanced small satellite for earth
observation only by combining with high performance sensors .

Keywords : Small Satellite, NEXTAR, ASNARO, SERVIS-3, Earth Observation

1. Introduction

NEC are proceeding to the development of standard
advanced small satellite bus based on our technologies which
was established at more than 40 years experience on space
development with JAXA. This advanced small type standard
satellite bus is called as “NEXTAR”. NEXTAR-300L and
NEXTAR-100L are one of NEXTAR series buses,
respectively. NEXTAR-300L was adopted as “ASNARO”
(Advanced Satellite with New system ARchitecture for
Observation) ,and NEXTAR-100L was adopted as
“SERVIS-3"(Space Environment Reliability Verification
Integrated System 3) project. Both projects are under the
contract of Institute for Unmanned Space Experiment Free
Flyer (USEF) and Ministry of Economy, Trade and Industry
(METI). By using this NEXTAR, we can provide high
performance satellite equivalent with a medium or large type
satellite at low cost and short duration for development.

1. Overview of NEXTAR System
1.1. Overview

NEXTAR is the spacecraft platform whose purpose is
standardization and designed based on the advancing various
recent technology innovations. These include the innovative
“miniaturization” technology for small scientific satellites.
Such  advances are helping to provide the
“Multi-functionality” and “high performance” of large
satellites while maintaining the features of small satellites
such as “light weight”, “low price” and “short delivery term”.
Structural/thermal/electrical designs of bus and mission are
independent for each other. That means bus design is
standardized and can be compatible with several type of
mission hardware without any modification of bus design.

The concept of NEXTAR bus is shown in Fig 1.

Earth Observation
Satellite System

Mission
Module
(Modifiable
according
to satellite
purpose)

Bus
Module

Fig 1 Concept of NEXTAR standard bus

NEC has several types of NEXTAR bus (including 100L
and 300L) as an advanced small satellite for earth
observation. The size and weight of NEXTAR -100L is
smaller than that of 300L.The line-up of earth observation
satellite using NEXTAR series are shown in Fig 2.

The satellite with high resolution optical sensor on
NEXTAR-300L is developed as “ASNARO” project (in
Section 2) and the satellite with medium optical sensor on
NEXTAR-100L is developed as “SERVIS-3” project (in
Section 3). And the satellite with X band SAR sensor on
NEXTAR-300L is ready for development as ASNARO-2.
This satellite has resolution of less than 1m at 10km swath.

Furthermore, a hyper spectrum sensor with many
detection band up to 185 bands(with a resolution of 30m at
30km swath) or a multi spectrum sensor for wide area
detection (with a resolution of less than Sm at 90km swath)
is under development by NEC. Each sensor will be
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integrated onto NEXTAR-500L bus system, which is a
larger type standard bus system than NEXTAR-100L /300L.

High resolution optical |

Medium resolution

Hyper sensor

optical sensor 1 | sensor
Just starbng of deveiopment Under development Under development
Status (a8 o "SERVIS- 3" project) {#s “ASNARD" Project )
Outside of
Satellite
-
Sensor ic. /Mt /Multi (8bands ) VIS~SWR, 185 bands
perf . Resolution: 2.5~5m Resolution: <0.5m (Pan) Resalution: <30m
S Swath: 20~50km Swath: 10km Swath: 30km
Type of Bus NX-100L NX-300L NX-500L
Medium resolution Optical sensor for wide
optical sensor 2 SAR Sensor | area detection
Undet Under development Under development
Status (as “ASNARO-2" project) (a8 "ASNARO-2" project)
Outside of ‘
Satellite
Sensor Panchromatic/Multi X band Multi (4 bands )
perf Resolution: ~1.2m Resolution: <1m Resolution: <5m
oy Swath: ~10km Swath: 10km Swath: 90km
Type of Bus NX-100L NX-300L NX-500L

Fig 2 Line-up of earth observation satellite with
NEXTAR-1001/300L/500L bus.

1.2. Space Wire Technology

A technology of SpaceWire RMAP (Remote Memory
Access Protocol) is adopted as a one of standardization
features of NEXTAR. The CPU boards of computers
equipped on traditional satellites as well as other functions
such as the data control, attitude control and mission control
functions have been developed individually according to the
mission requirements of each satellite. With the NEXTAR,
this method has been changed to use a standardized
computer that implements the functions required of the bus
for the entire network (Fig 3).

As a result, the previous method of implementing the data
control, attitude control, and mission control using three
different computers is now enabled with the use of a small
common computer “SpaceCube2” (which was launched on
SDS-1 project by JAXA) which contributes significantly to a
reduction in the size and price of satellites (Fig 4).

Traditional On-board Computer Small On-board Computer

o ————

| | 16bitMPU

| 3 R Memory
|1 Memory | | | HRS000 || t
| L | (Perpheral cicut| |
Peripheral circuit et
P Router |
——T I N
| Function| Function|Funciton
| A B C UnitA| | UnitB| | UnitC

Fig 3 Use of SpaceWire networking technology

Traditional On-board Computers

~ _
Fig 4 Compact satellite-born computer in NEXTAR

2. Introduction of ASNARO with NEXTAR-300L

The satellite which accommodates high resolution optical
sensor is now under development as ASNARO (Advanced
Satellite with new system Architecture for Observation,
which is the first satellite using NEXTAR bus (Fig 5) and
will be launched in FY2012.As shown in Table 1, ASNARO
introduces new technology including NEXTAR bus
technology for a small satellite of about 500kg in order to
implement a performance equivalent to that of a satellite
weighing a few tones.

