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Background 

National Spatial Reference System (NSRS)
~1400 Monumented FBN Stations
400 + Continuously Operating Reference Stations 

(CORS)
Practically totally dependent on Global Positioning 

System (GPS)
GPS 

Range & Phase data
Static & Kinematic Positioning modes
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Kinematic or bias 
fixed form has 
double differenced 
integers known -
solve only for x,y,z.

Float or static solution has 
double differenced integers 
unknown and estimated as 
constant along with x,y,z.

Positions From GPS Phase Equations
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Positioning

• Good static solutions take time
– Bias precision proportional to satellite arc length

• Bias-fixed positions
– Each epoch is a separate new position (kinematic)
– Average separate positions over short time (rapid-

static)
• Find a way to quickly determine the integers

– Integer search techniques



Integer Search Techniques

1. Estimate N1 and N2 integers and their 
range for each satellite

2. Filter these integer pairs to eliminate 
unrealistic values

3. Evaluate the combinations of the integer 
pairs



Find integer & 
range for each sv

Filter by ion 
delay test each 

integer pair

Form integer 
suites from all 

possible integer 
pair permutations

Least squares 
solution for each 

integer suite

Select integer 
suite by best rms 
and contrast to 

next best

Integer Search Procedure

eliminate bad suites repeat over time
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Chart1

