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One	 of	 the	 various	 applications	 of	 communication	 satellite	 technologies	 is	
broadcasting	satellite	television	(TV).	However,	Satellite	TV	broadcasting	has	
a	deficiency	of	outage	caused	by	rain	fade	that	 instigate	due	to	bad	raining	
weather	 which	 at	 once	 will	 cuts	 signal	 transmission	 from	 the	 transmitter	
satellite	 to	 the	 receiver	 dish.	 This	 study	 was	 undertaken	 to	 explore	 the	
challenges	 that	satellite	TV	broadcasting	 faces,	which	 is	caused	by	 the	rain	
fade	effect.	Thereafter,	a	model	to	amplify	the	transmission	quality	of	satellite	
television	is	designed.	The	proposed	Gau-satcomm	algorithm,	ITU-R	model,	
and	 SAM	 model	 had	 an	 average	 BER	 of	 5%,	 8%,	 and	 10%,	 respectively.	
Additionally,	 the	 Gau-Satcomm	 algorithm,	 SAM	 model,	 and	 ITU-R	 model	
experienced	4%,	9%,	and	11%	attenuation,	respectively.	 	Furthermore,	 the	
study	 compared	 outage	 probability	 across	 three	 algorithms	 at	 frequencies	
over	10	GHz,	the	proposed	Gau-satcomm	algorithm,		ITU-R	algorithm,	and	the	
SAM	algorithm	minimized	outages	by	10%,	7%,	and	5%,	respectively.		

Keywords		  

Satellite	Television,	
Satellite	Technologies,		
broadcasting,		
	

 

 

 

  
	

http://www.ijcs.net/
https://doi.org/10.33022/ijcs.v14i3.4861
https://creativecommons.org/licenses/by-sa/4.0/


	 	 The	Indonesian	Journal	of	Computer	Science	

https://doi.org/10.33022/ijcs.v14i3.4861	 	 4201		

A. Introduction	
Satellite	 Television	 (TV)	 has	 enabled	 better	 viewing	 from	 the	 traditional	

analogue	 TV	 known	 as	 over	 the	 air	 (OTA)	 [1-5],	 which	 uses	 analog	 signals	 to	
transmit	 video	 Frequency	 Modulation	 (FM)	 by	 using	 antenna	 TV	 [6-10].	 The	
introduction	of	satellite	TV	has	improved	the	quality	of	the	picture	on	television	and	
provided	much	more	entertaining	viewing	by	providing	more	bandwidth,	flawless	
and	crisp	video	quality	[11-15].	

By	far	and	large,	satellites	offer	instant	and	almost	total	coverage	within	their	
footprint,	giving	it	an	advantage	over	both	terrestrial	and	cable	television	[16-20].	A	
signal	carrying	the	TV	programs	is	beamed	from	the	broadcast	center	station	via	a	
large	satellite	dish	up	to	the	satellite	receivers	that	are	in	space,	where	it	is	amplified	
and	 retransmitted	 toward	 the	 earth	 to	 individual	 satellite	 receiver	 dish	 of	
consumers	[20-25].	The	arrival	of	digital	satellite	platforms	has	opened	the	way	for	
increasing	specialization	in	their	content.	Digital	TV	can	increase	segmentation	and	
opens	ways	for	the	fragmented	viewing	and	ethnicization	of	the	media,	in	the	sense	
that	different	ethnic	groups	consume	their	own	media	[16].	

Satellites,	which	by	far	are	the	best	available	option	for	distributing	television	
signals	 to	 the	 customers	 for	 better,	 clearer,	 and	 non-blurry	 television	 viewing,	
however,	 Satellite	 TV	 have	 some	 limitations	 that	 are	 caused	 by	 atmospheric	
conditions	 such	 as	 Air	 Density	 and	 Pressure,	 these	 atmospheric	 conditions	 are	
caused	by	rain	fade.	Rain	fade	outage	has	been	for	years	the	problem	that	disrupts	
satellite	 television	viewing.	Since	satellite	 transmission	 is	 reliant	on	 the	weather,	
downtime	can	result	from	very	rainy	weather	[18].	Satellite	communication	systems	
become	increasingly	sensitive	to	weather	conditions	as	their	operating	frequency	is	
increasing	 to	 avoid	 electromagnetic	 spectrum	 congestion	 and	 enhance	 their	
capacity	[4].		

Interference	effects	are	of	utmost	importance	to	the	reliable	design	of	modern	
satellite	 communication	 systems	operating	 at	Kurtz	 under	 (Ku)	 and	Kurtz	 above	
(Ka)	bands.	In	these	frequencies,	rain	attenuation	is	the	dominant	fading	mechanism	
particularly	 for	Earth-space	systems,	 the	Outage	probability	of	 the	maximal	 ratio	
combining	dual	branch	spatial	diversity	schemes	operating	above	10	GHz.	At	these	
frequency	 bands	 (Ka	 and	 Ku)	 considering	 the	 line-of-sight	 conditions,	 rain	
attenuation	is	the	dominant	fading	mechanism,	which	should	be	considered	in	the	
radio	communications	system	design	as	stated	by	[13].	
	
B. Related	Works	

Over	the	past	years,	various	studies	were	conducted	to	minimize	the	impact	
that	is	caused	by	rain-fade	impacting	Satellite	TV	viewing.	This	research	study	will	
show	the	previous	studies	that	were	conducted	by	other	researchers	and	outline	the	
gaps.	Microwave	 telecommunications	 links	 operating	 above	 10	GHz	 are	 severely	
faded	by	rain.	Most	Research	studies	discovered	that	the	incidence	of	rain	at	outage	
levels	for	terrestrial	links	has	been	experiencing	an	increasing	trend	over	the	last	
twenty	years.		

Many	 links	would	have	 seen	 the	underlying	 incidence	of	 outages	double	or	
triple	over	this	period.	Globally,	rain	height	has	also	been	increasing	as	the	world	
has	warmed.	This	 leads	 to	 an	 increasing	 trend	 in	 rain	 fade	experienced	by	earth	
space	links.	In	some	areas	of	the	world,	these	effects	will	be	combining	to	cause	steep	
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increases	 in	 the	 levels	 of	 fading	 experienced	 by	 Earth-space	 links.	 Interference	
problems	 are	 arising	 from	 the	 spectral	 coexistence	 between	 satellite	
communication	networks	that	operate	at	frequencies	above	10	GHz	and	particularly	
when	they	employ	power	control	as	a	fade	mitigation	technique.	In	this	frequency	
range,	 rain	 attenuation	 is	 the	 dominant	 tropospheric	 fading	 mechanism.	 The	
conditional	 acceptable	 intersystem	 interference	 probability	 of	 the	Carrier-to-
Interference	Ratio	of	a	satellite	terminal	interfered	by	an	adjacent	satellite	network	
is	 defined	 as	 a	 figure	of	merit	 and	 analytically	 calculated	 considering	 a	physical-
mathematical	model	for	the	rainfall	medium	[13].	