Table 1 Performance comparison with ASNARO

Launch year
External view
Developing country Japan USA USA
504km T70km 884km
Ok Sun synchronous. Sun synchronous Sun synchronous
Mission Life 3years 7 25years Tyears
Satelite mass <500kg 2800 kg 2000 kg
Ground sampling distance <0.5m(Pal 0.46m(Pa 041m(Pa
GSD. <2m(Mu 1.84m (Mu 1.65m (Mu.
Swath 10km 15.8km 14 4km
Data rate 832Mbps 800MbPS 740Mbps
GPS Antenna\
S-band Antenna .
{ X-band Antenna
Imager.
Payload
s Star Trackers

oo -
,,,,,

Thrusters

Solar Array Panel

Fig5 ASNARO Overview
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The features of ASNARO are follows:
(1) Use of the NTSIC Mirror

Optical observation satellites have traditionally used glass
as the material for the primary mirror of the camera
(telescope), but ASNARO adopts a high-strength, reaction
sintered, silicon carbide(NTSIC, developed jointly by NEC
Toshiba Space Systems, Ltd. and Toshiba Corporation) as a
material of primary mirror. This material is obtained by
improving silicon carbide (SiC) and features lighter weight,
higher strength, and lower thermal distortion than the glass
material (Fig 6). NTSIC features a higher strength than the
ordinary SiC material and has a dense and no pores on the
surface.

> Gl

Fig 6 Primary mirror made from NTSIC material

(2) Use of flash memory
The mainstream memory used hitherto in the data
recorder for storing the observation data of traditional
optical observation satellites has been the SD-RAM that
features high-speed processing and high reliability. On the
other hand, ASNARO adopts a flash memory that features
lower heat dissipation, lower power consumption, lower
price, same size and larger capacity than the SD-RAM in
order to reduce the size weight and price of the data
recorder.
(3) Use of the 16QAM system
Traditionally, optical observation satellites used to use
the modulation system called QPSK for transmitting
observation data. This system can transmit 2 bits of
information per symbol and the rate is limited to around 400
Mbps due to the restriction of the 8GHz frequency band
used. Therefore, larger satellites had to have two sets of
400Mbps communication equipment, including antennas, in
order to transmit data at 800 Mbps. Currently, ASNARO
adopts a 16 QAM system that can transmit 4 bits, which is
twice that of the QPSK, per symbol. It can thereby achieve
the same 800Mbps transmission as larger satellites using a

single set of communication equipment and as a
consequence enable reductions in the size, weight, and price
of the satellite (Fig 7).

Based on upon features, we can obtain high performance
equivalent to that of a satellite weighing a few tones at low
cost and short duration for development.

Equipment configuration

of QPSK modulation
system for more than

800 Mbps transmission

Equipment configuration of
16QAM modulation system for
more than 800 Mbps transmission
(1/2 weight, power and price)

Fig 7 Configuration of data transmission system

3. Introduction of SERVIS-3 with NEXTAR-100L
SERVIS-3 is a satellite to demonstrate NEXTAR-100L bus
with some mission payload using some commercial parts.
The specifications of SERVIS-3 are shown in Table 2.
Table 2 Specification of SERVIS-3

Items Specification

Size 1068 x 1059 x H900 mm (Launch)
2458 x 1059 x H900 mm (On orbit)

Mass < 170 kg (Total)

Power Generation > 370W (EOL)

Power consumption About 200W (For bus system)

Communication S-band 1MBps

Data Recorder > 1 Gbyte

The figures of SERVIS-3 are shown in Fig 8 (for Launch
and On orbit Configuration).

<Launch> <On Orbit>

Fig 8 Figures of SERVIS-3

The system block diagram of SERVIS-3 is shown in Fig 9.

SERVIS-3 has three types of reaction control system ,
Reaction Wheel Assembly (RWA), Magnetic Torque (MTQ),
and Thruster system. Because of these system, SERVIS-3
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can comply with various system with enough pointing and
attitude control performance.

3 | - -
11y =8
Fig 9 System Block diagram of SERVIS-3.

The features of SERVIS-3 are follows.
(1) Dual Launch

The SERVIS-3 is suitable for dual launch as a sub satellite
and has a compatibility with world major satellite. Therefore,
the size of SERVIS-3 is very small enough to be
launched at lower side of Payload Attachment Mechanism
which is the mechanical connection between main satellite
and launch rockets. The dual launch configuration is shown
in Fig 10. All of the interface (including adapter to maintain
enough height for SERVIS-3 under a mechanical interface
for main satellite) was already developed.

