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ELECTROMAGNETIC COMPATIBILITY

Double shie lded and properly  terminated external  in terface cables must be used with  th is equipment 
when in terfacing with the RS-232 and Ethernet.

For cont inued EMC compl iance, a l l  external  cables must be shie lded and 3 meters or less in  length.

NOMENCLATURE STATEMENT

In this  manual,  GPSG-1000,  Test  Set or Unit  re fers to the GPSG-1000 GPS/Gal i leo Pos i t ional  Simulator.
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Declarat ion of Conformity

The Dec larat ion of Conformity  Cer t i f icate included wi th the Unit  should remain wi th the 
Unit .

VIAVI Solut ions recommends the operator reproduce a copy of the Declarat ion of 
Conformity Cert i f icate to be stored with  the Operat ion Manual for future re ference. 



iv

THIS PAGE INTENTIONALLY LEFT BLANK.



v

Precaut ions

SAFETY FIRST - TO ALL OPERATIONS PERSONNEL

GENERAL CONDITIONS OF USE

This product is  designed and tes ted to  comply with the requirements of IEC/EN61010-1 ‘Safety 
requirements for electr ica l  equipment  for  measurement,  contro l  and laboratory use’  for Class I  portab le 
equipment and is  for use in  a po l lut ion degree 2 envi ronment.  The equipment is  designed to  operate 
from ins ta l lat ion supply  Category  I I .

Equipment  should be protected from l iquids such as spi l ls ,  leaks, etc .  and prec ipi tat ion such as ra in , 
snow, e tc .  When moving the equipment from a cold  to  hot environment,  a l low the temperature of the 
equipment to s tabi l ize before the equipment is connected to  the supply to  avoid condensat ion forming. 

The equipment must  on ly be operated within the environmenta l  condit ions speci f ied in the performance 
data.

CASE, COVER OR PANEL REMOVAL

Opening the Case Assembly exposes the operator to  e lec tr ical  hazards that  may resul t  in  elec tr ica l  
shock or equipment damage. Do not operate this Test Set  with the Case Assembly  open.

SAFETY IDENTIFICATION IN TECHNICAL MANUAL

This manual uses the fo l lowing terms to  draw attent ion to poss ible  safety  hazards that may exis t  when 
operat ing or  servicing this  equipment:

SAFETY SYMBOLS IN MANUALS AND ON UNITS

IDENTIFIES CONDITIONS OR ACTIVITIES THAT, IF IGNORED, CAN RESULT IN 
EQUIPMENT OR PROPERTY DAMAGE, E.G.,  FIRE.

IDENTIFIES CONDITIONS OR ACTIVITIES THAT,  IF IGNORED, CAN RESULT IN 
PERSONAL INJURY OR DEATH.

CAUTION :   Refer to  accompanying documents.  (This  symbol re fers to spec i f ic CAUTIONS 
represented on the uni t  and clar i f ied in the text.)

Ind icates a Toxic hazard.

Ind icates i tem is sta t ic  sens i t ive.

AC TERMINAL:   Terminal  that may supply or be suppl ied with  AC or  al ternat ing vo l tage.

WARNINGWARNING
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SAFETY FIRST - TO ALL OPERATIONS PERSONNEL (cont)

EQUIPMENT GROUNDING PROTECTION

Improper  grounding of equipment can resul t  in electr ica l  shock.

USE OF PROBES

Refer to  Per formance Speci f i cat ions for  the maximum vol tage, current and power  ra t ings of any 
connector on the Test Set before connect ing a probe from a terminal  dev ice. Be sure the terminal  device 
performs wi thin  these spec i f icat ions before using the probe for  measurement,  to prevent electr ica l  shock 
or  damage to the equipment .

POWER CORDS

Power  cords must not be f rayed or broken, nor  expose bare wir ing when operat ing this  equipment .

USE RECOMMENDED FUSES ONLY

Use only fuses speci f ical ly  recommended for the equipment a t the speci f ied current and vo l tage rat ings. 
Refer to  Per formance Speci f i cat ions for  fuse requirements and speci f i cat ions.

INTERNAL BATTERY

This un i t  conta ins  a Li th ium Ion Bat tery, serviceable only  by a qual i f ied technician.

EMI  (ELECTROMAGNETIC INTERFERENCE)

SIGNAL GENERATORS CAN BE A SOURCE OF ELECTROMAGNETIC 
INTERFERENCE (EMI) TO COMMUNICATION RECEIVERS. SOME TRANSMITTED 
SIGNALS CAN CAUSE DISRUPTION AND INTERFERENCE TO COMMUNICATION 
SERVICE OUT TO A DISTANCE OF SEVERAL MILES. USER OF THIS EQUIPMENT 
SHOULD SCRUTINIZE ANY OPERATION THAT RESULTS IN RADIATION OF A 
SIGNAL (DIRECTLY OR INDIRECTLY) AND SHOULD TAKE NECESSARY 
PRECAUTIONS TO AVOID POTENTIAL COMMUNICATION INTERFERENCE 
PROBLEMS.

CAUTION
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SAFETY FIRST - TO ALL OPERATIONS PERSONNEL (cont)

TOXIC HAZARDS

SOME OF THE COMPONENTS USED IN THIS EQUIPMENT MAY INCLUDE RESINS 
AND OTHER MATERIALS WHICH GIVE OFF TOXIC FUMES IF INCINERATED. 
TAKE APPROPRIATE PRECAUTIONS IN THE DISPOSAL OF THESE ITEMS.

BERYLLIA

BERYLLIA (BERYLLIUM OXIDE) IS USED IN THE CONSTRUCTION OF SOME OF 
THE COMPONENTS IN THIS EQUIPMENT. 
THIS MATERIAL, WHEN IN THE FORM OF FINE DUST OR VAPOR AND INHALED 
INTO THE LUNGS,  CAN CAUSE A RESPIRATORY DISEASE. IN ITS SOLID FORM, 
AS USED HERE, IT CAN BE HANDLED SAFELY, HOWEVER, AVOID HANDLING 
CONDITIONS WHICH PROMOTE DUST FORMATION BY SURFACE ABRASION.
USE CARE WHEN REMOVING AND DISPOSING OF THESE COMPONENTS. DO 
NOT PUT THEM IN THE GENERAL INDUSTRIAL OR DOMESTIC WASTE OR 
DISPATCH THEM BY POST. THEY SHOULD BE SEPARATELY AND SECURELY 
PACKED AND CLEARLY IDENTIFIED TO SHOW THE NATURE OF THE HAZARD 
AND THEN DISPOSED OF IN A SAFE MANNER BY AN AUTHORIZED TOXIC 
WASTE CONTRACTOR.

BERYLLIUM COPPER

SOME MECHANICAL COMPONENTS WITHIN THIS INSTRUMENT ARE 
MANUFACTURED FROM BERYLLIUM COPPER.  THIS IS AN ALLOY WITH A 
BERYLLIUM CONTENT OF APPROXIMATELY 5%. IT REPRESENTS NO RISK IN 
NORMAL USE.
THE MATERIAL SHOULD NOT BE MACHINED, WELDED OR SUBJECTED TO ANY 
PROCESS WHERE HEAT IS INVOLVED.
IT MUST BE DISPOSED OF AS “SPECIAL WASTE.”
IT MUST NOT BE DISPOSED OF BY INCINERATION.

LITHIUM

A LITHIUM BATTERY IS USED IN THIS EQUIPMENT.
LITHIUM IS A TOXIC SUBSTANCE SO THE BATTERY SHOULD IN NO 
CIRCUMSTANCES BE CRUSHED, INCINERATED OR DISPOSED OF IN NORMAL 
WASTE. 
DO NOT SHORT CIRCUIT OR FORCE DISCHARGE SINCE THIS MIGHT CAUSE 
THE BATTERY TO VENT, OVERHEAT OR EXPLODE.

WARNING

WARNING

WARNING

WARNING
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SAFETY FIRST - TO ALL OPERATIONS PERSONNEL (cont)

FIRE HAZARD

INPUT OVERLOAD

STATIC SENSITIVE COMPONENTS

MAKE SURE THAT ONLY FUSES OF THE CORRECT RATING AND TYPE ARE 
USED FOR REPLACEMENT. IF AN INTEGRALLY FUSED PLUG IS USED ON THE 
SUPPLY LEAD, ENSURE THAT THE FUSE RATING IS COMMENSURATE WITH 
THE CURRENT REQUIREMENTS OF THIS EQUIPMENT.

TX PORT MAXIMUM REVERSE POWER 
100 mW

RX LEVEL MUST NOT EXCEED -20 dBM

This equipment contains components sensi t ive to  damage by Electrostat ic  
Discharge (ESD).  Al l  personnel performing maintenance or ca l ibrat ion procedures 
should have knowledge of accepted ESD pract ices and/or be ESD cert i f ied.

WARNING

CAUTION

CAUTION

THIS EQUIPMENT CONTAINS PARTS
SENSITIVE TO DAMAGE

BY ELECTROSTATIC DISCHARGE (ESD).

CAUTION
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Preface

SCOPE

This  Manual contains  ins truct ions for operat ing the GPSG-1000. I t  is  s trongly 
recommended that the Operator become thoroughly  fami l iar  wi th this  manual before 
at tempting to  operate the equipment .

ORGANIZATION

This  manual is  composed of the fo l lowing chapters:

CHAPTER 1 - INTRODUCTION

Prov ides an in troduct ion and a br ie f  overview of  Test  Set funct ions and features.  

CHAPTER 2 - TEST SET OPERATION

Ident i f ies Test Set Contro ls,  Connectors  and Ind icators .
Prov ides Power On and Power Off  procedures.
Prov ides funct ional  descript ion of Graphic User Interface (GUI)  components.
Prov ides ins truct ions for def ining Test Set parameters.

CHAPTER 3 - TEST SET FUNCTIONS

Prov ides funct ional  descript ion of Test Set funct ions.

CHAPTER 4 - TESTING

Prov ides GPS and Gal i leo Receiver  test gu ide l ines.

CHAPTER 5 - MAINTENANCE

Ident i f ies Maintenance and Software Update procedures.

CHAPTER 6 - PRINCIPLES OF OPERATION

Prov ides information regard ing Test Set pr inc iples  of operat ion.

CHAPTER 7 - SPECIFICATIONS

Ident i f ies Test Set speci f icat ions.

APPENDIX A -  PIN-OUT TABLES

Ident i f ies connector pin  locat ions.

APPENDIX B -  ABBREVIATIONS

Lis ts  terms and abbrevia t ions used in  th is manual.
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Service Upon Receipt of  Materia l

UNPACKING TEST SET
Specia l  des ign packing materia l  ins ide th is sh ipp ing conta iner provide maximum 
protect ion for the Test Set.  Avoid damaging the sh ipping conta iner and packaging 
materia l  when unpacking equipment;  i f  necessary the sh ipp ing conta iner and packaging 
materia l  can be reused to  ship  the Test Set.

Use the fo l lowing steps to  unpack the Test Set:
STEP PROCEDURE

1. Cut and remove seal ing tape on top of the shipping conta iner.  Open sh ipp ing 
container  and remove top pack ing mold.

2. Grasp the Test Set  f i rmly  whi le  restrain ing the sh ipp ing conta iner.  L i f t  the 
equipment and pack ing materia l  vert ica l ly out o f the shipp ing container .

3. Place Test Set and end cap pack ing on a f la t ,  c lean and dry  surface.
4. Remove protect ive plas t ic bag from the Test  Set.
5. Place protect ive p last ic  bag and end cap packing materia ls ins ide shipping 

container .
6. Store shipping container  for  poss ib le future use.
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CHECKING UNPACKED EQUIPMENT
Inspect equipment  for  poss ib le damage incurred during shipment.  I f  Test Set  has been 
damaged, repor t  the damage to VIAVI Solut ions Customer Service.
Rev iew packing sl ip  to  veri fy  sh ipment is  complete. Packing sl ip  ident i f ies the standard 
i tems as wel l  as purchased opt ions. Report a l l  d iscrepanc ies to  VIAVI Solut ions.

Contact:

Standard Items

VIAVI Solutions
Customer Service Department
10200 West York Street
Wichi ta , Kansas 67215

Telephone: 800-835-2350
FAX: 316-524-2623

email : AvComm.Service@viav iso lu t ions.com

ITEM PART NUMBER QTY

GPS/Galileo Positional Simulator 87339 1

Power Supply 67374 1

Power Cord (U.S.) 62302 1

Power Cord (European) 64020 1

Operation Manual (CD) 88037 1

Getting Started Manual (paper) 88038 1
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Transit Case 88493 1

Coax Cable (50ft) 90114 1

GPSG Antenna Coupler 87636 1

Shot Bag 88753 1

RX Antenna 90113 1

ITEM PART NUMBER QTY
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Optional I tems

ITEM PART NUMBER QTY

Battery Pack 86196 1

External Battery Charger 87040 1

Antenna Coupler Placement Pole Kit
(Pole and D Ring)

90106 1

Kit, CPLR Dual GPS
Antenna System 91136 1

Kit, CPLR Triple GPS
Antenna System 91137 1

Maintenance Manual 89023 1

GPS Receiver Termination Kit, 
190 Ohms 113108 1

GC-130 GPS Antenna Coupler Kit 141193 1
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Chapter 1 -  Descript ion

1.1 INTRODUCTION

Fig. 1-1  GPSG-1000 GPS/Gal i leo Posi t ional  Simulator

1.1.1 Scope

1.1.2 Nomenclature Cross-Reference List

Type of Manual: Operat ion Manual

Equipment  Name/ Model Number: GPSG-1000  GPS/Gal i leo Posi t ional  Simulator

Equipment use: Satelli te constellation simulator for test ing GPS and 
Gali leo receivers.

Common Name Off icia l  Nomenclature

GPSG-1000, Test Set  or  Unit GPSG-1000  GPS/Gal i leo Posi t ional  Simulator
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1.2 EQUIPMENT CAPABILITIES AND FEATURES
The GPSG-1000 is a  s ing le carr ier simulator ,  des igned to  be used for  portable  or bench 
test ing in the GPS/Gal i leo Receiver test ing envi ronment.  The GPSG-1000 has a twelve 
channel conf igurat ion with upgradeable software. The s imulator provides GPS legacy and 
modernizat ion signals  as wel l  as  Gal i l eo signals . Simultaneous GPS and Gal i leo 
operat ion is provided. The GPSG-1000 s imulates s ta t ic or dynamic 3D posi t ions. The 
GPSG-1000 and suppl ied accessories are stored in a  hard p las t ic  trans i t  case.

1.2.1 Capabili ties
The GPSG-1000 provides users with the fol lowing s tandard capabi l i t ies:
• Selectable s ing le  carr ier 
• Twelve channel conf igurat ion
• GPS Signals Simulated - L1,  L1C, L2C, L5
• Gali leo Signals  Simulated – E1, E5 (E5a, E5b)
• Simultaneous GPS/Gal i leo s imulat ion
• SBAS Sate l l i tes Simulated – WAAS/EGNOS L1,  L5 
• RF Port DC iso la t ion for d irect connect to  any receiver 
• Antenna coupler
• Large 12” touch screen with s imple user in ter face
• Remote control  in terface LAN
• Auto Almanac Load via  bu i l t  in  GPS Receiver

1.2.2 Features
• System Screen 
• SV Select ion Table disp lays SV Geomet ry for RAIM test ing 
• Programmable SV Parametr ics and Health
• Stat ic  or Mult i - leg Dynamic Posi t i onal  Simulat ion via Waypoint Entry  System
• Receiver NMEA Bus Interface
• Receiver ARINC 429 Interface

1.2.3 Utilities
• Software Upgrade
• Waypoint Data Base
• Operat ional  Status
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Chapter 2 -  Test  Set Operation

2.1 INTRODUCTION
This  chapter re fers to loca l  operat ion of a  GPSG-1000 conf igured with  factory  defaul t  
sett ings unless spec i f ied otherwise. New Test Sets are conf igured to  s tar t  in  the factory  
defaul t  sett ing. Review Insta l la t ion and Power Requi rements before using the Test Set.

2.2 POWER REQUIREMENTS

2.2.1 Power 
The GPSG-1000 is powered by an interna l  Li thium Ion Battery. The battery charg ing 
circu i t  enables the operator to recharge the battery  anyt ime the un i t  is  connected to the 
DC power supply. The GPSG-1000 can operate cont inuously  ut i l izing the DC power 
supply.  The internal  battery is equipped to power the GPSG-1000 for  four hours  of 
cont inuous use. 

2.2.2 AC Power Requirements
The DC Power Supply suppl ied with  the GPSG-1000 operates over a  vo l tage range of 
100 to 250 VAC at  47 to 63 Hz.  The battery charger operates whenever DC Power 
(11 to 32 Vdc) is appl ied to the Test Set  with the suppl ied DC Power Supply  or  a su i tab le  
DC power source.

NOTE: I f  the supply vo l tage is <11V, the uni t  wi l l  swi tch to  in terna l  battery . I f  the vo l tage 
is >32V, a  7 AMP resettab le fuse on the DC input port  wi l l  open, protect ing the Test Set.

When charging,  the battery  reaches a 100% charge in approximate ly four hours. The 
Battery  Charge temperature range is  >-10° to <60°C, contro l led by an internal  battery  
charger.
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2.2.3 Battery Recharging Using GPSG-1000
STEP PROCEDURE

1. Connect AC L ine Cable to AC PWR Connector  on the AC Adapter  and an 
appropria te AC power source .

2. Connect the AC Adapter DC output to  the DC POWER Connector on the 
GPSG -1000.

3. Veri f y the BATTERY ind icator d isp lays bl inking green.
4. Al low four  hours for battery charge or unt i l  the BATTERY Ind icator d isp lays a 

steady green.

BATTERY LED INDICATORS

Battery Voltage Low  (red) 
The uni t  turns off  wi th in  one minute w/o charger .
Battery Pre-Charging  ( f lash ing ye l low) 
Tr ick le charge during ext remely low vol tage on the battery .
Battery Charging  ( f lash ing green) 
Charge in  progress.
Battery Ful ly Charged (green) 
Battery Temperature Extreme  (blue) 
Temperature <0°C or >45°C can’t  charge battery .
Battery Error  (red) 
The uni t  has a problem with  the battery or charg ing system.  
Battery Missing  (o f f)  
AC appl ied w/o bat tery in  p lace.
Battery Suspended Charge  ( f lash ing red)  
AC appl ied with bat tery charg ing suspended .

2.2.4 Battery Recharging Using Battery Cradle
STEP PROCEDURE

1. Connect AC L ine Cable to  AC PWR Connector  on the AC Adapter  and an 
appropria te AC power source.

2. Connect the AC Adapter DC output to  the DC POWER Connector on the Battery  
Cradle. 

3. Al low four  hours for battery to charge.
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2.3 INSTALLATION

2.3.1 Venti lat ion Requirements
The GPSG -1000 is convect ion cooled via  the enclosure case. Avoid standing the 
ins trument on or c lose to  other equipment  that is  hot.

2.3.2 Bench Top Installat ion
The Test  Set can be posi t ioned in f lat  or t i l ted posi t ion by ut i l izing the bui l t  in screen 
cover/s tand when used in a bench top environment (F ig . 2-1). 

F ig. 2-1  GPSG-1000 Screen Cover/Stand

TO AVOID DAMAGE TO TOUCH SCREEN, DO NOT STACK OTHER EQUIPMENT 
ON TOP OF THE TEST SET.
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2.4 CONTROLS AND CONNECTORS

2.4.1 Front Panel Controls 

Fig. 2-2  Front Panel Controls  

Control Descr iption

Power ON/OFF The Power On/Off  Button is used to  power the Test Set on and 
off .

System LED Powered On  (green)  
Ind icates the un i t  is  in  an operat ional  sta tus.

Failure  (red)
Some form of fai lure has occurred which prec ludes using the 
display to ind icate the problem (e.g. main processor fa i lure,  
power supply fau l t ,  e tc. ) .

Boot (b l ink ing b lue)
Unit  is  boot ing and is  not yet ab le to ind icate sta tus on the 
display (during ini t ia l  OS and appl icat ion load).  

