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Ground Segment Design

his chapter explains the basic theory in the design of the satellite link and
T calculating methods relating to the satellite link called “Link Power Budget

Calculations” which relate to two quantities - the transmit power and the
receive power. The power of signal transmission in satellite links will be reduced
according to many kinds of noise and loss so these calculations are important in
designing effective satellite communication links. These can determine the suitable
transmit power, antenna size and gain, etc., to offset the losses and noises during
the signal transmission.

The Important Parameters in Satellite Communications Link are
1. Antenna Gain - the ability of the antenna to focus the radiated signal
power both in transmitting and receiving sides.
2. Effective Isotropic Radiated Power (EIRP) - the product of the
transmitter power and antenna power gain which is radiated from antenna.
3. Transmission Loss - The signal power losses which occur during the
transmission signal in satellite link




- Free-Space Loss: The losses of signal power which occur during
transmitting signals in clear sky conditions both in uplink and downlink.

- Feeder Loss: The losses which occur in the connection between the
receive/transmit antenna and transmitter/receiver which occur in connecting
waveguide, connector, coupler, etc.

- Antenna Pointing Loss: The losses from misalignment of antenna to
achieve maximum gain.

- Atmospheric Losses: occur in the earth's atmosphere as a result of energy
absorption by the atmospheric gases during signal transmission through the earth's
atmosphere.

4. System Nolise - this noise arises from the equipment in the system. The
major source of noise in the equipment is that which arises from the random, thermal
motion of free electrons in the components in the receiver.

5. Carrier to Noise Ratio (C/N)- is the ratio of the power of the carrier signal
to the power of noise at receiver input. The ratio C/N is one of the parameters used
to measure the performance of satellite link.

6. Figure of Merit G/T - is the ratio of the antenna gain to noise temperature
of the receiving subsystem.

7. Energy Per Bit (Eb) - is the parameter used to identify the power per
digital data per bit in digital modulation technique which is used to determine the bit
arror rate in digital transmission in satellite link.
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2. Effective Isotropic Radiated Power (EIRP)
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* Free-Space Transmission
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* Antenna Pointing Loss
e o 4 .2 . @ dw 7 )
wmm‘wmvgq;LiummLﬁm'-nnm'mnmmummnﬂnmlmuvian%mmauv‘nﬁum’: Oft-Axis Feluns

-
&

- v - = 0 . ' - a4 & e
nnm?numummmmumujmum'lﬁmamummawmmuumnnqmwa'lﬁmmmmmmawm‘lﬁgqqﬁ

* Atmospheric Losses
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RAIN DEGRADATION(MARGIN) ANALYSIS
SATELLITE NAME\LOCATION Indonisia Palapa B4\118.0E
UPLINK\DOWNLINK FREQUENCY(MHz) 6325.0M100.0
EARTH STATION SYSTEM NOISE TEMP.,CLEAR SKY(deg.K) 106.18
FREE SPACE DISTANCE(Km.) 36172.81
FREE SPACE TRANSMISSION LOSS(dB) UPLINK(H) 199.63
DOWNLINK(V) 195.87
ELEVATION(deg.) 64.00
AZIMUTH(deg.) 124.00
RAIN FALL RATE FOR 0.01% OF AVG. YEAR(mm./Hr.) 147.00
% of Year UpLink Rain DownLink Rain Increase in Decrease in TOTAL Rain
Values are not A i A i Sys. Noise Temp. | Earth Stat. G/T Degradation
exceeded (dB) (dB) (deg. K) (dB/K) (dB)
99.99% 394 0.24 14.81 0.57 0.81
99.95% 2.02 0.12 7.69 0.30 0.43
99.90% 1.52 0.09 5.81 0.23 0.32
99.85% 1.22 0.08 4.68 0.19 0.26
99.80% 1.06 0.07 4.06 0.16 0.23
99.75% 0.94 0.06 3.63 0.15 0.20
9.70% 0.86 0.05 3.32 0.13 0.19
99.60% 0.75 0.05 2.87 0.12 0.16
99.50% 0.67 0.04 2.57 0.10 0.15
v U o J v o o A da
MINAIBOUIRIMIIANBUTRANAILBINHY YBadRIUMILTEN PALAPA Bulatidn
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- Antenna Noise Temperature