Dual Launch
in case of H2A

Standard I/F

Launched at
IKAROS project

H2-A
Standard
Fairing

937M Standard PAF

Fig 10 SERVIS-3 Launch configuration (Dual launch at
H2A)

(2) Reduction of Interface Board

In NEXTAR-300L architecture, there are many interface
exchange board to accommodate existing/experienced
sensors/ actuators with Space Wire bus system. That is a
reason for NEXTAR-300L to have large compatibility with

existing hardware. But in SERVIS-3 configuration, interface
boards are deleted by mounting them into inside of each
sensor/actuator. Therefore, though SERVIS—3 has limited
flexibility with various sensor/actuator , it can achieve smaller
size than ASNARO architecture. This means that SERVIS-3
is easier to be integrated as satellite system.
(3) High Mission Installation capability

SERVIS-3 has equivalent or higher mission installation
capability than that of other world popular bus system with
equivalent size (about 100kg ). Table 3 shows a comparison
with other world popular bus system (about 100kg).

Table 3 Comparison with other bus (about 100kg)

SSTL-150

Myriade

NEXTARL-100L

Item Specification

Bus system Mass 103kg About 100kg About 100kg

Mission Mass 50kg <40-60 kg 80kg

Total Mass 150kg <140kg < 200kg

Satellite Size 730 x 455 x 744 mm 600 x 600 x 800 mm 950 x 950 x 900 mm
4. Summary

NEC is developing advanced standard bus systems of
NEXTAR series. The first satellite of NEXTAR-300L was
adopted as ASNARO, and the first satellite of NEXTAR
-100L was adopted as SERVIS-3. ASNARO has high
resolution optical sensor equivalent with the world’s finest
optical sensor on orbit. SERVIS-3 has simplified architecture
which is suitable for a training of bus development process.

By using this NEXTAR, we can provide high performance
satellite equivalent with medium or large type satellite at low
cost and short duration for development.
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Development of Micro-satellite Technology at the Indonesian National
Institute of Aeronautics and Space (LAPAN)

Robertus Heru Triharjanto
Center For Satellite Technology, LAPAN
jl. Cagak Satelit km.4 Rancabungur, Bogor 16310, Indonesia
rtriharjanto@yahoo.com

ABSTRACT

The evolution of desain of LAPAN’s micro-satellite will be presented in here. Micro satellite systems
have been chosen for space technology development in Indonesia due to the cost effectiveness.
Starting in 2003, LAPAN has implemented LAPAN-TUBSAT micro-satellite program, which has
successfully carried its mission as experimental Earth observation satellite and capacity building
tools. The satellite is currently serving its 5 year of operation. Since 2008, LAPAN is preparing two
satellites; named LAPAN-ORARI and LAPAN-IPB. The mission for LAPAN-ORARI is Earth observation
using RGB camera, maritime traffic monitoring using AlS, and amateur radio communication (text &
voice). The satellite will be launched as auxiliary payloads for ASTROSAT mission which has orbit of
be 650 km circular at inclination of 8°, expectedly before the end of 2012. The purpose of the
project is to develop capability to design, Assembly, Integration and Test (AIT) process of micro-
satellite in Indonesia. LAPAN-IPB will cary an experimental 4-bands multispectral imager, as well as
AIS and communication for Amateur Radio Community, and to be flown by PSLV SSO mission
expectedly before the end of 2013. The three projects shows LAPAN’s micro-satellite bus
development, that grow in complexity to accomodate more complex mission. The knowledge
advancement is expected to prepare the Center for developing operational satellite for supporting
the food security program in Indonesia.

l. Introduction

Indonesia is located approximately 5,150 km along the length of the equator (or
about 1/8th of earth circumference), and the widest breadth is around 1,750 km, with more
than 220 million population. With the extensive region with diverse geographical problem,
the utilization of satellites is important for Indonesia to address solutions to the problems of
the nation.

Despite the extensive of satellite technology use since 1970s, Indonesian satellite
communication system is still purchased from other countries. The same with the remote
sensing satellite system, which have been extensively used since 1980s. It is known that
during the Aceh tsunami, the disaster management support is heavily dependent on foreign
satellite services. Economically, in the long term, the technology dependency created great
loss for Indonesia. In addition to that, the dependency made Indonesia prone to political
pressure from technology supplier countries.

The development of micro-satellites has become an opportunity for LAPAN in
developing its satellite program. The development of such satellites requires only limited
budget and facilities, compared to the development of big satellites. Meanwhile, the
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capability to develop micro-satellite will brings LAPAN to the readiness state to implement a
future space program that will have measureable economic impact, and therefore
contribute to the country’s sustainable development effort.

1. LAPAN-A1 Satellite

The development of LAPAN-A1, Indonesian 1st microsatellite which is also named
LAPAN- TUBSAT, was started in 2003. Its Assembly Integration and Test was done in 2004-
2005 in Technical University of Berlin, Germany. The satellite payload is a COTS video
camera with 1000 mm lens, resulting into nadir resolution of 5 m and nadir swath of 3,5 km
from 650 km altitude. In addition to that the satellite carries another video camera with 50
mm lens, resulting into 200 m resolution video image with swath of 80 km at nadir. The
uplink and downlink for telemetry, tracking and command (TTC) is done in UHF and downlink
for video is done in S-band analog. The satellite is successfuly launched to SSO of 635 km as
auxiliary payload in Polar Satellite Launch Vehicle (PSLV) C7 from Sriharikota, India on
January 10™, 2007, and now has entered its fifth year of operation and still in good
condition.