		19		33		4		30		33		24		23		32		35		19		31		31		21		11

		23		32		3		31		35		21		23		36		34		21		33		34		21		14

		22		33		3				33		21		21		36		35		23				34		22		13

		28		25		8				40		12		26		42		43		26				42		17		22

		18		36		5				30		24		21		33		34		22				30		24		10

		17		39		10				29		30		22		30		30		20				27		27		5

		19		43		14				29		32		22		32		25		23				27		30		6

		24		38		11				34		28		23		35		26		22				32		27		11

		27		36		10				35		23		21		41		30		26				37		26		16

		32		32		12				41		20		25		44		33		28				43		23		21

		32		31		13				43		23		29		42		31		24				42		21		21

		33		30		15				45		25		32		40		31		21				42		20		21

		30		32		13				42		26		30		37		30		20				39		20		18

		30		30		12				42		24		29		39		31		21				40		20		19

		31		32		13				42		24		28		41		30		23				41		22		20

		30		30		11				41		22		28		40		32		23				41		20		19

		32		30		13				43		22		29		41		32		23				42		20		21

		32		29		12				43		21		29		42		34		24				43		19		21

		31		29		12				42		22		29		40		32		22				41		19		20

		28		31		8				39		20		24		40		33		24				39		21		18

		29		32		10				39		22		25		40		31		24				39		22		18

		30		31		10				40		20		25		42		33		25				41		22		19

		30		30		9				40		18		24		43		35		27				42		22		20

		32		30		11				41		19		25		44		34		27				43		22		21

		32		32		11				40		19		23		45		34		29				42		24		21

		21		35		5				32		24		21		35		32		22				32		24		11

		21		38		8				30		26		19		36		30		24				30		27		9

		18		40		9				27		27		17		35		32		25				28		29		8

		21		42		11				26		27		13		39		32		29				31		32		11

		24		38		8				29		22		14		41		35		29				34		29		14

		24		36		7				30		21		15		41		35		29				35		27		15

		19		42		12				23		26		12		39		39		32				30		33		15

		15		41		11				23		27		16		35		39		28				27		31		12

		13		39		11				25		27		20		32		40		26				26		29		12

		15		36		10				28		25		22		32		42		25				28		26		14

		17		35		7				28		23		20		34		40		25				30		25		13

		21		33		2				32		20		20		36		38		24				33		23		14

		22		32		4				32		19		19		38		40		26				34		24		16

		20		35		4				30		22		19		36		36		24				32		25		12

		17		40		9				25		27		16		35		34		26				27		29		8

		14		44		13				23		32		19		31		32		25				23		32		4

		15		46		15				21		33		16		33		31		28				23		35		6

		21		49		18				22		35		15		37		27		31				26		38		10

		20		45		15				25		33		16		36		27		28				27		35		8

		19		46		15				24		34		18		34		27		27				25		35		6

		19		42		11				26		30		18		34		28		25				27		31		6

		22		39		9				29		26		16		38		31		27				31		29		10

		23		42		12				27		28		14		39		29		29				31		33		11

		25		36		7				32		21		17		41		34		28				35		27		14

		26		34		6				33		19		18		41		36		27				36		25		15

		23		37		8				32		26		20		36		30		23				32		26		10

		22		36		8				33		27		23		33		30		20				31		24		9

		21		40		11				31		30		22		34		26		22				29		28		7

		22		38		9				31		27		21		35		29		22				30		27		8

		25		33		6				35		22		22		38		33		22				35		22		13

		24		36		7				33		25		21		36		30		23				33		25		11

		25		41		13				32		29		20		38		25		26				32		31		11

		24		45		15				28		32		18		38		24		29				30		34		10

		25		45		15				28		31		16		40		25		30				31		34		12

		21		43		13				27		31		17		36		27		27				28		32		7

		20		36		5				29		24		18		36		35		25				30		27		10

		17		38		7				28		27		20		32		34		23				27		27		7

		18		39		8				27		28		19		33		31		23				27		29		6

		20		40		9				27		28		17		35		30		25				28		30		7

		19		43		12				26		31		17		35		29		26				26		32		6

		18		41		10				25		29		16		35		31		26				27		31		7

		19		36		5				29		24		18		35		34		24				30		26		9

		19		36		6				30		26		21		32		33		21				28		25		7

		23		32		2				33		20		20		38		36		24				34		23		13

		22		35		7				33		25		22		34		31		21				31		24		9

		19		37		7				29		27		20		33		31		22				28		27		6

		19		39		8				26		26		16		36		34		26				28		30		9

		21		43		12				25		29		15		37		30		28				28		33		8

		20		42		11				27		29		17		35		29		26				28		31		7

		22		39		9				29		27		17		37		30		25				30		29		9

		23		34		4				31		20		18		39		37		26				34		25		14

		22		33		2				32		21		20		36		37		23				32		23		12

		18		39		8				27		28		19		34		31		24				27		29		6

		18		42		12				26		32		20		32		28		24				25		32		3

		22		35		6				32		25		21		35		31		21				31		25		9

		26		32		5				35		21		21		39		34		24				35		23		14

		27		34		8				35		23		21		39		30		24				35		25		13

		23		41		12				30		30		20		36		26		24				30		30		8

		22		46		16				26		34		18		37		25		29				27		36		8

		20		44		14				26		33		19		34		26		26				26		34		5

		18		40		9				27		29		19		33		30		24				26		30		5