Off/Standby  (orange)
Unit  is  o ff ,  but power is  suppl ied to the power  supply from the 
AC power supply .

Off w/o External  Supply  (of f)
Unit  is  o ff ,  no external  power  suppl ied.

Home Button Pressing and hold ing the Home Button for 5  sec sets the 
back l ight to  maximum br ightness.

Light Sensor Monitors the ambient  l ight and adjusts the d isp lay br ightness. 
The l ight sensor is  not operat ional  a t th is t ime. Current l y the 
display br ightness must be set manual ly .

Magnetic Sensor Detects  i f  the d isp lay cover  is  open or closed and used to  turn 
off  the d isp lay as par t  of  power  management.
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Control Descr iption

Battery LED Battery Voltage Low  (red)
The uni t  turns off  wi th in one minute without charger 

Battery Pre-Charge  ( f lash ing ye l low)
Trickle  charge during extremely low vo l tage on the battery .

Battery Charging  ( f lash ing green)
Charge in  progress

Battery Fully Charged  (green)

Battery Temperature Extreme  (blue)
Temperature <0o C or >45o C can’t  charge battery

Battery Error  ( red)
Problem with  the battery or charg ing system. 

Battery Missing  (Off)
AC appl ied without battery in  p lace.

Battery Suspended Charge  ( f lashing Red)
AC appl ied w/ battery charg ing suspended
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2.4.2 Rear Panel Controls and Connectors

 
Fig . 2-3  Test Set Rear  Panel Cont rols  and Connectors

Connector Descr iption

USB Host 1 USB standard connect ion that a l lows connect ion of USB 
devices (e .g.  a USB memory st ick or Network connectors).  
Recommended USB memory dev ice is  VIAVI PN 67325.

USB Host 2 USB standard connect ion that a l lows connect ion of USB 
devices (e .g.  a USB memory st ick or Network connectors).  
Recommended USB memory dev ice is  VIAVI PN 67325. 

USB OTG USB On The Go, for future expansion.

GPS Rx Ant  External  Antenna connect ion for  Test Set internal  GPS 
receiver.

GPS Tx Direct RF output for d irec t connect ion to  receiver under test.  AC 
coupled, Maximum DC 50 V.

GPS Tx Coupler RF output for connect ion to  Antenna Coupler.

REF In
10MHz 

The 10MHz In  (5V p-p Max) Connector,  is  a  BNC connect ion, 
used to  connect the Test  Set to an external  f requency 
standard, provid ing a TTL s ignal.  

REF Out
10MHz 

The10MHz Out (1.5V p-p Nom) Connector,  is  a BNC 
connect ion, provid ing an output o f the internal  10MHz 
reference Osci l lator.

Ethernet Standard Base T RJ45 connect ion. This  connect ion can be 
used for software upgrades and remote operat ion.

Aux 26 pin  D type, provid ing a 3.3 VDC LVTTL tr igger input  and 
3.3 VDC LVTTL tr igger output,  and a 1PPS TTL L1 C/A code 
frame sync output.  RS -232 transmitter connect ion provides an 
NMEA sentence output ,  the content  of which corresponds to 
the output  of  the TX Di rect and Coupler output por ts.  The 
NMEA sentences outputted on the RS-232 port  inc lude GGA, 
RMC and GSV.  ARINC 429 I /O provides expansion capabi l i ty 
for  the fu ture.
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2.5 OPERATING PROCEDURES

2.5.1 Power ON Test Set
Af ter  complet ing Ini t i al  Ins tal la t ion, perform the fol lowing s teps to Turn On the Test Set:

STEP PROCEDURE

1. Press On/Off Button on Front Panel to power on Test  Set.
2. The Power  Up window is d isplayed when the un i t  is  f i rs t  powered on or a fter 

Factory  Defaul ts have been restored.

2.5.2 Power OFF Test Set
Perform the fo l lowing s teps to  power off  the Test Set :

STEP PROCEDURE

1. Press On/Off Button on Front Panel to  power  down the Test Set,  then press OK to 
conf i rm.
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2.6 USER INTERFACE COMPONENTS
The Test  Set User Interface (UI)  is a  touch screen control  panel that provides a f lexib le  
work ing env ironment for  al l  users . The UI uses maximized Funct ion Windows i .e.  one 
funct ion window occupies the ent i re screen area. The Test Set User Interface (UI) is 
navigated loca l ly us ing the Front  Panel Touch Screen 

2.6.1 Launch Bar
The Launch Bar is a  vert ica l  scro l l ing menu located at the lef t  s ide of  the User  Interface. 
The Launch Bar  prov ides access to the Funct ion Icons as shown in F ig . 2-4.  The menu 
must be opened to  access the Funct ion Icons. The Launch Bar is  opened and c losed by 
touching or c l icking on the l ight  gray bar a t the lef t  side the menu.

Fig. 2-4  Launch Bar -  Open/Close Tab 
When the Launch Bar is  opened, i t  appears  in  front of any Simulat ion Funct ion Windows 
current ly occupying that area of the disp lay. The Launch Bar can be c losed to  view the 
complete Simulat ion Funct ion Window.

Fig. 2-5  Launch Bar and Simulat ion Funct ion Window
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2.6.2 Launch Bar Navigation
The arrows on the top and bottom of the Launch Bar are used to  scrol l  the Funct ion Icons 
Up and down.

2.6.3 Function Keys
The Launch Bar  cons is ts o f keys that ident i fy  funct ions ins tal led on the Test Set.  

F ig.  2-6  Funct ion Keys

2.6.4 Function Windows
Funct ion Windows prov ide v isual  access to the Test Set ’ s contro l  parameters  and 
displayed data.

F ig . 2-7  Funct ion Window

Function How to

Opening/Closing
Function Windows

Funct ion Windows are opened by se lect ing the Funct ion Icon 
from the Launch Bar. Funct ion Windows are closed by 
se lect ing the b lue c irc le icon at the bottom of  the window or by  
se lect ing the Funct ion Icon on the Launch Bar.
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2.6.5 Function Window Icons
Funct ion Windows use the fo l lowing icons to  indicate various funct ions or states:

ICON DESCRIPTION

Closes the Funct ion Window whi le  leav ing the funct ion in the 
Act ive State.  

Maximizes Funct ion Window and opens Status Bars .

Minimizes Funct ion Window and c loses Status Bars.

Selects  the next tab lef t  or  r ight.  Disp lays a gray background 
when no addit ional  tabs are avai lab le  to the le f t  or to  the r ight.

Displays Running and a green c irc le when the s imulat ion is 
running.

Displays Ready and a gray circle  when the s imulat ion is  
stopped.

Displays remaining battery capaci ty  in  %.
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2.7 DEFINING PARAMETERS

2.7.1 Enter ing Numeric Values
Numeric va lues are used to  def ine a varie ty o f test  parameters  such as frequency and 
level .  When a numeric  data f ie ld  is selected for edi t ing, a  group of data entry pop-up 
windows is launched which provides the fol lowing methods for def in ing the va lue:

2.7.2 Numeric Keypad and Slider  Bar
The Numeric  Keypad al lows the user  to enter a  spec i f ic  numeric  value. A va lue is entered 
by pressing the numbers on the keypad. The va lue is enabled press ing the un i t  of  
measurement on the Numeric  Keypad. 

Fig . 2-8  Numeric Keypad 

Icon Descr iption

Pressing Cancel vo ids any entered changes and closes the 
group of data entry  pop-up windows. 

Pressing Clear  resets a numeric  va lue to  0 . 

Pressing Backspace deletes the las t d igi t  in  the numeric va lue.

Pressing Next Value Select ion rep laces the Numeric  Keypad 
with the Slew Data Bar. Press again and the Numeric Keypad 
appears. 
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2.7.3 Data Slew Bar
The Data Slew Bar incrementa l ly selects speci f ic data values by sp inn ing the wheel.  
Select ing x10  increases the s tep increment by a fac tor  of  10. Select ing /10 decreases 
the s tep increment by  a fac tor  of 10. 
Select UP arrow to increase data value. Select DOWN arrow to  decrease data va lue. 
Select CANCEL to vo id  data entry .
Select ing Enter c loses the Data Slew Bar.

F ig.  2-9  Data Slew Bar

2.7.4 Drop-down Menus
Drop-down Menus are used to  l ist  pre-def ined variables. Select ing a Drop-down Menu 
opens the l is t  o f  variables avai lab le for that f ie ld .  The variable  current ly se lected is  
displayed on the menu as bo ld white  label  on a b lue background. Drop-down Menus can 
be dragged up and down on the d isplay in order to v iew long l ists .

F ig. 2-10  Drop-down Menu

2.7.5 Selectable Units
Some f ie lds  may have selectab le un i ts.  For those f ie lds  ident i f ied, se lect the un i ts f ield  
and a drop-down menu wi l l  be d isplayed.

Fig. 2-11  Selectable Units
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2.7.6 Locked Fields 
A smal l  padlock symbol may be disp layed against  cer tain  f ie lds  ind icat ing that the f ield  is 
locked and may not be ed i ted or accessed. The al t i tude f ield  shown is  locked due to the 
fact that a simulat ion is running, or the s imulat ion mode has been set to  dynamic  mode.  
The f ie ld wi l l  become unlocked when the s imulat ion is s topped or is  in s ta t ic mode.

Fig.  2-12  Locked Fie ld
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Chapter 3  -  Test Set Functions

3.1 INTRODUCTION
This  chapter prov ides an operat ional  descrip t ion of standard simulator  funct ions.

3.2 TEST SET FUNCTIONS

3.2.1 Simulation Function Window 
The Simulat ion Funct ion Window is used to  display the selected GPS Gal i leo and SBAS 
SV PRN’s, Vis ible SV’s, carr ier,  and PVT (posi t ion, ve loci ty  and t ime). The Simulat ion 
Funct ion Window a lso contro ls s ta t ic posi t ion and al t i tude.

Fig. 3-1  Simulat ion Funct ion Window (GPS Stat ic )
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Fig. 3-2  Simulat ion Funct ion Window (Gal i leo Stat i c)

F ig . 3-3  Simulat ion Funct ion Window (SBAS Stat ic)

Control Component Description

Lat itude Incremental  Data Entry :  Lat i tude entered in  decimal format 
Example: 37o39.0000N (37 degrees, 39.0000 minutes North)
Sign: N or S
NOTE:  Th is f ield  is  locked when SIMULATION = DYNAMIC or  
TRAJECTORY.

Longitude Incremental  Data Entry :  Longitude entered in decimal format 
Example: 97o26.0000E (97 degrees, 26.0000 minutes East)
Sign: E or W
NOTE:  Th is f ield  is  locked when SIMULATION = DYNAMIC or  
TRAJECTORY.
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Alti tude Numeric  Pad: Al t i tude: 0  to  100,000 f t  in  1  f t  s teps or  0 to 
18,288 M in 1  M s teps
NOTE:  Th is f ield  is  locked when SIMULATION = DYNAMIC or  
TRAJECTORY.

RF Level Numeric  Pad: RF leve l  entered as -68 to  -130 dBm in  Coupler 
mode or -93 to -155 dBm in  Direct mode.
NOTE: The l isted RF Level  sett ings are assuming 0 dBm 
sett ings for Coupler Loss, Coupler Cable and Di rect Cable on 
the Setup I /O Window. The RF Level entry  window wi l l  be
reduced by the va lues entered for these sett ings.

Display Component Description

GPS SV PRN Displays se lected GPS SV PRN’s . Range: 1  to  32 

GAL SV PRN Displays se lected Gal i leo SV PRN’s  Range: 1 to  36

SBAS Displays SBAS SV PRN, s tatus and System.
Example: 133:INMARSAT 4F3, AMER

Visible SV’s Displays the tota l  number  of GPS, Gal i leo and SBAS SV’s 
avai lable  in  the cur rent s imulat ion scenario .

Carrier Displays se lected carr ier,  dependent on GNSS and Carr ier 
select ions in Setup. 
NOTE:  The GPS Services and Gal i leo Serv ices are d isp layed 
in  the Serv ices f ield .
 
GNSS System:  GPS
 Carr ier:  L1                     GPS Services: C/A, Pseudo P(Y)
 Carr ier:  L1 no P(y)           GPS Serv ices:  C/A
 Carr ier:  L2                     GPS Services: L2C, Pseudo P(Y)
 Carr ier:  L5                     GPS Services: SoL
 
GNSS System:  Gali leo
 Carr ier:  E1          Gal i leo Services: I /NAV, Pseudo-G/NAV
 Carr ier:  E5          Gal i leo Services: I /NAV, F/NAV
GNSS System:  GPS/Gali leo
 Carr ier:  L1/E1      GPS Services: C/A, Pseudo P(Y)
                          Gal i leo Services: I /NAV, Pseudo-G/NAV
Carrier:  L5/E5       GPS Services: SoL
                          Gal i leo Services: I /NAV, F/NAV

Services Displays GNSS serv ice generated.

Current Sim. Date Displays Date in  DD/MM/YYYY format.  

Speed Displays speed in MPH or Km/h when running a dynamic or 
trajectory  simulat ion, dependent on Speed sett ing on the 
Route Edit  page.

Current Sim. Time Displays T ime in  24 Hr format HH/MM/SS.
NOTE:  Displayed in  uncorrected UTC t ime.

Elapsed Time Displays e lapsed t ime in  24 Hr format HH/MM/SS.

Alti tude Rate Displays Al t i tude Rate in  f t /min or m/min when running a 
dynamic  s imulat ion, dependent on Alt i tude Rate sett ing on the 
Route Edit  page.
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From Displays name of start ing waypoint when running a dynamic  
s imulat ion,  dependent on Name entered on the Route Edit  
page.

To Displays name of ending waypoint  when running a dynamic 
s imulat ion,  dependent on Name entered on the Route Edit  
page.

Distance To Go Displays the Dis tance To Go from the current  simulated 
pos i t ion to the ending waypoint when running a dynamic 
s imulat ion.

Heading Displays the s imulated heading when running a dynamic  or  
trajectory  simulat ion.
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3.2.2 Setup Simulation Window 
The Setup Simulat ion Window is used to  conf igure the test set operat ional  parameters .

Fig . 3-4  Setup Simulat ion Window

Control Component Description

GNSS Drop Down Select ions:
GPS - Only GPS sate l l i tes s imulated.
Gal i leo - Only  Gal i leo sate l l i tes  s imulated.
GPS+Gal i leo - Both GPS and Gal i leo sate l l i tes s imulated,  the 
number of  SV’s  per system is dependent on the GNSS 
Al locat ion (dual mode) sett ings on the Setup Channels 
Window.

Carrier Drop down menu provides select ion of carr ier,  carr ier is  
dependent on GNSS select ion in Setup.

Drop Down Select ions:
GPS - L1, L1C, L2, L2C, L5, L1 no P(y)
Gal i leo - E1, E5, E5A
GPS + Gal i leo - L1/E1, L5/E5

Simulation Drop Down Select ions:
Stat ic -  Sing le  waypoint entry  f ixed posi t ion s imulator .
Dynamic -  Posi t ion s imulat ion is  dynamical ly  changing 
according to parameter entr ies  in Route and Waypoint 
Windows.
Tra jectory -  Pos i t ion s imulat ion is  dynamical ly  changing 
according to data read from an NMEA sentence f i le loaded 
through the F i le menu screen.
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Control Component Description

SBAS Drop Down Select ions:
AUTO -  Automat ic opt imized select ion of SBAS sate l l i te  
(WAAS/EGNOS) according to simulated posi t i on. 
OFF - SBAS sate l l i tes are turned OFF. 

NOTE:  With  AUTO selected on ly 5 or 11 GPS/Gal i leo SV’s are 
avai lable . With  OFF se lected a fu l l  6 or 12 GPS/Gal i leo SV’s 
are avai lab le. 

NOTE:  Actual  Number of ava i lab le  SV’s  is  dependent on user 
opt ions.

NOTE:  Locat ions without SBAS sate l l i te  coverage wi l l  resul t  in  
no SBAS signals be ing generated in some s imulat ions, even 
though SBAS SV s imulat ion has been enabled.

NOTE:  Accord ing to  the NMEA spec i f icat ion, the numbers 
33 to 64 are reserved for SBAS satel l i tes . The of fset from 
NMEA SBAS SV ID to  SBAS PRN is  87.  For example, an SBAS 
PRN number of 138 minus 87 resul ts  in  an SV ID of 51. From 
the preceding example, some receivers  wi l l  report  the ID of the 
SV as 138, whi le some receivers  may report  the ID as 51.

Digital Noise Drop Down Select ions:
Off  -  When coupl ing to the receiver antenna.
On - When connect ing d irec t ly  to  the receiver,  bypass ing the 
antenna/LNA.

NOTE:  Automatical ly set to OFF when RF PORT = COUPLER. 
Automatical ly  set to  ON when RF PORT = DIRECT. 

NOTE:  Use of dig i ta l  no ise v ia antenna coupler wi l l  resul t  in 
degraded SV Signal to  Noise rat io and may cause receiver to 
loose track or  not obta in  a stable f ix .

Fading Drop Down Select ions:
None - SV signal ampl i tudes do not have fad ing appl ied.
Stat ic -  SV signal ampl i tudes have ampl i tude fad ing appl ied.
Pedestr ian - SV signal ampl i tudes have ampl i tude fad ing 
appl ied.
Land Vehicle  - SV signal ampl i tudes have ampl i tude fad ing 
appl ied.
Aircraft  -  SV s ignal ampl i tudes have ampl i tude fading appl ied.

NOTE:  None, Pedestr ian, Land Vehicle  and Aircraft  ampl i tude 
fad ing are recommended for use in  Dynamic mode. None and 
Stat ic are recommended for use in Stat ic  mode. 

NOTE:  See sect ion 3.2.2.A for addi t ional  in formation on 
Fading and mult i -path Implementat ion.

PRN Signal Drop Down Select ions:
F ixed - Al l  SV Levels  are set to the ampl i tude selected in the 
RF Level contro l  component.
Variab le  - Ensures the rela t ive SV signal leve ls  are set 
proport ional  to  the respect ive pseudo ranges.
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Control Component Description

Posit ion Source Drop Down Select ions:
User -  User entered posi t ion.
GPS - On board GPS receiver der ived posi t ion.

Clock Drop down select ions: 
GPSRX - s imulat ion uses uncorrected GPS UTC t ime and date 
in  conjunct ion with loaded almanac and ephemer is data.
USER-  simulat ion uses User entered Time and Date which 
sets  SV parameters  against loaded a lmanac and ephemeris.
INTERNAL - simulat ion uses t ime and date that is avai lab le 
from the real  t ime c lock of the GPSG-1000.

Date Incremental  Data Entry :  Date to  be used during simulat ion.

Time Incremental  Data Entry :  T ime to be used during simulat ion.

NOTE:  The appropria te message content announc ing a fu ture 
leap second event is  transmitted when s imulat ion dates are 
with in  a  period start ing approximately  60 days before the leap 
second event.  The appropr iate  message content  is updated 
with in  two hours  af ter  the leap second event.  

RF Level Numeric  Pad: RF leve l  entered as -68 to  -130 dBm in  Coupler 
mode or -93 to -155 dBm in  Direct mode.

NOTE:  The l isted RF Level  sett ings are assuming 0 dBm 
sett ings for Coupler Loss, Coupler Cable and Di rect Cable on 
the Setup I /O Window. The RF Level entry  window wi l l  be 
reduced by the va lues entered for these sett ings.

RF Port Drop Down Select ions:
Direct  -  Generator uses GPS TX DIRECT port .
Coupler  -  Generator  uses GPS TX COUPLER port .

Units Drop Down Select ions:
Imperial  -  Parameters d isp layed/entered in Imperia l  un i ts .
SI -  Parameters  disp layed/entered in  SI uni ts.
Aero/ Imperia l  -  Parameters d isplayed/entered in  Imperia l  
uni ts,  speed is  d isp lay/entered in  knots.
Aero/SI -  Parameters d isp layed/entered in SI un i ts,  speed is 
d isp layed/entered in knots .
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Motion Model Drop Down Select ions:
Pedestr ian 
Automobi le
Marine
Low Performance Aircraf t
High Performance Aircraf t
Custom
Unl imited

The veloci ty and accelerat ion l imits  used during dynamic  
s imulat ion mode wi l l  be based on the i tem chosen in the drop 
down se lect ion menu. The va lues of the ve loc i ty  and 
accelerat ion can be v iewed us ing the Motion tab on the Setup 
Motion page. 