Figure 1. 3-roda cement factory, West Java (taken b LAPAN-TUBSAT 25 May 2010)

1. LAPAN-A2 Satellite
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Gaining experience in developing, launching, and operating micro-satellite as well as
in developing and operating satellite’s ground station, LAPAN continue in developing its e
satellite, named LAPAN-A2. The mission for LAPAN-A2 is Earth observation using RGB digital
camera, maritime traffic monitoring, and amateur radio communication.

Since Indonesian territory is spread along the equator, LAPAN study the operation of
satellite at low inclination orbit, so that the satellite may pass Indonesia as much as SSO
orbit pass the North/South pole (14 times in 24 hours at 600 km orbit). The study shows that
in order to be able to cover the entire Indonesia with surveilance camera oriented at nadir,
the inclination needed is 10°. Therefore, when ISRO announce that it would launch
ASTROSAT mission which has orbit of be 650 km circular at inclination of 8°, LAPAN decided
to put the satellite as auxiliary payloads for the mission. With frequent pass over Indonesia,
the missions are expected to be more useful.

The objective of LAPAN-A2 satellite project is to achieve the design, integration and
operation of micro satellite in Indonesia. LAPAN-A2 main mission is Earth Observation using
digital RGB camera (5 m resolution). In addition to that the satellite carry AIS (Automatic
Identification System) receiver to monitor maritime trafic, a reaction wheel made by LAPAN
for space proofing, and an amateur radio Automatic Packet Reporting System (APRS), as
well as amateur radio voice repeater, for Indonesian Amateur Radio Organization (ORARI).

Due to this cooperation, LAPAN-A2 is called LAPAN-ORARI.
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LAPAN-A2 satellite is planned to has two picture operation modes : automatic target
pointing and interactive operation. The 1* mode will employ close loop process between
Star Sensor, GPS, and the attitude control actuator. The 2" mode is the same as the
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operation of LAPAN-TUBSAT, in which the video camera mode will be used to find the
target, before the high resolution picture is taken.

Iv. LAPAN-A3 Satellite

The objective of LAPAN-A3 satellite project is to support the national food
sustainability program. Therefore the payload requirement is defined by Institut Pertanian
Bogor (IPB). IPB in an academic institution that specialized in agricultural science and
technology, which is awarded as national academic reference for Indonenesian food
sustainability program. Based on such cooperation, the satellite is also named LAPAN-IPB
satellite. The multi-spectral imager will serve the data acquisition related to crop
growth/yield estimation as well as coastal environment monitoring, which are important for
the food security management. The satellite is planned to be launched to SSO altitude 650
km by PSLV expectedly mid 2013.

The main payload of the satellite is a 4-band multi-spectral imaging line imager
(using 4 Kodak 8023 sensor with spectral filter on 450 - 520 nm, 520-600 nm, 630-690 nm,
and 760-900 nm) with 1000 mm Nikor Lens, to produce spatial resolution of 18 m, swath
width of 110 km. The satellite will also carry digital camera similar to LAPAN-A2 with 1,6 m
lens, so that it may provide image with 3,5 m resilution. In addition to that, the satellite will
carry AIS and APRS to support global maritime monitoring mission and worldwide radio
amateur community.
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Figure 3. Multispectral imager flight test, Bogor, West Java, 2010

V. Upgrade on satellite bus

Table 1. Advancement in LAPAN’s satellite bus

LAPAN-TUBSAT

LAPAN-ORARI
LAPAN-IPB

Power generation

4 Silicium solar panels (432x243
mm). Each panel has 34 cells in
series, provide 14 W max power

4 GaAs Solar panels (465x262 mm).
Each panel has 30 cells in series,
provide 32 W max Power

Power storage

5 NiH2 batteries, configured in
series. The batteries would provide
nominal voltage of 12.5V, 8 Ah
capacity

3 Lithium-lon batteries in paralel, 4
Cells per pack in series, 15 V Nominal
Voltage, 17 Ah total capacity

Attitude sensor

1 CMOS star sensor

1 CMOS star sensor + 1 CCD star
sensor
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4 solar panel + 2 solar cell sun
sensor

6 solar cell sun sensor

Orbit determination

None

GPS

ACS mode

Manual drive mode & support anti-
sun camera pointing mode (close
loop main computer, -Z solar panel,
and Wheel Drive Electronics

support automatic orientation of the
camera to capture specific target
location (close loop Star Sensor, GPS,
main computer and Wheel Drive
Electronics)

Payload data support

Analog data switch

solid state memory & multi-payload
data handling system

Payload data
transmision system

S-band analog

LAPAN-A2 : S-band analog & digital (6
Mbps)

LAPAN-A3 : X-band digital (100
Mbps)

Table 1 shows that the capacity of LAPAN’s satellite bus increases from its 1st
generation to the next. LAPAN’s 1st satellite weights around 55 kg, its 2nd generation
weight arround 70 kg. Structural layout of each satellite is as follows.