		19		36		5				29		25		20		34		34		22				29		26		8

		19		41		10				26		30		18		34		30		25				26		31		5

		18		40		9				25		28		16		35		32		26				27		30		7

		19		40		9				25		28		15		36		32		27				28		31		8

		17		43		12				24		31		18		33		30		25				24		32		4

		18		40		10				28		30		20		32		29		22				26		29		3

		23		43		14				28		32		19		36		25		27				28		33		8

		20		45		14				25		33		18		35		27		27				25		34		6

		22		46		15				25		33		16		38		27		29				27		36		9

		24		46		16				27		33		17		38		24		29				29		36		10

		26		48		19				29		36		21		39		20		30				29		37		11

		22		39		8				29		26		17		37		31		26				30		29		9

		27		32		6				34		17		18		42		39		28				37		25		17

		24		37		8				30		23		15		40		33		28				33		29		12

		19		45		14				21		32		13		37		32		30				26		36		9

		16		46		15				20		33		16		34		32		29				22		36		8

		16		47		15				19		34		16		34		32		30				22		37		9

		17		45		13				21		32		15		35		33		29				24		35		8

		20		44		13				23		31		14		37		30		29				27		35		9

		21		44		13				25		31		15		38		29		29				27		35		8

		21		40		9				27		27		16		37		31		27				29		31		8

		24		37		7				31		24		18		38		31		25				32		28		10

		27		35		9				35		25		23		38		29		23				34		25		12

		29		31		10				39		24		26		38		31		21				37		21		14

		28		31		7				37		21		23		39		33		23				36		22		14

		25		35		9				34		26		23		35		29		21				32		25		9

		25		37		10				33		27		22		36		28		22				31		27		8

		28		34		10				37		25		24		38		28		22				35		25		12

		28		33		10				38		26		25		37		29		20				35		23		12

		26		35		9				35		26		23		36		29		22				33		25		10

		28		34		10				36		25		24		38		29		22				35		25		12

		26		30		6				37		22		26		36		34		19				34		20		13

		23		30		6				36		24		26		33		35		17				32		20		11

		23		32		6				34		25		25		33		33		18				31		22		9

		21		33		6				34		26		25		32		33		17				30		22		9

		23		32		5				34		24		24		34		33		19				32		22		10

		26		31		5				36		22		24		37		33		20				34		21		12

		25		30		6				37		23		26		35		34		18				34		20		12

		23		31		7				36		25		27		32		33		16				32		21		11

		23		31		6				36		25		26		32		34		16				31		21		11

		23		28		7				37		23		28		32		39		16				32		18		14

		22		28		7				36		23		28		32		41		18				32		19		15

		19		32		4				32		24		23		32		37		20				29		23		10

		22		31		5				34		24		24		33		34		18				31		22		10

		25		27		6				38		22		28		34		37		17				34		18		14

		23		29		7				37		24		28		32		37		15				32		19		13

		23		29		6				36		23		27		32		37		17				32		19		13

		24		28		7				37		24		28		32		37		15				32		18		13

		25		29		6				37		23		27		34		35		17				33		19		12

		25		28		8				39		23		29		33		36		15				34		17		14

		27		28		7				38		22		27		36		35		18				35		18		14

		23		32		5				35		24		25		33		34		18				31		22		10

		22		37		6				28		25		17		37		33		25				30		29		8

		20		43		12				23		30		14		37		32		29				27		34		9

		18		46		16				21		35		17		34		29		28				22		37		7

				46		17						38		23						24						36		6

				40		9						29		17						26						31		7

				28		3						18		22						23						21		15

				27		11						14		24						27						21		20

				29		7						16		21						26						22		17

				33		6						19		18						27						26		14

				36		6						26		20						22						27		6

				36		7						28		23						21						27		9

				35		5						26		20						22						26		7

				39		11						28		19						26						30		9

				35		9						25		21						24						27		10

				30		5						20		23						22						22		13

				32		7						23		23						22						23		12

				33		7						22		21						24						25		12

				42		13						32		21						25						33		6

				44		15						29		12						33						36		13

				45		16						30		10						34						38		14

				45		14						32		14						30						36		9

				48		17						35		16						30						39		9

				43		13						33		19						26						35		5

				39		8						27		16						27						31		10

				31		7						19		21						27						25		16

				28		5						17		23						24						22		16

				29		8						15		20						28						24		18

				35		10						18		14						32						29		18

				36		10						24		18						27						28		12

				38		15						30		26						23						28		13

				33		14						27		28						21						24		14

				34		13						26		26						23						25		14

				34		13						26		25						24						26		14

				35		12						27		25						22						26		12

				33		12						27		26						20						24		12

				34		9						27		25						19						25		9

				35		10						26		23						22						26		10

				34		9						27		24						19						25		8

				35		11						27		25						20						25		10
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		60		21		43		13				27		31		17		36		27		27				28		32		7