- Amplifier Noise Temperature
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T, = System noise temperature
TBm = mmi’q;xy'lmmmma\n'mmummﬂ (Antenna Noise Temperature)
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ei = DIMSYGIUTUNIU LNA (Low Noise Amplifier)
; = BT 3rii8u89 LNA (Low Noise Ampliier)
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5. Carrler to Noise Ratio (C/N)
i P v . I . ’
myinlaininwraseniemriuanaifissiueanse e léndandmseshativesdyg e
., - 4 & ] -
mdssmvasdggumunwiiiléR Input vesnnuresanifieraifien fesh CN Semnineungl¥ke
anm3

C_PG|[ A J?G,

N kB |4nR| T,

o~ o
P, = masnufidsesninainaussainnusm oy
Gt = Amimatresnuageniamedsuuaifion
4 ) :

B = arwn¥uunumanud (bandwidth) AlFlunndenlss
K = #mafi Boltmann iy 1.38 x 102 JK

i ¢ oo
A = amEnduniRBae

; M G EL X oo de s
R = mozmwivandfisuiuaniilafiosmendunfudggn

Ts = MA YISy YIMTUNIMYBIITUY (System Noise Temperature)




ELEVAIIUN, DEGREES

-1
AZIMUTH, DEGREES
HORIZONTAL TRANSMIT

Footprint ¥aAn2ilon PALAPA flugnsy GIT

6. Figure of Merit G/T
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7. Energy per Bit ( Eb )
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Entry Area

Customer:

tnulds Receives from

Model:

Modulation type:

CM401

NIANHY

Mod. Index

2.00

Datarate, R (kbps):

FEC Coding:

IF Freq.:

84.800

Req. Eb/NO for BER of 10°-7 (dB):

Margin (dBW):

d
dauhi 2

Satellite parameters

Longitude, Is, (deg.):

EIRP (dBW):

Saturalcd Flll\ Denslty SFD (dBW/mAz) o

G/T (dB/}\)

Oulpul backoff (c{B)

Input backofT (dB):

C/1(dB)

14.00

4 a \ { o
MINYAN | LlﬂﬂQtlUUﬂii)ﬂmﬂmﬂB{ﬂN‘] ﬁmﬁuﬂm




d
dmn 3

Down-link Location:  ulth Latitude (deg. N):

Frequency (MHz): 4,200.00 Longitude, le, (deg. E):

Antenna Model: Prodelin  |Size (m.): 3.80|

Antenna Gain (dB): 42.10

Ant. Elevation, El (deg.)

Ant. Temperature, Ta (K): 10.00|(corresponding to El.) J

Ambient Temp., To (K): 300.00

LNB Noise Temp. (K): 45.00|Gain (dB): | 60.00]

1 mA2 ant. gain (dBW): 37.10

Feed loss 0.20 dB

Down-link rain margin 2.00 dB

Pointing loss 0.50 dB

Atmospheric loss 0.50 dB

Miscellaneous losses 0.00 dB

Boltzmann's constant -228.60 dBW/K/Hz

C/lco 27.00

Cl/lobe 24.00

v d

o 4

Up~link Location:  njaumme Latitude (deg. N): 13.75
Frequency (MHz): 6,425.00 Longitude, le, (deg. E): 10050
Antenna Model: Prodelin  [Size (m.): ] 3.80
Antenna Gain (dB): 46.00