REACTION WHEEL

GYRO

CAM ACTUATOR

CAM-1000 Y-COIL
TTC2

CAM-50

STAR SENSOR

Z-COIL popH BATTERY

UHF
ANTENNA

S-BAND
ANTENNA

Figure 4. LAPAN-TUBSAT layout

.




Figure 5. LAPAN-ORARI & LAPAN-IPB layout

The commonality in LAPAN’s satellite buses are the mechanical packaging, i.e using
the 2-shelves base, and star-configuration type computing system. Extrapolating the
capacity of the Center for Satellite Technology for the next 5 years, LAPAN would be capable
to develop 100 kg class satellite. Such satellite bus would be able to support battery capacity
34 Ah (at 15 V) and charging capacity 120 W, which will be able to serve more power
demanding mission.
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Figure 6. LAPAN’s 100 kg class satellite
VI. Conclusions

From the facts above, it can be seen that LAPAN’s satellite program is technology is growing,
froim simple satellite for capacity building puposes to more complex satellite designed to serve more
complex mission.

In developing its satellite program, LAPAN always involve partnership with other institution
interestd in satellite tehnology. LAPAN will always looking for new partner, as well as maintain its
current partner, to work together on its next satellite program.
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Exploitation of fully polarimetric Satellite POLSAR modes for natural
hazard detection and subsequent disaster reduction of SE-Asian/Pacific
earthquakes, volcano eruptions and taiphoons - Japan, Taiwan,
Philippines and Indonesia

Abstract: The outstanding performance capabilities of the three Satellite
POLSAR sensors are well established; and in this exposition the exploitation of
the fully polarimetric ALOS-PAL=PPL=SAR mode is demonstrated by
implementing the  NIGATA-UNIVERSITY  four-scatterer SAR  image
decomposition with coherency-matrix rotation proving the superior imaging
capabilities of the fully polarimetric SAR modes not only for the ALOS-PALSAR
L-Band and similarly to the S-Band, C-Band and X-Band. The novel fully
polarimetric POL-SAR image processing techniques are then applied to natural
hazard detection and subsequent disaster reduction of taiphoons with land-
slides, volcano eruptions with plume aftereffects & landslides, and of
earthquakes with drop-slips experienced within the SE-Asian/Pacific Ring-of-Fire
including next to Japan in Taiwan, the Philippines and Indonesia, promoting
equatorially orbiting Single and TanDEM L-/S-/X-Band POLSAR sensor
deployment.
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Hydrologic cycle with volcanologic & seismic activity
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The terrestrial tectonology: Alfred Wegener’s tectonic plate theory and the
two major seismic belts
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LAPAN-A2 ORBIT PROFILE
(14 pass per 24 hr / orbit time 100 minutes and stay above horizon at about 10 minutes)
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TUB-LAPAN-ORARI ORBIT PROFILE
(14 pass per 24 hr / orbit time 100 minutes and stay above horizon at about 10 minutes)
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Table 1. Comparison of High-Level Parameters

Parameter PALSAR RADARSAT-2 TerraSAR-X

Orbit: LEO, circular Sun-synchronous | Sun-synchronous Sun-synchronous
Repeat Period (days) 46 24 11
Equatorial Crossing time (#rs) | 22:30 (ascending) | 18:00 (ascending) 18.00 (ascending)
Inclination (degrees) 98.16 98.6 97.44
Equatorial Altitude (km) 692 798 515
Wavelength (Band) 23 cm (L) 5.6 cm (O) 3 cm (X)
Fully polarimetric mode Yes Yes Yes

ALOS / PALSAR RadarSAT-ll TerraSAR-X
Japanese Space Agency (JAXA) Canadian Space Agency (CSA) German Aerospace Center (DLR) / Astirum
L-Band (quad), 2006 C-Band (quad), 2007 X-Band (quad), 2007
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ALOS is one of the largest Earth observing satellites
ever developed, at 3850 kg. It is in a near-exact 45-
day repeat sun-synchronous orbit, 690 km altitude
above the equator. The active phased array SAR
antenna is obliquely Earth-facing, aligned with the
spacecraft velocity vector. The solar array is
arranged at right angles to the orbit plane, consistent
with the near-mid-day orbit phasing. The X-band
down-link must be shared with optical instruments,
which constrains SAR operation times.

Table 1. Selected PALSAR Mode Parameters

Mode (selected) Resolution (m) Swath (km) Looks Polarization

Standard, stripmap 70 HH or VV

Fine 10 70 1 HH or VV

ScanSAR (5-beam) ~100 350 8 HH or VV

Dual polarization (as above) (as above) (as above) (HH, HV), (VV, VH)

Quad-pol 30x 10 30 2 Full polarization
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Electrical and

Communications, Sensing & Navigation Lab 7747 Sompuiar Enginesring

UIC -

8 g 8 8
zZ Z zZ Z e
3
8
=
g S
g g
= =
8
18
K 8 N 8 o
g 8 g 8
zZ z z A
WIDEBAND INTERFEROMETRIC SENSING AND IMAGING POLARIMETRY 12