		61		20		36		5				29		24		18		36		35		25				30		27		10

		62		17		38		7				28		27		20		32		34		23				27		27		7

		63		18		39		8				27		28		19		33		31		23				27		29		6

		64		20		40		9				27		28		17		35		30		25				28		30		7

		65		19		43		12				26		31		17		35		29		26				26		32		6

		66		18		41		10				25		29		16		35		31		26				27		31		7

		67		19		36		5				29		24		18		35		34		24				30		26		9

		68		19		36		6				30		26		21		32		33		21				28		25		7

		69		23		32		2				33		20		20		38		36		24				34		23		13

		70		22		35		7				33		25		22		34		31		21				31		24		9

		71		19		37		7				29		27		20		33		31		22				28		27		6

		72		19		39		8				26		26		16		36		34		26				28		30		9

		73		21		43		12				25		29		15		37		30		28				28		33		8

		74		20		42		11				27		29		17		35		29		26				28		31		7

		75		22		39		9				29		27		17		37		30		25				30		29		9

		76		23		34		4				31		20		18		39		37		26				34		25		14

		77		22		33		2				32		21		20		36		37		23				32		23		12

		78		18		39		8				27		28		19		34		31		24				27		29		6

		79		18		42		12				26		32		20		32		28		24				25		32		3

		80		22		35		6				32		25		21		35		31		21				31		25		9

		81		26		32		5				35		21		21		39		34		24				35		23		14

		82		27		34		8				35		23		21		39		30		24				35		25		13

		83		23		41		12				30		30		20		36		26		24				30		30		8

		84		22		46		16				26		34		18		37		25		29				27		36		8

		85		20		44		14				26		33		19		34		26		26				26		34		5

		86		18		40		9				27		29		19		33		30		24				26		30		5

		87		19		36		5				29		25		20		34		34		22				29		26		8

		88		19		41		10				26		30		18		34		30		25				26		31		5

		89		18		40		9				25		28		16		35		32		26				27		30		7

		90		19		40		9				25		28		15		36		32		27				28		31		8

		91		17		43		12				24		31		18		33		30		25				24		32		4

		92		18		40		10				28		30		20		32		29		22				26		29		3

		93		23		43		14				28		32		19		36		25		27				28		33		8

		94		20		45		14				25		33		18		35		27		27				25		34		6

		95		22		46		15				25		33		16		38		27		29				27		36		9

		96		24		46		16				27		33		17		38		24		29				29		36		10

		97		26		48		19				29		36		21		39		20		30				29		37		11

		98		22		39		8				29		26		17		37		31		26				30		29		9

		99		27		32		6				34		17		18		42		39		28				37		25		17

		100		24		37		8				30		23		15		40		33		28				33		29		12

		101		19		45		14				21		32		13		37		32		30				26		36		9

		102		16		46		15				20		33		16		34		32		29				22		36		8

		103		16		47		15				19		34		16		34		32		30				22		37		9

		104		17		45		13				21		32		15		35		33		29				24		35		8

		105		20		44		13				23		31		14		37		30		29				27		35		9

		106		21		44		13				25		31		15		38		29		29				27		35		8

		107		21		40		9				27		27		16		37		31		27				29		31		8

		108		24		37		7				31		24		18		38		31		25				32		28		10

		109		27		35		9				35		25		23		38		29		23				34		25		12

		110		29		31		10				39		24		26		38		31		21				37		21		14

		111		28		31		7				37		21		23		39		33		23				36		22		14

		112		25		35		9				34		26		23		35		29		21				32		25		9

		113		25		37		10				33		27		22		36		28		22				31		27		8

		114		28		34		10				37		25		24		38		28		22				35		25		12

		115		28		33		10				38		26		25		37		29		20				35		23		12

		116		26		35		9				35		26		23		36		29		22				33		25		10

		117		28		34		10				36		25		24		38		29		22				35		25		12

		118		26		30		6				37		22		26		36		34		19				34		20		13

		119		23		30		6				36		24		26		33		35		17				32		20		11

		120		23		32		6				34		25		25		33		33		18				31		22		9

		121		21		33		6				34		26		25		32		33		17				30		22		9

		122		23		32		5				34		24		24		34		33		19				32		22		10

		123		26		31		5				36		22		24		37		33		20				34		21		12
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		126		23		31		6				36		25		26		32		34		16				31		21		11

		127		23		28		7				37		23		28		32		39		16				32		18		14
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		130		22		31		5				34		24		24		33		34		18				31		22		10
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		170				34		13						26		26						23						25		14
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		172				35		12						27		25						22						26		12

		173				33		12						27		26						20						24		12
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		180				40		11						31		20						23						32		2

