Ku

6/4GHz 10GHz
10GHz
@
Ku 10GHz
RISH EAR
2002 9 2006 4
C 144° E Ku 14/12GHz
@
4
RISH
EAR C Ku VSAT
RISH 14.1292GHz
12.7351GHz EAR 14.4651GHz
12.3992GHz
EAR 39° RISH 49°
RISH 50m EAR 865m @
VSAT
IDU In Door Unit AGC AGC IDU
dBm
PC RISH
14GHz

12GHz



RISH 0.1mm 2004 EAR
ORG
6000km Ku dB
20mm/h 0.001
2002 9 2006 9 (a)RISH () EAR
C Ku
2002 RISH EAR 2003 1
2002 RISH EAR
X RISH 1 2004
2002 2003 OECU 1
ITU-R International Telecommunication Union — Radiocommunications
Sector, 0.01
® 0.01 60mm/h 85mm/h
4 ITU-R
dB
dB
X
2
1
@ 2005 (aRISH (b)EAR
(@ARISH (b)EAR
2003 2006
RISH EAR
RISH EAR
EAR 21 22
2
(@RISH (b)EAR

@



RISH 2004

2003 OECU
(@RISH (b)EAR 14GHz
2006
2005
100mm/h
RISH EAR dB
(@RISH (b)EAR
0.01, 0.03, 0.1
OECU 2003
OECU O] EAR
RISH
30 60 90mm/h (@RISH (b)EAR
Ku
RISH
a [dB/km]
(@RISH (b)EAR 2003
2006
km
ITU-R @ RISH
100mm/h
km EAR
100mm/h km
EAR
865 @
Ku
(@)RISH (b)EAR 2003 2006
3 3 DSD Joss-drizzle
Jd Marshall-Palmer MP Joss-thunderstorm Jt
@ ITU-R ®3)

RISH EAR

3 DSD



RISH

Jd
EAR
2)
(@)
RISH
OECU
EAR
EAR
7dB
EAR RISH
11
EAR
EAR
EAR

EAR

dB

RISH

Jt
@

RISH
(b)
EAR
2
EAR
DSD
(@)RISH  (b)EAR
dB
(6)
Ku
(b) EAR RISH
RISH
EAR RISH

EAR

RISH EAR

RISH

®)

EAR

RISH EAR

(@) RISH EAR

EAR

EAR

(b)



RISH EAR

2002 2006 4 C Ku
14/12GHz
EAR 0.01
ITU-R EAR 10dB
km
EAR RISH
EAR RISH EAR
RISH
EAR X
(€8] “ ” 1997

(2) Y. Maekawa, T. Fujiwara, Y. Shibagaki, T. Sato, M. Yamamoto, H.Hasiguchi, S. Fukao,
“Effects of tropical rainfall to the Ku-band satellite communications links at the
Equatorial Atmosphere Radar Observatory,” J. Meteor. Soc. Japan, vol. 84A, pp.211-225,
2006.

(3) “Propagation data and prediction methods required for the design of earth-space
telecommunication systems,” Geneva, ITU-R Recommendation P618-8, 2005.1TU-R,
Recommendation P618-8, 2005.

(4) “Ka Ku .
A P2008-75, 2008.
) “ Ka Ku ”
A P2008-150, 2009.

(6) “ Ku
" A P2009-4, 2009.



(a) (b)
RISH, Japan: Sep.2002—-Sep.2006 EAR, Indonesia: Sep.2002—-Sep.2006
2002—-2003: Rain at OECU (Up—link: 2003—-2006) 10 (Down link: Jan.2003—Sep.2006)
1' I X—IX Rainfall 'rctie N :\\ I x_l" Rainfall "Utle
— ] e—o Up Link (14GHz) —_ [ e o—o Up Link (14GHz)
x A o= Down Link (12GHz) X L a—= Down Link (12GHz)
o 3 ———— ITU-R (14GHz) ® : ---- ITU-R (14GHz)
o —mees ITU-R (12GHz) S e ITU-R (12GHz)
-‘qc:l 0.1 g 0.1F ‘ 3
o E e 3 E
S &
© 0.01F © 0.01F TS
£ 3 £ : ]
[ = b \j
0.001 bt S S 0.001 —_— Sy
0 50 100 150 200 0 50 100 150
R [mm/h], ATT [x0.1dB] R [mm/h], ATT [x0.1dB]
1 (a)RISH (b)EAR 4
C Ku ITU-R
(@) 10RISH, Japan: Up—link, 2005 (b) EAR, Indonesia: Up—link, 2005
R B AR e
Fy -eee-e Worst month E A {Norst mcI)nth
C I Yearly average ] C - Yearly average
LRy Monthly average - FAN e Monthly average -
¥ T ; ®  TF 3
() E E ) 3 1
o r ]
£l | E -
; 0.1 3 E g 0.1p E
& : : & ; E
o I SN ) I )
E 0.01F 3 - 3
S 3 E 0.01¢ 3
5 ; ]
. L i
0.001 = 0.001 I
0 5 10 15 20 0 5 10 15 20
Attenuation [dB] Attenuation [dB]
(@RISH (D)EAR 2005
a . : b . .
(@) . RISH, Japan: Up—link, 2005 () EAR, Indonesia: Up—link, 2005
VI e e BT
E x—x Worst Month E x—x Worst Month ;
o—o Yearly Average o—o Yearly Average
g 1 E E 1F E
g 0.1¢ “CJ 0.1F 3
& 2
o L [} I
£ 0.0 £ 0.01F 3
= = : E
O 0O B — . S
0 5 10 15 20 0'0010 5 10 15 20
Attenuation [dB] Attenuation [dB]
(aRISH (b)EAR 2005




