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The Optimum EIRP Level of Satellite Signal Calculation
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ABTRACT.

This paper presents methods for calculating optimum signal
level in satellite communication. Express the level of satellite
communication. The value of signal strength calculated by that method
provides an accuracy of the value comparable to the value which is
obtained by practice. Samples are given for the case of a satellite
network in Thailand which show how cost and efficiency are improved ,

thus providing guideline for the design of the network.
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WU YA(The orbit of each planet, satellite, is an ellipse with the sun,
earth, at one focus)
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F=-GMmRYr’ (1)
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G fin usalifunamna (Universal gravitation
constant=6.672X10" Nm/Kg *)
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t A® a1 (Time)
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1. fmlivealan (Re) = 6,378 Km.

2. srermanniuimlan Tdandonlunnininiy
9ATIA (h) = 35,786 Km.
nngilit 2 fle1éh
1L.AMSATUINNIYY Azimuth
g1t yu Az aunsomtldon
sin Az =sin A / sin’y = sin A /(1 -cnsZ’}'}m

=sin A/ (1-cos2{g .cos2 )"

mseaziiu Az = sin” {sin A/(1-cos'Pg .cos’A)"" }
2.M3A1UIUN YU Elevation

ningilitagw Bl aransarh1don
cos©  =r.siny/d=rsinYy/(R'e+r-2Re.r.cosy)"”

(Re+h)xy/(1-cos2)
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(h*+2 Rex(ReHx]J{ 1-cos ¢g cos A)2
(Re+h)(1-cos? gecos? A)

Jh? +2 Rex(Re+h)x(1-cos ¢g cos 4)
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I.. M3 NM31¥eunD (Link Equation)
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effective isotropic radiated power, e.i.r.pt ﬁmumummm:n’hﬁuna

AMUDA Carrier transmit power (Pt ) 1A Transmit antanna gain (Gt)

elrPt = PtGt (3)
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Transmitting Earth Station 4AUMINY R A1 Radiate Flux Density (Yu)
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Yu=e.irpt/4TR’ @)
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WORWYDY Radiate Flux Density FuRuRvess MmO MR
@134 (Effective Aperture Area)
Ae=T|.A
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Ae = WUNVBIVIUNTUAYYIWVTI (m)
n =

Cu = Yu.Ae



Cu = (eirPt) Ae/4TIR® () (5)
2. MINIDATIAIU C/N YB3 oA o 1sA1 oy
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f1 Effective noise power density 1 Input YDIATUNLUNY

19910

Nu = kTs (6)

(8 k = Bottzmann's Constant (J/K)
Ts = Satellite system noise temperature
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. N 2
(Carrier-to Noise density ratio) NHATUVIVY nsont1a Tag

(C/NJ)u = Cu/Nu - elrpt. Ae/ (47 r22.KTs)
= e.L.e.Pt. (Ae/( Ts (A'w) (A u /47T R® ).(UK)
= e.L.r.Pt.(4T0Ae/ (Ts. (A" u).(A u A 4TTRY).(1/K) @)

(ij0A18AT W00 (Receiving gain ) YoIv MM IRIMAMINA 5T 118
9N Gr =470 Ae/A'u
un:rhmsqqtﬁumen’wwi‘:ru (Uplink propagation loss) ¥118310 Lu
=@M R(A u)
unu luaunisi 9) 9214

(CNu = eirPt.(Gr/Ts.).(1/Lu ).(1/K)
= eirPt.(Gr/Ts.) -Lu-K (8)

2 ; Z
niefalugiiuuvesnudvesdaynuvIVu (Uplink)

(C/N)u = Yu + (Gr/Ts) -10Log (C./4Ttfu’) 9)
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C= AMuEIYU (3x10") mis

eirpt = AMdsdeaniinaiaoifinaiuau
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Ts = MagydoNszuuveIn iy
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Cd - Yd. Ae=e.irps.Ae/ 4TIR’ (10)

1 Effective noise power density 7 input vearaiimanuay fifh
i}

Nd =KTr (1)
m3rwaziiuA Effective noise power density ratio Y9IF QYR IUFINA
finmniy
(C/N)d = Cd/Nd = e.ir.ps. Ae / (4TIR'KTr)

= e.irps. (4T Ae/Tr(TUd) .(TUAA4TIRY'. (1/K)
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Gr = 4TAe/ A'd
Hnaz dAIMIgydeneAas n1lden
Ld = (4TR)/ A'd
(C/N), = e.irps (GI/Tr). (1/Ld).(1/K) (12)