		181				43		12						32		19						25						34		4

		182				35		5						24		19						23						27		8

		183				35		8						26		21						22						27		8

		184				39		11						31		22						21						30		3

		185				45		17						37		23						25						36		7

		186				46		16						36		19						28						37		7

		187				46		16						35		18						28						38		8

		188				52		21						40		19						33						43		13

		189				51		21						42		23						30						42		11

		190				49		18						39		21						29						40		9

		191				46		16						38		23						25						37		7

		192				48		19						40		24						26						40		10

		193				47		18						39		23						26						38		8

		194				41		10						30		17						26						33		6

		195				44		13						34		18						27						36		7

		196				47		16						37		20						28						39		9

		197				46		16						37		21						26						38		8

		198				46		16						37		21						27						38		9

		199				41		11						31		18						25						34		6

		200				41		10						31		18						25						33		5

		201				40		10						32		22						22						31		2

		202				40		12						33		24						21						32		6

		203				44		17						38		26						22						36		9

		204				42		13						34		21						24						35		8

		205				40		9						30		19						24						32		6

		206				36		5						27		20						22						29		6

		207				39		8						29		18						25						32		6

		208				40		9						30		19						24						32		5

		209				36		9						29		24						19						27		4

		210				37		8						29		22						20						29		3

		211				42		13						34		23						22						33		4

		212				44		16						37		25						22						36		6

		213				44		15						36		24						23						35		5

		214				39		10						31		20						23						31		2

		215				38		8						28		20						23						30		4

		216				40		10						30		19						24						32		4

		217				41		13						33		21						24						33		4

		218				39		9						29		18						25						32		5

		219				39		9						29		18						24						32		4

		220				37		6						26		17						24						30		7

		221				37		6						27		19						23						30		6

		222				39		8						29		19						24						32		6

		223				39		10						31		21						23						32		7

		224				42		12						33		21						24						34		5

		225				38		8						29		19						23						31		4

		226				37		7						28		19						23						30		5

		227				37		6						27		19						23						30		5

		228				37		8						29		21						22						30		3

		229				41		12						33		23						22						33		2

		230				39		11						31		22						21						31		1

		231				42		13						35		22						23						34		3

		232				44		15						36		22						24						36		5

		233				48		18						39		22						28						40		9

		234				46		16						37		22						26						38		7

		235				45		15						36		22						25						37		6
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		263				24		10						23		31						14						17		15
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		364																				31						38		11