Interference	effects	are	of	utmost	importance	to	the	reliable	design	of	modern	
satellite	 communication	 systems	 operating	 at	 Ku-bands	 and	 Ka-bands.	 In	 these	
frequencies,	 rain	 attenuation	 is	 the	 dominant	 fading	mechanism	 particularly	 for	
Earth-space	systems	located	in	subtropical	and	tropical	regions.	On	the	other	hand,	
the	main	propagation	effect	on	interference	between	two	adjacent	satellite	systems	
is	considered	the	differential	rain	attenuation.		

[7]	 stated	 that	 other	 than	 rainfall,	 sunshine,	 and	 cloudy	 weather	 are	
investigated	on	the	Ku-band	for	the	digital	satellite	television	system.	It	was	shown	
that;	of	all	the	adverse	weather	conditions,	rainfall	remains	the	greatest	source	of	
attenuation	 on	 signal	 propagated,	 miss	 alignment	 loss,	 ionosphere	 losses,	 fixed	
atmospheric	loss,	etc.	

[5]	proposed	an	artificial	neural	network-based	algorithm	used	to	classify	dry	
and	rainy	periods	and	to	model	the	signal	variability	obtained	from	non-rain-related	
effects.	The	rain	attenuation	can	be	reversed	to	obtain	the	path-averaged	rain	rate	
when	 the	altitude	of	 the	 rain	 layer	 is	 considered.	Compared	with	 co-located	 rain	
gauges	 and	 radar	measurements	 taken	 over	 the	 full	 period	 of	 the	 campaign,	 the	
rainfall	 rates	 collected	 from	 this	 phase	 are	 compared	 and	 the	 most	 important	
rainfall	events	are	analyzed.	However,	this	method	may	cause	signal	attenuations	
and	fixed	atmospheric	loss.		

[6]	 stated	 that	 a	 new	model,	which	 uses	 prediction	 of	 carrier-to-noise	 plus	
interference	 ratio	 (CNIR)	 statistics,	 under	 the	presence	of	 rain	 fading	 conditions,	
applied	to	heavy	rain	climatic	regions.	The	method	is	based	on	a	model	of	convective	
rain	cells	and	the	gamma	distribution	assumption	for	point	rainfall	rate	statistics,	
which	fits	better	than	lognormal	distribution	in	subtropical	and	tropical	regions.	The	
study	 also	 predicted	 power-law	 parameters	 of	 specific	 rain	 attenuation.	 The	
numerical	 results	 are	 concentrated	 on	 the	 analytical	 examination	 of	 various	
operational	 parameters	 upon	 the	 CNIR	 statistics	 and	 the	 subsequent	 outage	
performance	 of	 the	 system.	 Comparison	 of	 the	 proposed	model	with	 an	 already	
existing	one	was	attempted	however,	they	still	experiencing	an	outage	that	is	caused	
to	due	rain	fade.	

Some	high	gain	antennas	with	narrow	beams	were	attempted	by	[14]	which	
increased	the	signal-to-noise	ratio	(SNR)	of	received	signals,	and	then	to	improve	
the	rate	and	quality	of	communication.	A	Tower	Mounted	Amplifier	(TMA)	provides	
the	ability	to	sense	the	directions	of	received	signals,	which	can	be	exploited	on	both	
the	satellite	and	the	ground	station.	This	method	has	low	efficiency.	

[8]	conducted	a	study	of	the	transfer	of	array	unit-cell	to	operate	at	a	single	
frequency	of	12	GHz	or	17.5	GHz.	The	peak	gains	of	transmitting	arrays	are	25.31	
dBi	 and	 27.1	 dBi,	 respectively.	 Hybrid	 arrangement	 consisting	 of	 an	alternating	
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replacement	 of	 the	 unit-cell	 elements	 from	 the	 single	 frequency	transmit	 arrays	
designed	at	12	GHz	and	17.5	GHz	which	was	used	to	enhance	the	gain	bandwidth	of	
the	transmit	array.	A	broadband	gain	response	was	achieved	with	2.4	GHz	over	the	
band	from	12	to	19	GHz.	This	method	has	low	gain	and	low	efficiency,	which	need	
to	be	overcome	in	this	research	study.	

Three	 separate	 adaptive	 frequency	 hopping	 (FH)	 schemes	 using	 channel	
prediction	were	proposed	by	[18].	The	first,	by	using	a	channel	ineptness	probability	
approximation	as	the	 input	of	a	 look-up	table,	determines	how	many	channels	to	
evaluate.	The	second	does	 the	same	but	 in	addition	 to	 the	probability	of	 channel	
ineptness,	it	also	uses	the	receive	buffer's	number	of	packets	as	an	input	parameter.	
Look-up	tables	are	not	used	in	the	third	algorithm.	To	preserve	a	list	of	ready-to-use	
platforms,	this	prediction	scheme	only	transmits	test	packets.	Therefore,	it	does	not	
use	projections,	nor	does	it	consider	the	buffer	load.	

A	frequency-hopping	spread	spectrum	security	enhancement	with	encrypted	
spreading	codes	in	a	partial	band	noise	jamming	environment	was	suggested	by	[24]	
The	main	 objective	 of	 the	 research	was	 to	 test	 the	 insecurity	 of	 codes	 for	 linear	
feedback	shift	registers	(LFSRS).	Here	the	new	approach	to	improve	the	protection	
of	 frequency	 hopping	 spread	 spectrum	 was	 proposed	 based	 on	 the	 encryption	
algorithm	 applied	 over	 spreading	 codes,	 called	 secret	 frequency	 hopping.	 The	
proposed	encryption	protection	algorithm	is	highly	reliable	and,	based	on	spread	
spectrum	techniques,	can	be	extended	to	all	existing	data	communication	systems.	
Since	multi-user	detection	is	an	intrinsic	function	of	the	frequency	hopping	spread	
spectrum	(FHSS),	careful	analysis	of	multi-user	interference	is	carried	out.	A	new	
set	of	methods	must	therefore	be	proposed	that	will	reduce	interference	below	the	
desired	constant	threshold.	

[23]	performed	a	report	on	electromagnetic	interference,	causes,	impacts,	and	
mitigation.	The	work	was	 focused	 solely	on	 the	origins	of	 electromagnetic	 signal	
transmission	 interference	 and	 their	 effects	 on	 critical	 devices,	 such	as	 television.	
Reasonable	electromagnetic	compatibility	experiments	were	carried	out	in	such	a	
way	that	 the	effects	could	be	reduced	or	removed	with,	among	others,	 the	use	of	
shielding,	 grounding,	 and	 filtering	 techniques.	 In	 its	 overview,	 the	 work	 is	 very	
modern	and	serves	as	a	framework	for	advancement.	However,	the	research	work	
was	mainly	focused	on	communication	frequencies	at	10	GHz,	which	is	considered	
a	Ku-band.	

Previously	proposed	methods	mainly	focused	on	communication	frequencies	
at	10	GHz.	In	the	proposed	algorithm	the	transmission	improvement	of	frequencies	
will	 be	 set	 over	 10GHz	 to	 better	 avoid	 attenuation	 that	 is	 caused	 by	 rain	 at	 this	
frequency	and	improve	efficiency.	Therefore,	the	thrust	of	this	research	study	is	to	
develop	a	new	system	that	will	 improve	the	 impact	of	rain	specifically	on	the	Ku	
frequency	band	for	satellite	TV	transmission.	