= e.ir.ps HGr/Tr).- Ld -K (13)
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Ld = 8asimsgaydoniasming
¥ »
Gr = 893 1MIVUIVINUT W IMANAD TN IANUAY
Tr = FYYPWIVNIUYBITZUY RaoiimaNuAy
HO3IUVDIAN Carrier-to-noise density ratio  YBITZUUNY
v
nuan1ldvn

C/N - (C/NJu+ (C/N)d + (C/IMo) (14)

lﬁEl C/IMo 1B A1 Carrier-to-intermodulation noise ratio %a-ﬁu ag‘ﬁuqm
AMiAYINIAVOILYRIAT IR
3. Figure of Merit (G/T)

9031 IUsTNIN Effective antenna gain M system
noise temperature RNl UF Y IUMARLAY Hudifidosdmuald
Wivaoiudggrumauaudoiuiioning oN veudas
anfifumaiuay  SeuandeduiteWannsoremuhla
ST
4. Ad YRy IWIUNIUVBATZUY (System Noise Temperature)

silinavInmsnAoufivesidnasedass Lififemani
weuludnivn q # QuMQiiaYsel FaA1 Noise Power Favuam
189

Tsys=Ta+Tf +Tr (15)

5.A1 Carrier-to-noise Temperature ratio (C/T)
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C/T=e.irps+Gr/Tr-Ld (16)

6. A1 Carrier-to-Noise power ratio (C/N)
v da X . A o . o
dumiinayuly Bandwidth Wiz 19zfimuaszduvea

- L - A
MIsutazNAToUTEAUYDINIITU Femwison 1dein

C/N = C/No-10LogB = (C/T-K)- 10L0g B
=CT-10LogB-K  (dB) a7

7.1 Signal-to-noise Power Ratio (S/N)

S/N = G/T+10Log (B/b) -K-10LogB +10Log(fr/fm) + P+W (dB) (18)
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Ao
I. ANMUUBIATUTBY (Location) = 118.0 E
2. 4U1AANNNI1IVDI¥ DIV 0 1y 9y 1M VBIATNT I (Transponder
BW.)= 36.0 MHz
- -l ol o 1 -4 £ -
3. YUAYDIUY WDIATUNDY W@ i]ﬁﬂ'lll“uiﬂlﬂlﬁﬂ"luﬂ'!ﬂ wuau
(Beam type) = Asian Spot Beam
' - - o ¥ .
4. yoadggruariiiouiaenly (Transponder No) - 9 Vertical
{Down Link)
5. yiinvodIwarlsivdu (Polarization) = Linear cross - Pol/E - Vector
D/L
- ) a -
6. ¥UAVDAUNT DIV T YY IUA1ATIGY (HPA Type) = TWT
Y i
7. AMUOUIVU (Up Frequency) = 6175.00 MHz
8. AMAYIAY (Down Frequency) = 4060.00 MHz
9. A1 mAuna (Step pad) = 9.0 dB
10. AN Input Break Off = 11.0 dB
I1. A1 Output Break Off = 6.0 dB

12. M1 EIRP Ramilmanuau (£/5) dumia A (aoiigudnan) =
35.0dB
13. A1 EIRP Haonfimaituau (£/8) dunnia B (vorfindou) =
34.0dB
14. A1 Figure of Merit (G/T) wieminisvenfaaussouslumssy
dygnavosneriinniudu o i /S A= 2.0 dBK
15.MG/THES B =-5.0dBK (Note ido13lunsdifi aorfindou
it awnsandeui i ludumisieg molulszmalng
16. 1 Satellite Flux Density (SDF) n3di hifldqyaaaaneuil £/5 A
=-92.0 dBW/m
17. 1 Satellite Flux Density (SDF) n3di hifidayanainanevd E/s B
=-89.0 dBW/m