		365																				36						41		16

		366																				37						41		18

		367																				40						44		20

		368																				36						39		17

		369																				31						37		11

		370																				22						26		12

		371																				22						27		13

		372																				20						23		15

		373																				21						16		19

		374																				21						16		19

		375																				22						24		14

		376																				23						29		6

		377																				22						35		8

		378																				20						32		4

		379																				20						33		4

		380																				19						35		8

		381																				17						32		7

		382																				14						33		15

		383																				12						31		19

		384																				11						31		15

		385																				14						28		8

		386																				12						27		9

		387																				17						29		3

		388																				20						23		9

		389																				20						18		14

		390																				19						18		15

		391																				19						20		14

		392																				20						24		9

		393																				20						31		6

		394																				20						34		9

		395																				17						30		4

		396																				18						31		5

		397																				18						30		6

		398																				17						26		6

		399																				17						23		9

		400																				19						23		8

		401																				17						24		8

		402																				18						26		8

		403																				20						27		8

		404																				25						35		6

		405																				28						36		10

		406																				26						33		9

		407																				21						27		8

		408																				20						26		8

		409																				21						24		12

		410																				25						22		15

		411																				28						22		18

		412																				23						21		14

		413																				14						25		13

		414																				15						23		11

		415																				19						21		16

		416																				19						21		13

		417																				22						28		10

		418																				28						32		13

		419																				26						32		13

		420																				26						33		13

		421																				25						33		9

		422																				29						34		14

		423																				29						34		16

		424																				26						35		14

		425																				23						32		10

		426																				26						36		10

		427																				28						36		10

		428																				31						34		13

		429																				31						33		12

		430																				31						34		12

		431																				23						27		8

		432																				18						27		8

		433																				13						22		15

		434																				17						17		18

		435																				19						14		18

		436																				21						16		16

		437																				26						19		18

		438																				28						24		16

		439																				27						24		15

		440																				22						23		10

		441																				26						24		13

		442																				24						20		15

		443																				27						23		16

		444																				26						19		18

		445																				26						22		15

		446																				19						18		14

		447																				13						17		16

		448																				10						18		17

		449																				11						16		18

		450																				16						18		16

		451																				19						28		12

		452																				22						34		12

		453																				24						35		12

		454																				30						39		15

		455																				23						30		10

		456																				23						21		15

		457																				20						18		14

		458																				19						22		10

		459																				11						23		12

		460																				8						25		13

		461																				14						29		7

		462																				18						29		3

		463																				25						32		6

		464																				28						34		9

		465																				32						38		12

		466																				31						36		13

		467																				31						28		16

		468																				24						24		13

		469																				21						22		18

		470																				19						17		21

		471																				20						18		18

		472																				19						17		18

		473																				24						14		23

		474																				25						17		24

		475																				27						19		23

		476																				28						23		20

		477																				28						25		16

		478																				30						29		15

		479																				33						29		18

		480																				33						27		21

		481																				31						24		19

		482																				30						22		20

		483																				30						21		20

		484																				31						20		22

		485																				29						19		21

		486																				28						18		21

		487																				29						22		20

		488																				31						23		21

		489																				33						22		24

		490																				32						21		24

		491																				32						21		24

		492																				33						21		25

		493																				31						20		23

		494																				29						19		21

		495																				30						19		22

		496																				29						19		21

		497																				33						20		26

		498																				25						19		17

		499																				19						20		12

		500																				20						16		16

		501																				14						14		18

		502																				13						15		19

		503																				21						14		21

		504																				25						22		21

		505																				25						20		20

		506																				21						13		22

		507																				16						16		16

		508																				12						23		10

		509																				12						31		12

		510																				4						24		19

		511																				12						15		25

		512																				16						10		28

		513																				17						11		27

		514																				15						14		27

		515																				13						14		24

		516																				13						13		23

		517																				14						12		22

		518																				15						10		22

		519																				16						10		22

		520																				15						11		20

		521																				16						10		22

		522																				17						10		21

		523																				14						15		17

		524																				14						15		17

		525																				15						15		17

		526																				15						12		21

		527																				16						10		24

		528																				13						12		22

		529																				14						12		23

		530																				14						13		23

		531																				16						12		24

		532																				19						9		24

		533																				14						11		22

		534																				17						9		24

		535																				12						14		24

		536																				13						12		23

		537																				18						7		25

		538																				20						6		27

		539																				20						6		26

		540																				17						9		29

		541																				13						15		27

		542																				14						12		27

		543																				16						9		23

		544																				22						8		25

		545																				21						9		23

		546																				18						11		21

		547																				19						10		22

		548																				19						8		23

		549																				16						11		21

		550																				16						10		25

		551																				22						7		24

		552																				23						8		24

		553																				22						12		21

		554																				18						11		21

		555																				16						12		20

		556																				21						13		19

		557																				25						10		24

		558																				19						9		26

		559																				20						8		24

		560																				21						8		23

		561																				20						10		20

		562																				17						11		20

		563																				23						8		24

		564																				21						9		22

		565																				20						9		21

		566																				24						12		21

		567																				25						9		24

		568																				23						10		22

		569																				23						8		23

		570																				22						4		27

		571																				26						5		30

		572																				29						11		28

		573																				26						11		25

		574																				24						11		23

		575																				23						6		27

		576																				21						8		25

		577																				21						7		27

		578																				21								29

		579																				21								29

		580																				23								28

		581																				21								30

		582																				20								30

		583																				24								30

		584																				27								33







φ1 + N1 = (f 1  / c) D + I 1

φ2 + N2 = (f 2  / c) D + (f 1  / f 2) I 1

f 1f 22 φ1 + N1             φ2 + N2 

f 22  - f 12                  f 1                           f 2
I 1   =

Developing the Ionosphere Filter

Simplified Double 
Difference Phase 
Equations

I 1 = ( 1.55φ1  - 1.98 φ2 ) + ( 1.55 N1  - 1.98N2  )

This term is fixed 
for each satellites 
double difference 
phase observations

Each pair of candidate 
integers predicts a different 
ionosphere delay for these 
observations



Change in L1 Ionosphere Delay with N1,N2 Integer 
Pairs

5 17.6 15.7 13.7 11.7 9.7 7.8 5.8 3.8 1.8 -0.2 -2.2
4 16.1 14.1 12.1 10.2 8.2 6.2 4.2 2.2 0.3 -1.7 -3.7
3 14.6 12.6 10.6 8.6 6.6 4.7 2.7 0.7 -1.3 -3.3 -5.3
2 13 11 9 7.1 5.1 3.1 1.1 -0.9 -2.8 -4.8 -6.8
1 11.5 9.5 7.5 5.5 3.5 1.6 -0.4 -2.4 -4.4 -6.4 -8.3
0 9.9 7.9 5.9 4 2 0 -2 -4 -5.9 -7.9 -9.9

