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. Achievement 2018 at Chiba University. We are very proud that our work
iR
_in research and development of circularly polarized microstrip array
47

antennas for circularly-polarized synthetic aperture radar (CP-SAR) was
implemented on CN-235 MPA Aircraft in Hinotori C2 mission in March
2018 in Indonesia. We got the full-polarimetric image of the C-band
airborne CP-SAR with 37.5 cm resolution by 400 MHz bandwidth! We
hope this research can be continued and improved so that it could be
useful and meaningful for further study in environmental and remote

sensing. The Dean’s Award is the best reward for the hard work of all. Finally, we would like to



thank and appreciate everyone who has been a part of our work and helping us reach a stage of

achievement. Let us make our world a better and peaceful place to use our technology. Thank you.
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Monitoring and Analyzing Land Use/Cover Changes in an Arid Region
based on Multi-Satellite Data: The Kashgar Region, Northwest China
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Mapping and Monitoring Complex Peri-urban Croplands Using
Multi-sensor Satellite Imagery
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Study of Near-Surface Aerosols by Means of Concurrent Observations
with Satellite Sensors and Ground-Based Instruments
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First MAX-DOAS observations of atmospheric formaldehyde and glyoxal
concentrations at Southeast and South Asian sites
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Development of slot antennas for circularly-polarized synthetic aperture
radar sensor and its communication system
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Development and implementation of the broadband circularly polarized
microstrip array antenna for C-band full polarimetric airborne CP-SAR
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Analysis of land deformation using persistent scatterer interferometry
and quasi persistent scatterer techniques
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GOOD, Fried Development of synthetic aperture radar image processor for airborne
Panggabean and microsatellite using programmable chip
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Design of wideband synthetic aperture radar system for satellite and
phase error compensation algorithm for direct digital synthesizer chirp
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Sensors and Ground-Based Instruments
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Aerosol particles are emitted from both natural and anthropogenic sources
near the surface level and affect the radiation budget as well as the
atmospheric environment. The existing approaches for aerosol |
measurement are either from satellite sensors or ground-based
observations, providing data on regional or local scale environment,
respectively. In the present research, a comprehensive method of

investigating near-surface aerosol is proposed on the basis of the

concurrent observations and analyses of the data from both space- and
ground-based measurements. For the ground-based part, lidar data from plan-position indicator
(PPD), slant-path, and vertical lidars are analyzed to monitor the spatial distribution and temporal
variation of the aerosol extinction coefficient. For solving the lidar equation, ancillary data of the
scattering coefficient, absorption coefficient, and size distribution are obtained from an integrating
nephelometer, an aethalometer, and optical particle counters, respectively, and used to calculate the
value of the lidar ratio. Also, a sunphotometer provides the aerosol optical thickness (AOT) during
the daytime. The information on the spatial distribution of AOT, on the other hand, is obtained from
the analysis of visible-band images of Landsat-8 and Himawari-8 satellites. The radiative transfer
calculation is conducted using the MODTRAN code with the original aerosol type that has been
determined from the ground sampling data coupled with the Mie scattering calculation. As a whole,
the methodology proposed in this work has demonstrated the usefulness of such a comprehensive
approach for studying aerosol behavior in the lower troposphere, where most of the sources of

particles are located.
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Concentrations of formaldehyde (HCHO) and glyoxal (CHOCHO), the
two important tracers for volatile organic compounds (VOCs) in the
atmosphere, were measured for the first time at Phimai, Thailand and
Pantnagar, India, using the ground-based remote sensing technique
called multi-axis differential optical absorption spectroscopy
(MAX-DOAS). The measured spectra were analyzed using the Japanese |
MAX-DOAS profile retrieval algorithm, version 2. From the

simultaneous measurements of the two VOC tracers, the CHOCHO-to-HCHO concentration ratio
(Rar) was estimated and its response to different VOC emission sources was assessed. The Rar
value was found to be higher under the influence of dominant biogenic VOC emissions. Low Rer
values mostly below ~0.04 were found under the influence of biomass burning and anthropogenic
emissions. The Rgr response to biomass burning and anthropogenic emissions was found to be
consistent at both sites, despite their different climatic conditions. From additional assessment of
Rcr dependence on nitrogen dioxide (NO2) concentration, Ror was found to be more sensitive to
lower NOz concentration. This is consistent with other field and modelling studies reporting a

stronger Rar dependence on NOz at lower NO:z concentration.
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L ¥ A bV :Development of slot antennas for circularly-polarized synthetic aperture radar sensor
and its communication system
(MEREHBEN L—F Y - BEVRT L HRAuy 77T OE%)

Recently Chiba University and Indonesian National Institute of
Aeronautics and Space (LAPAN) collaborates to develop microsatellite
called GAIA-IT or LAPANChiba-sat for global land deformation. This
microsatellite needs circularly polarized antennas for synthetic
aperture radar (SAR), telemetry and command, and communications. tg;%
For this purpose, this research develops an S-band antenna for
telemetry and command, X band antenna for data communication and

SAR sensor on the microsatellite. The proposed antenna provided a ..

new patch shape and feed method for both S and X band antennas.