Pointing loss (dB): 0.50 dB

Uplink rain margin (dB): 0.00 dB

Atmopheric loss (dB): 0.00 dB

C/lco (dB): 27.00 dB

C/lobe (dB): 24.00 dB

4 a ' de '
AnnYan 1 uamuuunmnm'numas'mn TIHUAN (AB)
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HaMIWINNLILT R RBsdE I Inan andsdidem 02 Yad UTadug 1§
1J'nngag’luuu’uuamuav'?eme@humni’u (Downlink) uas meds (Uplink) Tusadanalummerasningsdn
ﬂ‘lﬁﬁ’muﬂﬂ'wu‘iamﬂa'mi’um’gzylinLﬁaqmm‘fwdu (Rain Fade Margin) Wiasannssenuuyaedunn
azrnnawizmeduneiuliu uﬁ'zmu-ﬁ'awmua'oé’tyopmv';ﬁﬁ'lé’aa'oLﬁmwaﬁ'a:lﬁn'mﬁamﬂmqmndq
figoems  dnfwiaiitumedumedasiasianidsoueiasds Lﬁamruuﬁunwaﬂnauﬁ'tyly’lm (Attenu-
ation) Swifisernandu t'hmmemam{ﬁdﬂﬁu»iuam’;’uag"ﬁ'uﬂ?mmuaedu Fetuiwudndimninns
aanaufiaraazgaiu 10 dB fieudl 6.425 GHz

Up-link Location:  ngavm4

Frequency (MHz): 6,425.00

Antenna Model: Prodelin  |Size (m.): 3.80|Type: prime focus / pffset
Antenna Gain (dB): 46.00 Dist (kn): 36,420.00
1. Saturation flux density, SFD -91.10 dB/m"2
2. Input backoff for the req.output backoff 7.00 dB

3. Operating flux density, OFD -98.10 dB/m~2
4. Beam spreading loss, BSL 162.22 dB

S. Atmopheric loss 0.00 dB

6. EIRP of the earth station 64.12 dB

7. Free-space loss 199.83 dB

8. Pointing loss 0.50 dB

9. Uplink rain margin 0.00 dB

10. Satellite G/T 1.00 dB/K
11. C/Ico (dB): 27.00 dB

12. C/lobe (dB): 24.00 dB

13. Uplink losses (7. +8. + 9. +5.) 200.33-dB

14. Uplink interferences (C/Ico + C/lobe) 0.005976334

15. Uplink factor (-UL losses + Sat. G/T - k - B) -20.25 dB

16. Up-link carrier-to-noise density ratio, C/NO 68.08 dB-Hz
17. Up-link carrier-to-noise ratio, C/N 18.56 dB

18.. C/T at rep input -160.52 dBK
19. C/(N+D) 17.01 dB

20. Eb/No at repeater input 20.02 dB
System factor -28.92

CA links 891

Uplink EIRP/crx (dB) 38.81

Power for transmitter -7.19 dB (or) 0.19 Watts
Input B.O./crx (dB) 33.32 dB

Output B.O./crx (dB) 29.32 dB

Downlink EIRP/crx, (dB) 6.18 dB

Total C/(N+]), (dB) 7.74

Total C/(N0+10), (dB) 57.26

Eb/(NO+10), (dB) 9.20

mnauanHanAmImoamadenlos (Link Budget Calculation)




Customer:

Location nyanmw to i

Modem

Model: CM401

Modulation type: QPSK Mod. Index 2.00
Data rate, R (kbps): 64.00|Symbol rate: 64.00
FEC Coding: 0.50|IF Freq. (MHz): 84.800
Bandwidth, B (kHz): i 89.60 (dB-Hz) 49.52
Req. Eb/NO for BER of 104-7 (dB): 6.20

Margin (dBW): - 3.00

C/N (dB): | o 1.74

Down-~link Location: il

Frequency (MHz): 4,200.00

Antenna Model: Prodelin  [Size (m.): 3.80| Type: prime focus / dffset
Antenna Gain (dB): 42.10|G/T, (dB/K): 23.77|Dist (km.): 36,448.32
Ant. Elevation, El (deg.) 0.00

Ant. Temperature, Ta (K): 10.00|(corresponding to El.) l

Feed Joss (dB): 0.20

[Ambient Temp., To (K): 300.00

LNB Noise Temp. (X): 45.00(Gain (dB): 60.!

