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ABSTRACT

This thesis presents the study and analysis of the impairment of the digital satellite
communication system at King Mongkut’s Institute of Technology Ladkrabang, which is located
n the equatorial zone. The climate in this zone takes a severe effect in the satellite
communication system above 10 GHz as Ku-band. The analysis has done by measuring beacon
signal level from JCSAT-1B 24 hour a day, the carrier to noise ratio (C/N), Bit Error Rate at each
value of C/N by changing the transmission power and also the meteorological data, especially,
rain and rainfall rate around the earth station. Rain is major factor that impairing the system. From
the experimental, the rain attenuation at 0.01% of an average year is over 25 dB and it almost
occurs in dusk. We can, frequently, observe the heavy rain rate with small rain cell. Moreover, the
rain rate with the integration time of 10 second can observe the high rain rate as 330 mm/hr. The
comparisons between the measured rain attenuation with others one that obtained from ITU-R
and Crane model. The Crane model (H zone) gives a fairly well coincident with the measured one
but the ITU-R model gives largely difference with the measured one. The earth station that using
m the experiments has carrier-to-noise ratio in communication channels about 16 dB with the
outage time about 0.1% of an average year or about 9 hours and 0.45% of an average year or
about 39 hours that the link has error occurred. These data can be utilized and predicted the
system reliability of Ku-band satellite communication in Thailand and vicinity tropical area such

South East Asia zone.
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UP link

(35 MHz) 2.655 - 2.690 —

(300 MH2) 4.400-4.700 [
(250 MHz) 5.000 -5.250 "

(125MHz) 5.725-5.85
(75 MHz2) 5.85 -5.925

(500 MHz) 5.925 -6.425
(75MHz) 7.900 - 7.975
(50 MHz) 7.975-8.025

(375MHz) 8.025 - 8.400

(500 MH2) 14-14.5 ]

(3.5GH2) 27.5-31 [}

(1GHz) 50 - 51 ==~

(3GHz) 92 - 95 —~

(2 GHz) 140-142 =

(10 GHz) 220~ 230
(10GHpz) 265 - 275
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DOWN link

2.500-2.535 (35MHz)

3.400 - 4.200 (BOOMHz)

6.625-17.125 (500 MHz)
7.250 - 7.300 (50 MH2)
7.300-7.750 (450 MHz)

10.950 - 11.200 (250 MHz)
11.450~11.700 (250 MHz)
12.500 - 12.750 (250 MHz)

17.7 - 21.2 (3.5GHz)

40-41 (JGHz2)

102-105 (3GHz)

150- 152 (2 GHz)

220 - 230 (10GHz2)
265 - 275 (10GHz)
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| 0.1499-0.150 0 (0.1 MHz)
— 0.1619125-0.162012 5 (0.1 MH2D)

1.535-1.5425 (7.5MHz)
1.5425-1.543 5 (1MHz)

3.9999-4.00005 (0.15MHz)

—— 14.3 - 14.4 (100 MHz)

) 43-48 (5GH2)
—— 66— 71 (5GHz)
— 95- 101 (6GHz)

—— 142- 150 (8GHz)
190- 200 (10GHz)
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L 20
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(14:025MHz) 0.117975- 0.132 E
(4MHz) 0.132-0.136

(78MHz) 1.5585 - 1.6365
(1MHz) 1.644 - 1.645 —=
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LGN Ne 0.001818 20.183
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= v W 1 A Lo o ‘
WA 1A 91NN 1INATBUIZNAIBATIAIUVDIATUNINAD  AYNIUTUNIU  (Carrier-to-
Noise Ratio; C/N) easimsAanaiavesdoya Tanlndmsnioumisusyninmsasimsaa
) @ ot ' P P ) a0 oA
wanavestayanuanwAYeIRi U DFyasunIu sx AU 1A TiAm A
' s 1Y tﬂ' : J "o lﬂl -&. s
M1z Mszdudyanusunud Idiudusgiuaiuninveanuauiveuniessudie naz
- ' - 9 ‘ll'wvlﬁw:dﬂ a 1 A o q 9 @
nsesunAazinieeenlFaundinluminuld auiuvsailumsanimezsirlviaszay
Fyanusumuilumidouduaruninvewouamdivimes 1 1850% M3D Noise power
. [ [ o o d‘! dd P " ar = v & oA
spectral density; N, aumszaudyaunauwnindoudusnmdsnumasdeiiniignueg

. = - o
IAN 130 Average energy of modulated bit; E, 49 mManlasuaAIc/N l‘i‘.IuEh/NO mldTag

E,=C'T, =C| —
Jy
N
N, =—
BW
E, _ c1, _C/h _cs,
N, N/B, N/B, Nj,
C B
—-=—— [dB] 5.1)
N, N f

nnaunseziiu 1@ E/N, nhfunaquues Aundsvessasidiuves ON fumaam
nhavesdyanusumusesanmsdsdoya BW/, wiituldhanudiniuisznin BN,
oz N Buegiu BW/, dmiuszuudil$lunimaneviimisiiines dwmsa 5.2
2INAITNAMVUA I SHaAIsAs I detoyai 19 Iumsudassr fie PPS uay
Transmission Rate with Overhead bit  #288191% 18As1Msdedoyn (nformation Rate)