The center frequency of S and X band communication antennas are 2.25GHz and 8.2GHz,
respectively. The S-band antenna has an operating frequency of 2.2GHz to 2.3GHz, and the
maximum gain is 5dBic. Then the data communication antenna works on 8.0GHz to 8.4GHz, and
maximum gain is 10dBic. The X band antenna for SAR sensor has a bandwidth of 800MHz, where
the center, lowest, and highest frequencies are 9.4GHz, 9.0GHz, and 9.8GHz, respectively. The
proposed antenna of the SAR sensor has a left-handed circular polarization (LHCP) with the
requirement of the minimum gain is up to 5dBic for a single patch. The measurement result shows
the proposed antennas has an excellent agreement to the required specification. The antenna
design purposed for satellite communication and X band SAR sensor implemented for
micro-satellite and UAV platform.

The comparison between measurement and simulation results shows good suitability on antenna
characteristics. For the S-band antenna, the simulated result of impedance bandwidth obtained
90%, while for the measured result obtained to 51% by employing the finite ground plane.
Otherwise, this achievement has satisfied the requirement of the design. The ARBW of simulation
acquired to 12% and measurement product obtained to 14%.

CP microstrip 2 x 2 antenna array with triangle truncation factor for X-band data communication is
proposed in this research. The antenna uses a phased method in its design. The phases are shifted
on each patch which is 0o, 900, 1800 and 2700. The total dimension of the antenna is 60.92mm x
60.92mm. The result of this experiment indicates that the proposed antenna fulfills the agreement
of the simulation result and minimum requirements. Its reflection coefficient, S11 measurement
result yields 20%, and it is lower than the simulated result which is 1.9%. Afterward, the axial ratio
bandwidth obtained 11%, in which it is lower than 1.2% compared to the simulated result.

In the X band SAR antenna, circular-ring-slot has managed to enhance the performance of the
reflection coefficient and the ARBW, and it also produced a good gain.. Its result can produce the
impedance bandwidth under -10dB of 27%. The effect of 1.5 square slots can reach the minimum

requirement of the impedance bandwidth. The measured result presented a good result, and it has



a good agreement with the minimum requirement. It can produce the impedance bandwidth of up to
16%, and the 3-dB ARBW obtained 10.95%. It shows a slightly low result compared to the simulated
result. However, it is still considered as an acceptable one.

All antennas design indicates decent performances and good agreements with the minimum
requirement. However, the measured result somehow shows slightly decreasing compared to the
simulation one. These cases occur due to the imprecise fabrication (drilling, cutting, etching, etc.) or

error in the measurement process (cabling, losses in the system, etc.). Overall, the entire antenna

designs are acceptable and excellent.

RHCP S-band Communication LHCP 4x4 Array

(b) . (¢) X-band SAR antenna
antenna communication antenna

(a)

Figure. Fabricated of the antenna
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#X ¥ A bV : Development and implementation of the broadband circularly polarized microstrip
array antenna for C-band full polarimetric airborne CP-SAR
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e
Center for Environmental Remote Sensing (CEReS), Chiba University,
Japan, is developing L, C, X-band circularly polarized synthetic aperture
radar (CP-SAR) system for environmental and disaster monitoring. The
CP-SAR system designed as the payload of an unmanned aerial vehicle
(UAV), airborne, and microsatellite. As an onboard payload, the CP-SAR
system has a strict requirement in capabilities and limitation of electronic
and hardware design including the antenna module. The CP-SAR antenna

with excellent electrical performance and supported by physically

superiority such as compact sizes, lightweight, low profile, low cost, and

ease in fabrication have become highly desired attributes.

The objective of this work is to create a novel design of the array antenna which has the broad
bandwidth, high gain, reasonable characteristics on radiation pattern, compact size, and
lightweight, as the airborne CP-SAR antenna due to limitations of available space and weight on
the platform.

Various shapes of microstrip antenna have been proposed including an elliptical, square patch with



corner truncation, equilateral triangular, elliptical annular ring, elliptical annular ring with a sine
wave periphery, and elliptical with triple. Unfortunately, neither array design finish nor antennas
performances fulfill the design requirement of the CP-SAR antenna.

In this research, the microstrip antenna consists of 128 elements within 8x16 array configuration
which provide the azimuth beamwidth of 6o, the range beamwidth of 13, and the total gain over
than 20 dBic at the center frequency of 5.3 GHz. The dimension of the prototype antenna is 49.5 cm
of length, 33.0 cm of width, 3.5 cm of thickness, and 2.3 kg of weight. Four antennas have
successfully implemented on CN235MPA aircraft in the Hinotori-C2 flight mission in March 2018 in
Indonesia and succeed to produce a high-resolution full-polarimetric CP-SAR image with 37.5 cm
resolution and 400 MHz of bandwidth. The image becomes the first image of the full polarimetric
CP-SAR in the World that could be used to derive axial ratio, ellipticity, tilt angle, and other

information in the future.
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