Receiving system temperature, Tsys (K): 68.05

1. EIRP at beam edge 35.50 dBW

2. Qutput power backoff 3.00 dB

3. Free-space loss, Ld 196.14 dB

4. Down-link rain margin 2.00 dB

5. Pointing loss 0.50 dB

6. Atmospheric loss 0.50 dB

7. Miscellaneous losses 0.00 dB

8. Earth station G/T 23.77 dB/K

9. Boltzmann's constant, k -228.60 dBW/K/Hz
10.C/Ico (dB): 27.00 dB

11.C/lobe (dB): 24.00 dB
12.Down-link losses (3. +4.+5. +6.+7.) 199.14 dB
13.Downlink interferences (C/Ico + C/lobe) 0.005976334

14. Down-link carrier-to-noise density, C/NO 59.41 dB-Hz

15. C/N 9.89 dB

16. C/T -169.19 dB/K

17. C/(N+]) 9.64 dB

18. Eb/No at receiver input 1135 dB
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VSAT Network Technology

his chapter explains the VSAT Network (Very Small Aperture Terminal)
I which is a development of communications technology, especially the

Ground Segment concerning the replacement of large antenna and
transceivers with smaller units. Hub stations with larger antenna can communicate
to many VSAT terminals at remote sites by sharing transponders effectively.

VSAT Network Technology

VSAT terminal, which has smaller antenna and lower cost, can easily be
deployed. With this characteristic the so-called "VSAT Satellite Telecommunication
Network" can be implemented. The VSAT Network comprises four parts:

- Hub Station

- Remote Site

.- Network Management Center

- Transponder




VSAT Network
The hub station is the heart of the VSAT Network which controls the
operation of the entire network. All VSAT remote terminals can share the single hub
master station and the same sateliite transponder.

Multiple Access Technigue
The transponder can be utilized by accessing procedures as follows:
1. Statistical Channel, or ALOHA, is divided into Pure Aloha (P-Aloha),
Slotted Aloha (S-Aloha), Aloha with Capture Effect (C-Aloha) and lastly Aloha with
Capacity Reservation (R-Aloha).

2. Determination Channels (SCPC-VSAT): is designed to support high-
volume traffic transmission which the Statistic Channel or ALOHA cannot support.
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VSAT Network Technology
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VSAT Network Configuration
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Aloha with Capture Effect (C-Aloha)
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Aloha with Capacity Reservation (R-Aloha)
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Ligovin Tuslanea (Protocol) #iflEity R-Aloha Tunadhiastesiygindivaeyiie defirsirsiliiuizene
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« |mplicit Reservation

« Explicit Reservation

« Priority Oriented Demand Assignment (PODA)

» Contention PODA

» First In / First Out (FIFO) Reservation
« Split Reservation Upon Coliision (SROC)
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R-Aloha S-Aloha (%)

o1 00 36.8 Purely statistical channel
20 80 454

40 60 54.1

50 50 58.4

70 30 67.0

90 10 75.7

100 0 80.0 Purely deterministic channel.
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#1 Throughput lunifivas P-Aloha wil¥ananms
§ = g.e'zg

Taofi s = Normalized throughput
g = Normalized traffic factor = (nb/R), n = Number of traffic packets
b = Bits per packet including fJJoverhead, R = Channel rate

Reserve State
for Data Block

S-Aloha State

il
ENES ENEN

M-Large Siots
V-Small Siots

—_—
Time Ref.

/ . S-Aloha State for Protocol Messages

pludm Dynamic Reservation Scheme

# Throughput d1goqnmunqvﬁ'lu1hma‘\ﬁ'ﬁmﬂimugoqn (g) uwaimazyuiuetNULUEMUAZRBY
finsdethlna Waatheuin u P-Aloha, smax = 0.184 uaz gpesk = 0.5 1iuAe Throughput Inuiadndaade 0.5/
0.184) = 27 fs deluudvas VSAT ufrfendeldlild usdusan smax aely 27 i infmsnToate
FULTianAn TIAK Atk Throughput fuTmannITuAumeainie (0.184/2.7) = 6.8% S MILAAAVLOY
S-Aloha fifuvinfy 13.6%