	
C. Gau-satcomm	Model	Design		

This	 section	 presents	 the	 design	 of	 the	 proposed	Gau-satcomm	model.	 The	
study	integrated	the	Feeder	Link	Channel	pre-coding,	Vigorous	Beam	forming	for	
Multibeam	Satellite	pre-coding	and	Radio	Frequency	(RF)	User	Link	Channel	Pre-
coding	when	designing	 the	proposed	Gau-satcomm	model.	The	 transmitter	space	
diversity	fading	technique	was	introduced	to	the	RF	User	Link	Channel	pre-coded	to	
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reduce	 distinctive	 aspect	 of	 the	 multibeam	 SatCom	 channel	 caused	 by	 the	 high	
satellite-side	signal	correlation.	The	Gau-satcomm	model	is	proposed	to	improve	the	
television	satellite	coverage	during	bad	weather	condition	such	as	rain	fade,	storm,	
and	many	more.		

1. Feeder	Link	Channel	pre-coding	
To	improve	the	Feeder	link	channel,	subsequently	the	user	link	is	a	multi-user	

multiple	input	single-output	link,	the	data	for	various	beams	are	pre-coded	at	the	
gateway.	The	research	study	considers	an	analog	clear	dense	wavelength	division	
multiplexing	 device	 to	 preserve	 low-complexity	 signal	 processing	 on-board	 the	
satellite,	where	the	pre-coded	RF	streams	are	modulated	onto	the	optical	carriers	
using	intensity	modulation	[9].	The	individual	optical	carriers	are	then	multiplexed	
into	 a	 single	 fiber	 by	wavelength-division	 and	 sent	 towards	 the	 satellite	 via	 the	
telescope.	The	optical	signal	receive	by	a	telescope	is	obtained	and	demultiplexed	in	
the	satellite	to	obtain	the	multiplexing	carriers	of	the	individual	dense	wavelength	
division.	 The	 dense	 wavelength	 division	 that	 multiplexes	 optical	 carriers	 then	
converts	the	corresponding	RF	streams	into	the	electrical	signal	by	direct	detection.	
The	received	RF	signal	for	the	satellite,		𝑦!	∈	ℂ"∗!	can	be	articulated	as:	

	
𝑦!$	&'	(	)! 																																																																													(1)	

	
where	 e	 	 ∈	ℂ"∗!	is	 the	 pre-coded	 signal	 vector	 with	 a	 total	 power	 limit	 of	

𝐶[𝒆 † 𝒆] 	≤ 𝐷* ,	 	𝑉!	 	∈	ℂ"∗!	 is	an	additive	noise	vector	consisting	of	zero-mean	and	
variance	Gaussian	circularly	symmetric	complex	entries	𝜎!+,i.e.		𝒞𝒩	(0, 𝜎!+),	and	T	is	
the	channel	fading	gain	recognized	as	scintillation	fading.	This	scintillation	fading	is	
usually	 modelled	 by	 lognormal	 on	 the	 Scintillation	 Index	 (SCI)	 𝜎,-.+ 	 =	 C[𝑇+]	 /	
	𝐶[𝑇]+−1	[17].	A	simple	measure	of	fading	intensity	is	given	by	the	SCI.	This	research	
study	 assumes	 that	 the	 Scintillation	fading		& 	 is	 accompanied	 by	 a	 lognormal	
distribution	widely	used	to	model	weak	atmospheric	turbulence	in	feeder	SatCom	
links	[19].	

2. Vigorous	Beam	forming	Multibeam	Satellite	Pre-coding		
To	improve	the	Multibeam	Satellite,	this	research	study	uses	Vigorous	Beam	

forming	 multibeam	 satellite	 system,	 where	 the	 satellite	 has	 a	 reflector	 antenna	
feeding	with	a	total	feed	represented	by	𝐷.	These	feed	signals	are	combined	to	create	
a	radiation	beam	pattern	represented	by	𝑃	beams	that	 is	known	to	be	 fixed.	The	
research	study	assumes	that	a	total	number	of	𝐷/	users	are	served	per	beam	at	the	
same	time	(the	total	number	of	served	users	by	the	satellite	is	𝑃𝐷/).	In	this	research	
study,	all	beams	radiate	within	the	same	frequency	band	(	𝑟𝑒𝑝 = 1),	and	each	beam	
is	provided	with	an	instant	signal	obtained	at	the	𝜇 − 𝑡ℎ	user	terminal	as	indicated	
below:	

𝑦(#)=𝑇(#)e	+	𝑉(#)	,		μ=1,	…,	𝐷%																																									(2)	
																																																							

where	 vector	 𝑦(1)	 ∈	 ℂ3∗!	 is	 the	 vector	 comprising	 the	 𝜇-th	 user	 terminal	
received	signals.	([𝑦(1)]3		refers	to	the	signal	obtained	from	the	𝜇-th	user	terminal	
on	the		𝑃 − 𝑡ℎ	beam),	in	comparison,	vector	𝑉(1) ∈ ℂ3∗!		includes	each	𝜇 − 𝑡ℎ		user	
terminal	noise	terms.	𝑉(1)	entries	shall	be	distinct	and	distributed	in	Gaussian	with	
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zero	mean	and	unit	variance	(i.e,	𝐵	[𝑉(1)𝑉(1)& 	]	=	𝐿3 ,	μ=1,	…,	𝐷/	)	.	Ultimately,	vector	
e	∈ ℂ3∗!	comprises	all	the	signals	transmitted.	
	
The	matrix	of	the	channel	can	be	defined	as:	

	
𝑇(#) = 𝐺(#). 𝑇͞		(#),μ=1,…,	𝐷%,																																														(3)	

																																												
where	the	(𝑃;	𝑉)-	𝑡ℎ	matrix	input	𝑇͞		(1) ∈	R3∗) 		is		
	

𝑇͞		(#)',)	=
*+!			

# +$
%	,#,%

'

-.	/0
#()*	$*+

	.																																																								(4)	

	
Where	𝐹3	is	the	distance	between	the	satellite	and	the	𝜇 − 𝑡ℎ	user	terminal,	𝑂	

is	the	frequency	of	the	carrier,	𝑅	is	the	speed	of	light,	𝐾& 	is	the	constant	of	Boltzman,	
S	is	the	noise	temperature	of	the	receiver,	𝑇4	is	the	bandwidth	of	the	carrier,	𝐶5			3 	is	
the	antenna	gain	at	the	𝜇 − 𝑡ℎ	user	terminal		of	the	receiver,	𝐶,) 	is	the	antenna	gain	
of	the	satellite	transmission	for	the	𝑃 − 𝑡ℎ	beam	and	𝐺3,) 	is	the	normalized	radiation	
gain	of	the	beam	between	𝑃 − 𝑡ℎ	user	terminal	on	board	feed	and	the	𝜇 − 𝑡ℎ	user	
terminal,	therefore	the	multibeam	gain		relies	on	the	pattern	of	antenna	radiation	
and	the	position	of	the	user	terminal.	For	simplicity,	this	research	study	undertakes	
that	each	user	terminals	have	an	antenna	gain,	𝐶5			3 	=	C7,	all	satellite	feeds	have	a	
communal	transmitter	antenna	gain	𝐶,)=	C8,	and	the	earth's	curvature	is	negligible	
so	that	F9	=	F.	Therefore,	it	can	be	simplified	as:	

	
𝑇͞		(#)',)=Ɛ	*𝐺',)	,	where	Ɛ	

12,	2-	
.