venvindeyaluduvesdiaiiiouuda dsiideanswlu

o 1 - - Il 1 -
dauae e asdmuamdunlsunalszms I iuaoriimanuau

B

Y1 2 uma Hinadoaadu
aoilmaiuAu guinars (E/5A)
. AUmisfing = BANGKOK
Longitude (East) = 100.60 Deg.
Latitude (North) = 7.18 Deg.
2. JUvDInu uu’:ﬁ!\: (Elevation) = 62.86 Deg.
UUIUBY (Azimuth) = 252.88 Deg.
3. ¥u1Av839 1 H 19(Antenna Effective Aperture)= 3.8 m
4. A3INTVLWYDINIU (Antenna Gain)
A (Transmit) = 46 dB
A5 (Receive) = 42.10 dB
5 'uum'umm?mwwﬁ'ﬂmmﬁﬁmﬂ%’ (HPA rating, dB GCP) =20
Watt (SSPA)
6. QUMY H Uy aYDIVLIAYEIT IV TUN I fAvodyy sy
NIUA (LN(A,B.C) Temperature) = 45 K
7.AMsgaydvvoadyg dovnd linsafuaudion (Pointing
Loss )=0.4 dB
amilmanAY guinaia (/S B)
I fumisfiae = BANGKOK
Longitude (East) = 98.90 Deg.
Latitude (North) = 18.48 Deg.
2, Juuednu llu'JF‘I':Q (Elevation) = 58.42 Deg.
HHIUDU (Azimum) = 229.09 Deg.
3. ¥M1Av0a9 i 1%(Antenna Effective Aperture)= 3.8 m
4. 6ﬂ51ﬂ"|'i'|!ﬂ"l[.l'|lﬂ~!i]"l'l.l (Antenna Gain)
Aua (Transmit ) =39 dB
AU (Receive) =35 dB
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4 " G
5. YUIAVOUATBIVLIWA Y IWMINN 1% ( HPA rating,] dB GCP) =5 | 2.TX ANTENNA GAIN 46.0 39.00 dBi
Watt (SSPA) 3.FEEDING LOSS 1.50 1.50 dB
6.QUUNIAUYAVDIVIIAYOITYYIUTUNIUAAIVOIwTY Y wIY | 4REQUIRED POWER/CRX 10.01 10.01 | dBW.Crx
NIUA (LN(A,B,.C) Temperature) = 65 K 5.HPA SIZE 13.01 7.0 dBW
2.amsgadovosdygna  weviudluasaduariiion  (Pointing | 6.OUTPUT BACKOFF 3.0 3.0 dB
Loss) = 0.2 dB 7.MAX NO.OF CARRIERS 1.0 1.3 CRXs
msfmunnuaiRve sy nzRlYd 8.ACTUAL # OF CARRIERS 3.0 1.0 CRXs
I. 8asImsdadeya (Information Rate) = 38.4 Kbps LR. = Modem | > TOTAL PWR REQUIRED (HPA) 40.01 329 dBm
syl tasmi PG codiig v x: Modaldiion sype 10.TOTAL EIRP TRANSMITTED 54.51 40.9 dBw
2. M Frequency Error Correction coding rate = 0.5

asd ) 323 MIANOAMIIMINDINIVeININYN  (Satellite R

3. 35119143 Modulation (§1iu QPSK = 2, BPSK = 1) msnanes (Satellite Resource
J Calculati
fitdon BPSK =1 Wenlation)
4. oA uazaatseiaiuiuy (Encoder & Decoder type) = e . .

A3 19N 3 dnpazdunlsmsliminonsvesaiioy
Convolution/sequential
5- lF NOiSC Bw = 499 k“Z : S e b e i e

. - SATELLITE RESOURCE CALCULATION

6. BDIITNVRITYYIUAMERAMUA = 60.0 kHz e ————— r—————

POWER ESA | ESB | UNIT
7. BT.Product = 1.3

1. SAT EIRP/TRANSPONDER 37.10 35.0 dBW

o 2.% LEASED TRANSPONDER 100

3.2 AIDHIANMITIAIHI

3. EIRP AVAILABLE (-B.0) 29.0 28.0 dBW
321 mafnoadulsmduaniify (Caleulation of Rx ES [, oonm o r oo —— T —
Parameter)  BANDWIDTH .

_ 5. LEASED BANDWIDTH 36.0 36.0 MHz

Auwi 1 dnuardnlsdmaniiiy 6. ALLOCATED BW/CRX 2496 | 2496 kHz

7. TOTAL # OF CARRIERS (BW) 600.0 6000 | CXRs
1. LN (A/B/C) Temperature 45.0 45.0 K 3.2.4 MIAIUYHIAVBITYYIUTUNIU
2. Flange Loss 04 04 dB 1. nsamearhuouler (Clear Sky Losses)
3. To (ambient temp) 298.0 298.0 K
4. Ta (approx.) 35.0 350 K 13137 4 dnvzdynasunautesthusule
5. T (Rx) 9000.0 | 9000.0 K
6. LNA Gain 60.0 60.0 dB CLEAR SKY PATH LOSS ES-A | ESB UNIT
7. TOTAL System Noise Temp 209 209 dBK 1.UPLINK PATH LOSS 199.47 | 199.52 dB
8. RX Antenna Gain 42.10 33.5 dBi 2.DOWNLINK PATH LOSS 19559 | 195.64 dB
9. SYSTEM G/T 221 22.1 dB/K