NOTE:  During tra jec tory s imulat ions the un l imited motion 
model veloci ty and accelerat ion l imits  are used.

Lat /Long Format Drop Down Select ions:
DD.DDo

DDoMM.MM'
DDoMM' SS"
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3.2.2.A Fading and Multi -path Model Implementation
The GPSG-1000 f i rmware implements independent mul t i -path models for each sate l l i te  
channel.  Each channel suppor ts a  two-state (good/bad)  Rician fad ing model with 
independently  conf igurable fading and shadowing in each state. Th is  underly ing model 
can also be simpl i f ied to support a Rayle igh fading model .

In  Rician fad ing the power of the received s ignal  varies as the dominant l ine-of -sight  
component is part ia l ly canceled by de layed ref lect ions of i t se l f ,  part icu lar ly when the 
de lays experienced by the re f lec ted rays are t ime-varying.

In  Rayleigh fad ing the power of the received signal  varies according to  the Rayle igh 
sta t is t ica l  d istr ibut ion ( i .e.  as  the rad ial  component  of  the sum of two uncorrela ted 
Gauss ian random var iab les).  Th is is  genera l ly cons idered as a good model for scenar ios  
where the s ignal  has been high ly scattered and there is  no dominant l ine-of-sight 
component.  This  si tuat ion typ ica l ly occurs in urban env ironments , and during propagation 
through the atmosphere.

Shadowing simulates the effect  of occasional ly  los ing the l ine-of-s ight s ignal  due to 
obst ruct ion of the signal  by nearby ob jects.  Th is can occur due to the motion of the 
sate l l i te across the sky tak ing the apparent posi t ion of satel l i te behind bu i ld ings of other 
ob jects , but i s typical ly caused by mot ion of  the user.  The effect is that the mult i -path 
environment can be described as a two s tate system, with  d i f ferent behavior in  the “good”  
or  non-obstructed s tate and “bad” or obstructed state.

Fading is modeled as be ing uncorre lated between satel l i tes  and frequenc ies, whereas 
shadowing in uncorre lated between sate l l i tes , but  corre lated across frequenc ies.

There i s no support  for simulat ing mult i -path ray de lay in  the cur rent f i rmware, so the 
model is best cons idered as simulat ing a very complex mult i -path environment with  many 
mult i -path rays and none dominant.

The GPSG-1000 f i rmware models the l ine-of-sight component  as  hav ing 0 dB power, wi th  
the power of the mult i -path components re la t ive to  th is leve l .
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The mult i -path environments  current l y implemented in  the GPSG-1000 are shown in the 
fo l lowing tab le: 

MULTI-PATH 
MODEL

DESCRIPTION

None No Fading or mult i -path effec ts  are s imulated.

Static 20 dB Rice factor.
0 .025 Hz fad ing bandwidth.  
No Shadowing.

Pedestrian Unblocked “good” state:
11.9 dB Rice factor.
40 s mean t ime in  sta te.

Blocked “bad” s tate:
5.9 dB Rice factor.
10 s mean t ime in  sta te.
5 dB attenuat ion.

Fading bandwidth 0.5 Hz.
Shadowing bandwidth 1 Hz.
Shadowing variat ion 2 dB (1σ).

Land Unblocked “good” state:
13.2 dB Rice factor.
9  s mean t ime in  s tate.

Blocked “bad” s tate:
7.2 dB Rice factor.
1  s mean t ime in  s tate.
10 dB attenuat ion.

Fading bandwidth 7.3 Hz.
Shadowing bandwidth 2 Hz.
Shadowing variat ion 2 dB (1σ).

Aeronaut ical 20.2 dB Rice factor.
Fading bandwidth 0.01 Hz.
No Shadowing.
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The GPSG-1000 software includes pre-def ined conf igurat ions for several  representat ive 
mult i -path envi ronments  se lectable in  the Simulat ion Window’s  Fading f ie ld .  These 
environments  are:

• NONE - No fading or mult i -path effec ts are simulated.
• STATIC - Representat ive of the envi ronment for a  s tat ic rece iver with c lear v iew 

of  the sky.
• PEDESTRIAN - Representat ive of a pedestr ian in an urban environment.
• LAND - Representat ive of a land vehicle  in  a  rural  environment.
• AERONAUTIACAL - Representat ive of  the env ironment  experienced by a f ly ing 

aircraft .

I t  should be noted that  the rea l  envi ronments  can change dramatical ly  accord ing to  t ime-
of -day satel l i te geometry,  rece iver locat ion, and receiver  motion. The pre-def ined 
environments  can therefore only  be considered as representat ive of what might be 
experienced by a receiver in  such an environment.
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3.2.3 Setup Motion Window 
The Setup Motion Window is  used to select  the motion model l imits  to  be used in a  
dynamic simulat ion.

F ig . 3-5  Setup Motion Window
 

Control Component Description

Current Mot ion 
Model

Drop down select ions: 
Pedestr ian 
Automobi le
Marine
Low Performance Aircraf t
High Performance Aircraf t
Custom
Unl imited

Maximum 
Longitudinal 
Accelerat ion

Numeric  Pad: Longitud inal  Accelerat ion entered in  ei ther feet /
second^2 with a  maximum of 328.083 f t /s^2, or in meters/
second^2 with a  maximum of 100 m/s^2.

Maximum Normal 
Accelerat ion

Numeric  Pad: Normal Accelerat ion entered in  e i ther feet/
second^2 with a  maximum of 328.083 f t /s^2, or in meters/
second^2 with a  maximum of 100 m/s^2.

Maximum Velocity Numeric  Pad: Maximum Veloci ty entered in e i ther  mi les  per 
hour with  a  maximum of 1150.782 mph, k i lometers per hour 
with  a  maximum of 1852 km/h, or knots with a  maximum of  
999 kts.

Defaults Returns the ed i ted va lues on the Setup Motion Window to their 
defau l t  values.

Display Component Description

Maximum Bank 
Angle

Maximum bank angle ca lcu la ted for the body in  motion based 
on a coord inated turn. Note that a  non-coordinated turn is 
assumed for  pedestr ian, automotive and marine bodies in  
motion, so no maximum bank angle is d isp layed. 
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3.2.4 Setup Channels Window 
The Setup Channels  Window is used to conf igure the to tal  SV’s  avai lab le in a  s imulat ion 
and in a  dual mode simulat ion to  a l locate the number of SV’s used for  GPS, Gal i leo and 
SBAS.

Fig. 3-6  Setup Channels Window

Control Component Description

GNSS SVs Numeric  Pad: Sets  the tota l  number of GNSS system SV's. The 
to ta l  number of GNSS and SBAS SVs cannot exceed 6 on a 
6 channel un i t ,  or 12 on a 12 channel un i t .

GPS SV’s Numeric  Pad: Sets  the to ta l  number of GPS SV’s avai lable  for 
s imulat ion.  Range 1 - 6  (6  Ch) or 1  - 12 (12 Ch) SV’s. Total  
GPS, Gal i leo and SBAS SV’s  can not exceed 6 (6 Ch) or 
12 (12 Ch)  SV’s . Only used during GPS+Gal i leo dual mode 
s imulat ion.

Galileo SV’s Numeric  Pad: Sets the to tal  number of Gal i leo SV’s avai lab le  
for simulat ion. Range 1 - 6  (6 Ch) or 1 - 12 (12 Ch) SV’s. Tota l  
GPS, Gal i leo and SBAS SV’s  can not exceed 6 (6 Ch) or 12 
(12 Ch) SV’s . Only  used during GPS+Gal i leo dual mode 
s imulat ion.

SBAS SV’s Numeric  Pad: Sets the to ta l  number of  SBAS SV’s avai lab le for 
s imulat ion.  Range 0 - 4  SV’s . Tota l  GPS, Gal i l eo and SBAS 
SV’s can not  exceed 6 (6  Ch) or 12 (12 Ch) SV’s. Only used 
dur ing GPS+Gal i leo dual mode simulat ion.

Default Sets the al located SV’s  to  defaul t  va lues of GPS SV’s  = 3 
(6 Ch) or 6  (12 Ch), Gal i leo SV’s = 3 (6 Ch) or 6  (12 Ch) and 
SBAS SV’s = 0.

Display Component Description

Available Channels Displays the tota l  number  of avai lable channels. 6  channels 
for s tandard uni t  or  12 channels  i f  opt ion 1 is ins tal led.
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3.2.5 Setup I/O Window 
The Setup I /O Window is  used to  conf igure the tes t set  Loss and Input/Output operat ional  
parameters .

F ig . 3-7  Setup I /O Window

Control Component Description

Coupler Loss Numeric  Pad: Antenna Coupler  inser t ion loss in  dB. 
Range:  0 to 40 dB

Coupler Cable Numeric  Pad: Antenna Coupler  RF coax cable loss in dB. 
Range:  0 to 12 dB.
NOTE:  I f  using ei ther the Dual,  or Tr iple  GPS Antenna Coupler  
Ki ts  please see the inst ruc t ions for  the appropria te k i t  in  ei ther 
Appendix G or H to determine the loss value to enter in this  
contro l  component.

Direct Cable Numeric  Pad: Direct  RF coax cable loss in dB. 
Range:  0 to 12 dB. 
NOTE:  I f  using the opt ional  GPS Receiver  Terminat ion Ki t  see 
the ins truct ions for enter ing the appropr iate  d irect cable loss 
value for  the components  in  Appendix  I .

Ext Ref  Out Drop Down Select ions:
ON - External  re ference output ON.
OFF - External  reference output OFF.

Reference Source Drop Down Select ions:
INT - Internal  10 MHz TCXO.
EXT - External  10 MHz input.

Trigger Drop Down Select ions:
Auto -  Simulat ion wi l l  run immediately a fter the run button is 
pressed.
External  -  S imulat ion wi l l  run once the external  t r igger l ine 
toggles f rom a 3.3 LVTTL low level  to a  h igh leve l .
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3.2.6 SV PRN Selection Function Window 
The SV PRN Select ion Funct ion Window a l lows the user to select spec i f ic  GPS/Gal i leo 
SV’s  for edi t i ng. The avai lab le  SV’s , accord ing to the current ly loaded a lmanac and UTC,  
are d isp layed in  two tables. One table for GPS SV’s and one tab le for Gal i leo SV’s . The 
tables d isplay the SV PRN number, satel l i te  geometry and health. The satel l i tes  selected 
determine the accuracy of the pos i t ional  simulat ion. SV’s which are current ly  being use 
are d isp layed in  green text and SV’s which are avai lable for use, but  not current ly  be ing 
used are displayed in white  text.

F ig . 3-8  SV PRN Select ion Funct ion Window

Display Component Description

Select Displays SV status On or  Off .

SV Displays SV number. Range GPS: 1 to  32, GAL:  1 to 36.

Elevation Displays SV Elevat ion in degrees. Range: 0 to  90 deg.

Azimuth Displays SV Az imuth in  degrees. Range 0 to  +/ -180 deg.  

Health Displays SV Heal th GOOD or BAD.

Reset Returns i tems edi ted on the SV PRN Edit  Window to their  
defau l t  values.
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3.2.7 SV PRN Edit  Window 
The SV PRN Edit  Window opens when an SV l ine is  se lected in e i ther  the GPS or GAL 
tables, displayed in the SV PRN Select ion Funct ion Window. The SV PRN Edit  Window 
al lows the user to set parameters spec i f ic to the SV such as Doppler  Step, Pseudo Range 
Step Error,  Carr ier Coherence, Satel l i te Health and Ampl i tude offset.

F ig . 3-9  SV PRN Edit  Window

Control Component Description

Select Drop down select ions:
On - Turns SV on
Off -  Turns SV off
Replace - Opens SV select  window. To replace current SV,  
h igh l ight  desired SV and press Apply. 

Doppler Error Numeric  Pad:  Sets SV Doppler  sh i f t  + /-  5kHz in  1 Hz 
increments .
NOTE:  Doppler shi f t  for each SV is appl ied dynamical ly  
throughout the simulat ion run t ime. This  parameter int roduces 
a step change in Doppler  (used for RAIM test ing).

Amp. Offset Numeric  Pad: Sets SV carr ier ampl i tude offset from nominal 
+15 dB to -15 dB in .1 dB increments. 
NOTE:  I f  PRN Signal is  set to Variable  -  SV ampl i tudes are set 
according to  SV geomet ry and RF Level sett ing. I f  set to  Fixed 
-  equal SV ampl i tudes are set.  

Duration Numeric  Pad: Sets the durat ion in  t ime for which the Doppler  
error wi l l  be appl ied to  the SV signal output.

Step Error Numeric  Pad: Sets  SV pseudo range error +/-  1000m in .001 m 
increments  or +/- 3280.839 f t  in  .001 f t  increments . 

Code/Carrier 
Coherence

Numeric  Pad: Sets f requency varia t ion between SV code 
car r iers 2m/S range in 1mm/S increments or 6.561 f t /S range 
in  .001 f t /S increments.
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Satel l ite  Health Drop down: Al lows se lect ion of  GOOD or  BAD. (Car r ied in  GPS 
Nav Data)
NOTE:  Not d isp layed for Gal i leo SV’s

GAL Integrity Allows se lect ion of CONNECTED or DISCONNECTED (Car r ied 
in  Gal i leo Nav Data).  Only  disp layed in  Gal i leo SV’s .
NOTE:  Not d isp layed for GPS SV’s

Cancel Cancel parameter change,  reverts to previous sett ing

Apply Appl ies parameter change

Control Component Description
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3.2.8 Route Function Window
The Route Funct ion Window is  used to  organize and conf igure the waypoints used in  a 
dynamic simulat ion. Up to 9 ,999 waypoints may be used in  a  dynamic simulat ion. The 
Route Funct ion Window is  also used to  load saved routes, manage routes and val idate 
routes.

Fig . 3-10  Route Funct ion Window

Control Component Description

Load Opens Find Route Window to load a saved route. Highl ight the 
saved route and press Open. The route name wi l l  be d isp layed 
in  the Route window.

Manage Opens Manage Routes Window to save, rename or de lete a 
route.  High l ight route and press Delete to  de lete a route. 
Press Save to save the current route. Highl ight  route and then 
press on the Fi le  Name Window to rename a route.

Validate Route Val idates the current route to le t  the user know i f  there are any 
route errors . When Val idate Route is  pressed the route i s 
checked and i f  no er rors are found no error message is 
d isp layed, however i f  any errors  are detected an “Error(s) 
found in  route” message is d isp layed a long with a descr ipt ion 
of the error.

Loop On Loop OFF Loop ON wi l l  force the body in motion to t ravel  f rom the last 
route po int to the f i rs t  route po int which wi l l  e f fect i ve ly create 
an endless loop a long the route. Loop OFF wi l l  s top the body 
in  motion once i t  has reached the las t route po int in the route.

Clear  All When selected th is wi l l  c lear al l  o f  the information f rom the 
cur rent route enabl ing the user  to enter  a new series of route 
points  without hav ing to  perform a number of de letes.
descr ipt ion of Loop and Clear buttons

Add Opens Stored Waypoints Window. To add a waypoint to  the 
route,  highl ight the route and press Next to  d isp lay the Route 
Edit  Window. 
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Delete Deletes the selected waypoint  f rom the route.

Edit Opens the Route Edit  Window to edi t  the selected waypoint .

Move Up Moves the h igh l ighted waypoint up in the l is t  of  waypoints.

Move Down Moves the h igh l ighted waypoint down in  the l is t  o f  waypoints.

Control Component Description
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3.2.9 Route Edit Stored Window
The Route Edit  Stored Window is  used to  d isp lay al l  stored waypoints .

F ig . 3-11  Route Edit  Stored Window

Control Component Description

Sorted By Drop down select ions: Code, Name, City,  Country , Lat i tude, 
Longitude and Alt i tude.

Cancel Closes the Route Edit  Stored Window and returns to the Route 
Window.

Next Opens the Route Edit  Window for conf igurat ion of the 
h igh l ighted waypoint .
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3.2.10 Route Edit Edit Window
The Route Edit  Edi t  Window is used to  conf igure ind ividual  waypoints ,  including the 
Al t i tude Rate, Speed, Accelerat ion and Turn Radius used during dynamic  simulat ions.

F ig. 3-12  Route Edit  Edi t  Window

Control Component Description

Name Alpha Numer ic Pad: Al lows edi t ing of se lec ted waypoint  name.

Lat itude Numeric  Pad: Lat i tude entered in  decimal format 
Example: 37o39.0000N (37 degrees, 39.0000 minutes North)
Sign: N or S.

Longitude Numeric  Pad: Longitude entered in  decimal format 
Example: 97o26.0000E   (97 degrees, 26.0000 minutes East)
Sign: E or W.

Alti tude Numeric  Pad: Al t i tude: 0  to  100,000 f t  in  1  f t  s teps or  0 to 
18,288 M in 1  M s teps.

Turn Radius Numeric  Pad: Turn Radius: 3 .281 to  328,084 f t  in .001 f t  steps 
or 1  to  100,000 m in .001 m steps.
NOTE:  To calcu late the minimum turning rad ius of the body in  
motion, the fo l lowing ca lcu lat ion can be performed us ing the 
individual  speed and accelerat ion of  each route po int.

                      Speed (squared) m/s
Turn Radius = - ---- ----- ---- ----- ----- ----
                      Accelerat ion m/s /s

NOTE:  The separat ion between waypoints should be greater  
than four t imes the turning radius between the waypoints.

Accelerat ion Numeric  Pad: Accelerat ion: +/-328.084 f t /s^2 in  .001 f t /s^2 
s teps or +/-  100 m/s^2 in  .001 m/s^2 steps.

Speed Numeric  Pad: Speed: 0 to 1150.000 Mph in .001 Mph steps or 
0  to  1850.745 Km/h in .001 Km/h s teps.
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Alti tude Rate Numeric  Pad: Al t i tude Rate:  +/ -5,905 f t /min in .001 f t /min 
s teps or +/-1800 m/min in  .001 m/min steps.

Cancel Closes the Route Edit  Edi t  Window and returns to the Route 
Window.

Done Closes the Route Edit  Edi t  Window and returns to the Route 
Window.

Control Component Description
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3.2.11 Waypoint Function Window 
The Waypoint Funct ion Window is used to conf igure the waypoints that compr ise a 3D 
Navigat ion s imulat ion.

F ig. 3-13  Waypoint Funct ion Window

Control Component Description

Sorted By Drop down select ions: Code,  ICAO Code, Name, City ,  Country, 
Lat i tude, Longitude, Al t i tude.

Add Opens Waypoint  Edi t  Window, so that a  new waypoint may be 
created.

Delete Deletes se lected waypoint.
NOTE:  Al low approximately  15 seconds for the se lected 
waypoint to  be de leted after press ing Delete.
NOTE:  Permanent  waypoints can’ t  be de leted. 

Edit Opens Waypoint  Edi t  Window for ed i t ing of selected waypoint.

Use Opens the Simulat ion Window and loads the Lat i tude, 
Longitude and Alt i tude from the selected waypoint .  Used in  a  
Stat ic simulat ion on ly .
NOTE:  Th is f ield  is  locked when SIMULATION = DYNAMIC.

Defaults Deletes al l  user entered waypoints from GPSG-1000.
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Display Component Description

Code Displays Waypoint Code.

Name Displays Waypoint Name.

City Displays Waypoint Ci ty .

Country Displays Waypoint Country .

Lat itude Displays Waypoint Lat i tude in decimal format.  Example: 
37o39.0000N (37 degrees, 39.0000 minutes North) Sign: N or 
S.

Longitude Displays Waypoint Longi tude in decimal format.  Example: 
97o26.0000E (97 degrees, 26.0000 minutes East) Sign:  E or 
W.