-.	/0
()*	$*+

																																																										(5)	

	
An	angle	of	𝜃µ	,	𝑃	will	be	demarcated	between	the	𝜇 − 𝑡ℎ	user	terminal		and	

the	𝑃 − 𝑡ℎ	beam,	and	a	6-dB	angle	 for	 the	𝑃 − 𝑡ℎ	 	beam	will	be	created.	Then	on	
board	the	satellite,	for	a	typical	tapered-aperture	antenna,	the	beam	gain	from	the	
𝑃 − 𝑡ℎ	feed	to	the	𝜇 − 𝑡ℎ	user	terminal	is	estimated	by:			

	
𝑇͞		(#)',)		=	Ɛ	+

3/	0)#,%1
4	5#,%

+ 36	
32	0)#,%1
5#,%

	/	,																																																											(6)	

	
where	the	first-kind	Bessel	functions	of	order	1	and	3	respectively	are	𝐾3,) 	=	

2.07123	 :;<
6!(=3,))

<>?(@3,A	BC)
	,	P!		(.)	and	PD		(.).	Notice	that	the	beam	gain	for	all	satellite	feed	

pairs	is	constant	for	fixed	user	terminals	on	earth,	and	thus	matrix	𝑇͞		(1)	is	decisive.		

3. Radio	Frequency	User	Link	Channel	Pre-coding		
To	improve	the	RF	the	transmitter	space	diversity	fading	will	be	introduced	to	

the	RF	User	Link	Channel	pre-coded	in	this	research	study.	Where	P	fixed	adjacent	
beams	(single	feed	per	beam)	are	produced	earth	by	the	satellite	payload,	equipped	
with	an	array	fed	reflector	antenna	consisting	of	P	feeds.	The	research	study	assume	
that	every	beam	is	reused	to	the	same	frequency.	The	signal	established	at	all	the	
user	terminals	can	be	weighted	into	a	vector	𝑦+	∈	ℂE∗!		expressed	as:	

https://doi.org/10.33022/ijcs.v14i3.4861


	 	 The	Indonesian	Journal	of	Computer	Science	

https://doi.org/10.33022/ijcs.v14i3.4861	 	 4206		

	
𝑦+ 	= 𝐿-/ 	+ 𝑝+ 		= 	𝑏𝑘𝐿𝑒 + 	𝑏𝐿𝑝1	 + 	𝑝2																												(7)	

																																																																																	
Where	𝑃+		∈	ℂE∗!	is	the	noise	vector	with	elements	derived	from	𝒞𝒩		(0, 1)F	

and	the	matrix	L	∈	ℂE∗E	represents	the	channel	gains	between	the	users	of	the	P	and	
the	P	feeds.	It	is	possible	to	decay	L	as	[22]:		

	
𝐿 = 𝐹𝑍,																																																																																									(8)	

	
where	𝐹∈	ℂE∗E	 is	a	random	fading	matrix	containing	the	coefficients	of	rain	

attenuation	 and	 phase	 rotations	 due	 to	 various	 propagation	 paths,	 and	𝑍∈	ℝE∗E	
models	of	beam	radiation	pattern	and	path	losses.	

Compared	 to	 the	 terrestrial	 Multiple-input-multiple-output	 (MIMO)	
broadband	service,	a	distinctive	aspect	of	the	multibeam	SatCom	channel	is	the	high	
satellite-side	 signal	 correlation.	 Therefore,	 this	 research	 study	 introduces	 the	
transmitter	space	diversity	fading	technique	in	to	the	multibeam	system	to	reduce	
distinctive	aspect	of	the	multibeam	SatCom	channel	caused	by	the	high	satellite-side	
signal	correlation.	Each	user	terminal	in	the	user	link	will	have	the	same	phase	and	
the	same	fading	gain	between	all	feeds	on-board	the	satellite	antenna,	as	a	common	
assumption	 in	multibeam	 satellite	 channel	models.	 It	 braced	by	 the	 fact	 that	 the	
distance	between	the	feeds	is	very	slight	relative	to	the	distance	between	the	user	
terminal	and	the	satellite	[11].	As	a	consequence,	diagonal	matrices	can	be	modelled	
as	the	fading	matrix	D.	

	
The	 𝑃 − 𝑡ℎ	 diagonal	 component	 of	 the	 channel	 stage	 rotation	 matrix	 Φ	 is	

provided	by	equation	9.	
	

[𝛷]𝑃, 𝑃	 = 	𝑒𝑥𝑝	(𝑉(𝜑GC,3 		+ 	𝜑𝜑HI,3)), 𝑃	 ∈	∩																(9)	
																																				
Where	 the	 stage	 rotation	 is	 represented	 by	φMB, P = +J

K
	𝐹𝑃	 because	 of	 the	

propagation	 of	 the	 RF	 (MB)	 signal,	𝐹𝑃denotes	 the	 distance	 between	 the	 user	
terminal	 receiver’s	 satellite	 and	 the	 𝑃 − 𝑡ℎ	 user	 terminal,	 and	 φ	 𝐻𝐽, 𝑃	 are	
attributable	to	down	converters	with	low	noise	blocks	[12].	It	is	presumed	that	the	
overall	channel	process	is	distributed	uniformly	in	[0,	2π)	[20].		

Let	 ℎ𝑃	 = 	 |ℎ𝑃|𝑒𝑥𝑝	(𝑉𝜑𝑃)	 denotes	 the	 𝑃 − 𝑡ℎ	 diagonal	 part	 of	 the	 fading	
matrix	D,	where	the	amplitude	and	phase	of	the	𝑃 − 𝑡ℎ	user	terminal	fading	channel	
are	represented	by	|ℎ𝑃|	and	𝜑𝑃.	This	research	study	consider	rain	fading	to	be	the	
dominant	cause	of	Ka	and	higher	frequency	band	output	degradation	[21].	The	gain	
amplitude	 of	 the	 rain	 fading	 channel	 	 |ℎ𝑃|, 𝑃	 ∈	∩	 follows	 a	 double-log-	 ordinary	
which	 are	 given	 by	 the	 Probability	 Density	 Function	 (PDF)	 and	 Cumulative	
Distribution	Function	(CDF)	respectively.	