—-45 -



University of lllinois
at Chicago

Communications, Sensing & Navigation Lab £7Ck7 Sompuier Enginesring

UIC

TaipePap hui
9 g, oy HSiohi
H;sm;nl(éﬁ) Chiao-hsi & Toy
o i-1
3 W Chu-tung Qtian
] Hou dung v Su
2 et

3.45.6.7.8

Polarimetric mode

Incident angle :23.1°

Date:2009/05/01

Path:442

Frame:430(3),440(4)
450(5),460(6)
470(7),480(8)

WIDEBAND INTERFEROMETRIC SENSING AND IMAGING POLARIMETRY 13

University of Illinois

7 Electrical and
at Chicago

Communications, Sensing & Navigation Lab 77 Somputer Engineering

HH, 2HV, VV

UIC

POLSAR image analysis

Scattering matrix
= Quad. Pol. data

HV Basis

HH ||Hv ||vv
Pauli Basis .. Color-Composite
<Average> HH-VV, 2HV, HH+VV
Eigenvalue Entropy, Alpha-angle, Anisotropy
e
A1 J|)\2 ")\3

Scattering Power Decomposition ~ pq double

Covariance matrix
Coherency matrix

N

Pd, Pv, Ps, Pc

bounce
- &
surface volume
scattering scattering

WIDEBAND INTERFEROMETRIC SENSING AND IMAGING POLARIMETRY

- 46 --

14



UIC :“2"""  Communications, Sensing & Navigation Lab £k Eompiiat Enginesring

Surface Double Volume Helix scatteri
B &

expansion matrix

160 laf a0 1[99 2
g|s8Fo a’ 10 |
000 0 00 05/ 1

Scattering Power

Pc

ST g G
r,l Y ari @ iy f
Tl yad N ol o ol hyr et S
F R S AP s pit s

The four-component decomposition of scattering powers Ps, Pd, Pv, and Pc

WIDEBAND INTERFEROMETRIC SENSING AND IMAGING POLARIMETRY 15

UIC 2" Communications, Sensing & Navigation Lab £k Sumpisat Engineering

4-compornent scattering power decomposition algorithm
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The destruction along the Cheleng-Pu fault caused by the Chi-Chi
earthquake of 1999 September 21
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South-East Asia
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Mount Semeru puffs steam behind a cloud of sulphur gas
from Mount Bromo in the Tengger caldera on Java.
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A qurry of ruptures have occurred since 2000

WIDEBAND INTERFEROMETRIC SENSING AND IMAGING POLARIMETRY 32

--55 -



University of lllinois
at Chicago

~ ¥ st ruon
o

R . Y
e L SR . =

8/26/1883

Next major eruption within 20 years

WIDEBAND INTERFEROMETRIC SENSING AND IMAGING POLARIMETRY 33

UIC 527"  Communications, Sensing & Navigation Lab 7k el Enginesring

Indian Ocean Tsunamis: 1833 & 2004

1833 maxmon wave HEGHT OFFSHORE

Hannah Fairfield/The New York Times, Science Section, January 4, 2005
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USGS ShakeMap : NEAR THE EAST COAST OF HONSHU, JAPAN
Fri Mar 11,2011 05:46:23 GMT M 89 N38.32 E142.37 Depth: 24.4km ID:c0001xgp
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EAFPIGETTY MAGES:

Destruction of City and Harbor of Ishinomaki by 110311 Tsu-nami (Harbor-Wave)
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Off-Tohoku M9 Seaquake & Tsunami 110311

WIDEBAND INTERFEROMETRIC SENSING AND IMAGING POLARIMETRY =
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~ Off-Tohoku M9 Seaquake & Tsunami 110311
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s

Off-Tohoku M9 Seaquake & Tsunami 110311

D collapsed by tsunami

4 [ Jcovered by tsunami
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Off-Tohoku M9 Seaquake & Tsunami 110311

D collapsed by tsunami

[Jeovered by tsunami
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Global Monitoring of Bio-, Geo-,
Cryo- and Hydrosphere processes

with hith temporal and spatial

resolution.
(Prof. A. Moreira — POLINSAR09)
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Communications, Sensing & Navigation Lab £7 k7 Sompuier Enginesring

TerraSAR-X (1 & 2)
(2010)

Pol — InSAR Sensors
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TUB-LAPAN-ORARI ORBIT PROFILE

(14 pass per 24 hr / orbit time 100 minutes and stay above horizon at about 10
minutes)
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Major Paradigm for Remote Sensing from
Air and Space of the Terrestrial Covers:

“Natural hazards are inevitable!
Natural disasters are not & how
can we reduce aftereffects?”