Alti tude Displays Al t i tude 0 to 100,000 f t  in 1 f t  steps.
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3.2.12 Waypoint Edit Stored Window 
The Waypoint Edi t  Stored Window is used to d isplay the Current Stored Waypoints . 
Waypoints can be se lected from a table , to  be ed i ted on the Waypoint Edi t  Edi t  Window.

Fig.  3-14  Waypoint Edi t  Window

Control Component Description

Sorted by Drop down select ions: Code, Name, City,  Country , Lat i tude, 
Longitude and Alt i tude.

Cancel Cancels  Waypoint edi ts,  c loses Waypoint Edi t  Window and 
reverts to  Waypoint Window.

Next Opens Waypoint  Edi t  Window.
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3.2.13 Waypoint Edit Edit Window 
The Waypoint Edi t  Edi t  Window is  used to make changes to  a se lected waypoint  or create 
a new waypoint.  Waypoints may be se lected f rom a tab le on the Waypoint Window or 
Waypoint Edi t  Stored Window.  Permanent  waypoints can’ t  be ed i ted.

F ig . 3-15  Waypoint Edi t  Edi t  Window

Control Component Description

Code Alpha Numeric  Pad: Enter or change waypoint  Code.

ICAO Code Alpha Numeric  Pad: Enter or change waypoint  ICAO Code.

Name Alpha Numeric  Pad: Enter or change waypoint  Name.

City Alpha Numeric  Pad: Enter or change waypoint  Ci ty.

Country Alpha Numeric  Pad: Enter or change waypoint  Country.

Lat itude Incremental  Data Entry :  Enter or change waypoint Lat i tude in  
dec imal  format.  Example: 37o39.0000N (37 degrees, 39.0000 
minutes North) Sign:  N or  S.

Longitude Incremental  Data Entry:  Enter or change waypoint  Longitude in 
dec imal  format.  Example: 97o26.0000E (97 degrees, 26.0000 
minutes East) Sign: E or W.

Alti tude Numeric  Pad: Enter  or change waypoint Al t i tude 0 to  100,000 
f t  in 1 f t  steps.

Cancel Cancels  Waypoint edi ts,  c loses Waypoint Edi t  Window and 
opens Waypoint Window.

Done Closes Waypoint Edi t  Window and opens Waypoint Window, 
sav ing the ed i ted waypoint in to  the Waypoint L is t .
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3.2.14 GPS RX Function Window
The Internal  GPS Receiver may be used to  obta in a cur rent Almanac, locat ion and UTC 
for use in s imulat ions. Th is removes the requirement for a  periodic  manual Yuma text 
format almanac ( *.a lm), download from the U.S. Coast Guard websi te and subsequent 
up load to  the GPSG-1000 memory.

When tes t ing a GPS receiver,  i f  the s imulated pos i t ion is  too far  from the last acquired 
posi t ion or the simulated t ime and date are to  far from the last acquired t ime and date the 
receiver wi l l  in i t ia te  a  warm start  which,  dependent on receiver  type, wi l l  take longer  than 
a hot start  to acquire  a posi t ion f ix.  As the las t locat ion would l ikely  be the current 
posi t ion, the lat i tude and longi tude from the internal  GPS receiver may be used by the 
simulat ion, which would then al low the receiver under test  to hot s tar t .

Fig. 3-16  GPS Receiver Window

Control Component Description

GPS Receiver Selects internal  GPS receiver.

Load Almanac f rom 
GPS Rx

Loads a lmanac from in ternal  GPS receiver .  Download status is  
d isp layed in  the Almanac Status display window.

Note:  I t  may take up to 20 minutes for the data from the f i rst  
SV to  be downloaded, and i t  may take up to 30 minutes to  
complete a download of a lmanac data f rom the ent i re GPS 
constel la t ion

GPS Receiver Reset In i t ia tes a Cold Boot o f the internal  GPS receiver.

Record Trajectory When act i vated th is contro l  begins record ing trajectory  data 
produced by the in terna l  rece iver.  The recording wi l l  cont inue 
unt i l  the Stop Record ing button is pressed. The data wi l l  be 
s tored in  a f i le with the fo l lowing naming convent ion 
MMDDYYYY_HHMMSS.nme when the stop recording button is  
pressed. 

NOTE:  The Record Tra jectory funct ion should only  be in i t ia ted 
once a 3D f ix  has been achieved by the receiver.
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Display Component Description

Current Data/Time Displays the cur rent date and UTC t ime received by the 
in terna l  GPS Receiver.

Posit ion Fix Ind icates No Posi t ion F ix,  2D Solut ion or 3D Solut ion

Lat itude Waypoint Lat i tude in  decimal format.  
Example: 37o39.0000N (37 degrees, 39.0000 minutes North) 
Sign: N or S.

Longitude Waypoint Longitude in  decimal format.  
Example: 97o26.0000E (97 degrees, 26.0000 minutes East)  
Sign: E or W.

Alti tude Displays Al t i tude as determined by the internal  GPS receiver.

Speed Displays Speed as determined by the in terna l  GPS receiver .

Almanac Status Ind icates current week and s tatus of the Almanac being 
received by the internal  GPS receiver.

Active Satel l ite Displays SV’s  in  view.

SNR GPS Receiver  SNR f igure.
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3.2.15 Maintenance Function Window
Select ing the Maintenance icon from the Launch Bar Menu wi l l  d isplay the Maintenance 
sub-menu. The Maintenance sub-menu contains the Cal ibrat ion and Diagnost ics icons.  

Fig . 3-17  Maintenance Menu
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3.2.16 Calibration Function Window 
Select ing Cal ibrat ion from the Maintenance sub-menu wi l l  d isp lay the Cal ibrat ion 
Password Entry Window. The Cal ibrat ion Funct ion Window is password protected. 
Contact VIAVI Solut ions for the defau l t  password.  Enter the password to  open the 
Cal ibrat ion Funct ion Window. See Chapter 5 -  Maintenance, for  deta i ls.

Fig . 3-18  Cal ibrat ion Password Window
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3.2.17 Diagnostics Function Window 
Select ing Diagnost i cs from the Maintenance sub-menu wi l l  display  the Diagnost ics 
Funct ion Window. See Chapter 5  - Maintenance for detai ls .

Fig . 3-19  Diagnost ics Funct ion Window
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3.2.18 Fi le Almanacs Function Window
The Fi le  Almanacs Funct ion Window is  used to manage the Almanac f i les s tored in  the 
GPSG-1000 and to manage the Almanac f i le  used dur ing the simulat ion.

F ig.  3-20  F i le Almanacs Funct ion Window

NOTE: Only the almanac used for GPS simulat ions can be updated, the 
Gal i leo a lmanac is  f ixed and cannot be modif ied.

Control Component Descript ion

Load Almanac Opens the Load Almanac Window. Select Almanac f i le and 
press Open to load Almanac f i le for use in  GPS simulat ions. 
Selected f i le  name wi l l  be d isplayed in the Current Almanac 
Fi le  Window.  

Manage Almanacs Opens the Manage Almanacs Window. Press Save to  save the 
Current Almanac Fi le  to  the Almanac f i le l ist .  To delete a 
saved Almanac f i le ,  selec t Almanac f i le  from l is t  and press 
Delete.

GPS Rx Opens the GPS Rx page and begins an almanac download 
from the GPS constel la t ion.

Default Loads the defaul t  sys tem almanac for  use.
The defaul t  a lmanac is  from GPS week 574, dated Aug. 22, 
2010. 

Clear  Almanacs Deletes ALL user  created a lmanac f i les s tored in  the un i t .

Import f rom USB Copies a lmanac f i les  from a USB drive to  the internal  s torage 
area of GPSG-1000.

Export to USB Copies a l l  a lmanac f i les  from the in terna l  s torage area of 
GPSG-1000 to  a USB drive.
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Display Component Descript ion

Current Almanac File Displays the f i le name of the Almanac f i le  current l y used for 
GPS simulat ions.
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3.2.19 Fi le Routes Function Window 
The Fi le  Routes Funct ion Window is  used to  manage the Route f i les  stored in the GPSG-
1000 and to  manage the Route f i l e used during a dynamic  simulat ion.

Fig . 3-21  Fi le  Routes Funct ion Window

Control Component Descript ion

Load Route Opens the Load Route Window. Select Route f i le  and press 
Open to  load Route f i le  for  use in dynamic s imulat ion. 
Selected f i le  name wi l l  be d isplayed in the Current Route F i le 
Window.

Manage Routes Opens the Manage Routes Window. Press Save to save the 
Current Route F i le  to  the Route f i le  l is t .  To de lete a saved 
Route f i le ,  select  Route f i le from l ist  and press Delete.

Load Default Loads the defaul t  route f i le .

Clear  Routes Deletes ALL route f i les s tored in  the un i t .

Import f rom USB Copies route f i les from a USB drive to the internal  storage 
area of GPSG-1000.

Export to USB Copies a l l  route f i les  from the internal  storage area of 
GPSG-1000 to  a USB drive.

Display Component Descript ion

Current Route File Displays the f i le name of the Route f i le cur rent ly  used for 
dynamic  s imulat ions.
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3.2.20 Fi le Sett ings Function Window
The Fi le  Set t ings Funct ion Window is  used to  manage the Sett ings f i les stored in  the 
GPSG-1000 and to manage the Current Set t ings Fi le .

Fig . 3-22  Fi le  Sett ings Funct ion Window

Control Component Descript ion

Load Sett ings Opens the Load Sett ings Window. Select Sett ings f i le  and 
press Open to load Sett ings f i le for  setup of the uni t .  Selected 
f i le name wi l l  be displayed in the Cur rent Set t ings Fi le  
Window.

Manage Settings Opens the Manage Sett ings Window. Press Save to save the 
Current Sett ings F i le to the Sett ings f i l e l is t .  To de lete a saved 
Sett ings f i le ,  se lect Sett ings f i le  from l is t  and press Delete.

Load Default Loads factory  defaul t  sett ings. 

Clear  Sett ings Deletes ALL sett ings f i les s tored in  the un i t .

Import f rom USB Copies sett ings f i les from a USB drive to the internal  storage 
area of GPSG-1000.

Export to USB Copies a l l  set t ings f i les  from the internal  storage area of 
GPSG-1000 to  a USB drive.

Display Component Descript ion

Current Settings File Displays the f i le name of the sett ings f i le  current ly used to 
setup the uni t .
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3.2.21 Fi le Trajectory Function Window
The Fi le  Tra jec tory Funct ion Window is used to  manage the trajectory  f i les s tored in  the 
GPSG-1000 and to load the tra jec tory f i le used during a trajectory  mode simulat ion.

F ig . 3-23  F i le  Trajectory  Funct ion Window

Control Component Descript ion

Load Trajectory Loads the Trajectory  Window.  Select trajec tory f i le  and press 
Open to  load tra jec tory f i le for  use in trajectory  simulat ion. 
Selected f i le  name wi l l  be d isplayed in the Current Trajec tory 
F i le  Window.

Manage Trajectory Opens the Manage Tra jectory Window. Press Save to save the 
Current Tra jectory  Fi le  to  the trajec tory f i le  l is t .  To de lete a 
saved tra jectory  f i le ,  se lect NMEA f i le  from l ist  and press 
Delete.

Clear  Trajectory Deletes ALL tra jec tory f i les  stored in the un i t .

Default Trajectory Loads the defaul t  sys tem tra jec tory f i le for tra jec tory mode 
s imulat ion playback.

Import f rom USB Copies tra jec tory f i les from a USB drive to  the in ternal  s torage 
area of GPSG-1000.

Export to USB Copies a l l  t rajectory  f i les f rom the in ternal  storage area of 
GPSG-1000 to  a USB drive.

Display Component Descript ion

Current Trajectory 
File

Displays the f i le name of the tra jec tory f i l e cur rent ly  used for 
trajectory  simulat ion.
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3.2.22 Kml Function Window
The Kml Funct ion Window is  used to  manage the Kml f i les  stored in the GPSG-1000 and 
to  manage the Kml f i le  used during a tra jec tory s imulat ion.

F ig.  3-24  Kml Window

Control Component Descript ion

Load Traj Opens the Load Kml Windows.  Select a Kml f i le  and press 
Open to  load the Kml f i le .  Selected f i le  name wi l l  be displayed 
in  the Kml F i le  Window. Dur ing the load process the la t i tude,
longi tude and absolute al t i tude data from the Kml f i le ,  a long
with  the Maximum Veloc i ty,  Conversion Sampl ing Rate, and
Min imum Turn ing Radius from contro l  components of the Kml 
Window wi l l  be used to  create a trajectory  f i le  2stored in  GDT 
format on the un i t .  The data loaded onto the uni t  during the 
convers ion of the Kml f i l e can be p layed as a trajectory  
s imulat ion.

Load Route Opens the Load Kml Window. Select a  Kml  f i le  and press 
Open. The la t i tude, longi tude and absolute al t i tude data from 
the Kml f i le wi l l  be inser ted onto the Route page a long with the 
Maximum Veloci ty and Min imum Turning Radius from the Kml 
Window, and the Accelerat ion from the se lected motion model.  
The data loaded onto the Route page can then be p layed as a 
dynamic  s imulat ion, al though further manual ed i t ing of the 
route data may be necessary for  proper playback.

Clear  Sett ings Deletes ALL Kml f i les  s tored in the uni t .

Import f rom USB Copies Kml f i l es  from a USB drive to  the in ternal  storage area 
of GPSG-1000.

Export to USB Copies a l l  Kml f i l es  from the in ternal  s torage area of 
GPSG-1000 to  a USB drive.
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Display Component Descript ion

Current Settings File Displays the f i le name of the Kml f i le current ly  used to setup 
the un i t .

Maximum Velocity 0 to  1118 Mph or 0 to  1800 Km/h

Conversion 
Sampling Rate

1, 2 , 4 , or 5 Hz

Minimum Turning 
Radius

0 to  328081 f t  or 0  to 99999 m
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3.2.23 Waypoint Window
The Waypoint Window is used to  manage the user entered waypoints  stored in 
the GPSG-1000.

Fig. 3-25  Waypoint Window

Control Component Descript ion

Clear  Sett ings Deletes al l  user entered waypoints s tored in  the uni t .

Import f rom USB Copies user entered waypoints from a USB drive to the 
in terna l  s torage area of GPSG-1000.

Export to USB Copies a l l  user entered waypoints from the internal  storage 
area of GPSG-1000 to  a USB drive.
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3.2.24 System Function Window
Select ing the System icon from the Launch Bar Menu wi l l  d isp lay the System sub-menu. 
The System sub-menu contains the Opt ions, System Configurat ion and System Update 
icons. See Chapter 5 - Maintenance for deta i ls.

Fig . 3-26  System Menu
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Chapter 4  -  Testing GPS/ Gali leo Receivers

4.1 INTRODUCTION
This  chapter prov ides deta i ls o f s tandard tests  for GPS receivers.

4.1.1 Antenna Coupler Instal lat ion 
Perform the fo l lowing s teps to  Ins ta l l  the Antenna Coupler  

STEP PROCEDURE

1. Ensure the GPSG-1000 is with in  50 ft  o f  the a irc raft  under test GPS antenna ( top 
fuse lage) .  

2. Place the Shot Bag weight over the center sect ion of the GPS Antenna Coupler.
3. Connect the 50 f t  RF Coax Cable to  the GPSG-1000 Coupler TX TNC connector .  
4. Perform Setup procedure 4.1.3
5. Place the Antenna Coupler over the GPS antenna on the top s ide of the a irc raft  

f rame.

NOTE:
In  a dual or tr iple  GPS system insta l lat ions, addi t ional  Antenna Couplers may be 
used v ia a  power sp l i t ter.

F ig. 4-1  GPSG-1000 RF Connect ion 
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4.1.2 Setup Basic Static Simulation   
Perform the fo l lowing s teps for Setup. 

STEP PROCEDURE

1. Press Power On/Off  Key for a minimum of  one second to  power  up test  set.
2. Select Launch Bar tab to display launch bar.  
3. Select Setup  funct ion key to d isp lay Setup Window. 
4. Select Simulation  tab. 
5. Confi rm the fol lowing set t ings and change as necessary.

GNSS: 
GNSS = GPS
Carr ier = L1
SBAS = Off
Simulat ion = Stat ic
Digi ta l  Noise = OFF – when coupl ing to  the receiver antenna. ON – when 
connect ing direct ly to  the receiver,  bypassing the antenna/LNA.

NOTE:
Use of  dig i ta l  no ise v ia receiver antenna,  wi l l  resu l t  in  degraded SV Signal  to 
Noise rat io  and may cause receiver to  loose track or not obta in  a stable f ix .
Fading = None
PRN Signal = Fixed
Posit ion Source = User
Simulat ion Start  T ime:
Clock = In terna l
RF Output:  
RF Level = When sett ing the output level  o f GPS generated s ignal ,  a  sett ing of 
115 to -120 dB should be adequate for  most rece ivers . When d irect ly  connect ing 
to  a receiver ,  the nominal ga in  of  the antenna should be taken into considerat ion 
and the output leve l  of  the GPSG-1000 adjusted accord ing ly.
RF Por t = COUPLER (i f  using antenna coupler ) or DIRECT (d irect connect to  GPS 
UUT).
Units  = Imperia l

6. Select Almanac tab on the Fi le  page and press Load. Select  an a lmanac from the 
l ist  of  avai lable i tems that has been obtained from the internal  GPS receiver,  or  
the U.S. Coast Guard Nav igat ion webs i te  that is no more that 30 days o ld,  and 
then press the load key.

7. Select I /O  tab.
Loss: 
Coupler Loss = F igure in  dB marked on Antenna Coupler.
Coupler Cable = Figure in dB marked on RF Coax Cable.
Direct Cable = Figure in dB marked on RF Coax Cable. 
Input/Output:  
Ext Ref Out  = OFF
Reference Source - INT
Tr igger  = Auto

8. Select Simulation  Funct ion Key from the Launch Bar.
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STEP PROCEDURE

9. Perform the fo l lowing s teps to  complete Simulat ion:
PVT:
Lati tude = For Optional  entry o f test  Lat i tude
Longitude = For Optional  entry o f test  Longitude
Alt i tude = For Optional  entry  o f test Al t i tude

10. Select RUN  key to start  s imulat ion.
11. Select STOP key to  d iscont inue s imulat ion.

NOTE:
Most GPS receivers expect ACTIVE antennas,  this  means they supply a  DC 
vol tage to  the antenna connector.  The GPSG-1000 has bui l t  in DC vol tage 
block ing on the GPSG -1000 TX Port.  

NOTE:
Some receivers  “sense”  current draw on the DC supply  to their act ive antenna.             
I f  there is no current drawn, they may assume that no antenna is  connected. In 
such cases, the cur rent draw must be s imulated by some res ist ive load and 
perhaps a series  inductor between the signal  l ine and the ground. Such a device 
may need to be custom bui l t ,  depending on the receiver requirements.

NOTE:
I t  is  recommended that the receiver under  test is  “cold  s tar ted” and a fresh 
almanac obtained from the GPSG-1000 simulat ion. Th is process may take several  
minutes, dependent on spec i f ic  rece iver.

NOTE:
Some receivers wi l l  not obta in  a stable f ix  when us ing a simulat ion t ime earl ier 
than the selected a lmanac. General l y i t  is best  to  ut i l ize an a lmanac that is dated 
at  least  one day before the simulat ion date.

NOTE:
NOTE: I t  is impor tant that the receiver  under tes t is not able  to  receive signals  
from the real  GPS constel la t ion as the pseudo-ephemeris  data of the s imulat ion is 
di f ferent enough from the real  conste l lat ion that the mix of data can cause 
problems with  the receivers  pos i t ional  ca lcu la t ion.

GPS TX PORT: APPLIED DC SHOULD NOT EXCEED +50 V
CAUTION
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4.1.3 Setup Basic Dynamic Simulation   
Perform the fo l lowing s teps for Setup:

STEP PROCEDURE

1. Press Power On/Off  key for a min imum of one second to  power up test set .
2. Select Launch Bar tab to display launch bar.  
3. Select Setup  funct ion key to d isp lay Setup Window. 
4. Select Simulation  tab. 
5. Confi rm the fol lowing set t ings and change as necessary:

GNSS: 
GNSS = GPS
Carr ier = L1
SBAS = Off
Simulat ion = Dynamic
Digi ta l  Noise = OFF when coupl ing to  the receiver antenna.  ON when connect ing 
direc t ly to the receiver,  bypass ing the antenna/LNA.