𝑂|hP|(e; ӣP, ÒP)=	−
L
789:6;<=>?6<=>(7)6ӣA)BCDE

BÒAB
M

√	+JÒ9	P	Q;R(P)
																								(10)	

																																																																																										
𝑂|hP|(e; ӣµ, ÒP)=Y	mQ;R(SQ;R	('))Sӣ9

Ò9
n	,																																				(11)	
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where	 0	 < 	𝑒	 < 	1, ӣ𝑃	 = 	𝜇𝑘	 + 	𝑙𝑜𝑔	(𝑙𝑜𝑔	(10)) 	− 	𝑙𝑜𝑔	(20)),	 the	 normal	

logarithm	is	 log(.)	and	the	Gaussian	Q-function	 is	O(. )			The	 log-ordinary	position	
parameter	 µP		and	 the	 scale	 parameter	 ÒP,	 both	 expressed	 in	dB,	 model	 the	
magnitude	of	the	attenuation	of	rain	fading	[10].	Similarly,	the	rain	fading	channel	
process	ÒP	is	also	believed	to	be	distributed	uniformly	in	[0,	2π]	[11].	This	research	
study	uses	𝑌𝑒	 = 	𝑌𝛷			from	here	onwards	for	notation	aal	simplicity,	so	that	𝑌𝑒	is	a	
diagonal	matrix	with	its	𝑃 − 𝑡ℎ	diagonal	part	being:	

	
[𝑌]3,3	=á3=|aP|	𝑒𝑥𝑝	(𝑉(𝜑GC,3		+	𝜑𝜑HI,3)), 𝑃	 ∈	∩															(12)	

	

4. Gau-satcomm	Algorithm	
This	research	study	integrated	the	feeder	link	outage	prediction	algorithm,	RF	

User	Link	Channel	pre-coding	and	Vigorous	Beam	forming	for	Multibeam	Satellite	
pre-coding	algorithm	with	the	aim	of	improving	the	Satellite	coverage	during	bad	
weather	to	provide	better	Quality	of	Service	(QoS).		
									
	Initialization:		
J, rep, D, P, V, R, O, DU,	C7	,Y+	,hp = 	0		

1. Radio	signal	transmission	initiated	on	the	feeder	link	channel	using	equation	
(	1)	

2. If	(The	received	Radio	signal	is	=	equation	(1)		
3. Pre-code	the	signal	vector	e	�	ℂ?∗!	
4. Pre-code	the	additive	noise	vector	DU,		V!		∈	ℂ?∗!	
5. Model	the	scintillation	fading	using	longnormal	on	the	Scintillation	Index	
6. Else	return		
7. Radio	signal	transmission	initiated	on	the	feeder	link	channel	
8. End	if		
9. Multibeam	satellite	initiate	an	instant	signal	to	all	the	beams	using	equation	

(2)	
10. If	(the	received	instant	signal	=	equation	(2))	
11. Calculate	the	channel	matrix	and	matrix	input	using	equation	(3	&	4)	
12. The	satellite	Transmit	the	signal	to	µ − th	user	terminal	then	to	P − th		beam	
13. Calculate	the	earth's	curvature	and	satellite	feeds	communal	transmitter	

antenna	gain	using	equation	(5&6)	
14. Else	Return	to	initiate	instant	signal		
15. End	if		
16. User	link	establish	signal	at	all	the	user	terminals	using	equation	(7)	
17. Transmitter	space	diversity	fading	is	used	to	model	the	P − th	diagonal	

component	of	the	channel	stage	rotation	matrix	Φ.	
18. The	Transmitter	space	diversity	fading	use	equation	(9)	to	calculate	the	

distance	between	the	user	terminal	receiver’s	satellite	and	the	P − th	user	
terminal.	

19. hP	 = 	 |hP|exp	(VφP)	is	used	to	calculate	the	amplitude	and	phase	of	the	
P − th	&	fading	matrix	D	

20. If	the	amplitude	and	phase	of	the	P − th	=	fading	matrix	D	
21. Calculate	the	value	of	CDF	and	PDF	using	equation	(10	&11)	to	determine	
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the	log-ordinary	position	parameter	µP		and	the	scale	parameter	ÒP,	to	
model	the	magnitude	of	the	attenuation	of	rain	fading	

22. 	The	equation	(12)	is	used	to	calculate	the	other	atmospheric	condition	
rather	that	rain.		

23. Else	return	Transmitter	space	diversity	fading	matrix	
24. End	If	

	
D. Network	Simulators	

(1)	NS2	 -	The	network	 simulation	 software	NS2	 is	 free	 and	open	 source.	 It	
includes	 LEO	 and	 Geostationary	 Earth	 Orbit	 (GEO)	 satellite	models,	 as	well	 as	 a	
broad	 range	 of	 network	 protocols,	 queuing	 methods,	 and	 node	 types	 [31].	 The	
satellite	 models	 aren't	 perfect;	 for	 example,	 the	 error	 caused	 by	 GEO	 satellites	
drifting	 from	 their	 specified	 locations	 due	 to	 gravitational	 perturbations	 isn't	
considered.	Unless	it	is	a	key	point	of	analysis,	this	will	rarely	be	a	problem	[32].	

The	 simulator	 comes	 with	 all	 the	 required	 tools	 for	 simulating	 a	 satellite	
network.	It	is	possible	to	identify	satellite	constellations,	inter-satellite	links	(ISL),	
ground-to-satellite	 links,	 and	 elevation	 masks	 (smallest	 contact	 angle).	 In	 ns2,	
communication	 connection	 hand-off	 is	 done	 natively,	 and	 parameters	 including	
hand-off	 times	 can	 be	 set.	 A	 centralized	 routing	 agent	 is	 used	 for	 routing.	 A	
centralized	routing	agent	decides	the	global	network	topology	after	each	topology	
update,	 computes	 new	 routes	 for	 all	 nodes,	 and	 uses	 the	 routes	 to	 create	 a	
forwarding	 table	 on	 each	 node.	 This	 method	 of	 abstract	 routing	 will	 result	 in	
causality	breaches,	which	is	counterintuitive	in	terms	of	practical	outcomes.	

Another	downside	of	ns2	 is	 the	 time	 it	 takes	 to	 introduce	new	models.	The	
simulator	provides	 an	Object-Oriented	Tool	Command	Language	 (OTcl)	 scripting	
front-end	for	configuring	the	simulation,	as	well	as	C++	code	for	the	simulation	and	
modules.	 To	 successfully	 add	 new	modules,	 very	 specific	 C++	 file	 structures	 are	
needed,	as	well	as	modifications	to	various	header	files.	After	making	changes	to	the	
source	 files,	 the	 ns2	 simulator	 must	 be	 recompiled.	 To	 run	 the	 ns2	 simulator	
successfully,	 you	 must	 have	 a	 thorough	 understanding	 of	 its	 architectures.	 The	
Satellite	television	interface	on	NS-2	is	shown	in	Figure	1	below.	

	

	
Figure	1.		NS2	Satellite	television	interface	
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(2)	NS3	-	is	the	successor	to	ns2	and	is	still	in	progress.	The	majority	of	ns3's	
emphasis	is	on	internet	applications.	The	satellite	modules	that	are	available	in	the	
ns2	simulator	are	currently	unavailable	in	the	ns3	simulator.	It	should	be	possible	
to	manually	port	 the	modules,	but	 this	would	necessitate	a	significant	amount	of	
effort	 and	 testing.	 To	 fully	 comprehend	 and	 forecast	 the	 simulator's	 user-
friendliness,	 the	software	developer	must	have	a	detailed	understanding	of	ns3's	
structures	[35].	