Throughput Delay
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RA / TDMA Delay, T = Packet Length _ 1,120 _ 5q. ¢
Channel Rate 56,000
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b _
TC
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Activities(A/T) ! n

Gwn) b = 320 bits/Packet b = 1120 bits/Packet

#User 1 4 1 4

60 1680 420 480 120
120 3360 840 960 240
180 5040 1260 1440 360
240 6720 1920 1920 480
300 8400 2100 2400 600




2. Deterministic Channels (SCPC-VSAT)
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« TuudeRYyYIMBEN
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Master Earth Station Installation

between the user and the satellite. Thus, each earth station will require a
special engineering design to meet the customer's applications. In designing
the ground segment, link calculation budget is required to determine the size of the
antenna at the master station and at remote sites, and required transmission power.
Other than the link calculation budgets, the site selection and preparation for site
installation is also an important aspect in designing the ground segment. A good site
selection and preparation will help to clear up the interference of unwanted satellite
signal for efficient satellite communication.

E ach earth station is an important part of satellite telecommunication. It links

Site Selection and Preparation for Equipment Installation
Before installing the telecommunication equipment, a site survey is re-
quired to determine the best site selection to avoid RF interference. In site selection
for installation of the earth station, three important factors must be determined and
can be described as follow:-

1. Physical Location : the location of installing an antenna that s in-line with
the geostationary arc must be cleared of any obstruction. There must also be enough
space for future equipment maintenance and adjusting the antenna vertically and
horizontally. In addition, the length of the cable between the outdoor and indoor units

i:loi




must also be determined for an efficient signal. Other considerations such as building
foundations to support the total weight of the earth station, and wind load must be
taken into consideration.

2. Radio Frequency Interference : the location of the earth station must be
cleared from radio frequency interference which may come from other sources such
as terrestrial microwave and radar system.

3. Environment : We must study in detail the overall surroundings and
conditions of the location such as wind speed, climate, and power source, etc.

Earth Station Line Up and Verification Test
The earth station, once installed, is adjusted to receive and transmit

signals according to the specifications. Parameters requiring adjustment and
inspection comprise the following

- Antenna Pointing

- Antenna Pattern

- Transmission Power Level

- Cross Polarization isolation
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Earth Station Management

is the reliability and effective utilization of the system. The network
management and control system is a tool to manage the network which
consists of many remote sites. A suitable configuration for each part of the network
is designed to make the network more reliable.

a nother important factor concerning the satellite communications system

1. Network Management: this system monitors, controls and manages the
performance of the satellite network through the “Control System". The major
functions of the "Control System" are:

- Control System :

« Fault Management: the management of problems in the network is one of
the important roles of the network management system. The major function of the
system s to record and analyze historical data of problem identification and solutions
for future troubleshooting.

« Configuration Management: consisting of many users the large satellite
network have a variety of configurations and complicated applications. The efficient
network should be able to record all the configurations and parameters of the users
for better network management.

 Performance Management: the performance of the network is very
important to users in the network. Continuous monitoring and improving the network




performance to suit the specifications and users' requirements is essential.
* Security Management: security has to be implemented in the system to
prevent unauthorised parameter changes.

2. Redundancy System: the master earth station which is the most
essential part of the satellite communication network has to be configured with the
redundant hardware in the common equipment such as high power amplifier, low
noise amplifier, up/down converter, etc.

3. Maintenance: the hub station and remote sites in satellite network
require periodic maintenance to keep the system reliable.

Sun Outage

Every satellite communication network experiences the phenomenon of
sun outage which can interrupt satellite communication for a certain period (15
minutes daily for about 1 week). This phenomenon occurs when the earth, sun and
satellite are aligned along the same axis. During this period, the energy of magnetic
field from the sun which contains signals of all frequencies, causes naise in the
satellite communication. Sun outage occurs twice a year. The sun outage period can
be predicted by the satellite operator.
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