NOTE:
Use of  dig i ta l  no ise v ia receiver antenna,  wi l l  resu l t  in  degraded SV Signal  to 
Noise rat io  and may cause receiver to  loose track or not obta in  a stable f ix .
Fading = None
PRN Signal = Fixed
Posit ion Source = User
Simulation Star t Time: 
Clock = User
Date = For opt ional  entry  of  date
Time = For opt ional  entry  o f t ime
RF Output : 
RF Level = When sett ing the output level  o f GPS generated s ignal ,  a  sett ing of 
-115 to -20 dB should be adequate for most  rece ivers.  When direc t ly connect ing 
to  a receiver ,  the nominal ga in  of  the antenna should be taken into considerat ion 
and the output leve l  of  the GPSG-1000 adjusted accord ing ly.
RF Por t = COUPLER (i f  using antenna coupler ) or DIRECT (d irect connect to  GPS 
UUT)
Units  = Imperia l

6. Select Almanac tab on the F i le  page and press Load Default.
7. Select I /O  tab.

Loss: 
Coupler Loss = F igure in  dB marked on Antenna Coupler
Coupler Cable = Figure in dB marked on RF Coax Cable
Direct Cable = Figure in dB marked on RF Coax Cable
Input/Output:  
Ext Ref Out  = OFF
Reference Source = INT
Tr igger  = Auto

8. To enter a  route, se lect Route  funct ion key from the Launch Bar .
9. Select Route Points Add  button.
10. Select a waypoint f rom the Stored Waypoints  tab le.
11. Select the Next  but ton.
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STEP PROCEDURE

12. Enter the desired information on the Route Point  ed i t  page and press the Done  
button.  

13. Complete entering al l  the Route po ints.
14. To save Route for fu ture use se lect Route  funct ion key from the Launch Bar . 

Select Route Manage  button, then enter  f i le  name on the Manage Routes popup 
and press Save .

15. Select Simulation  tab.
16. Select RUN  key to start  s imulat ion.
17. Select STOP  key to  s top s imulat ion.
NOTE:

Most GPS receivers  expect act ive antennas. This  means they supply a DC vol tage 
to  the antenna connector.  The GPSG-1000 has bui l t  in  DC vol tage b locking on the 
GPSG -1000 TX Por t.

NOTE:
Some receivers ‘sense’ current draw on the DC supply to  their  ac t ive antenna. I f  
there is  no current drawn, they may assume that no antenna is connected.  In  such 
cases,  the current draw must  be simulated by some resis t ive load and perhaps a 
series inductor  between the s ignal  l ine and the ground.  Such a dev ice may need 
to  be custom bui l t ,  depending on the receiver requirements.

NOTE:
I t  is  recommended that the receiver under  test is  ‘cold  started ’  and a f resh 
almanac obtained from the GPSG-1000 simulat ion. Th is process may take several  
minutes, dependent on the speci f ic  rece iver.

NOTE:
Some receivers wi l l  not obta in  a stable f ix  when us ing a simulat ion t ime earl ier 
than the selected a lmanac. General l y i t  is best  to  ut i l ize an a lmanac that is dated 
at  least  one day before the simulat ion date.
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4.1.4 Setup Basic Trajectory Simulation   
Perform the fo l lowing s teps for Setup: 

STEP PROCEDURE

1. Press Power On/Off  Key for a minimum of  one second to  power  up test  set.
2. Select Launch Bar tab to display launch bar.  
3. Select Setup  funct ion key to d isp lay Setup Window. 
4. Select Simulation  tab. 
5. Confi rm the fol lowing set t ings and change as necessary:

GNSS: 
GNSS = GPS
Carr ier = L1
SBAS = Off
Simulat ion = Trajectory
Digi ta l  Noise = OFF – when coupl ing to  the receiver antenna. ON – when 
connect ing direct ly to  the receiver,  bypassing the antenna/LNA.

NOTE:
Use of  dig i ta l  no ise v ia receiver antenna wi l l  resu l t  in  degraded SV Signal to 
Noise rat io  and may cause receiver to  loose track or not obta in  a stable f ix .
Fading = None
PRN Signal = Fixed
Posit ion Source = User
Simulation Star t Time: 
Clock = User
Date = For opt ional  entry  of  date
Time = For opt ional  entry  o f t ime
RF Output : 
RF Level = When sett ing the output level  o f GPS generated s ignal ,  a  sett ing of 
-115 to -120 dB should be adequate for most receivers. When d irect ly  connect ing 
to  a receiver ,  the nominal ga in  of  the antenna should be taken into considerat ion 
and the output leve l  of  the GPSG-1000 adjusted accord ing ly.
RF Por t = COUPLER (i f  using antenna coupler ) or DIRECT (d irect connect to  GPS 
UUT)
Units  = Imperia l

6. Select Almanac tab on the F i le  page and press Load Default.
7. Select I /O  tab.

Loss: 
Coupler Loss = F igure in  dB marked on Antenna Coupler
Coupler Cable = Figure in dB marked on RF Coax Cable
Direct Cable = Figure in dB marked on RF Coax Cable
Input/Output:  
Ext Ref Out  = OFF
Reference Source = INT
Tr igger  = Auto

8. Select GPS RX  funct ion key from the Launch Bar.
9. Ensure that  the GPS receiver antenna is cor rect ly  connected to the GPSG-1000 

and that the tes t set has an unobst ructed v iew of the sky.
10. To s tar t  the record ing process press Record Trajectory  button.
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STEP PROCEDURE

11. Press Stop Recording  button to stop the record ing process.
12. To load a data f i le  for p layback, select File  funct ion key from the Launch Bar.
13. Select the Trajectory tab and press the Load  button.
14. On the Load Trajectory  popup, select the des ired f i le from the l is t  and press the 

Load  button.
15. Select Simulation  funct ion key from the Launch Bar.
16. Select RUN  key to start  s imulat ion.
17. Select STOP  key to  s top s imulat ion.
NOTE:

When a f ield  contain ing NMEA sentences is  imported to  the GPSG-1000 for 
playback, at  a minimum the f i l e must conta in  sentence GGA or RMC. I f  the f i l e 
contains on ly GGA messages the GPSG-1000 wi l l  use the date spec i f ied on the 
Setup page of  the uni t .  I f  sentence RMC is avai lable in the imported f i le ,  then the 
date of  the s imulat ion wi l l  match that o f the data with in  the f i l e.  In e i ther  of the 
prev ious two cases, the correct ly dated almanac f i le  must be loaded to match the 
date of  the s imulat ion i f  the user in tends to match the SV conste l la t ion s imulated 
by the GPSG-1000 to that of  the SV conste l lat ion in  view by the receiver  at the 
t ime of the record ing.

NOTE:
Most GPS receivers  expect act ive antennas. This  means they supply a DC vol tage 
to  the antenna connector.  The GPSG-1000 has bui l t  in  DC vol tage b locking on the 
GPSG -1000 TX Por t.

NOTE:
Some receivers ‘sense’ current draw on the DC supply to  their  ac t ive antenna. I f  
there is  no current drawn, they may assume that no antenna is connected.  In  such 
cases,  the current draw must  be simulated by some resis t ive load and perhaps a 
series inductor  between the s ignal  l ine and the ground.  Such a dev ice may need 
to  be custom bui l t ,  depending on the receiver requirements.

NOTE:
I t  is  recommended that the receiver under  test is  ‘cold  started ’  and a f resh 
almanac obtained from the GPSG-1000 simulat ion. Th is process may take several  
minutes, dependent on the speci f ic  rece iver.

NOTE:
Some receivers wi l l  not obta in  a stable f ix  when us ing a simulat ion t ime earl ier 
than the selected a lmanac. General l y i t  is best  to  ut i l ize an a lmanac that is dated 
at  least  one day before the simulat ion date.



Test ing GPS/ Gal i leo Receivers

4 -8

4.1.5 GPS Receiver Communication
Some receivers  may have maintenance pages the user can access to view SV parameters  
and posi t i onal  i nformation. Access may ei ther be d irect l y v ia a  d isp lay/contro l  or  by  the 
use of propr ietary  software.
For a  s tandard ized means of access ing a l l  rece iver data most  rece ivers suppor t the 
NMEA-183 protocol .  NMEA -183 compl iant rece ivers  send data cont inuous ly  through 
ei ther a  ser ial  or  USB interface, in the form of  text sentences, which may be monitored by 
PC using a su i tab le  appl icat ion. The NMEA-183 protocol  supports  six  bas ic sentences, 
and each prov ides a d i f ferent data type.  Refer to  table  4-1. The f i rs t  word in  each 
sentence is the three le t ter data type.

Table 4-1  Basic NMEA-183 Sentences

The in formation from the GSA sentence can be used to  veri fy i f  the receiver has achieved 
a posi t ion f ix and may be used in  TTFF measurements.  The GSV sentence provides the 
C/N0 (carr ier-to-noise) rat ios  for each satel l i te  that  the receiver is tracking,  which may be 
used for sensi t ivi ty  tests .

Data Type Description

GGA Fix information

GLL Lat i tude and longi tude information

GSA Overa l l  satel l i te  data

GSV Detai led data for sate l l i tes in  v iew 

RMC Recommended minimum data for GPS

VTG Vector track and speed over ground



Test ing GPS/ Gal i leo Receivers

4 -9

4.1.6 Sensit ivity 
GPS receivers  usual ly  have two sensi t iv i ty  f igures spec i f ied: Acquisi t ion Sensi t i vi ty  and 
Signal Track ing Sens i t ivi t y.  Acquisi t i on Sensi t iv i ty  spec i f ies the lowest power level  a t 
which the receiver is  ab le  to  achieve a pos i t ion f ix .  S ignal Tracking Sens i t iv i ty is the 
lowest power level  a t which a receiver is ab le to t rack an ind iv idual  satel l i te.  

4.1.6.A Signal Tracking Sensitivity  
Perform the fo l lowing s teps for signal  t racking sens i t iv i ty tes t.

STEP PROCEDURE

1 If connect ing GPSG-1000 via  Antenna Coupler,  perform Antenna Coupler 
Insta l lat ion procedure Sect ion 4.1.1. I f  direct ly connect ing GPSG-1000 to  GPS 
receiver under  test,  proceed to  s tep 2.

2. Perform Setup procedure Sect ion 4.1.2. 
3. Select Launch Bar tab to display launch bar.  Select SV PRN funct ion key to  

display the SV PRN Funct ion Window. The GPS SV’s  in  v iew wi l l  be d isplayed in a 
table . 

4. Turn ON a sing le high elevat ion SV by se lect ing ON/OFF f ie ld to  ON in the SV l ine 
and then se lect Apply. Select the close icon  to  c lose the Funct ion Window.  

F ig. 4-2  SV PRN Single SV Select ion

5. Select RF Level  and set to  -136 dBm. 
NOTE:

This  is 6  dB above the typical  GPS receiver pos i t ional  t racking sens i t ivi t y o f 
-142 dBm. I f  the act ive antenna is  not  in  circui t ,  the ga in of  the antenna should be 
subt racted from these f igures.
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STEP PROCEDURE

6. Reduce the RF leve l  in  0 .1 dB increments unt i l  the spec i f ied C/N0 is  d isp layed on 
the receiver tes t page or read from the receiver using the NMEA-183 protocol .

F ig.  4-3  Simulat ion Funct ion Window

4.1.6.B Acquisit ion Sensit ivi ty
Perform the fo l lowing s teps for acquis i t ion sensi t ivi ty  test.  

STEP PROCEDURE

1 If connect ing GPSG-1000 via  Antenna Coupler,  perform Antenna Coupler 
Insta l lat ion procedure Sect ion 4.1.1. I f  direct ly connect ing GPSG-1000 to  GPS 
receiver under  test,  proceed to  s tep 2.

2. Perform Setup procedure Sect ion 4.1.2. 
3. Select Launch Bar tab to display launch bar.  Select SV PRN funct ion key to  

display the SV PRN Funct ion Window. The GPS SV’s  in  v iew wi l l  be d isplayed in a 
table .

4. Turn ON al l  SV’s  by se lect ing ON/OFF f ie ld to ON in  each SV l ine, then se lect 
Apply .  Select the c lose icon to  c lose the Funct ion Window.  On the Setup 
Simulat ion Funct ion Window Select PRN Signal drop down menu. Select 
VARIABLE to  ensure the re lat ive SV s ignal levels are set proport ional  to  the 
respect ive pseudo ranges

5. Select RF Level  and set to  -136 dBm. 
NOTE:

This  is 6  dB above the typical  GPS receiver pos i t ional  t racking sens i t ivi t y o f 
-142 dBm. I f  the act ive antenna is  not  in  circui t ,  the ga in of  the antenna should be 
subt racted from these f igures.

6. Increase the RF Level in  steps of 0 .5 dB, unt i l  posi t ional  f ix i s d isp layed on the 
receiver or read from the receiver  us ing the NMEA-183 protocol .  A l low severa l  
minutes at each power level .

7. Increase the RF Level  in  s teps of 0 .5  dB unt i l  the posi t ional  f ix is  d isp layed on the 
receiver or read from the receiver using the NMEA-183 protocol .  Al low severa l  
minutes at each power level .

NOTE:
This  is 6  dB above the typical  GPS receiver pos i t ional  t racking sens i t ivi t y o f 
-142 dBm. I f  the act ive antenna is  not  in  circui t ,  the ga in of  the antenna should be 
subt racted from these f igures.
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4.1.6.C C/N0 Measurement Options

In  scenar ios  where measurement speed is important,  such as a product ion environment,  
you can use a higher C/N0 value and ext rapolate the sens i t ivi t y in formation from the 
resul t .
There is  a  l inear rela t ionship between RF power and C/N0 rat io,  re fer to table  4-2. As an 
al ternat ive to  measuring the receiver’s  C/N0 rat io  a t the g iven sens i t iv i ty level ,  i t  is  
poss ible to  der ive sens i t iv i ty based on the C/N0 at a d i f ferent power level .  Typical  
rece iver C/N0 rat io is  28 to  32 dB-Hz to achieve a posi t ion f ix.  I f  the receiver reports  a  
C/N0 value of 28 dB-Hz at  -145 dBm, i t  also reports a C/N0 va lue of 43 dB-Hz at 
-130 dBm.
NOTE:

I t  is  important that a g iven receiver is  f i rs t  characterized by measuring the 
acquis i t ion sensi t iv i ty  to  ensure that receiver  se l f- in terference (e.g. spurs)  or  
dig i t izat ion no ise, does not adverse ly e ffect the C/No f igure before applying this  
technique.

Whi le the exact RF level  used to measure sens i t ivi t y varies  from one receiver  to  the next,  
the ra t io  o f the receiver  of C/N0 to  RF power leve l  is  perfec t ly l i near.  

Table 4-2  Typical  Receiver C/N0 as a funct ion of RF level
When a h igh input level  is  used to s t imulate the C/N0 rat io ,  the receiver  reports  the 
maximum poss ible  C/N0 va lue a l lowed by the ch ipset.  Typica l ly  thi s f igure i s between 
54 to 66 dB -Hz, (56 dB - Hz in  Table 4-2 example).

RF Level Receiver C/N0

-110.0 dBm 56 dB –Hz

-115.0 dBm 56 dB –Hz

-120.0 dBm 53 dB –Hz

-125.0 dBm 48 dB –Hz

-130.0 dB 43 dB –Hz

-135.0 dB 38 dB –Hz

-140.0 dB 33 dB –Hz

-145.0 dB 28 dB –Hz
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4.1.7 Measuring Time to First  Fix (TTFF) and Posi t ion Accuracy
TTFF and pos i t ion accuracy measurements are important parameters  in  GPS receiver 
test ing.  In many GPS appl icat ions, the t ime i t  takes for the receiver to  re turn i ts  actual  
locat ion can signi f icant ly a ffect the receiver’s  usabi l i ty .  In  addit ion, the accuracy with  
which a receiver returns i t s reported locat ion is  important .
For a  receiver to obtain  a posi t ion f ix ,  i t  must download the almanac and ephemeris  
information from the satel l i te through a navigat ion message. Because i t  takes 30 seconds 
for a receiver to  download an ent i re  GPS f rame, a  “cold  start ”  TTFF condit ion can take 
anywhere from 30 to 60 seconds.
Signal strength a lso is a factor in cor rela t ion lock t ime and hence TTFF.

Fig. 4-4   TTFF vs. Signal Strength
Many receivers speci fy several  TTFF condit ions, inc lud ing Acquisi t ion (co ld  and warm 
start) ,  Reacquisi t ion (hot s tar t)  and Pos i t ional  Accuracy.
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4.1.7.A Acquisit ion (cold start)
Under this  condit ion the receiver does not have any current Almanac or Ephemeris data 
and has no memory of previous locat ion. Firs t ly ,  a t  least one GPS frame must be 
downloaded from each of the SV’s in  v iew however,  as the receiver does not  even know i t  
approx imate locat ion and hence what SV’s may be in  view, th is requi res a l l  SV PRN 
codes to be searched, over 5000 Hz Doppler frequency sh i f t .  Most modern receivers 
achieve a pos i t ion f ix  from a co ld  start  condit ion in  30 to  60 seconds. In o lder receivers 
th is process may take severa l  minutes. 
Perform the fo l lowing s teps for Acquis i t ion (co ld s tart)  TTF measurement.  

STEP PROCEDURE

1. If  connect ing GPSG-1000 via  Antenna Coupler,  perform Antenna Coupler 
Insta l lat ion procedure Sect ion 4.1.1. I f  direct ly connect ing GPSG-1000 to  GPS 
receiver under  test,  proceed to  s tep 2.

2. Perform Setup procedure Sect ion 4.1.2. 
3. Ensure GPS receiver is in cold s tar t  mode i .e .  no a lmanac or ephemeris  in 

memory. 
4. Select Launch Bar tab to display launch bar.  Select SV PRN funct ion key to  

display the SV PRN Funct ion Window. The GPS SV’s  in  v iew wi l l  be d isplayed in a 
table  (F ig 4-4).

5. Turn ON a l l  SV’s by se lect ing ON/OFF f ield to ON in  each SV l ine and then select  
Apply. Select the close icon  to  close the Funct ion Window. 

6. On the Setup Simulat ion Funct ion Window select PRN Signal  drop down menu. 
Select VARIABLE, th is  ensures the re lat ive SV s ignal  levels  are set propor t ional  
to  the respect ive pseudo ranges.

7. Select RF Level  and set to  the receiver  manufacturers  TTFF RF leve l .  
8. Select Run key to res tar t  simulat ion and measure the T ime to  Fix  (TTF).
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4.1.7.B Acquisit ion (warm start)
The receiver has some almanac information that  is less than one week old  but does not 
have any ephemeris information.

NOTE:
Ephemeris information is  only  va l id  for  4 hrs . Typica l ly ,  the receiver  knows the 
t ime to within  20 seconds and the posi t ion to within  100 km. Most modern GPS 
receivers achieve a posi t ion f ix from a warm condi t ion in  less than 60 seconds but 
can sometimes achieve a posi t ion f ix  in much less t ime.

Perform the fo l lowing s teps for Acquis i t ion (warm start)  TTF measurement .  

STEP PROCEDURE

1, If  connect ing GPSG-1000 via  Antenna Coupler,  perform Antenna Coupler 
Insta l lat ion procedure Sect ion 4.1.1. I f  direct ly connect ing GPSG-1000 to  GPS 
receiver under  test,  proceed to  s tep 2.

2. Perform Setup procedure Sect ion 4.1.2. 
3. Ensure GPS receiver is in warm star t  mode i .e.  no ephemeris  in memory or 

rece iver has not seen an ephemeris  for  over  4 Hrs. 
4. Select Launch Bar tab to display launch bar.  Select SV PRN funct ion key to  

display the SV PRN Funct ion Window. The GPS SV’s  in  v iew wi l l  be d isplayed in a 
table .