(3)	OPNET	Modeller-	A	 commercially	 available	network	 simulator	 software	
kit.	The	OPNET	IT	Guru	Academic	Edition	is	a	free	version	with	a	renewable	license	
agreement	 for	 academic	 Institutions	 [33]	 (see	 Figure	 2).	 For	 a	 project	 of	 this	
magnitude,	the	complete	commercial	version	is	prohibitively	costly.	The	Academic	
Edition	includes	pre-built	protocols	and	devices	models.	It	enables	users	to	model	
various	network	topologies.	The	collection	of	protocols	and	devices	is	fixed,	and	a	
user	 cannot	 create	 new	 protocols	 or	 alter	 existing	 ones'	 behavior,	 though	
parameters	can	be	changed	[33].	Request	To	Send	(RTS)	thresholds,	packet	arrival	
times,	and	data	rates	are	some	of	the	variables.	The	Academic	Edition	has	a	total	of	
50	million	events	that	can	be	simulated.	The	reception	of	a	packet	or	the	existence	
of	a	timeout	are	examples	of	network	events.	In	about	5	minutes	of	simulation	time,	
a	wireless	Local	Area	Network	(LAN)	network	with	10	devices	all	producing	a	high	
load	can	hit	50	million	events.	It's	worth	noting	that	OPNET	was	recently	acquired	
by	Riverbed	Technologies,	so	the	software's	 focus	area	can	change.	Unless	a	 fully	
approved	 version	 can	 be	 accessed,	 OPNET	 is	 an	 insufficient	 solution	 due	 to	 the	
limitations	and	uncertain	future	of	the	academic	kit.		
	

	
Figure	2.	The	Satellite	television	interface	on	OPNET	

	
(4)	MATLAB-	Cleve	Moler	developed	a	multi-paradigm	numerical	computing	

environment	and	fourth-generation	programming	language	in	the	1970s	[30].	Moler	
was	the	chairman	of	the	University	of	New	Mexico's	computer	science	department,	
and	 his	 work	 was	 developed	 by	 MathWorks.	 MATLAB	 was	 created	 by	 Moler	 to	
enable	 students	 to	 use	 LINPACK	 and	 EISPACK	 (software	 libraries	 for	 numerical	
linear	algebra)	without	having	to	learn	FORTRAN.	MATLAB	is	written	in	C++,	much	
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like	 NS-2,	 NS-3,	 and	 OMNET++,	 in	 addition	 to	 C++,	 Python,	 Java,	 and	 FORTRAN.	
MATLAB	can	be	written	in	Python,	Java,	and	FORTRAN.	There	are	similar	free	open-
source	alternatives	to	MATLAB,	in	specific	GNU	Octave,	FreeMat,	Julia,	etc.	Matrix	
manipulations,	function	and	data	plotting,	algorithm	implementation,	and	operator	
interface	design	are	all	possible	with	MATLAB	[27].	The	MuPAD	framework	engine	
is	used	by	MATLAB	to	provide	access	to	symbolic	computing	capabilities.	MATLAB	
is	a	cross-platform	programming	language	that	runs	on	Linux,	Microsoft	Windows,	
and	Mac	Operating	System	X.	Simulink	is	an	add-on	kit	for	dynamics	that	includes	
graphical	multi-domain	simulation	and	model-based	architecture.	In	addition,	the	
Integer	Linear	Program	(ILP)	algorithm	is	provided	by	MATLAB,	which	is	used	in	
this	 research	study	 [27].	 Users	 of	 MATLAB	 come	 from	 a	 range	 of	 scientific,	
engineering,	and	economic	backgrounds.	Figure	3	depicts	 the	MATLAB	command	
interface.		
	

									
Figure	3.	MATLAB	Command	Interface	

	
E. Discrete	Simulation	Frameworks	

(1)	 OMNeT++	 -	 C++	 programming	 language	 is	 used	 to	 create	 OMNeT++,	 a	
discrete-event	 simulation	 environment.	 Its	 primary	 application	 field	 is	 the	
simulation	of	 communication	networks,	 but	 it	 has	 also	been	 successfully	used	 in	
other	fields,	such	as	the	simulation	of	complex	IT	systems,	queuing	networks,	and	
hardware	architectures,	due	to	its	generic	and	scalable	design	[34].		OMNeT++	offers	
an	 element	 architecture	 for	 models.	 In	 a	 similar	 manner	 to	 ns2,	 modules	are	
programmed	in	C++	and	then	assembled	into	larger	structures	and	models	using	a	
high-level	 language	 (NED).	While	OMNeT++	 is	not	a	network	simulator	 in	and	of	
itself,	 it	 is	 rapidly	 gaining	 popularity	 in	 the	 scientific	 community	 as	 a	 network	
simulation	 platform	 [34].	 Since	 OMNeT++	 is	 not	 a	 dedicated	 network	 simulator,	
study,	 and	 testing	 in	 it	will	 take	 some	 time.	For	 less	experienced	developers,	 the	
complexities	 involved	 in	 modeling	 networks	 can	 pose	 a	 challenge.	 OMNET++	
Satellite	interface	is	shown	in	Figure	4.	
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Figure	4.	OMNET++	Satellite	Interface	

	
(2)	SimPy	-	is	a	discrete-event	simulation	application	for	Python	that	is	object-

oriented	 and	 process-based.	 SimPy	 is	 a	 Python	 application	 for	 creating	 discrete-
event	simulations.	Events	are	created	and	put	in	a	chronologically	ordered	event	list.	
The	 events	 are	 then	 carried	 out	 in	 order,	 with	 new	 ones	 being	 introduced	
dynamically	as	the	simulation	progresses.	Python	modules	offer	additional	features,	
such	as	random	variables,	which	are	supported	by	the	basic	Python	random	module	
[26].	

Python	has	a	wide	group	of	active	developers	who	build	packages	to	help	with	
scientific	techniques,	graphical	interfaces,	and	data	visualization.	Python	is	a	high-
level	programming	language	(akin	to	Java	and	C++)	that	is	known	for	its	simplicity	
and	ease	of	use.	Python's	scripts	are	compiled	into	byte	codes,	so	there	isn't	much	of	
a	compilation	method	[26].	This	allows	for	fast	script	modifications	at	the	expense	
of	some	execution	efficiency.	This	could	be	a	problem	if	simulations	take	too	long	to	
run.	Figure	5	shows	the	Simulation	in	Python	interface.	