o s 4

2. nitildgyeasunIuondy  uazanmussmman)sdsou
322 msannadmanlsmadiuamiid(Calculation of Tx E/S (Rain and Atmospheric Losses)
Parameter)

d_ . 4

M3 1N 5 Anvazdygusunuanmussonaiinlsilsiu
MINN 2 anvazdunlsauaoiias

RAIN & ATMOSPHERIC LOSSES ES-A | ESB | UNIT
c_Al_.'CUL&;_‘IQ&Tx-EJS Parameter E/S-A | ESB UNIT 1. UPLINK RAIN FADE (99.90%) 1.60 1.57 dB
1.UPLINK EIRP /CRX 54.51 5451 | dBW/Crx 2.DOWNLINK RAIN FADE (99.90%) 0.25 0.24 dB
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3. UPLINK ATMOSPHERIC ATTEN. 0.10 0.10 dB 3320 sfinnaszauvesdaynunfesf  Transponder

4. .DOWNLINK ATMOSPHERIC ATTEN. 0.10 0.10 dB 'In\‘lﬂ‘l‘ll‘l-’llﬂll
) 13. 1 sqm Antenna Gain= {13}
325 waapUmaivensiedeyg o 14. Flux Density/CRX = {1} +{2} + {3} + {4} + {13}
15 Satellite Flux Density/ Transponder = SFP (no pad, E/S A) + Step
EI'IS'I\'I'F; 6 ﬁﬂ'ﬂﬁl:n'ﬁi#ﬂu%‘ﬂﬁqﬂﬂﬂl PAD

16. Input B.O.per CRX = {15} + {14}

17. Output B.O per CRX = {16} + (Input B/O -Output B/O)

AtoB | BioA | TOTAL 18. Saturated EIRP per X-ponder = Sat. EIRP at E/S B

1. DOWNLINK EIRP / CRX (%) 0.43% 0.10% 0.53% 19, Intermodulation Noise = 14 dB
0, L * w 1
2 BANDWIDIH [CRY (%) aite | % | A% 333 UARIMIAIUIN SEAVVRIFYRIAIMNYIINIA
3 L SATELLITE D/L EIRP | k X w N
HTOLS e S 60648 20. DownLink EIRP per CRX = {18} - {17}
4. TOTAL SATELLITE D/L EIRP (Clear Sky) 4.04 Watts

21. DownLink Path Loss =DPL 11 E/S B

5. PWR-COST/DUPLEX LINK/YR 6700.00 USD

22, Pointing loss = {22}
6. BWTH-COST/DUPLEX LINK/YR 5200.00 USD

23. Rain & Atoms. Margin = {23}

24. Rx Earth Station G/T = {24}

o 3
Ll 25. DownLink C/T = {20} + {21} + {22} + {23} + {24}

- r L = 1 :
3.3.1 Haaan1snuIm 1.ﬂﬂﬂlsdﬁtyiy'lﬂlﬁ1‘Jll‘ltl:ﬂﬂ!‘N'l]'l‘l-.l 26. Boltzmann's Constant = {26}

1. Uplink EIRP per CRX= {1} 27.DownLink Thermal C/No = {25} + {26}

% UipliakPuth Loss= (2} 28. IF Noise BW./CRX = 10 Log[IF Noise BW.]

