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Before we begin… 
Have questions? 

 Type your question into the Q&A box at the 
 bottom left of your console or tweet your 
 questions using #GPSWorldWebinar 

 

Experiencing technical difficulties? 
 Ask for help via the Q&A box. 

 

Want to view this webinar again? 
 An on-demand version will be available tomorrow  
 at gpsworld.com/webinars. 
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Multi-Constellation 
Intro	





Constellations	
Nominal	number	of	
satellites	and	type	of	

orbits	

Operational	
satellites	

Number	
of	signals	

Number	of	
frequencies	

GPS	 24	 31	 8	 3	

GLONASS	 24	 24	 5	 3	

BeiDou	 27-MEO,	3-IGSO,		
5-GEO	

3-MEO,	6-IGSO,		
6-GEO	 6	 4	

Galileo	 30	 17	 6	 4	

QZSS	 3-IGSO,	1-GEO	 3-IGSO,	1-GEO	 5	 4	

IRNSS/NavIC	 4-IGSO,	3-GEO	 4-IGSO,	3-GEO	 2	 1	

GNSS	Status	



Mid-2020s	



Multi-constellation:		
Benefits	

ü Availability	

ü Continuity	

ü Integrity	

ü Accuracy		

ü Robustness	

ü Speed	up	operation	performance	

ü Opens	new	opportunities		

	



Single	Constellation	



Multiple	Constellations	



Challenges	

ü  Intelligent	algorithm	in	observation	model	
•  Multi-frequency	
•  Multi-constellation	

ü  Inter-system	Biases	
•  System	clock	
•  Inter-frequency	
•  Ionosphere	
•  Antenna	phase	center	

ü  GNSS	signal	processing	
•  Interferences	and	jammers	
•  Spoofing	
•  Authentication	

ü  Constellations	control	
•  Time	reference	
•  Master	constellation	

	



Lock	achieved	with	6	satellites	
from	3	different	constellations	



Multi-Constellation and 
Jamming 
Examples	with	GNSS	receiver	







GNSS	Receiver	Response	to	Jamming	
on	GPS	and	Galileo	

•  Type:	Chirp	
•  Fc	=	1575.42	
MHz	

•  B	=	4	MHz	
•  J/S	=	0	…	40	dB	
•  GPS	L1	C/A,	GLO	
G1,	Gal	E1,	BDS	
B1	

•  Position	Fix:	Yes	

Galileo	E1	
Pilot	

GPS	L1	C/A	

BeiDou	B1		
GLONASS	G1	



GNSS	Receiver	Response	to	Jamming	
on	GLONASS	

•  Type:	Chirp	
•  Fc	=	1602	MHz	
•  B	=	4	MHz	
•  J/S	=	0	…	40	dB	
•  GPS	L1	C/A,	
GLO	G1,	Gal	E1,	
BDS	B1	

•  Position	Fix:	Yes	
GLONASS	
In-band	

GLONASS	
Out-of-band	

GPS	
BeiDou	

Galileo	
Pilot	



GNSS	Receiver		
vs	

Constellation	Input	
Receiver	A	 Receiver	B	 Receiver	C	

Tracking	

Position	Fix	

GPS	

GLONASS	

Galileo	

BeiDou	



Multi-Constellation  
and Spoofing 
Examples	with	GNSS	receiver	







2D	Positioning	Error	
Real	Constellation	GPS	|	Spoofer	GPS	



2D	Positioning	Error	
Real	Constellation	GPS	and	Galileo	|	Spoofer	GPS	



Test Solutions for GNSS 
GNSS	Simulators	



1	SDR	Setup	Example	for	Multi-Constellation	Testing	



Dual	SDR	Setup	



•  Computer	
–  10 Gb Ethernet Link	
–  NVIDIA GPU	

•  SDR	
–  10 MHz Ref. Clock	
–  UBX-160 RF boards	

•  RF Cables	
•  Attenuators	
•  DC Block	
•  Combiner	

Basic	Setup	



SDX uses the PC’s GPU to generate  – in real time – high-rate 
baseband signals that are converted to RF by the SDR.	

How	It	Works	

GTX	1050Ti	 GTX	1080	 GTX	1080Ti	

Bandwidth	
10	MHz	 140	 180	 240	
50	MHz	 50	 90	 110	

Channels	per	GPU	Model	



Jammer	+	Multi-Constellation	

ü  GNSS	and	Jammers	on	the	same	radio	
ü  Up	to	120	dB	of	J/S	ratio	
ü Multi-constellations	



Spoofer	+	Multi-Constellation	



The	flexible	nature	of	SDX	in	relation	to	hardware	allows	a	variety	of	
configurations	depending	on	the	simulation	needs	of	the	client.	Upgrades	are	
easy,	use	COTS	and	“enable	to	grow”	a	configuration	for	additional	capabilities.	

Desktop	
computer	with	
single	radio	

Rack-mount	
computer	with	
single	radio	

Rack-mount	
computer	with	
dual	radio	

Double	Rack-
mount	with	dual	

radio	

Large	array	of	
synchronized	
simulators	

RF	OUTPUTS	

CAPABILITIES	

1	or	2	 1	or	2	 2-4	 2-4	 4+	

+	
Synchronized	
Multi-Simulator	

Even	the	entry-level	
configuration	can	simulate	

100	satellites	with	
multiple	constellations.	

Large	Signal	Array	
(GNSS	&	non-GNSS)	100+	satellites	–	multi-constellation	–	multi-frequency	

Advanced	interferences	

SDX	Configuration	Examples	



Conclusions 
Take	advantage	from	multi-constellations	



Multi-constellation:		
GNSS	

Ø  For	full	advantage	from	multi-constellation,	
need	better	algorithms	to	process	GNSS	

Ø  With	no	doubt,	multi-constellation	is	more	
robust	to	jamming	and	especially	to	
spoofing	

Ø  For	multi-constellation	testing,	need	to	
simulate	all	constellation	in	the	same	time	
and	in	perfect	synch	

Ø  Software-defined	solution	is	very	flexible,	
allows	for	easy	expansion	and	for	
interference	simulation	using	the	same	
radios	

Ø  Software-defined	solution	is	cost	effective	
	





































QUESTIONS? 



CONTACT US 
GRACE RYBAK 

GRYBAK@NORTHCOASTMEDIA.NET 

TYLER HOHMAN 
THOHMAN@TALEN-X.COM 

IURIE ILIE 
IURIE.ILIE@SKYDELSOLUTIONS.COM 