	

	
Figure	5.	Simulation	in	Python	interface.	
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F. Simulation	Evaluation		
We	 created	 a	 simulation	 Simulink	 to	 evaluate	 the	 proposed	 Gau-satcomm	

model.	Scope	blocks	and	scope	viewers	offer	a	quick	way	to	visualize	simulation	data	
over	 time.	 	The	 analyzed	 results	 from	 several	 simulations	 were	 graphically	
displayed	 in	 MATLAB	 using	 the	 plot	 function	 and	 X-graph.	 In	 addition,	 each	
computed	simulation	result	has	been	taken	from	an	average	of	several	simulations.	
characterizes	the	network	simulators	and	discrete	simulation	frameworks	NS-2	and	
NS-3	 are	 not	 very	 effective	 at	 simulating	 large	 communication	 networks	 and	
satellite	 television	 systems	 however,	 it	 is	 commonly	 used	 by	 many	 researchers	
around	the	globe,	mainly	because	 it	 is	convenient	 to	use,	 in	contrast	 to	MATLAB,	
OPNET,	OMNET++,	and	SimPy.	All	the	simulators	mentioned	here	are	open	source	
(see	Table	below)	and	freely	available	on	the	Internet.		In	this	research	study,	the	
research	is	intended	to	design	a	satellite	television	topology,	which	includes	beams	
and	user	terminals	communicating	wirelessly.	Looking	at	the	features	presented	in	
Table	1	below.	

	
Table	1.	Simulation	Features	

	
	
G. Simulation	Set	Up		

Simulation	 Set	 up	 depicts	 a	 simulation	 scenario	 in	 which	 the	 Gau-satcom	
simulation	blocks	used	 to	simulate	 the	cognitive	deficits	 such	as	Free	space	path	
loss,	Doppler	error,	receiver	thermal	noise,	and	Phase	noise	
	
	
	

Features		 NS-2		 NS-3		 OMNET++		 OPNET		 Python	 MATLAB		
Setup		 Hard		 Hard		 Moderate		 Moderate	 Hard		 Easy		
Use		 Easy		 Hard		 Moderate		 Moderate	 Hard		 Mod	
Scalability		 Poor		 Poor		 High		 High		 High		 High		
Large	
Networks		

No		 No		 Yes		 	 Yes		 Yes		

Program	
Language		

C++		 C++		 C	&	C++		 C	&	C++		 Python	 C++	
C	
Python		

Support	
Integer	
Linear	
Program	
Algorithm		

No		 No		 No		 No		 No		 Yes		

GUI		 Yes		 Yes		 Yes		 Yes		 Yes		 Yes		
	Dev	
Continuity	

Yes		 Yes		 Yes		 Yes		 Yes		 Yes		

IEEE802.1
1	protocol		

Yes		 Yes		 Yes		 Yes		 Yes		 Yes		

Complicati
ons		

No		 No		 No		 No		 No		 No		
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Figure	6.	Gau-satcomm	model	Simulation	

	
The	 Gau-satcomm	 model	 implements	 link	 budget	 calculations	 that	 decide	

whether	a	downlink	can	be	closed	with	a	given	bit	error	rate	by	modelling	the	gains	
and	losses	on	the	link	(BER).	The	data	rate	that	can	be	tolerated	on	the	connection	
in	an	additive	Gaussian	noise	channel	is	calculated	by	the	gain	and	loss	blocks,	which	
include	the	Free	Space	Path	Loss	block	and	the	Receiver	Thermal	Noise	block	(see	
Figure	6).	

The	 distance	 between	 the	 satellite	 and	 the	 ground	 station	 is	 measured	 in	
kilometers.	 The	 Free	 Space	 Path	 Loss	 block	 is	 modified	 when	 this	 parameter	 is	
changed.	 35600	 is	 the	default	mode.	 The	 link's	 carrier	 frequency	 is	measured	 in	
megahertz	(MHz).	The	Free	Space	Path	Loss	block	is	modified	when	this	parameter	
is	 changed.	 4000	 is	 the	 default	 mode.	 Transmit	 and	 receive	 antenna	 diameters	
transmit	 antenna	 diameter	 is	 the	 first	 element	 in	 the	 vector,	 and	 it	 is	 used	 to	
measure	 gain	 in	 the	 Dish	 Antenna	 Gain	 block.	 The	 receive	 antenna	 diameter	 is	
represented	 by	 the	 second	 part,	 which	 is	 used	 to	 measure	 the	 gain	 in	 the	 Dish	
Antenna	Gain	block.		

Satellite	 Downlink	 Receiver	 produces	 a	 stream	 of	 random	 binary	 data	 and	
maps	the	data	stream	to	the	16-QAM	constellation.	The	square	root	raised	cosine	
pulse	form	is	used	to	up	sample	and	shape	the	modulated	signal	in	the	Raised	Cosine	
Transmit	Filter.	The	Downlink	Path	 	 	decreases	the	signal	and	rotates	it	to	model	
doppler	 error	 on	 the	 link.	 	 	 Dish	 Antenna	 Gain	 controls	 the	 gain	 of	 the	 receiver	
parabolic	dish	antenna.	The	Gaussian	noise	reflect	 the	receiver's	effective	system	
temperature.	Random	phase	perturbations	caused	by	1/f	or	phase	flicker	noise	are	
introduced	 by	 phase	 noise.	 I/Q	 Imbalance	 Causes	 the	 signal	 to	 have	 a	DC	 offset,	
amplitude	imbalance,	or	phase	imbalance.	High	noise	amplifier	gain	is	added	by	the	
Low	Noise	Amplifier.	Raised	Cosine	Receive	Filter	uses	the	square	root	raised	cosine	
pulse	form	to	add	a	matched	filter	to	the	modulated	signal.	

The	proposed	model	and	algorithm	were	compared	numerically	to	two	other	
algorithms,	namely	ITU-R	and	SAM	model	using	a	variety	of	parameters	in	terms	of	
end-to-end	 Constellation,	 Bit	 error	 rate	 (BER)	 display,	 and	 Power	 Spectrum.	
Because	of	its	performance	in	numerical	computations	and	efficient	simulation,	the	
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tool	 was	 used	 to	 test	 the	 design	 efficiency	 parameters.	 	 Table	 2	 below	 shows	
simulation	parameters.	

	
Table	2.	Simulation	Parameters	

Parameter	 Specification	
Simulator		 MATLAB	2022	
Dimension		 1	to	100	km	
Protocol		 S-MAC	
Packet	size	 1024	bytes	
Execution	radius	 15	runs	
Time	Run		 60s	
Connection	radius	 1	unit	
Initialization	 Arbitrary	

	
The	research	study	chose	Sensor	MAC	(S-MAC)	protocol	that	tries	to	reduce	

energy	consumption	due	to	overhearing,	idle	listening,	and	collision.	In	this	protocol	
every	node	also	has	two	states,	sleep	state	and	active	state.	S-MAC	contributes	in	
these	ways;	reduction	of	 idle	 listening	(as	nodes	sleep	and	not	stay	 in	 idle	state),	
collision	and	overhearing	avoidance	by	using	Request	to	Send	(RTS)	and	Clear	to	
Send	(CTS),	and	saving	energy	and	time,	by	sending	a	series	of	fragments	of	a	long	
message	together,	rather	than	going	for	contention	after	sending	every	 fragment.	
RTS	and	CTS	are	the	optional	mechanism	used	by	wireless	networking	protocol	to	
reduce	frame	collisions	introduced	by	the	hidden	node	problem.		
	