¥
2048 kbps ABaM3t)asA1 C/N= 10.1dB ius1 E/N, 1édsil [26]

Eb C BW 2184.5
— =——=10.1F+10log

N fb 4369.1

=7.1dB
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szuvilFlumsnaasul¥msueganuuy QPSK maziimsithsvianuuaeuTigiu

4 ' a =
(Convolutional Codes) mmamwﬁ’mnummmmmﬂzrﬂumimﬂmiwﬂwmmm\ii’faga

(Upper bound on symbol error probability: Ps) [28] aaaunsae 1il

1 oT(W,I)
— (5.2)
2k al =i w=e B/ Ne
a1519f 5.2 mmsiimesnlFumsdiudoua on Wil BN,
PPS
Transmission Rate Occupied
Information (Pulse FEC | Additional bit | BW/f,
with Overhead bit Bandwidth
Rate (kbps) repetition) Rate | (Overhead bit) (dB)
(kbps) (kHz)
kHz
2048 4369.1 2184.5 2896.7 1/2 16/15 -3.01
1544 32939 1646.9 2183.8 1/2 16/15 -3.01
1536 3276.8 1638.4 2172.5 1/2 16/15 -3.01
768 1638.4 819.2 1086.3 1/2 16/15 =3.01
512 1092.3 546.1 724.2 12 16/15 -3.01
384 819.2 409.6 543.1 12 16/15 -3.01
256 546.1 273.1 362.1 1/2 16/15 -3.01
224 477.9 238.9 316.8 1/2 16/15 -3.01
192 409.6 204.8 271.6 172 16/15 -3.01
128 273.1 136.5 181.0 1/2 16/15 -3.01
112 238.9 119.5 158.4 1/2 16/15 -3.01
64 136.5 68.3 90.5 1/2 16/15 -3.01
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5.4 HAMINATEUBATINIINANDIAVBITBYA
msnagewiTagmidasaimsAanmavestoyalugianm 5 widensiandas
Gul 1 4 o of U \ L3 . A
ase ndnhimsnasumiidedaluudazdaimsdadeya M1 1536 kbps 768 kbps 1182 512 kbps

aatanaluzin 5.8

BER at CRL [1536 kbps]

1E-01 -
1E-02 -
1E-03 A

1E-04 -

BE

1E-05 -
1E-06 -
1E-07

1E08 +——————

Ex/No [dB] |

(1) A1 BER 7189 CRL

BER at KMITL [1536 kbps]

1E-01
1E-02 -
1E-03

1E-04 1

BER

1E-05

1E-06
1E-07

1E-08

[

10
Es/No [dB]

(v) A1 BER #1370 1d9 KMITL

514 5.8 AT WAWRUTIZNIN A1 Eb/No U1 BER 1803 10ad01y0A197
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1E-01 4
1E-02 -
1E-03

1E-04
1E-05 A

BE

1E-06 -
1E-07 A

1E-08 +————

1E-01 -
1E-02 -
1E-03 -
1E-04

BE

1E-05 -
1E-06 -
1E-07 -+

gﬂﬁ 5.8 (710)

1E-08 ———

BER at CRL [768 kbps]

Measured

10
En/No [dB]
(7) A1 BER 7172189 CRL
BER at KMITL [768 kbps]
*
Eq.52
Measured
10

Ev/No [dB]

(1) A1 BER #1799 189 KMITL
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1E-01

=1 G |

| 1E-02

1

1E-03

1E-04 |

BER

1E-05 -

1E-06

1

1

1E-07

BER at CRL [512 kbps]

Measured

B S T s 1 T |

1E-08

1E-01 ~
1E-02 A
1E-03 -
1E-04

BER

1E-05 -
1E-06 -
1E-07 -

1E-08 +

7l 5.8 (Ae)

10

() 71 BER 70 1d9 CRL

BER at KMITL [512 kbps]

/ Eq.52
Measured

%
g |
* |

*
®
¢ \
10
Es/No [dB]

() A1 BER 172 189 KMITL
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- -©- - 1536 kbps, KMITL
B2 — & 768 kbps CRL
---©--- 768 kbps, KMITL
1EA3- 4 —a&— 512 kbps, CRL
NA--- 512 kbps, KMITL
1E-04 - Eq 5.2
&
m
1E-05 -
1E-06 |
1E-07 -
1E-08 - — - — e
1
EyN, [dB] |
(%) A1 BER 132 141 KMITL 11az CRL
4:; 0
JUN 5.8 (A0)

Tuzii 5.8 Wust BER 7 ldninmsn/asusmididadandaiimsias BER vuims

aaned IdiRamgnisaiduinansziis 3uhinsdan BER NMMdsaageqa veadasimaas

Yoiyn 512 kbps mad Idiiludagilis.g

|E-08 +
1

51 5.9 /i1 BER Noas1nsaadonyn 512 kbps

BER at CRL [512 kbps]

Ew/N, [dB]

Eq.5.2

Measured
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