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Program 1 : Innovation in remote sensing technology and algorithm

The limitation of existing approaches has often been recognized in the course of the Earth environ-
ment studies using remote sensing. In this program, novel sensors and algorithms are explored
in order to establish remote sensing methodologies that enable more in-depth and comprehensive
analyses of various targets including vegetation and atmosphere. In this way this program aims
at the innovation of remote sensing through such activities as construction and operation of next-
generation satellite sensors, and the integration of wide spectral-range observations using optical

and microwave remote sensors.

<Short term targets> (2-3 years)

« Environmental applications of circularly polarized synthetic aperture radar (SAR) data/
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preliminary design of SAR onboard unmanned aerial vehicles, airplanes, and small satellites.

* Development of microsatellite GAIA-I for ionospheric monitoring.

* Development and validation of algorithm for retrieving greenhouse gases from satellite-borne
sensors.

* Development and practical application of novel remote sensing devices that enable innovative data
acquisition.

+ Atmospheric sounding by combining satellite and ground-observation data.

* Activities for next-generation Earth observing satellite GCOM-C: Establishment of validation
methods for the visible and near-infrared data/algorithm development for the GCOM-C standard
products including biomass index, water stress index, shadow index, and vegetation roughness

index.

<Middle term targets> (6 years)

The goals of this program are the integration of wide spectral-range observations using optical
and microwave remote sensors, and practical applications of innovative remote sensing to global and
regional problems.

* Development of unmanned aerial vehicle and small satellite for microwave remote sensing and
their application to Earth observation.

* Feasibility study of air pollutant and other atmospheric minor gas retrieval from geostationary
satellites.

* Information retrieval of environmental information by means of next-generation satellite-based
and ground-based sensors, especially aimed at the atmospheric and vegetation monitoring.

« Implementation of validation and various data applications of the next-generation Earth observing
satellite GCOM-C.
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% 1.1.1-1. 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
Isolation TX-RX : > 30 dB

Gain / Axial ratio > 30 dBic / < 3 dB (main beam)
Off-nadir angle 29 degrees (center)

Swath width 50 km
Spatial resolution 30 m
1.1.1.-1. lllustration of Circularly Polarized Peak power 90~300 W (PRF 2,000~2,500
Synthetic Aperture Radar onboard Hz, Duty 6% : average 5.6 W)
microsatellite (CP-SAR SAT) Bandwidth Chirp pulse : 10 MHz
Platform size FMIimxImxim
Antenna size Elevation 1.0 m x Azimuth 4.0
m x 2 panels for RHCP and
LHCP

CP-SARXvw¥ 3>
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B 1.1.1.-2. CP-SAR ground test of Josaphat Laboratory Unmanned Aerial Vehicle (JX-1) at Fujikawa
Airport on 29 August 2013.



B 1.1.1.-3. Principle of CP-SAR sensor onboard UAV
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1.1.1.-6. Block diagram of CP-SAR UAV system
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1.1.1.-9. Chirp Pulse Generator and Image 1.1.1.-10. Chirp pulse output of our system
Processing module for bandwith 50 MHz.
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2, 3,8, 16 x 2%7:I30~—-62 dB TH >, BHiEIES (PA) HN/NVRXEEHS0 W (aix)\ ;z
EHAR 10us (]RXK). duty circle 2 % (RK) 2HNT D, EZERDORAvF> J&RE (RHCP &
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1.1.1.-12. Imasges of linear and circular polarization

1V ISTRT KIS, EREVRTLEIERF VAT LDOY A XHW250 mm, H100 mm, D300 mmAH®
SERINTL S,



& 1.1.1.-2. CP-SAR UAV SPECIFICATION

Parameter Value
Altitude 1 to 4 km
Freqguency range 1,270 MHz = (25 MHz) (Max 150 MHz)
Baseband range DC to 150 MHz
Pulse transmission output power 50 W, Pulse width 10 us (max), Duty circle 2 % (max)
Polarization TX & RX : RHCP + LHCP
Transmission system gain + 47 dB (min)
Receiver system gain + 60 dB (min)
Gain flatness + 1.5 dB (max)
Receiver noise ratio 3.5 dB (max) @ + 250C
Modulator (RX and TX) QPSK
Output higher harmonic wave —30 dBc (max)
Output spurious —60 dBc (max)
Transmission system gain tuning function 1/2/3/8/16 (0 to — 31 dB)
Receiver system gain tuning function 1/2/3/8/16 x 2 (0 to — 62 dB)
Impedance 50 Q
Transmission system output VSWR 1.5:1 (typ.)
Receiver system input VSWR 1.5:1 (typ)
Transmission system antenna switching speed Tus (typ.) / 2us (Max)
Receiver system antenna switching speed Tus (typ.) / 2us (max)
Transmission system On/Off speed 100 ns (max)
Receiver system On/Off speed 100 ns (max)
Power voltage DC + 28V (DC + 25 to + 35 V switchable)
Current consumption 5A (max)
Temperature + 0°C to 45°C
Saving temperature —20°C to 80°C
RF connector SMA-Female
Power connector N/MS3102A10SL-3P
Control connector D-Sub-37P
Weight 10 kg (max)
Size W250 mm x H100 mm x D300 mm
Pulse Length 4.33 up to 47.63 us
Off Nadir 20° to 60°
Resolution Tmto3m
Swath Width 1 km
Antenna Size 0.75 x 0.2 m (4 panels)
Axial Ratio <3dB
Antenna Gain 14.32 dBic
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Fig. 1.1.6.1.-1. ADCL data observed on 10 Mar. 2013: (a) slant-path lidar data (532 nm), (b)
scattering coefficient observed with a three-wavelength nephelometer, (c)
picture of dust haze scenery taken from the CEReS observatory, and (d) a
microscope image of dust particles.
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Fig. 1.1.6.1.-2. Comparison of aerosol extinction coefficient observed with a ground-based
nephelometer, MAX-DOAS, and a slant-path lidar instrument. (a) Scatter plot
between the MAX-DOAS data (476 nm at 500 m altitude) and integrating
nephelometer data (550 nm), after cloud screening of MAX-DOAS data during
August 2013. (b) Comparison of the three different methods on 9 August
2012.
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Fig. 1.1.6.2.-3. Annual average of NO, concentration in Chiba City in 2011. (a) Comparison
of the values observed at 20 general stations and 7 roadside stations. (b)
Two-dimensional distribution of NO, concentration. Higher pollution appears
along the seashore of Tokyo Bay, indicating the significant contribution of
vehicle exhaust.
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Fig. 1.1.6.2.-4. Annual average of SPM concentration in Chiba City in 2011. (a) Comparison
of the values observed at 20 general stations and 7 roadside stations. (b)
Two-dimensional distribution of SPM concentration. Spatial distribution is
rather homogenous as compared with the case of NO, distribution shown in
Fig. 1.1.6.2.-3.
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