H. Findings	and	Discussions	

In	this	Section,	in	this	study,	we	compared	Gau-satcomm	with	ITU-R	and	SAM	
algorithms.	The	simulation	has	been	run	fifteen	times	to	ensure	that	the	results	are	
reliable.	We	analyzed	the	following	performance	metrics:	(1)	Bit	Error	Rate	(BER)	–	
is	defined	as	the	rate	at	which	errors	occur	in	a	transmission	system.	This	can	be	
directly	translated	into	the	number	of	errors	that	occur	in	a	string	of	a	stated	number	
of	bits	[29].	The	definition	of	BER	can	be	translated	into	a	simple	formula:		
	

	
Figure	7.	Comparison	of	BER	of	performance	of	three	models.	
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BER	=	number	of	errors	/	total	number	of	bits	sent	
	
This	 simple	 relationship	 is	 the	 basis	 for	 all	 BER	 measurements	 and	

specifications.	 It	 assumes	 that	 all	 transmitted	 bits	 were	 sent	 error	 free.	 BER	 is	
usually	specified	as	several	times	10	raised	to	a	large	negative	exponent.	Common	
requirements	for	serial	links	are	generally	in	the	range	of	1x10-6	to	1x10-15.	BER	
numbers	 by	 themselves	 do	 not	 represent	 any	 period.	 They	 are	 only	 a	 ratio	 of	
numbers	of	bits	sent	and	received.	

(2)	Average	Attenuation	–	also	known	as	transmission	loss,	is	the	reduction	in	
intensity	of	the	light	beam	(or	signal)	with	respect	to	distance	travelled	through	a	
transmission	medium.	Attenuation	coefficients	in	optical	fibers	usually	use	units	of	
dB/km	 through	 the	 medium	 due	 to	 the	 relatively	 high	 transparency	 quality	 of	
modern	 optical	 transmissions.	 The	 medium	 is	 typically	 a	 fused	 silica	 fiber	 that	
confines	 the	 incident	 light	 beam	 inward.	 Attenuation	 is	 an	 important	 factor	 that	
limits	 the	 transmission	 of	 a	 digital	 signal	 over	 long	 distances.	 Therefore,	 much	
research	has	been	devoted	to	both	limiting	the	attenuation	and	maximizing	the	gain	
of	the	optical	signal.	Empirical	studies	have	shown	that	attenuation	in	optical	fibers	
is	mainly	caused	by	scattering	and	absorption.	

(3)	Outage	probability	–	is	defined	as	the	point	at	which	the	receiver	power	
value	falls	below	the	threshold	(where	the	power	value	relates	to	the	minimum	SNR	
within	a	cellular),	one	can	say	that	the	receiver	is	out	of	the	range	of	Base	Station	
(BS)	in	cellular	communications.	Outage	probability	is	the	probability	that	an	outage	
will	occur	within	a	specified	time.		

In	this	study,	we	compared	Gau-satcomm	with	ITU	-R	and	SAM	algorithms	as	
mentioned	 in	 section	 2.	 The	 SAM	 and	 ITU-R	 algorithms	 were	 primary	 selected	
because	they	both	operate	above	10	GHz.	Our	choice	of	the	ITU-R	model	was	since	
it	expresses	rain	attenuation	at	a	given	frequency	and	rain	rate.	This	model	is	widely	
used	in	satellite	television.	To	prevent	harmful	interference	between	radio	stations	
of	different	countries,	the	ITU-R	is	obliged	to	allocate	frequencies	and	register	them	
in	their	statute.	Furthermore,	both	ITU-R	and	SAM	models	are	commonly	used	as	
reference	models	 for	 developing	 hydrometeor	 damping	models.	 In	 the	 literature	
review,	it	is	claimed	that	both	the	ITU-R	and	SAM	models	are	capable	of	accurately	
predicting	 rain	 attenuation.	 The	 purpose	 of	 this	 comparison	 was	 to	 see	 if	 our	
proposed	Gau-Satcomm	model	could	outperform	the	existing	models.	

1. Average	Bit	Error	Rate	
Figure	 7	 shows	 the	 BER	 average	 for	 three	 algorithms	 when	 the	 signal	

frequency	is	above	10	GHz	at	100	km	path	distance	and	100	mm/h	rain	rate.	The	
proposed	 Gau-Satcomm	 algorithm,	 ITU-R	model	 and	 SAM	model	 experienced	 an	
average	BER	of	5%,	8%,	and	10%,	respectively,	and	assuming	a	path	distance	of	100	
km	and	a	signal	frequency	over	10	GHz.	The	average	BER	of	the	proposed	algorithm	
is	only	5%	and	therefore	outperforming	ITU-R	and	SAM.	

2. Average	Attenuation		
Using	Figure	8	we	compared	the	average	attenuation	for	the	three	algorithms	

at	 frequencies	 over	 10	GHz,	 elevation	 angles	 varying	 from	0	 to	 90	degrees,	 path	
length	of	100	km,	and	rainfall	rate	of	100	mm/h.	In	the	results,	it	is	revealed	that	the	
most	 severe	 attenuation	 effects	 occur	 at	 higher	 frequencies	 during	 rainfall.	
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Moreover,	 the	 proposed	 Gau-Satcomm	 algorithm,	 SAM	model,	 and	 ITU-R	 model	
experienced	 an	 average	 attenuation	 of	 4%,	 9	 %,	 and	 11	 %	 respectively.	
	
			

	
Figure	8.	Comparison	of	average	attenuation	of	three	models	

	
We	 compared	 the	 average	 outage	 probability	 for	 the	 three	 algorithms	 at	

frequencies	over	10	GHz,	path	length	of	100	km,	and	rainfall	rate	of	100	mm/h	using	
Figure	9.	The	proposed	Gau-satcomm	algorithm,	the	ITU-R	algorithm,	and	the	SAM	
algorithm	minimized	outages	by	10%,	7%,	and	5%,	respectively.	Our	proposed	Gau-
satcomm	experiences	a	lower	outage	probability	than	conventional	ITU-R	and	SAM	
models.	
	

	
	

Figure	9.	Comparison	of	outage	probability	versus	SNR	of	the	three	models.	
	
I. Conclusions	

In	conclusion,	this	study	presents	a	novel	solution	to	one	of	the	most	pressing	
challenges	 in	 satellite	 television	 broadcasting:	 signal	 degradation	 caused	 by	 rain	
fade.	 The	 proposed	 Gau-Satcomm	 model	 leverages	 advanced	 signal	 processing	
techniques	 to	 significantly	 enhance	 transmission	 quality	 at	 high	 frequencies.	
Through	 rigorous	 simulation	 using	 MATLAB	 and	 Simulink,	 the	 model	 has	 been	
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proven	 to	 reduce	 bit	 error	 rates,	 minimize	 attenuation,	 and	 lower	 outage	
probabilities	when	compared	to	standard	ITU-R	and	SAM	models.	The	implications	
of	this	work	extend	beyond	theoretical	contribution,	it	offers	a	practical	and	scalable	
approach	to	improving	satellite	communication	reliability,	particularly	in	weather-
vulnerable	 regions.	 Future	 work	 could	 explore	 real-time	 implementation	 and	
optimization	 of	 the	 Gau-Satcomm	 model	 on	 commercial	 satellite	 platforms	 to	
further	validate	and	expand	its	applicability.	
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