5. Turn ON al l  SV’s  by se lect ing ON/OFF f ie ld to ON in  each SV l ine and select  
Apply. Select the close icon  to  close the Funct ion Window. 

6. On the Setup Simulat ion Funct ion Window select PRN Signal  drop down menu. 
Select VARIABLE, th is  ensures the re lat ive SV s ignal  levels  are set propor t ional  
to  the respect ive pseudo ranges.

7. Select RF Level  and set to  the receiver  manufacturers  TTFF RF leve l .  
8. Select Run key to res tar t  simulat ion and measure the T ime to  Fix  (TTF).
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4.1.7.C Reacquisit ion (hot star t)
The receiver has up-to-date almanac and ephemeris  in format ion, has not been turned off  
for more than two hours  and has not  moved locat ion more than 100m. In  this  scenar io,  the 
receiver needs to  obta in on ly t iming in formation from each SV to return i ts  posi t ion f ix  
locat ion. Most modern GPS receivers  re turn a pos i t ion f ix  from a hot s tar t  condit ion within  
0.5 to  20 seconds. 

Perform the fo l lowing s teps for Reacquisi t ion (hot s tar t)  TTF measurement.  

STEP PROCEDURE

1. If  connect ing GPSG-1000 via  Antenna Coupler,  perform Antenna Coupler 
Insta l lat ion procedure Sect ion 4.1.1. I f  direct ly connect ing GPSG-1000 to  GPS 
receiver under  test,  proceed to  s tep 2.

2. Perform Setup procedure Sect ion 4.1.2. 
3. Select Launch Bar tab to display launch bar.  Select SV PRN funct ion key to  

display the SV PRN Funct ion Window. The GPS SV’s  in  v iew wi l l  be d isplayed in a 
table .

4. Turn ON al l  SV’s  by se lect ing ON/OFF f ie ld to ON in  each SV l ine and select  
Apply. Select the close icon  to  close the Funct ion Window. 

5. On the Setup Simulat ion Funct ion Window select PRN Signal  drop down menu. 
Select VARIABLE, th is  ensures the re lat ive SV s ignal  levels  are set propor t ional  
to  the respect ive pseudo ranges.

6. Select RF Level  and set to  the receiver  manufacturers  TTFF RF leve l .  
7. On the Simulat ion Funct ion Window select the Run key  to  start  the s imulat ion. 

Wai t  unt i l  a  pos i t ion f ix is  ach ieved and se lect the Stop  Key.
8. Wai t  60 seconds and then se lect Run key to  restart  simulat ion and measure the 

Time to  F ix (TTF) .
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4.1.7.D TTFF Accuracy
As GPS sate l l i tes c ircle  the ear th every 12 hours , the range of ava i lab le  satel l i tes  varies  
substant ia l ly  throughout the course of one day. TTFF and pos i t ion accuracy are usual ly  
spec i f ied at a  speci f ic  power leve l  and to ensure that your receiver  re turns the 
appropria te resul t  under a  broad range of condit ions i t  is  useful  to ver i fy the accuracy of  
both of  these speci f icat ions under a  varie ty  of ci rcumstances.
The GPSG-1000 al lows the user  to enter a spec i f ic UTC t ime, which corre lates with the 
almanac loaded in the test set.  This  feature a l lows a 3D pos i t ion to  be entered, which is 
then simulated ut i l izing ei ther opt imal geomet ry satel l i tes  automatical l y determined, or 
user  se lected sate l l i tes, ava i lable  in  that locat ion, a t that t ime, thereby provid ing a means 
to  veri fy  rece iver pos i t ional  accuracy under variable  condit ions. 
NOTE:

As GPS and Gal i leo t ime are di f ferent,  the GPSG-1000 a l lows a common frame of  
re ference by ut i l izing UTC t ime for test ing. 

When measuring TTFF, f i rs t  s tar t  the GPSG-1000. After f ive seconds, manual ly p lace the 
receiver in to “co ld” start  mode. Once the receiver obta ins a pos i t ion f ix ,  i t  reports the 
TTFF information. Example resul ts  for Cold and Hot TTFF are shown in  Table 4-3.
Al l  table  simulat ions ut i l i ze the same 3D posi t ion.

Table 4-3  TTFF Values for Four  Simulat ions at Di f ferent UTC

In itia l  UTC Cold TTFF (S) Hot TTFF (S) Maximum SV 
C/No

SV’s

10:14:02m 38.21 1.30 46 6,9,12,14,2

14:06:18 32.01 0.52 49 16,21

16:12:01m 33.09 0.60 47 11,4,8

18:32:22 36.45 1.21 46 24,9,7,15

Average 34.94 0.90 47

Standard DEV 2.88 0.40 1.41
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4.1.7.E Posit ional Accuracy
3D pos i t ion accuracy and repeatabi l i t y can be determined by creat ing simulat ions at 
various UTC’s . I t  is  important to  test accuracy at var ious UTC’s, because the avai lab le  
sate l l i tes  and their  geometr ies,  change substant ial ly even over the course of severa l  
hours. An example of  lat i tude, longi tude and al t i tude information, taken at  four d i f ferent 
UTC’s , is shown in Table 4-4.

Table 4-4  Hor izonta l  Accuracy for Various UTC Simulat ions

Table 4-4 shows that you can ca lcula te horizonta l  error in  meters absolute ly based on the 
simulated pos i t ion. The hor izonta l  error is  determined from the equat ion:

The accuracy that a  receiver can atta in, is h igh ly  dependent on the avai lable  sate l l i tes 
that i t  has to lock to . Whi ls t  a receiver’s accuracy wi l l  vary over the course of severa l  
hours (when sate l l i tes change), the pos i t ional  repeatabi l i ty for a g iven UTC wi l l  usual ly 
resu l t  in  on ly a  smal l  devia t ion. With the GPSG-1000,  you can per form mult ip le  tr ia ls o f a  
part icular s imulated 3D pos i t ion. Th is a lso can conf i rm that  the GPSG-1000 does not add 
uncerta in ty to the simulated GPS s ignal.  

In itia l  UTC Lat itude Longitude Alt (MSL) Hor izontal 
Error (m)

10:14:02m 37.658331 -97.438891 603.000000 0.268341

14:06:18 37.658325 -97.438888 597.000000 0.900046

16:12:01m 37.658320 -97.438887 598.000000 1.457469

18:32:22 37.658310 -97.438891 601.000000 2.559818

Average 34.94 97.438889 599.750000 1.296419

Standard DEV 2.88 0.00000156 2.75378527 .0972312

SIM Posit ion 
DEC

2.88 -97.438889 -

SIM Posit ion 2.88 97:96:20 E 600.000000
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4.1.8 RAIM Testing and SV Geometry
The orb i ta l  character ist ics  of  SV’s  within  a  GPS constel la t ion are contained in  the 
transmitted a lmanac and ephemeris  data. The GPSG-1000 does not  permit  the user to  
direc t ly change indiv idual  SV orb i ta l  parameters , therefore ind ividual  SV Elevat ion and 
Az imuth, at  any UTC within  the simulat ion, are determined by almanac and the ephemeris 
generated from the almanac.
RAIM requi res at least 5 SV’s  to be in  view and monitors spec i f ic accuracy boundaries 
which i f  crossed, wi l l  ini t i ate  speci f ic  a lerts.  Posi t ional  accuracy is  dependent on SV 
geometry , examples of poor geometry  are groups of SV’s with azimuth angles close 
together and/or groups of SV’s with  low elevat ion angles. Posi t ions with  low elevat ion 
SV ‘s wi l l  also exhib i t  l ow re la t ive RF Levels , due to  the longer pseudo ranges.  Due to  the 
SV orb i ta l  plane incl inat ion of 55 deg, posi t ions in  temperate la t i tudes, the equator  and 
polar regions.
Temperate lat i tudes exhibi t  SV azimuths that range in an arc e i ther side of 90 and 270 
degs. 
Equator exhib i ts SV azimuths through a fu l l  360 degs and e levat ions up to  90 deg. 
Polar regions at 0  and 180 deg.  Polar regions are devoid of satel l i tes . Polar posi t ions 
exhib i t  SV e levat ions that are low on the horizon. 

F ig . 4-5  Global SV Tracks  

The simulated posi t ion and Almanac/Ephemeris  UTC, wi l l  determine the ind ividual  SV’s 
elevat ion,  azimuth and RF level .  The SV PRN Elevat ion and Azimuth indicat ions are used 
to  se lect combinat ions of  SV’s  that exhib i t  poor geometry for  RAIM test ing.
A bad geometry  scenar io may be setup in  the SV PRN table by select ing on ly low 
elevat ion SV’s , on ly  SV’s  with close ly spaced az imuths or  on ly high elevat ion SV’s.
Al ternat ive ly po lar  posi t i ons may be s imulated,  which inherent ly have low elevat ion SV’s . 
SV health  may be set to  BAD to ensure the receiver does not use that SV. 
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Chapter 5 -  Maintenance

5.1 INTRODUCTION

5.1.1 Visual Inspections
Visual inspect ions should be performed periodical ly depending on operat ing environment,  
maintenance and use.

5.1.2 External Cleaning
STEP PROCEDURE

1. Clean front panel buttons and d isp lay face with soft  l in t- free clo th . I f  dir t  is 
di f f icu l t  to  remove,  dampen clo th  with water and a mi ld l i qu id detergent.

2. Remove grease, fungus and ground-in  d ir t  f rom sur faces with  soft  l i nt- f ree c loth  
dampened (not soaked) with  isopropyl  alcohol .

3. Remove dust  and dir t  f rom connectors  with soft-br ist led brush.
4. Cover connectors, not in  use,  with su i tab le  dust cover to  prevent tarn ish ing of 

connector contacts .
5. Clean cables with  soft  l int - free c lo th.
6. Paint  exposed meta l  surface to avoid corrosion.

5.2 MAINTENANCE PROCEDURES

5.2.1 Battery Replacement  
Perform the fo l lowing s teps to  rep lace battery :

STEP PROCEDURE

1. Veri f y the GPSG-1000 is  OFF and not connected to  AC power  via  the AC Adapter.
2. Place the GPSG-1000 on a f lat  surface, lower s ide up.
3. Li f t  the battery cover  Pul l  Tab to  a  vert ical  posi t i on to  re lease the Battery Cover 

and l i f t  away from the Case Assembly.
NOTE:  Some batter ies  may be f i t ted with  a s l id ing catch. Depress catch to      
            release battery . T ip the un i t  backwards to  re lease the battery .
Remove the bat tery from the battery hous ing (F ig  5-1).

4. Insta l l  new battery  in  the bat tery housing.
5. Replace the battery cover  on the case assembly by locat ing the l ipped end of  the 

cover in  the case assembly . L i f t  the pu l l  tab and push the battery cover  down, 
ensuring the catch engages. Release the pu l l  tab and ensure battery  lays f lat  
ins ide the recess.
NOTE:  Some batter ies  may be f i t ted with  a s l id ing catch. Depress catch to  
       insta l l  the battery.

DISPOSE OF OLD BATTERY ACCORDING TO LOCAL STANDARD 
SAFETY PROCEDURES.

BY ELECTR
WARNING
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Fig. 5-1  Battery Replacement

5.2.2 GPSG-1000 Software Update Procedure
Perform the fo l lowing s teps to  Update GPSG-1000 Software via  the USB port  using a USB 
memory device* :  
NOTE:  A Service Information Let ter (SIL)  is released with  each new sof tware re lease. 
           The SIL contains important information regard ing the software update content ,  

 and the software update process.  The SIL should be read careful ly  before any 
 update is  at tempted.

STEP PROCEDURE

1. Using your PC, obtain  the la test software update z ip  f i le  from VIAVI Solut ions.
2. Insert  a  USB memory device*  into  the PC and copy the zip  f i le  to  the root directory  

of  the USB memory device.
3. Remove any “Instrument” direc tor ies  that may res ide on the root direc tory  of the 

USD memory dev ice.
NOTE: VIAVI recommends using a b lank USB dev ice for th is procedure.

4. Unz ip the f i le  onto the root d irectory of the USB memory dev ice.
5. Upon complet ion, an Ins trument/Common/ di rec tory wi l l  be created that  contains 

al l  the rpm f i les for the update.
6. Safe ly remove the USB memory device from the PC.
7. Power  up the GPSG-1000.
8. Once booted,  se lect System  then select System Update  f rom the drop down 

menu.
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STEP PROCEDURE

9. Insert  the USB memory device in USB Host 1  or  Host 2  Port .  

F ig. 5-2  USB Ports

10. Wai t  5 to 10 seconds for  the dev ice to  be recognized and se lect 
Copy from USB .* *  The status screen should ind icate ‘Copying Software Update ’ .

NOTE:   Th is s tep may take several  minutes.
NOTE:   RPMs with  o lder version numbers wi l l  not be d isplayed.

NOTE:   Once al l  o f  the f i les  have been copied from the USB Memory Dev ice to  the 
GPSG-1000 internal  memory,  the f i les to be updated wi l l  be d isp layed in  
the RPM LIST window and the message FILES ARE READY TO INSTALL 
wi l l  be d isp layed in  the STATUS window.

11. Select Install  Software .  The update wi l l  start  and the progress screen appears.
12. When al l  RPM f i l es  have been ins tal led a pop up wi l l  be d isp layed inst ruc t ing the 

operator to PLEASE CYCLE POWER ON THE UNIT. To cycle power on the un i t  
press and hold the Power On button on the front of the GPSG-1000 for one 
second and re lease.

Note:  During the update process the system is  performing many operat ions 
          and may take up to  45 seconds to  respond to  the power down request.

13. Remove the USB memory dev ice and fo l low the ins truct ions d isp layed on the un i t .

*  Recommended USB memory Dev ice: VIAVI  Solut ions PN 67325. 
**  I f  you experience a USB Error when try ing to copy from USB, the USB memory 
    device being used may not  be compatib le  with the GPSG-1000. 

 
USB 

Host 1 
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5.2.3 GPSG-1000 Debug Files
Debug Files:
I f  the GPSG-1000 encounters a problem during the boot process and is unable to boot up 
proper ly,  a  debug f i le  may be obta ined from the GPSG-1000 and sent  to VIAVI Solut ions 
to  assis t  in  determin ing the cause of the boot  issue. 
To obtain  a copy of  the debug f i les , insta l l  a  USB memory dev ice in to one of the USB 
ports  on the GPSG-1000. Press the power  button to turn on the GPSG-1000. Dur ing the 
boot process two text  f i les wi l l  be created on the USB Memory Device (F ig. 2-5).  One f i le  
is ca l led “gps1000rs232.txt ” ;  and the other  f i le  is cal led “gps1000last_rs232.txt” ;  these 
f i les conta in the la test debug f i les . 
Each t ime the GPSG-1000 is booted with the USB Memory Dev ice insta l led in  one of the 
USB por ts,  the debug f i les are overwri t ten wi th the la test boot in formation. The 
in formation conta ined in the debug f i le  is  not in tended for use by the user.  Both f i les 
should be sent to  VIAVI  Solut ions i f  support is  being requested for a  boot issue.
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5.2.4 Identifying Instal led Software Version 
Perform the fol lowing s teps to ident i f y the software version ins tal led in the GPSG-1000. 

STEP PROCEDURE

14. Press the Power On button to  turn the tes t set on.  
15. Al low the tes t set to complete the boot process,  approx imate ly  5.5 mins.
16. Open the Launch Bar  by touching the l ight gray bar located on the le f t  s ide of the 

User In ter face and scrol l  down to  the System funct ion key.

.

STEP PROCEDURE

17. Touch the System funct ion key to open the System sub-menu and se lect System 
Update.

18. In  the Version window the un i t  seria l  number  and current ly  insta l led sof tware 
vers ion number i s d isp layed. In the fo l lowing example, “1000372866”  is the uni t  
seria l  number,  and “2.0.0,0” is the current ly ins tal led software version number.
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5.2.5 GPSG-1000 Almanac Update

Perform the fol lowing steps to  Update GPSG-1000 Almanac us ing a USB memory device* :  

STEP PROCEDURE

1. Obta in  the current GPS almanac for the week from the United States Coast Guard 
Nav igat ion Center a t h ttp :/ /www.navcen.uscg.gov/?pageName=gpsAlmanacs and 
save the f i le as  “current.a lm ”  or as  “weekXYZ.alm ”  wi th XYZ being the current  
almanac week (week617.alm) .

2. Copy the almanac f i le ,  named “current.a lm ”  to  the USB memory device (VIAVI 
Solut ions P/N 67325)  under the di rec tory name of Instrument/almanacs/ plus 
almanac f i le  name (/ Instrument/a lmanacs/week617.a lm).

3. Power  up the GPSG-1000.
4. Select System ,  then se lect System Update  f rom the drop down menu on the 

GPSG-1000.
5. Insert  the USB memory device into USB Host 1 Port  or Host Port  2 .
6. Wai t  5 to 10 seconds for  the dev ice to  be recognized and then select Copy f rom 

USB .
7. The Almanac f i le  wi l l  be copied to  the GPSG-1000.
8. The status message should read ‘Upgrade Done’.
9. Remove the USB memory device.
10. Proceed to Setup  window, then press Almanac Source.  Press File ,  then select  

the newly  loaded a lmanac f i le  to  load.
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5.2.6 Maintenance Function Windows
Select ing the Maintenance icon from the Launch Bar Menu wi l l  d isplay the Maintenance 
sub-menu. The Maintenance sub-menu contains the Cal ibrat ion and Diagnost ics icons.  

F ig. 5-3  Maintenance Menu
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5.2.6.A Calibration Function Window 
Select ing Cal ibrat ion from the Maintenance sub-menu wi l l  d isp lay the Cal ibrat ion 
Password Entry Window. The Cal ibrat ion Funct ion Window is password protected. 
Contact VIAVI Solut ions for the defau l t  password.  Enter the password to  open the 
Cal ibrat ion Funct ion Window.

Fig. 5-4  Cal ibrat ion Password Window

Control Component Description

Password Alpha Numeric  Pad: Enter password to open the Cal ibrat ion 
Funct ion Window. 
NOTE:  Contact VIAVI Solut ions for the defau l t  password.

Cancel Closes the Cal ibrat ion Password Window.

OK After the Cal ibrat ion Password has been entered, pressing OK 
wi l l  val idate the password and open the Cal ibrat ion Window i f  
the password is  accepted.
NOTE:  Inval id Password is displayed i f  the password is 
entered incor rect ly .

Change Opens Change Password Window. Enter o ld  password, new 
password and reenter new password to  change the password 
and open the Cal ibrat ion Funct ion Window.
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5.2.6.B Diagnostics Function Window 
Select ing Diagnost i cs from the Maintenance sub-menu wi l l  display  the Diagnost ics 
Funct ion Window. The Diagnost ics Funct ion Window prov ides control  for generat ing test  
signals , wi th spec i f ic power and f requency parameters .

F ig. 5-5  Diagnost ics Funct ion Window

Control Component Descript ion

Mode Drop down select ions: 
OFF - Diagnost ics  output  disabled and s imulat ion is  a l lowed.
CW - Diagnost ics output  enabled, output is CW and simulat ion 
is  locked. 
MODULATED -  Diagnost i cs output enabled, output is  
modulated GPS signal and simulat ion is  locked.

Frequency Drop down select ions: 1176.45 MHz, 1207.14 MHz,  1227.60 
MHz,  1278.75 MHz or 1575.42 MHz.

Amplitude Numeric  pad: Power in  dBm. Range -93 dBm to +155 dBm 
DIRECT or -68 dBm to -130 dBm COUPLER

Doppler Error Numeric  Pad: +/- 5000Hz in  1 Hz increments .

EXT REF OUT Drop down select ions: ON or OFF.

Reference Sources Drop down select ions: INT or EXT.

LOG AMP Displays the output from the internal  up convertor module. 
Displayed in dB.

Read Reads the output  from the in ternal  up convertor module.

PLL Lock Status Ind icates the sta te of the LO,  800 Mhz, EXT. REF and EXT. 
REF DET. ON (Green) ind icates locked condit ion, OFF (Gray) 
indicates unlocked condit ion.
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5.2.7 System Function Windows
Select ing the System icon from the Launch Bar Menu wi l l  d isp lay the System sub-menu. 
The System sub-menu contains the Opt ions, System Configurat ion and System Update 
icons. 

