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O 2.1: Japan-centered GPS satellite "MICHIBIKI” (JAXA)
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0 2.2: Mono-static (left) and Bi-static (right)
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0 2.3: Ground experiment for future mission
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O 2.4: Basic configuration of remote sensing using GPS
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0O 2.5: Two types of microwaves scattering [9]
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0 2.6: Relation between incidence angle and backscattering cross-section in 3 cases of

surface roughness (rough, moderately rough, and smooth surface) [9]
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O 2.7: Geometric model of interaction between direct signal and reflected signal
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0 2.8: Example of interference pattern
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Direct signal

Reflected signal

O 2.9: Geometry of direct and reflected signals in the Zeeland Bridge experiment[12]
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[0 2.10: Relationship between biomass and back scattering coefficient [9]
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(a) in large salt content case (b) in small salt content case

0 2.11: Diffetence of main contributing scattering method by salt content in the ice.
In salty case (a), contribution of surface scattering is much greater than that of volume

scattering. But contribution of volume scattering increases by decrease of salinity as case

(b) [9]
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0 3.1: Feature amount of soil moisture and vegetation in interference signal, soil moisture

is characterized by Brewster angle, and vegetation is by high-frequency fluctuations
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00 3.1: Variation of Brewster angle [7]
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O 3.3: Reflectivity change calculated by the Fresnel equation (€, = 4), vertically polarized

wave (left) and horizontal polarized wave (right)
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O 5.1: GPS signals receiver (EVK-5H, u-blox)
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0 5.2: Tracking GPS satellites by Planning (Trimble)

ggboobooodgn

O000000000000000000000000000000000 580 ()00
000000oo0O0O(MU0Oo0oO000o0o0O0O0oU0ooOOO0o0ooDOOooOoOOOoOO
gbobobobobooogsrrooobboboboboboobobobobobo
gbooobooboobboobuoobobboobbobobuoobbooboobbo
gobogobobooboobooboboobuooboobboobooboobboooDoobo
gbogdobgobooboobobbob

0000000000000 000000000DOD0O00000O0OO0O0OO0 580 (o)
00000000000 o00o0DO00000D0o00O0ooO0oUoUooOoDoooooo
gobooboboobooboobboobooboobboobooboobbooDbo
gobogbobobboobooboooboboobuoobboobooboobboooDoDbo
gobooboboobooboobboobuooboobobooboobooboboobo
gboobbobboobooboobboobuoobboboboobuooboobbo
gbooooboobooo

gobogbobooboobbooobbooboobboobooboboobooon
gbooboobobobobboboobooosybooboobooboobon

- 29 -



0o s0 o

’)
"4
4

O 5.3: Dipole antenna (vertically set to surface at experiment)

O 5.4: Experiment setup in the bare soil field (Tamagawa riverside)
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O 5.5: Experiment setup in the vegetated field (Tamagawa riverside)

0 5.6: Grasses on vegetation field at 10-15¢cm height (Tamagawa riverside)
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O 5.7: Reflectivity value of reflecting surface, dry soil case (€,5 = 4) and wet soil case
(67«2 == 20)
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O 5.8: Raw data of interference power by ground experiments, with VWC(Volumetric

Water Content) or vegetation condition changed
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0 5.9: Part of raw data of Fig.5.8 (by elevation angle from 30 to 50)

O 5.10: RHCP antenna
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0 5.1: Total power of high frequency (>2000Hz) spectrum
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googd 37.3 38.3 36.4

O 5.12: Little vegetated surface (Tsurumi riverside)

-35-




50

0o

50 |

30

carrier to noise ratio [dbHz]

50 |

carrier to noise ratio [dbHz]

50 |

carrier to noise ratio [dbHz]

40 |

20

40 |

30

20

40 |

30

20

10 20 30 40 50 60 70 80 90
elevation angle [deg]
(a) bare soil
10 20 30 40 50 60 70 80 90
elevation angle [deg]
(b) little vegetated soil
10 20 30 40 50 60 70 80 90

elevation angle [deg]

(¢) much vegetated soil

O 5.13: Raw data of interference pattern, with vegetation condition changed

- 36 -



s20uboobobboboobod

25

spectrum power

05

1
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
frequency (Hz)

1 zoom in (~ 500H z)

25+ -

spectrum power
o
1

05 -

1 1 1 1 1 1 1 1 1
UU 50 100 150 200 250 300 350 400 450 500

frequency (Hz)

O 5.14: Spectrum power of the interference signal of Fig.5.13 (a)
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