3. Pointing Loss = {3} 29. Co-Channel Interference = {29}

4. Rain & Atmospheric Margin = {4} 30. AIS + OBE Interference = {30}

3 Saclitle QT =153 31. Total DownLink C/N+1) = 10 Log{10**" ™" *+10*"4 10"
6. Uplink C/T = {1} + {2} + 13} +{4} + {5} 33.4 UAAINATINVBIM i ONAD YR I (Total Link)
7. Boltzmann's Constant = {7} 32. Total C/N+1) = 10 Log [I0—:1::rm+lo-llwlxloﬂo-unnn
% Uiphuk el G = _‘6} “0 33. Total C/(No+lo) = {32} + {28}
9CIFNoise BWICRX = 10 Log [IF Nois Do (eHiz)] 34. Eb/(No+lo) = {32} + {28} -10 Log [Information Rate]
10, Co-Chnesel Ingesference +{10} 35. Rag'd Eb/No (Bit Error rate =10-7) ={35}
11. ASI+OBE Interference = {11} 36. Margin = {34} - {35}
12. Total Uplink CAN+1) = 10Log10*“ ™24 t190 | 11110y
4. HamINAADIRIdMINMSATIN
a1 nsfmnalugeniu
M 7 dvarmsdnnalug iy
Clear SKY UPLINK FADE DOWNLINK FADE TOTAL FADE
Tx/Rx Tx/Rx Tx/Rx Tx/Rx Tx/Rx Tx/Rx Tx/Rx Tx/Rx
ATOB | BTOA | ATOB BTOA | ATOB BTOA ATOB BTOA
Outbound Inbound Outbound Inbound Outbound Inbound Outbound Inbound
Uplink EIRP per CRX 462 462 462 462 462 462 462 462
Uplink Path loss -153.4 -153.4 1534 -153.4 -153.4 -153.4 -153.4 -153.41
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Pointing loss 1538 -153.6 1538 -153.6 1538 -153.6 .153.8 -153.61
Rain & Atmos Margin -1538 -153.6 -155.4 -55.2 -53.8 -53.6 -55.4 -55.27
Satellite G/T=Uplink C/T -1558 -158.6 -157.4 -160.2 -155.8 -158.6 -157.4 -160.27
Uplink Thermal C/No 72.79 69.99 7113 84.61 7229 69.99 88.22 68.33
IF noise Bw/Crx 25.8 17.70 24.15 16.05 25.80 17.70 24.15 16.05
Co-Channel Interference 2237 16.96 2115 15.53 237 16.96 21.54 15.53
ASI+OBE Interference 19.17 15.78 18.76 14.65 19.17 15.78 18.76 14.65
Total Uplink C/(N+I) 19.17 15.78 18.76 14.65 19.36 15.78 18.76 14.65
42 mannnalurnas
A5 8 Anvaznsdnnalusiaag
Clear SKY UPLINK FADE DOWNLINK FADE TOTAL FADE
Tx/Rx Tx/Rx Tx/Rx Tx/Rx Tx/Rx T/Rx Tw/Rx Tx/Rx
ATOB BTOA ATOB BTO A ATOB BTOA ATOB BTOA
Outbound Inbound Outbound Inbound QOutbound Inbound Outbound Inbound
Downlink EIRP per CRX 5.29 -1.81 3.63 -3.47 5.29 -1.81 3.63 -3.47
Downlink Pathloss -190.5 -198.62 -192.1 -199.2 -190.5 -195.62 -192.1 -199.28
Pointing loss -190.7 -198.0 -192.3 -199.6 -190.7 -198.0 -192.3 -199.68
Rain & Atmos Margin -190.7 -198.0 1923 -199.6 -191.1 -198.4 -192.7 -200.09
RxE/S G/T -176.1 -175.9 -177.7 -171.5 -176.5 -176.3 -178.1 -177.95
Downlink C/T -176.1 -175.9 -177.7 1775 -176.5 -176.3 -178.1 -177.95
IF noise Bw/Crx 52.50 52.70 50.85 51.05 52,10 52.30 50.45 50.65
Co-Channel Interference 478.0 480.0 461.4 4634 4739 4759 457.4 459.47
ASI+OBE Interference 537 5.56 3.76 3.96 4.98 518 3.37 3.57
Total Downlink C/(N+I) 537 5.56 3.76 3.96 4.98 5.18 137 3.57
4.3 MIAMIVAHATIMVBINSIFOUAD
M 9 AnarmsAnnaramveImsdeude
Clear SKY UPLINK FADE DOWNLINK  FADE TOTAL FADE
Ta/Rx Tx/Rx Tx/Rx Tx/Rx TX/Rx Tx/Rx Tx/Rx Tx/Rx
ATOB BTOA ATOB BTOA ATOB BTOA ATOB BTOA
Outbound Inbound Outbound Inbound Outbound Inbound Outbound Inbound
Total C/(N+1) 438 48 3.4 3.4 45 45 3.0 3.0
Total C/(No+lo) 518 51.8 50.4 50.3 51.5 51.5 50.0 50.0
Eb/(No+lo) 9.0 9.0 7.5 7.5 8.7 8.6 7.2 72
Req'd Eb/No(BER=10E-7) 6.60 6.60 6.60 6.60 6.60 6.60 6.60 6.60
Margin 3.0 3.0 15 L5 2.7 2.6 12 1.2
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