-1 8.3 6.4 4.4 2.4 0.4 -1.6 -3.5 -5.5 -7.5 -9.5 -11.5
-2 6.8 4.8 2.8 0.9 -1.1 -3.1 -5.1 -7.1 -9 -11 -13
-3 5.3 3.3 1.3 -0.7 -2.7 -4.7 -6.6 -8.6 -10.6 -12.6 -14.6
-4 3.7 1.7 -0.3 -2.2 -4.2 -6.2 -8.2 -10.2 -12.1 -14.1 -16.1
-5 2.2 0.2 -1.8 -3.8 -5.8 -7.8 -9.7 -11.7 -13.7 -15.7 -17.6

-5 -4 -3 -2 -1 0 1 2 3 4 5N1 / N2

The closest ionosphere delays are 0.2 L1 cycles apart (blue circles). 
However, these positions are usually eliminated during least squares test 
for acceptable rms values. Red circles show possible ambiguities, 
implying ion delay resolution of < 0.4 cy is desired.


test

		5		17.6		15.7		13.7		11.7		9.7		7.8		5.8		3.8		1.8		-0.2		-2.2

		4		16.1		14.1		12.1		10.2		8.2		6.2		4.2		2.2		0.3		-1.7		-3.7

		3		14.6		12.6		10.6		8.6		6.6		4.7		2.7		0.7		-1.3		-3.3		-5.3

		2		13		11		9		7.1		5.1		3.1		1.1		-0.9		-2.8		-4.8		-6.8

		1		11.5		9.5		7.5		5.5		3.5		1.6		-0.4		-2.4		-4.4		-6.4		-8.3

		0		9.9		7.9		5.9		4		2		0		-2		-4		-5.9		-7.9		-9.9

		-1		8.3		6.4		4.4		2.4		0.4		-1.6		-3.5		-5.5		-7.5		-9.5		-11.5

		-2		6.8		4.8		2.8		0.9		-1.1		-3.1		-5.1		-7.1		-9		-11		-13

		-3		5.3		3.3		1.3		-0.7		-2.7		-4.7		-6.6		-8.6		-10.6		-12.6		-14.6

		-4		3.7		1.7		-0.3		-2.2		-4.2		-6.2		-8.2		-10.2		-12.1		-14.1		-16.1

		-5		2.2		0.2		-1.8		-3.8		-5.8		-7.8		-9.7		-11.7		-13.7		-15.7		-17.6

				-5		-4		-3		-2		-1		0		1		2		3		4		5







airplane flies over 
base station: d=0

airplane flies 
straight: d=250 km

Example 1



Example 2

187 km baseline



Summary

• Ionosphere delay estimates are essential for more 
efficient GPS positioning

• CORS provides dense network of phase data
• What we need:

– Given x,y,z,t  line-of-sight delays
– Good to 0.2-0.3 cy & time scale of minutes
– Near real time
– Range data won’t do it



What Might We Do?

• Continuously operate model on CORS data
• Adapt kinematic software to available 

ionosphere modeling
• Relax OPUS requirements to permit rapid-

static processing (~ 10-20 min.)
• Allow OPUS to accept L1 GPS receiver 

data



change this phrase



OPUS Statistics
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Chart1

		37257		37257		37257
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		37377		37377		37377

		37408		37408		37408

		37438		37438		37438

		37469		37469		37469

		37500		37500		37500

		37530		37530		37530

		37561		37561		37561

		37591		37591		37591

		37622		37622		37622

		37653		37653		37653

		37681		37681		37681

		37712		37712		37712



TOTAL USERS

NEW USERS THIS MONTH

FILES THIS MONTH
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usage

				TOTAL USERS		NEW USERS THIS MONTH		FILES THIS MONTH

		1-Jan

		1-Feb		253				1316

		1-Mar		585		332		2625

		1-Apr		893		308		2934

		1-May		1164		271		2757

		1-Jun		1358		194		2172

		1-Jul		1549		191		2399

		1-Aug		1790		241		2982

		1-Sep		1971		181		2316

		1-Oct		2195		224		3060

		1-Nov		2411		216		2936

		1-Dec		2642		231		3967

		1-Jan		2896		254		3969

		1-Feb		3216		320		4598

		1-Mar		3519		303		4978

		1-Apr		3841		322		5076







Conclusions

• The right ionosphere models can have a 
significant impact on geodesy
– Greater efficiency
– Remove distance dependence from base 

network
– Allow less expensive receivers

• Needed now and foreseeable future 
(pending L5, GPS3, Galileo)
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