F ig.  5-6  System Menu
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5.2.7.A Options Function Window 
Select ing Options from the System sub-menu wi l l  display  the Options Funct ion Window. 
The Options Funct ion Window prov ides contro l  for instal l ing or removing opt ions and 
displays current ly  ins ta l led opt ions.

Fig. 5-7  Options Funct ion Window

Control Component Descript ion

Copy from USB In i t ia tes Copy of  Option License f i les from a USB memory 
dev ice insta l led in USB Host  1 or USB Host 2 .

Copy from Server In i t ia tes Copy of  Option License f i les from a server.
NOTE:  Factory  use only.

Instal l  License Instal ls  Opt ion L icense f i les  that have been copied to  the 
in terna l  memory.

Remove License Removes Option License f i les .
NOTE:  This wi l l  permanent ly remove ins ta l led opt ions.

Display Component Descript ion

Status Displays status messages to  in form the user o f progress or 
errors .

Serial Number Displays the ser ial  number of the GPSG-1000.

Unique ID Displays the Unique ID of  the GPSG-1000. 

Option Displays insta l led opt ions.

User Displays User log- in ID.
NOTE:  Default  is ALL i f  no user login  required.

Instal led Displays date opt ion was ins tal led.

Expires Displays date opt ion expires .
NOTE:  I f  no expira t ion date displays -1 .

Server IP Numeric  Pad: Enter  the Server IP address.
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5.2.7.B System Configuration Function Window 
Select ing System Configurat ion from the System sub-menu wi l l  d isplay the System 
Configurat ion Funct ion Window. The System Configurat ion Funct ion Window displays f i ve 
se lectable tabs across the top of the screen. Status, Hardware, UI Opt ions, Network and 
Date/T ime.

5.2.7.C Status
The Status tab displays test  memory sta tus, operat ing t ime, hardware module 
temperatures and provide internal  SD card formatt ing contro l .

F ig.  5-8  System Configurat ion - Status

Display Component Descript ion

Operating Time Displays the to ta l  operat ing t ime in  hrs:  mins:secs since power 
up.

Memory Avai lable Displays memory avai lable to software resources in GB, MB or 
KB.

Memory Total Displays to tal  tes t set memory in  GB, MB or KB.

Disk Space Available Displays remain ing d isk  space avai lab le in GB, MB or KB for  
sett ings and prof i le  storage.

Disk Space Total Displays to tal  tes t set disk space in  GB,  MB or KB.

RF Temperature Displays the cur rent RF card temperature in  degrees Cels ius .

Power Supply 
Temperature

Displays the cur rent power supply  module temperature in  
degrees Cels ius.

Battery Temperature Displays the cur rent bat tery pack temperature in degrees 
Celsius.
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Display Component Descript ion

Slot 1  MIC284 
Temperature

Displays the current PXI  slo t 1 contro l ler MIC284 temperature 
in  degrees Cels ius .

Slot 1  OMAP 
Temperature

Displays the cur rent PXI s lot 1 contro l ler OMAP processor  
temperature in degrees Celsius.

Digital Board 
Temperature

Displays the cur rent PXI d igi tal  board temperature in  degrees 
Celsius.

Control Component Descript ion

 Format SD Formats  the internal  SD memory card overwri t ing a l l  s tored 
data.
NOTE:  The user  wi l l  be prompted YES or NO prior  to execut ion 
of formatt ing.
Caut ion:  Formatt ing wi l l  resu l t  in  complete i rretr ievable loss 
of a lmanac, route,  sett ing, Nmea,  Kml , and waypoint data
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5.2.7.D Hardware

The Hardware tab displays hardware module/board ident i f icat ion, version and sof tware 
revis ion numbers for conf igurat ion contro l  purposes.

F ig. 5-9  System Configurat ion - Hardware

Display Component Descript ion

Digital Board Card 
ID

Displays d igi ta l  board card ID number 

Digital Board Card 
Revision

Displays d igi ta l  board card vers ion number 

Digital Board Bus 
Firmware Version

Displays d igi ta l  board f i rmware version number 

Digital Board 
Application 
Firmware Version

Displays d igi ta l  board appl icat ion f i rmware vers ion number  

Upconverter Card ID Displays upconverter card ID number  

Upconverter Card 
Revision

Displays upconverter card revis ion number  

Upconverter 
Firmware Version

Displays upconverter f i rmware vers ion number 

RF Combiner Card ID Displays RF combiner  card ID number

RF Combiner  Card 
Revision

Displays RF combiner  card rev ision number

RF Combiner   
Firmware Version

Displays RF combiner  card f i rmware version number

Slot 1  PCI  Net 
Version

Displays PCI  net version number
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5.2.7.E UI Options
The UI Options tab contro ls  the screen backl ight leve l .  

Fig. 5-10  System Configurat ion – UI  Options

Slot 1  CPLD Version Displays Slot 1 CPLD version number

Slot 1  FPGA Version Displays Slot 1 FPGA version number

Slot 1  Board 
Revision

Displays Slot 1 Board Revis ion number

Power Supply 
Version

Displays power  supply  version number

Control Component Descript ion

Backlight Move the s l ider to the r ight  to increase backl ight leve l .  
Move the s l ider to the le f t  to  reduce backl ight  level .
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5.2.7.F Network
The Network tab controls the tes t set Ethernet adapter local  area connect ion set t ings.  
The Ethernet bus is  used for remote control  o f  the tes t set.  

F ig . 5-11  System Configurat ion – Network

Control Component Descript ion

IP Address Numeric  pad: IP address, entry  in  the format 10.200.120.148 
(example) .

Subnet  Mask Numeric  pad: Subnet mask, ent ry in  the format 255.255.255.0 
(example) .

Gateway Numeric  pad: Gateway, entry in the format  10.101.0.1 
(example) .  
NOTE:  Th is f ield  is  on ly  act ive when Network Mode = DHCP.

DNS Server Connect ion speci f ic Domain Name Server suff ix .  
NOTE:  Reserved for fu ture use.

Network Mode Drop down menu:  Select ions 
Network  Off  –  Disables Ethernet adapter.  
DHCP – Uses dynamical ly  al located address from DHCP 
server.
Stat ic IP - Uses entered stat ic  IP address.
NOTE:  Sever wi l l  populate IP Address, Subnet Mask and 
Gateway f ields automatical ly .
NOTE:  The uni t  must be connected to a  LAN before any 
change to  this  f ie ld  is a l lowed.
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5.2.7.G Date/Time
The Date/Time tab controls  the test  set date / t ime c lock parameters.

Fig . 5-12  System Configurat ion – Date/Time  

Control Component Descript ion

Time Numeric  pad: T ime entry in the 24 Hour format HH:MM:SS.

Date Numeric  pad: Date entry in the format MM:DD:YYYY.

NOTE:   The uni t  t ime and date wi l l  be automatical ly  updated 
once a 3D f i x is  reg istered by the un i t ’s  internal  GPS receiver.
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Chapter 6 -  Pr inciples of Operation

6.1 PRINCIPLES OF OPERATION

6.1.1 GPSG-1000
6.1.1.A Satel l i te Simulation

The orb i t  parameters for each sate l l i te  are conf igurable in terms of  the s tandard 
Kepler ian (a lmanac) e lements. The a lmanac used for s imulat ion may se lected from a l ist ,  
mainta ined by a f i le management  system. The f i les may obta ined from the bui l t  in GPS 
receiver,  as a current a lmanac load or may be loaded from a USB f lash dri ve in 
Yuma .alm format.
The s tandard Kepler ian e lements  (a lmanac) are used to  ca lcula te the enhanced Kepler ian 
Elements  (ephemeris),  which are in turn used to  generate the satel l i te motion,  and are 
broadcast as par t  o f  the navigat ion message.
As a lmanac data is  typ ical ly  va l id  for severa l  days, the GPSG-1000 does not update the 
standard Kepler ian (a lmanac) e lements dur ing the course of the simulat ion.
The GPSG-1000 computes the enhanced Kepler ian (ephemer is) e lements by 
extrapolat ion of the conf igured standard Kepler ian (a lmanac) e lements. Any enhanced 
Keplerian elements  not inc luded in  the s tandard Kepler ian e lements are set to  zero. The 
GPSG-1000 generates updated enhanced Kepler ian (ephemer is) e lements at a  f ixed t ime 
interval  of 4 hours , th is be ing the update rate supported by both GPS and Gal i leo.The 
GPSG-1000 generates in  real  t ime the posi t ions of a l l  s imulated Satel l i tes  i .e .  pos i t ions 
are not  be pre-computed for the ent i re  s imulat ion run.

6.1.1.B Satel l i te Selection
For each simulated GNSS system the GPSG-1000 wi l l  perform an independent sate l l i te  
se lec t ion process and i f  the total  number of vis ib le satel l i tes  exceeds the maximum 
number of hardware channels al located to  that system, then the GPSG-1000 wi l l  se lec t 
those sate l l i tes which approximate the min imum DOP for that  system. The GPSG-1000 
updates i t s sate l l i te  select ion every 60 minutes.
NOTE:

In  the case of the 6 channel GPSG-1000, with  large numbers of s imulated satel l i tes  i t  
becomes possib le for  many more sate l l i tes to  be v isible  at  the user locat ion than 
there are avai lable hardware satel l i te channels. I f  th is happens the GPSG-1000 
al locates channels  on a 'best ef for t '  bas is but does al low the operator to overr ide the 
se lect ion manual ly.

The GPSG-1000 al lows the operator to manual ly rep lace any selected sate l l i te  with 
another vis ible  satel l i te from the same GNSS system, with the manual ly  selected satel l i te 
remain ing selected unt i l  i t  is no longer v isib le , or unt i l  i t  is manual ly rep laced. The 
manual ly  de-selected sate l l i te wi l l  remain el igib le for  re-se lect ion at the next automatic  
update.
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6.1.2 GPS System
The NAVSTAR, (Navigat ion Satel l i te  T iming And Ranging),  GPS, (G loba l  Posi t ioning 
System) is a  sate l l i te  based navigat ion system offer ing precis ion nav igat ion capabi l i t y.  
The system was origina l ly designed for mi l i tary use, funded and contro l led by the U.S. 
Department o f Defense. Civi l i an access has been permit ted to  speci f i c par ts o f the GPS.

GPS offers a number of features making i t  a t tract ive for  use in a irc raf t  nav igat ion. 
Civi l ian users  can expect a  posi t ion accuracy of 100 m or bet ter  in three d imensions. The 
GPS s ignal is ava i lable  24 hours  per day throughout the world  and in al l  weather 
condit ions. GPS of fers res istance to intent ional  ( jamming) and unintent ional  interference.  
The equipment necessary  to  rece ive and process GPS signals  is affordable and rel iab le 
and does not require atomic c locks or antenna ar rays. For the GPS user,  the system is  
pass ive and requires a receiver on ly,  wi thout the requirement to  transmit.

GPS determines the posi t i on of  the user by t r iangulat ion. By knowing the pos i t ion of the 
sate l l i te and the d istance from the sate l l i te ,  combinat ions of  sate l l i tes can be used to 
determine the exact pos i t ion of the receiver.  The fundamental  means for GPS to 
determine d istance is the use of t ime.  Distance is computed by using accurate t ime 
standards and by measur ing changes in  t ime.  

The GPS System is comprised of three segments :
• Space Segment
• Contro l  Segment
• User Segment

Fig. 6-1  GPS System Segments
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6.1.2.A Space Segment
The Space segment  cons ists o f the GPS space vehicles (SV’s) or Sate l l i tes, nominal ly  
24 SV’s p lus  spares. The terms SV and sate l l i te  shal l  be in terchangeable in  th is 
document.  Each vehicle  has a 12 hour orbi t  at  20,200 km above the earth  and repeats  
same ground track da i ly .  5 to 12 SV’s  are v isible  from anywhere on earth . 

F ig . 6-2  GPS Satel l i te
Six orb i tal  planes are used, each spaced equal ly around the earth, separated by 
60 degrees (360 degrees/6 p lanes=60 degrees) and incl ined 55 degrees from equatoria l  
plane. The p lanes are named A to  F. Each orb i ta l  plane hosts  four satel l i tes . These 
sate l l i tes  are not spaced evenly on each p lane.  Spacing between adjacent sate l l i tes 
varies from 31.13 degrees to 119.98 degrees. Each p lane exhib i ts  a d i f ferent  angular 
spac ing for the sate l l i tes resident to i t .  

A computer model determines the sate l l i te  spac ing to  accommodate a s ingle  sate l l i te  
fa i lure and s t i l l  mainta in  opt imal sate l l i te  geometry . 

Fig . 6-3  GPS Satel l i te Orbi ta l  P lanes

Fig. 6-3 shows the motion of n ine sate l l i tes.  The ground tracks show the movement o f 
these satel l i tes  over a  twelve hour per iod and the pos i t ion of the sate l l i tes at one moment 
in t ime.
The ground tracks show a number of features. Each satel l i te fo l lows a un ique path over 
the ground. Also,  every sate l l i te  operates between 55 degrees Nor th and 55 degrees 
south.
The primary miss ion of GPS sate l l i tes is the transmission of  precisely  t imed GPS s ignals 
and the data s tream required to  decode the signals to produce a pos i t ion. The t iming 
signals  are re ferenced to  atomic  clocks, ei ther cesium or rub idium.
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With the GPS sate l l i tes  in  constant motion, the number of  sate l l i tes in  view and their 
re lat ive locat ion is dynamic. A 24 sate l l i te conf igurat ion prov ides adequate sate l l i te  
coverage to  perform three-dimens ional posi t ion f ix ing. Fai lures of satel l i tes  and/or the 
requirement for more than four sate l l i tes may resul t  in  inadequate sate l l i te coverage.

Fig. 6-4  GPS SV Block Schematic

Fig. 6-5  GPS SV Signal Data Structure

Each GPS sate l l i te transmits a  unique s ignature ass igned to  i t  on the same carr ier 
frequency. This  signature cons ists o f a  Pseudo Random Noise (PRN)  Code of 1023 zeros 
and ones, broadcast with a  durat ion of 1  ms and cont inual ly  repeated. The PRN code is 
exclusive ly OR’d (modulo 2 added on),  wi th 50 bi t /s Navigat ion Data (Nav Data).  The 
combined code is then used to BPSK modulate a 1575.42 MHz carr ier frequency.  The 
resul tant s ignal  is spread spectrum.
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6.1.2.B Control  Segment
Six unmanned monitor ing sta t ions are located throughout the world . Each Stat ion 
constant ly  monitors  and receives in formation from the GPS sate l l i tes and sends the 
orbi ta l  and clock information to  the master contro l  s tat ion. Five of these stat ions (except 
Hawai i )  have the ab i l i ty  to  up load in formation to the GPS satel l i tes

Colorado Springs is  des ignated a Master Contro l  Stat ion (MCS) . The MCS constant ly  
rece ives GPS sate l l i te ,  orbi ta l  and c lock in format ion from the monitor  sta t ions. The MCS 
makes precise correct ions to the data as necessary and sends the in formation,  known as 
ephemeris data,  to the GPS satel l i tes  us ing ground based antennas.

Fig. 6-6  GPS Moni tor  Stat ions

The object ive of the GPS contro l  segment is :
• Mainta in each of  the sate l l i tes in i t s proper orbi t  through in frequent,  smal l  

commanded maneuvers .
• Make correct ions and adjustments to  the satel l i te c locks and pay load as needed.
• Track the GPS sate l l i tes and generate and upload navigat ion data to  each of the 

GPS sate l l i tes .
• Command major relocat ions in  the event  of satel l i te fai lure to  minimize the 

impact .

6.1.2.C User Segment
The signals broadcast from the GPS sate l l i tes form the means for a  GPS receiver  to  
perform the t iming and d istance ca lcu lat ions. GPS receivers  are pass ive devices, 
meaning that s ignals are received only with  no requirement  or means to  transmit.

GPS ranging signals are broadcast on two f requencies: L1 (1575.42 MHz) and L2 
(1227.6 MHz) .  The L1 frequency is  ava i lab le for  civ i l ian use. The L2 f requency was 
designed pr imari ly for Mi l i tary  use. 



Principals of Operation

6 -6

6.1.3 SPS Standard Posit ioning Service
The Clear Acquis i t ion Code, or C/A, is  the pr incipa l  civ i l ian ranging signal  and is  always 
broadcast in  a clear  or  unencrypted form. The use of th is s ignal  is sometimes ca l led the 
Standard Pos i t ioning Service or  SPS. This  s ignal  may be degraded in tent ional ly  but is 
always avai lab le.  The signal c reates a short  Pseudo Random Noise (PRN) code 
broadcast a  ra te of 1 .023 MHz. The satel l i te s ignal  repeats i tsel f  every mi l l isecond. The 
C/A code is also used to  acquire  the P Code.

6.1.3.A PPS Precise Posit ioning Service
P Code is  never  transmit ted in  the clear  and is  encrypted wi th  a  W code. When 
encrypted the s ignal  is  know as P(Y) code and i s not ava i lab le  to ci vi l ian users.  The C/A 
PRN’s  are un ique for each sate l l i te  however,  the P-code PRN is actua l l y a smal l  
segment o f  a  master P-code approx imate ly  2 .35 × 1014 b i ts  in  length 
(235,000,000,000,000 b i ts ) and each sate l l i te  repeatedly transmits i t s ass igned segment 
o f the master  code.

6.1.4 Posi t ion Calculat ion
Posit ion calcula t ions consis ts o f the fol lowing e lements:
• Deciding which sate l l i tes to acquire  and track
• Code and frequency corre lat ion
• Measure dis tance to satel l i tes
• Obta in sate l l i te posi t i ons
• Adjust local  c lock bias 
• Perform t r iangulat ion calcula t ions (Tri la terat ion)
• Adjust for t ime delay errors 

6.1.4.A SV’s to Acquire and Track
The L1 and L2 frequenc ies broadcast a GPS Navigat ion Message (Nav Data) as part  o f  
their  signal .  This  low frequency (50 bi ts  per second) data s tream provides the receiver  
with a number  of  cr i t ica l  i tems required in  determining a posi t ion. A data bi t  f rame 
cons ists o f 1500 bits  d ivided in to f ive, s ix second 300-bi t  subframes. A data f rame is  
transmitted every  th ir ty  seconds.  An ent i re set of  twenty- f ive frames (125 subframes) 
makes up the complete Nav igat ion Message that is  sent over a  12.5 minute period.

Fig . 6-7  GPS Navigat ion Data
Subframes  
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Subframes 1 to 5  each provide a synchronizat ion, hand-over word and a C/A code t ime 
ambigui ty  removal.  The remainder o f the data i s formatted as fol lows: 
Subframe 1:
• Contains the t ime values of the transmitt ing satel l i te,  including the parameters  for 

correct ing signal  t ransi t  de lay and onboard clock t ime, as wel l  as in formation on 
sate l l i te health and an est imate of the posi t ional  accuracy of the satel l i te.  

Subframe 2 and 3:  
• Ephemeris.  
Subframe 4: 
• Ionospheric  model,  UTC data, f lags for each sate l l i te  ind icat ing whether 

ant i -spoof ing is  on, a lmanac (approximate sate l l i te  ephemeris a l lowing the 
receiver to  se lect the best set o f sate l l i tes or to determine which satel l i tes  are in  
view) and health information for satel l i te  number  25 and greater.

Subframe 5:  
• Almanac and heal th in formation for sate l l i te  number 1 to 24.
The recept ion and decoding of the data s tream is  performed automatica l ly  by  a receiver 
without  any intervent ion by the operator.  The information with in  thi s data is  cr i t ica l  to  
GPS operat ion. I f  a  GPS receiver  has never  seen the GPS constel la t ion before and does 
not know i ts  approx imate locat ion, the f i rs t  act ion of the receiver i s to  acquire any SV in 
view. Once a satel l i te has been acquired, the almanac is downloaded. 