Accomplished with the aid of fully Polarimetric POLinSAR
Sensors at Very High Resolution and all pertinent bands:
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ACQUISITION OF NEW BANDS FOR PASSIVE & ACTIVE SENSING

e Deep earth sounding ULF - LF

e Ground penetrating radar LF - VHF

e Mineral resource exploration HF - UHF

o Biomass and vegetative cover estimation HF — EHF (P/L/C-Band)
e Man made surface structure monitoring HF - EHF (C/X/K-Band)
o Atmospheric passive remote sensing cm — sub-mm

¢ We need to put our act together as the global remote sensing community and request from
ITU/WMO the protection of the “fundamental natural resource: the e-m spectrum”, and for
providing the spectral bands for us to fulfill our professional duties as

“The Remote Sensing Pathologists and Radiologists of Earth and Planetary Covers”
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Table - EESS (active) Frequency Bands
between P-band and Ka-band (Huneycutt)

IEEE Band Frequency Band Bandwidth (MHz) Allocation Status
Designation (MHz)
P-band 432-438 6 Secondary (WRC’03)
L-band 1215-1300 85 Primary (WRC’97)
S-band 3100-3300 200 Secondary (WRC’97)
C-band 5250-5570 320 Primary (WRC’97)
X-band 8550-8650 100 Primary (WRC’97)
X-band 9300-9900 600 Primary (WRC'97,
WRC’07)
Ku-band 13250-13750 500 Primary (WRC’97)
Ku-band 17200-17300 100 Primary (WRC’97)
K-band 24050-24250 200 Secondary (WRC’97)
Ka-band 35500-36000 500 Primary (WRC'97)
WIDEBAND INTERFEROMETRIC SENSING AND IMAGING POLARIMETRY 55
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F-SAR technical characteristics (Reigber)

X C S P
RF [GHZz] 96 53 325 1.325 0.35/0.45
Bw [MHz] PRF 760 400 300 100/50
[kHz] PT [kW] 5 5 5 10 10
Rgres.[m]Az 25 22 22 0.9
res. [m] 02 04 05 1.5
Rgcov.[kml g2 03 035 1.5
ii?ﬁ;’;‘.ﬂ Doty 125 (at max. bandwidth)

8 bit real, 1000MHz

rate

4 2 2 1

247 MByte/s (per channel)
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FOUNDATIONS AND RELEVANCE OF MODERN
EARTH REMOTE SENSING & ITS APPLICATIONS BY
IMPLEMENTING SPACE-BORNE POL-IN-SAR

Conclusions:

The Electromagnetic Vector (Polarization)
Wave Spectrum:
A Natural Global Treasure

Terrestrial Remote Sensing with POLinSAR for
The Diagnostics of the Health of the Earth
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MMU UAVSAR: A Miniature C-band Synthetic Aperture Radar for Remote Sensing

Koo Voon Chet'
'Multimedia University, Faculty of Engineering and Technology,
Jalan Ayer Keroh Lama, 75450 Melaka, Malaysia, vckoo @mmu.edu.my

Abstract

A new miniature C-band SAR onboard an unmanned aerial vehicle (UAV) has been developed at the Multimedia

University (MMU), Malaysia. Its major components include a microstrip antenna, a C-band RF transceiver, an

onboard SAR recording and processing unit, and an embedded motion sensing system. The overall dimension of

the system is approximately 1 ft’, with total weight of 12 kg, thus suitable for a small UAV operation. This paper

highlights the design, development and field measurement of the UAVSAR system.

Keywords : Synthetic Aperture Radar, Unmanned Aerial Vehicle, SAR processing

1. Introduction

Radar is a common tool used in many applications such as
imaging, missile guidance, remote sensing and global
positioning [1]. The Synthetic Aperture Radar (SAR) was
first proposed by Carl Wiley in 1951 [2] which described the
use of Doppler frequency analysis to improve radar image
resolution. SAR has been proven to be very useful over wide
ranges of applications, including high resolution geological
and topological mapping, snow monitoring, military
surveillance, and classification of earth terrain [3]-[4].

An Unmanned Aerial Vehicle (UAV) is an aircraft that is
capable of operating without the presence of pilot or crew in
the aircraft’s cabin. It can be found extensively in the area of
reconnaissance and surveillance as well as military purposes
[5]. In recent years, UAV has become an alternative platform
for Synthetic Aperture Radar (SAR). As compared to
conventional airborne or space-borne SAR - systems,
UAV-based SAR system has lower operation cost, lower risk,
and suitable for in-sifu measurement where frequent revisit is
required. The potential of UAVSAR in a diverse range of
applications has led to the development of a number of
UAVSAR systems [6]-[12].

In 2010, an experimental UAVSAR had been developed
by the Multimedia University (MMU), under the
collaboration with the Malaysian Remote Sensing Agency
(ARSM) [13]. The platform used is a small UAV with
allowable payload less than 25 kg and working space less
than 1 ¢,

2. System Overview

The specifications of the MMU UAVSAR system are
summarized in Table 1. This SAR sensor operates at 5.3
GHz with moderate chirp bandwidth of 80 MHz.
VV-polarization is chosen since it is sensitive to the
vegetation's vertical canopy structure, and thus allowing crop
type and growth stage discrimination. The backscattering
data is collected in stripmap mode with nominal incidence
angle of 30 degree. It can produce SAR imagery of all
classes of terrain with backscattering coefficient between 0

and —30dB. The nominal speed and altitude of the UAV is 30
/s and 1000 m, respectively.

Due to the limited payload capacity of the UAYV, the SAR
sensor must be very compact and small in size. Most of the
subsystems are custom-built since there is no room to mount
standard instruments such as signal generator and
workstation onto the UAV platform. Figure 1 shows the
overall arrangement of various subsystems housed in a
three-layer chassis. Its total weight is approximately 12 kg.