(a) RISH, Japan: Up—link
10 T T T
x—x Worst Month
o—o Yearly Average
S L (Jan.2003~-Sep.2006)
[
g
S O.1F
It
&
g o.01¢
£
0.001 L L L
0 5 10 15 20
Attenuation [dB]
.(@RISH (b)EAR 4
(a) ,
Rainfall Rate, RISH (OECU 2003)
10 g T T T T T T T T
E =—=a 2003 ]
C o—o 2004 ]
r a——s 2005 |
= ik +—+ 2006 |
3 L
& O0.1F E
O E ]
53 C
0_ -
" L
E 0.01f 3
[ E E
0.001 T
50 100 150
Rainfall rate [mm/h]
(@RISH (b)EAR
@) RISH(Uji,Kyoto): Up—link
10 g L B I IR RS-
E —=a 2003
E o—o 2004 ]
— r a——= 2005 1
X, 1TF +—+ 2006
) o E
o C ]
S L ]
& 0.1f E
o E E
o s ]
a C ]
© L 4
£ O’O1§
= : ;
0.001 s Bt o
0 5 10 15 20 25
Attenuation [dB]
(@RISH (b)EAR Ku

(b) EAR, Indonesia: Up—link
10 E T T T
3 x—x Worst Month
I o—o Yearly Average
g 1 (Jan.2003-Sep.2006)
° 3
o
S
g E
[a
g 0.01F .
= E
0.001
0 5 10 15 20
Attenuation [dB]
(0)  Rainfall Rate, EAR 20032006
10 g UL LA L N
E m—a 2003
L o—o 2004 ]
L ~—a 2005 |
— 1 L4 +—+ 2006
Y E E
o -
o
5 i
qc) 01 E 3
O E ]
5 o
D_ -
. i
E 0.01F -
= 3
0.001 R P \ WA
0 50 100 150
Rainfall rate [mm/h]
EAR(Indonesia): Down—link
(b) 105'"'I""I""I""I""E
E —=a 2003 7
- o—o 2004 ]
— 1 a—a 2005 1
i 3 +——+ 2006 3
o E ]
(o F ]
B - i
o 0.1F E
8 F ]
) 3 ]
o F 4
[0] L .
€ 0.01
= E E
i \ 1
0.001 SUEFE TR N Y P
0 5 10 15 20

Attenuation [dB]

N
a



~—~~
QD
~—

(@)

Rainfall [mm]

RISH(OECU),Japan
Yearly Rainfall [mm]
. . . ;

2000 - 7
1500 | A 3
L ’ N ]
x / N 4 ]
F~o / N 7 4
1000 F “~ae__ N4 .
s -« v ]
500 | 3
of . ]
2000 2005
Rainfall Rate
T 100 — . : . ; .
T E
E 75F E
° E ]
3§ s°F Tﬂi;/‘/o E
3 25F —a—_ _ = B
£ E ]
e ot L L L L I .
2000 2005
RISH Up—link
20F " " T 4
= f ]
S 15F \/ ]
c F ]
.0 E
5°F \\/ E
3 - 4
S o :
2 st T ]
of . . . . ! . 3
2000 2005
RISH Down-—link
r T T T T T -
— 15 3
o C 4
O [ 4
= r 0.01% ]
s10F 0.03% \\/w 7]
B L ]
g L 4
£ 5F 0.1% B\B\E/m E
< F ]
oL R R R R 1 R h
2000 2005
Year
(@RISH (D)EAR
RISH Up—link
¥/
20k v _
= I h
S f ]
15 F \/_' ]
s f ]
§ [ ]
< 10 1
St 7
0 . . . . . I .
2000 2005
RISH Down-—link
25 T T T T ]
20 F .
gt 90 mm/h ]
— F mm, 4
- 15 .\/\. .
s I ]
g 1ok 60 mm/h 3
o [ ]
= s _ 30 mm/h \H\ﬂ _
0 . R R I R
2000 2005
Year
(8)RISH (b)EAR Ku