Table1 MMU UAVSAR’s Specifications

System Parameters Specifications

Mode of Operation Stripmap

Operating Frequency 5.3 GHz (C-band)
Bandwidth 80 MHz

Polarization Single, VV

Spatial Resolution 3mx3m

Nominal Platform Speed 30 m/s

Nominal Platform Height 1000 m

Payload Weight <25kg

Allowable Working Space 127 ML) x 9" (W) x 12 (H)

} SAR Processor

]» Digital Electronics

P } RF Subsystem

Fig.1 The MMU UAVSAR Sensor
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3. Subsystem Design
3.1. Antenna Design

Based on the specifications above, a lightweight, small
size, linearly polarised microstrip array antenna panel is
required. The centre frequency for the antenna array is set at
5.3 GHz, with SWR less than 2. The directive gain of the
panel is more than 25dBi for good detection in the presence
of noise. Fig. 2 shows the typical slant range geometry of the
UAVSAR.

PR L : Y
BN,
%ﬁ*‘ "&,% \%\.
Fig.2 Slant Range Geometry

The azimuth array is designed with 16 elements spaced 44
mm apart [14]. The 3 dB beamwidth is about 4°. No
amplitude variation is planned in the azimuth plane, thus

power will be uniformly fed resulting in a sharp pencil beam .

The final antenna prototype is shown in Fig.3 and the
three-dimensional radiation pattern of the array is given in
Fig4.

Fig.4 The 3D Radiation Pattern of the SAR Antenna

3.2. RF Subsystem Design

As shown in Fig.5, the RF subsystem consists of a
transmitter and a receiver. The main functions of the RF
transmitter are to up-convert and amplify the incoming
baseband IQ signals to an appropriate level suitable for long
distance transmission. The desired chirp signals (IQ) are
generated using FPGA-based DDS architecture [15]. These
signals are fed into the RF subsystem. Dual antenna system

is employed in this design to provide high isolation between
the transmitter and the receiver. The received echoes are
further amplified and down-converted to baseband IQ
signals, which will then be fed to a dual-channel high speed

Fig.5 RF Transceiver Design

3.3. Embedded UAVSAR Recording and Processing Unit

Fig. 6 shows the general flow of the embedded UAVSAR
data recording and processing unit. The raw data is acquired
using a high speed 12-bit dual channel analog-to-digital
converter (ADC) with data rate of 7.5 Mbps. The digitized
raw data are stored in a solid-state drive and a copy of it will
be sent to the onboard SAR processor. The onboard SAR
processor is implemented using an embedded high
performance computer [16]. Range-doppler algorithm is
employed for real-time imaging, while omega-k algorithm is
used for high-resolution image formation.

| I | e proqom

Rarge aod
by Conmertional I
biw || Mottt

T oFT
s Compr sszion

Fig.6 Overview of the UAVSAR Recording and Processing

3.4. Embedded Motion Sensing Unit

The embedded motion sensing unit consists of two main
components namely the Inertial Measurement unit (IMU)
and the Global Positioning System (GPS) receiver. The
integrated IMU-GPS system provides all the necessary
motion data (such as platform speed, acceleration,
yaw-pitch-roll angles) in real-time for precise motion sensing.
Fig.7 shows the embedded motion sensing unit with built-in
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IMU and GPS receiver. A 8-bit microcontroller is used to
read and transfer both the IMU and GPS data to a single
board computer for recording and further processing.

Fig.7 The Embedded Motion Sensing Unit

4. SAR Experiments and Preliminary Flight Tests

In order to verify the performance of the SAR system
before the UAV flight mission, a series of ground
experiments has been conducted. Fig.8 shows the
measurement setup where the SAR system was mounted
onto a truck. The truck was then travelled at a constant speed
for approximately 1 km to perform SAR imaging. The
processed SAR image is shown in Fig.9. It is clearly shown
that multiple strong targets are observed at distance more
than 1.2 km.

Fig.11 SAR Antenna Mounted Underneath the Fuselage

A sample of the SAR images captured on December 2010
is presented in Fig.12, with comparison to the Google Earth
map of the same site. Clear signatures of river, roads, urban
and vegetated areas are observed.

Fig.8 Ground-based SAR Experiment

R0300 Ground Test Site at Krubong, Melaka

Azimuth Range (m)

100 B

1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500
Slant Range (m}

Fig.9 SAR Image of a Ground Test Site

Finally, the SAR sensor was installed into a small UAV for
flight test. As shown in Fig.10, the allowable working space
is a small opening of approximately 12 (L) x 9°(W) x 12”  Fig.12 A Sample of SAR Image Taken at Mersing Test Site,
(H). The SAR antenna was mounted underneath the UAV’s Johor, Malaysia on December 2010
fuselage as illustrated in Fig.11.

. .



5. Summary

A new miniature C-band SAR onboard an unmanned
aerial vehicle (UAV) has been successfully developed at the
Multimedia University (MMU), Malaysia. It will be used for
remote sensing and surveillance applications in near future.
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