—
O
~

2000 | ) T ) B
= | ]
1500 |- -
€ r ]
e L <
< 1000 | ]
Rl r ]
£ E ]
@ 500 ]
0] : 1
2000 2005
Rainfall Rate
T 100 [ r T : : I : .
T b R ]
E 75 :_ 0-\_9/0\0 _:
g 50 — N '
3 25F E
€ b E
;E ot A A A A ] A E
2000 2005
EAR Up-—link
20 i i T B
g .| .
S15F 8__4/9/" 3
< [ ]
S ]
£10F f—— 2
3 F p
s [ ]
g 51 3
of R R R R 1 R E
2000 2005
EAR Down—link
r T T T T ]
=18 E 0.01% E
= 0.03% Ay — b
c10F o o—2 ]
2 0.1% B\E_B\m 1
o L B
3 L B
S 5F 7
32 [ ]
oL L ]
2000 2005
Year
Ku
(b) EAR Up—link
25 T T T ]
20F -
= I h
S r /\/ ]
=15 x/—/*-—-/ 3
s f 3
s [ h
g L B
1o E
E3: T ]
St 7
O: ) ]
2000 2005
EAR Down—link
25 —— . . . T —
20F -
gt 90 mm/h ]
—_ F mm 4
s"°F ’\o\/ E
S t :
§ ok 60 mm/h x\\/ .
53 [ ]
< I 30 mm/ho—e— ]
St E
0 . . . . . 1 . 3
2000 2005
Year

EAR, Indonesia
Yearly Rainfall [mm]




~—~
QD
~—

@)

Attenuation [dB]

Attenuation [dB]

RISH Up—link
B
[ o=—a 2003 /]
[ o—o 2004 s
25 | 2 2004 ° 7
+—+ 2006 s
20 e
15 :_ // ,/////
10 F T ok
N /// //// 6 km
7 -~ 5 km
5 g ——— 4 km
W e ———- 3 km
N/ —-—-- 2 km
o L G L R A
0 50 100 150
Rainfall Rate [mm/h]
RISH Down—link
N7 —]
[ =—a 2003 ]
[ o—o 2004 P
25: ~—= 2005 2
L +—+ 2006 S
20 - ]
15 F P
10 F /,// ~7mu-R A
N e P 6 km 1
L PRl 5 km ]
5r - —— 4 km o
C 7 ———- 3 km ]
e 25 —-—-- 2 km ]
O- Gl A ]
0 50 100 150
Rainfall Rate [mm/h]
(aRISH (b)EAR Ku
ITU-R
RISH, Up & Down link
201
)
=
C
.2
B1s5t
>
C
L
B
Ny g7 T
(@]
A
X
£ 5}
I 2004
o —s 2005
+—+ 2006
o . .
0 5 10 15
Down—link (12GHz) attenuation [dB]
(a)RISH () EAR
DSD ITU-R

(b)

(b)

Attenuation [dB]

EAR Up—link

VT T

[ 5—a 2003 s

[ o—o 2004 V-

251 a——-=a 2005 7 ]

L +—+ 2006 o b

20 e s

15 F < R

10 F S © mu-R

r A 6 km 1

¥ S 5 km ]

5 L —— 4 km

Ny L ———= 3 km ]

§ — = 2 km

O i " " 1 " " 1 " " " "
0 50 100 150
Rainfall Rate [mm/h]
EAR Down-—link
\30 L T | T T T T T ]
25 F a
g -
2,20 ¢ .
s ]
= 15| -4
o] L J
3 L 4
C - J
L10F .
2 N 6 km 1
L 5 km ]
5 C 4 km
N ———— 3 km ]
. -—- 2 km ]
0 » | | -
50 100 150

Up—link (14GHz) attenuation [dB]

Rainfall Rate [mm/h]

201

15

10

EAR, Up & Dwon link

2004 |
2005
2006

5 10 15

Down—link (12GHz) attenuation [dB]



~—~
QD
~—

Equivalent Path length

IN 3

Path length [km]

W

o0—oO EAR

»—=x RISH

2000

10

Time Percentage [%]

0.001

(@)

10

Time Percentage [%]

0.0

RISH

01 E

Year

RISH EAR

2003—-2006, RISH (Ku band)

. T T
F »—x Up link (14GHz)
[ x—x Down link (12GHz)

6 12 18
Local Time (Japan) [h]

(@RISH (b)EAR

2003-2006, RISH & EAR (Ku band)

Er T T T
3 o—o RISH to EAR
—x EAR to RISH

7 dB |

Attenuation:

1 ..... |
6 12 18

Local Time (Japan) [h]

(@RISH EAR

EAR

Ratio

(b)
Attenuation Ratio
T
[ o—o EAR 1
1.5 »—x RISH -1
1 ok \/—A i
2000 2005
Year
(b)
(b)
2003—-2006, EAR (Ku band)
10 Tt L B AL
F »— Up link (14GHz)
[ - Down link (12GHz)
E 1E 3
R 3 E
o
2
S 0.1 E
o
)
a L
‘qé 0.01§ E
= E
0.001
0 6 12 18 24
Local time (Indonesia) [h]
dB
(b)
2003-2006, EAR to RISH (Ku band)
[~ Rainy season ot EAR
— *x—x QOther period at EAR
BoOTE
)
o
O
<
8 0.1F
B F
a
(0]
;g 0.01F
..... | Y S Y T T NN SN T TR T S (NN SR Y SO S
0 6 12 18 24
Local Time (Japan) [h]
(b)EAR