Refer to  F ig.  6-8. Subframes 4 and 5 contain  almanac information. Once the almanac is 
acquired,  the information i t  conta ins  is used to  determine which satel l i tes  are in v iew and 
se lect the set of sate l l i tes with  the best geometry . The a lmanac structure for  one SV PRN 
is shown in F ig . 6-8.  Almanac data is t yp ica l ly updated every  24 hours . Data for a  few 
weeks is also provided in  case of a  de lay in  update. Once a receiver has an a lmanac 
loaded in i ts memory, i t  can be used for a  faster acquisi t i on of  sate l l i tes  on the next  
occasion of use. Once a sate l l i te  has been acquired, i t ’s  ephemeris information can be 
obta ined.

Fig. 6-8  GPS Almanac
The almanac provides a bas ic descr ipt ion of  each sate l l i te  orbi t .  Refer to  F ig.  6-9. Two 
parameters  are commonly  d isp layed on GPS receivers  which describe the basic  pos i t ion 
of  a satel l i te re la t ive to  a  GPS receiver at a  speci f ic locat ion.
Elevat ion  describes the angle of a  sate l l i te  re lat ive to the horizonta l  p lane.  I f  a  sate l l i te  
is d irect ly above the po int  of observat ion on the ground,  then the e levat ion is  90°. I f  the 
sate l l i te is a t the horizon, then the elevat ion is  0°.  
Azimuth  is  the angle between a reference plane and a po int.  In the case of satel l i tes  the 
re ference plane is the p lane of the horizon based on true North . The Az imuth is  the angle 
between the sate l l i te  and true North  (Nor th = 0° ,  East = 90°, South = 180°, West = 270°).  
Of course many other parameters  are used to  def ine satel l i te orb i t .  Each sate l l i te wi l l  
downl ink a more precise descrip t ion of i ts  orb i t ,  which is  conta ined in  sub- frames 2 and 3, 
and is known as ephemer is.  With this  in formation the receiver can determine the 

******** Week 572 almanac for PRN-03 ******** 
ID:                         03 
Health:                     000 
Eccentricity:               0.1350402832E-001 
Time of Applicability(s):  405504.0000 
Orbital Inclination(rad):   0.9279594421 
Rate of Right Ascen(r/s):  -0.8203642210E-008 
SQRT(A)  (m 1/2):           5153.669922 
Right Ascen at Week(rad):   0.3102266431E+001 
Argument of Perigee(rad):   1.020882249 
Mean Anom(rad):            -0.7818025351E+000 
Af0(s):                     0.5941390991E-003 
Af1(s/s):                   0.3637978807E-011 
week:                        572 
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sate l l i te’ s pos i t ion at any t ime and combine this with  the receiver  dis tance f rom the 
sate l l i te,  yie ld ing a GPS pos i t ion. 

F ig . 6-9  Sate l l i te  Relat ive Pos i t ion
The health in format ion transmitted in subframe 5, is c r i t ical  to prevent  a receiver  from 
us ing the ranging in formation from a satel l i te that has been dec lared unf i t  for  navigat ion 
purposes.
The remainder  o f the information found in the data stream (clock cor rect ions, ionospher ic 
model,  UTC data) are used to  resolve potent ia l  sources of GPS posi t ion er rors. 

6.1.4.B Code and Frequency Correlation
The power of the received GPS s ignal in open sky is  a t least -160 dBW (-130 dBm).  The 
maximum of the spectra l  power densi ty  o f the received s ignal  is -190 dBm/Hz. The 
spectra l  power densi ty o f the thermal background noise is approximate ly -174 dBm/Hz (at  
a temperature of  290 K) .  Refer to  F ig.  6-10. The maximum received s ignal  power  is 
approx imate ly  16 dB below the thermal background noise level

F ig.  6-10  GPS Received Signal
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To recover the data from spread spectrum signal a t the receiver,  the energy spread over 
a wide bandwidth must be corre la ted or de-spread into  a narrow bandwidth by frequency 
and code sh i f t ing. F ig . 6-11 shows the cr i t ica l i ty o f corre la t ion in terms of recovering the 
signal .  

F ig.  6-11  GPS Received Signal
Each GPS sate l l i te transmi ts a  unique PRN code. The receiver f i r st  demodulates received 
BPSK signal to  extract the satel l i te PRN code overla id with  Nav Data. The receiver  then 
generates a loca l  copy of the PRN code and then shi f t s the t iming of the local  code by 
1 bi t ,  rela t ive to a  receiver t ime mark, unt i l  a l l  1 ,023 bi ts o f the local  code are in phase 
(corre la ted),  wi th the PRN code received from the sate l l i te.  A modulo 2 addit ion process 
is used to  recover the Nav Data. 
I f  a l l  1 ,023 bi t  sh i f ts  have been tr ied without ach ieving cor relat ion,  the receiver local  
osci l la tor frequency is o ffset to the next  va lue and the process is  repeated. The reason 
for th is frequency offset,  is because sate l l i tes and receivers are in  rela t ive motion to one 
another and hence Doppler sh i f t  in  the transmit ted carr ier f requency occurs . The 
transmitted s ignals can be shi f ted by up to +/-  5000 Hz at the point o f recept ion. 
The determinat ion of the s ignal t ravel  t ime and data recovery therefore requires  not only  
corre lat ion with  al l  poss ible  codes at al l  poss ible  phase shi f t s,  but also ident i f icat ion of 
the cor rect phase carr ier frequency. 
In  the case of a  receiver cold  s tar t ,  where the receiver  does not have a current almanac 
loaded, every PRN would be tr ied unt i l  an SV is  found in v iew, after which the almanac 
can be downloaded and used to determine which SV’s  to acquire  next .  Because the 
search for the f i rst  SV may take some t ime, GPS receiver co ld  starts  take apprec iably  
longer than warm star ts,  where the GPS receiver  has a cur rent a lmanac s tored in  
memory.
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Fig. 6-12  GPS Code Corre lat ion Process

Fig. 6-13  GPS Nav Data Recover  by Moduo 2 Addit ion
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The spect ral  power dens i ty o f the received GPS signal lays at approx imate ly  16 dB below 
the spectral  power dens i ty o f the thermal or background noise. The demodulat ion and 
de-spreading of the received GPS signal causes a system gain G of :

Af ter  de -spreading, the power densi ty  o f the usable s ignal  is greater than that o f the 
thermal or background s ignal no ise.

F ig . 6-14  GPS Signal After De-spreading

6.1.4.C Measuring Distance (Pseudo Range)
GPS sate l l i tes orb i t  200km above the earth and are dis tr ibuted in such a way that from 
any point on the ground there is l ine-of-s ight contact to  a t least four  satel l i tes . 
Each one of these satel l i tes  is equipped with onboard atomic c locks. In  order to make 
them even more accurate, they are regular ly  ad justed or synchronized from var ious 
cont rol  po ints on Earth . GPS satel l i tes  transmit thei r  exact pos i t ion and onboard c lock 
t ime to Earth . 
These signals  are transmitted at  the speed of l ight (300,000 km/s) and therefore require 
approx imate ly  67.3 ms to reach a posi t ion on the Earth ’s surface direc t ly be low the 
sate l l i te.  The signals  require a further 3 .33 µs for each addit ional  k i lometer o f t ravel .  To 
establ ish posi t ion, al l  that is  required is a  receiver and an accurate c lock. 
By comparing the arr ival  t ime of the sate l l i te  signal  wi th  the onboard c lock t ime the 
moment  the s ignal  was transmitted, i t  is poss ible  to  determine the signal  t ravel  t ime.
Distance = Veloc i ty * T ime:  Veloci ty  is 300,000 km/s and Time is the trave l  t ime of the 
signal .
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To measure the t ravel  t ime:
• Receiver  generates the same codes as the Sate l l i te  (PRN codes)
• Measure de lay between incoming codes and se l f  generated codes
• D = Speed of l ight * measured delay (Pseudo Range) 

The f i rs t  word of every single  frame, the Telemetry  word (TLM) , contains a preamble 
sequence 8 b i ts in length (10001011) used for synchronizat ion purposes, fol lowed by 16 
bi ts reserved for authori zed users . As with  a l l  words, the f inal  6 bi t s o f the te lemetry  word 
are par i ty bi ts .  

The handover-word (HOW) immediate ly fo l lows the telemetry word in  each subframe.  The 
handover-word is  17 b i ts  in length (a range of va lues from 0 to 131071 can be 
represented using 17 bi ts) and conta ins  within i ts  s tructure the s tar t  t ime for the next 
subf rame, which is transmi tted as t ime of the week (TOW). 

Fig . 6-15  GPS Subframe Hand-Over Word

The transmiss ion t ime in  the f i rst  b i ts  of  the preamble are prov ided in the Nav igat ion 
Message in  the TOW Message of the prev ious frame. This t ime is g iven in  Sate l l i te  T ime.  
In formation in the Nav igat ion Message al lows t ransla t ion into  Receiver T ime. I f  the 
preamble is  va l idated, the arr ival  t ime of the f i rs t  b i ts in  the preamble is measured. This 
t ime is g iven in Receiver T ime. 
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Refer to  Fig. 6-16. Due to the atomic c locks onboard the sate l l i tes, the t ime at which the 
sate l l i te signal  is  transmitted i s known very precisely .  Al l  sate l l i te  clocks are adjusted to  
be synchronized with each other and UTC (universal  t ime coord inated).  In contrast,  the 
receiver c lock is  not synchronized to  UTC and is  therefore slow or  fast by Δ t0 (clock 
bias) .  The sign Δ t0 i s pos i t ive when the user c lock is fas t.  The resul tant t ime error Δ t0 ,  
causes inaccuracies in  the measurement of  signal  t ravel  t ime and the dis tance R. As a 
resul t ,  an incorrect d istance is measured that is known as a pseudorange.

Fig. 6-16  GPS Pseudo Range

6.1.4.D Obtain Satel l ite  Posit ions
GPS receivers  download an almanac into memory which def ines where in the sky each 
sate l l i te is,  moment by moment.  GPS sate l l i tes are constant ly monitored by the U.S. 
Department o f Defense. Sl ight orb i tal  errors  are caused by gravi ta t ional  pul ls  from the 
moon and sun and by the pressure of so lar rad ia t ion on the sate l l i tes. Radar is  used to  
check each sate l l i te 's  exact a l t i tude, posi t ion and speed.  This information (ephemeris 
data),  is  then re layed back up to the respect ive satel l i te ,  which in  turn t ransmits the 
ephemeris data in Nav Data subframes 2 and 3.  Ephemeris  data is updated every two 
hours and is  va l id  for four hours.

 



Principals of Operation

6 -14

6.1.4.E Clock Bias
To solve the problem of c lock bias,  cons ider a  receiver i s p laced on a s tra ight l ine 
beneath two sate l l i tes.  As the posi t ion of al l  GPS sate l l i tes is  known v ia in formation 
contained in  the a lmanac and ephemeris ,  the d is tance between any two satel l i tes  (S),  is  
known. By measuring the trave l  t imes from each satel l i te,  i t  is  poss ible to  exact ly  
es tabl ish the d istance (D) despite  having an imprecise receiver c lock, using the fol lowing 
formula: 

 D = (Δ t1 – Δ t2) x  c + S
                 2

Fig. 6-17  GPS Pseudo Range

In this  example two pseudo ranges were employed to  determine a pos i t ion in  one 
dimens ional space. To calculate a posi t ion in  two d imens ional space, three pseudo 
ranges are required, Lat i tude, Longitude and Δ t .

To calcula te a posi t ion in three dimensional space, four  pseudo ranges are required; 
Lat i tude, Longitude, Al t i tude and Δ t .  The number of pseudo ranges (GPS satel l i tes),  must  
exceed the number of unknown d imens ions by a value of  one.  

 

D  

S (known distance between satellites) 

 

Δt2 Δt1 
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6.1.4.F Tr iangulation Calculations (Tr i la teration)
Consider  tr iangulat ion in 2D space. I f  l ocat ion of po int A is known, and the distance to 
po int A is known,  desired pos i t ion l ies somewhere on a ci rcle . 

Fig . 6-18  Triangulat ion us ing one known point
Distance to two points  is known,  desired pos i t ion is  in one of two locat ions.

Fig . 6-19  Triangulat ion us ing two known point
Distance to three po ints is  known, pos i t ion is known.

Fig. 6-20  Triangulat ion us ing three known point
Consider  tr iangulat ion in 3D Space.  Distance to  two points  is known.

Fig. 6-21  Tr iangulat ion using two known points  in 3D space
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Distance to three po ints is  known, pos i t ion is known in  3D space.

Fig. 6-22  Triangulat ion us ing three known points  in  3D space

6.1.4.G Time Delay Errors
Sources of T ime Delay Error are:
Ephemeris data :  
The data concerning ephemer is errors  may not exact ly model the true satel l i te  motion. 
The dispari ty  in  ephemeris data can in troduce 1 to  5  meters  of  posi t ional  error.  
Ephemeris data is val id for a  period of  about 4  hours
Satell ite  c locks:  
The data concerning the sate l l i te ’s four a tomic  c locks may not ref lect  the exact rate of 
clock dr i f t .  Dis tort ion of the signal  by measurement no ise can fur ther increase pos i t ional  
er ror .  Clock dr i f t  dispari ty  can in troduce 0 to 2 .5 meters  of pos i t ional  er ror  and 
measurement noise can in troduce 0 to  10 meters of pos i t ional  error.  
Receiver Clock Inaccuracies and Rounding Errors :
Despite  the synchronizat ion of the receiver  clock with  the sate l l i te  t ime during the 
posi t ion determinat ion (compensat ion for c lock bias),  the remaining inaccuracy of the 
t ime st i l l  leads to  an error o f about  2 m in the posi t ion determinat ion. Rounding and 
ca lcu la t ion errors of the receiver sum up approx imate ly  to 1 m.
Mult i -path :
GPS s ignals can also be af fec ted by mult i -path i ssues where the rad io signals ref lec t of f  
of  surrounding terra in such as bu i ld ings, canyon wal l s,  and hard ground.  These delayed 
signals  can resul t  in periodic  signal  cancel la t ion but typ ica l ly  they change dynamical ly  
with locat ion and may jus t cause short  term inaccuracy.

F ig . 6-23  Mult i -path Delays
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6.1.4.H Atmospheric Delays
Ionosphere:  
The ionosphere is an atmospheric  layer s i tuated between 90 to 1000 km above the 
Earth ’s  surface. The gas molecules in the ionosphere are heavi l y ionized. The ionizat ion 
is caused main ly  by  so lar radia t ion,  hence the th ickness of th is layer var ies  during the 
course of  the day. Signals from the sate l l i tes travel  through a vacuum at the speed of 
l ight.  However , in the ionosphere the ve loc i ty o f these signals  slows down due to  the 
ion ized gas,  an effect cal led dispers ion, which is frequency dependent.  

Fig . 6-24  Atmospheric  Delays

Ionospheric  dispers ion is  one of the most s ign i f icant error sources. These ef fec ts are 
smal les t when the satel l i te is  d irec t ly  overhead and become greater  for sate l l i tes nearer 
the hor izon as the s ignal  passes through the ionosphere at a shal low angle, hence a 
th icker band has to be traversed. Two methods can be used to correct for Ionospheric 
de lays.
• Once the receiver 's approx imate locat ion is  known, a  mathematica l  model  can be 

used to  est imate and compensate for these er rors. 
• Because ionospheric  de lay affects  the speed of microwave s ignals  d i f ferent ly  

based on frequency, a second carr ier frequency, L2 can be used to measure 
atmosphere d ispersion and apply  a more prec ise correct ion to  help compensate 
for this  er ror .  Th is  is the method employed in  mi l i tary GPS receivers  us ing L1 and 
L2.
This  can a lso be rea l ized in  more expensive civ i l ian GPS receivers without 
decrypt ing the P(Y)  signal  carr ied on L2 by track ing the carr ier wave ins tead of  
the modulated code. To do this on lower  cost rece ivers, a  new civi l ian code signal 
on L2 cal led L2C was added to  the satel l i tes.  Th is  new signal a l lows a direc t 
comparison of the L1 and L2 signals  u s ing the coded s ignal ins tead of the car r ier  
wave.
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Troposphere:
The t roposphere is  the lower part  o f  the earth 's atmosphere (0  -15km) , that encompasses 
our weather.  I t 's  fu l l  of  water vapor  and varies in  temperature and pressure and causes a 
variable  but predictable delay. Th is de lay is  corrected us ing a simple model based on 
pressure,  temperature and a l t i tude.

The errors of the GPS system are summar ized in  table 6-1. The indiv idual  va lues are no 
constant va lues, but are subject to variances,  al l  numbers are approximate va lues.  
Al together th is sums up to an error of between ± 12 to  ± 15 meters .

Table 6-1  PS Pos i t ional  Error Sources

6.1.5 GPS Timekeeping
Most c locks are synchronized to  Coord inated Universal  T ime (UTC) however, the atomic  
clocks on the sate l l i tes are set to GPS t ime. GPS t ime is  not corrected to match the 
ro tat ion of  the Ear th,  so i t  does not conta in leap seconds or o ther cor rect ions that are 
periodical ly added to  UTC.  GPS t ime was set to match Coord inated Universal  T ime (UTC) 
in 1980,  but  has s ince d iverged. The lack of correct ions means that GPS t ime remains at 
a constant o ffset wi th Internat ional  Atomic Time (TAI) (TAI -  GPS = 19 seconds).  Per iod ic 
correct ions are performed on the on-board c locks to  correct rela t iv ist i c e ffects  and keep 
them synchronized with  ground clocks.

The GPS nav igat ion message data includes the di f ference between GPS t ime and UTC,  
which as of January  1, 2017 i s 18 seconds due to  the Leap second added to UTC 
December 31, 2016.  Receivers  subtract this  of fset from GPS t ime to ca lcu late UTC and 
spec i f ic  t ime zone values. New GPS units  may not show the correct UTC t ime unt i l  a f ter 
rece iving the UTC offset message.

The GPSG-1000 updates the va lues rela ted to leap second changes that are within  the 
navigat ion message data every  60 minutes. The t iming of the leap second va lue updates 
are based on the simulat ion s tar t  t ime. Values re la ted to  the t iming of upcoming leap 
seconds are s tored in  a data f i le with in  the GPSG-1000. Values rela ted to announcing 
upcoming leap seconds to  receivers  are transmitted 60 days prior to  the leap seconds 
ro l lover  date, and are maintained for 60 days af ter the event.

Type of Time Delay Error Positional Error

Ephemer is Errors ± 2.5 m

Sate l l i te Clock Errors ± 2 m

Mult i -path Delays ± 1 m

Receiver Clock Inaccuracies and
Rounding Errors:

± 1 m

Ionospheric  Delays ± 5 m

Tropospher ic Delays ± 0.5 m
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The GPS-UTC offset f ie ld can accommodate 255 leap seconds (eight bi t s) which, g iven 
the cur rent ra te  of  change of the Earth 's rotat ion (wi th one leap second introduced 
approx imate ly  every 18 months),  should be suf f icient  to las t unt i l  approx imate ly the year 
2300. As opposed to  the year,  month, and day format o f the Gregorian calendar, the GPS 
date is expressed as a week number and a seconds-into-week number.  

F ig . 6-25  GPS v. UTC Time Format
The week number is transmitted as a ten-bi t  f ield  in  the C/A and P(Y) nav igat ion 
messages,  and so i t  becomes zero again every 1,024 weeks (19.6 years).  GPS week zero 
started at 00:00:00 UTC (00:00:19 TAI)  on January  6,  1980, and the week number  
became zero again for the f i rs t  t ime at 23:59:47 TC on August 21, 1999 (00:00:19 TAI  on 
August 22, 1999).

To determine the current Gregorian date, a GPS receiver must be prov ided with the 
approx imate date (to with in  3,584 days)  to  correct ly  transla te the GPS date signal .  To 
address this  concern the modernized GPS navigat ion message uses a 13-bi t  f ield ,  which 
on ly repeats  every 8,192 weeks (157 years) ,  thus last ing unt i l  the year 2137 (157 years 
af ter GPS week zero).

6.1.6 GNSS Accuracy
A GNSS receiver determines i ts  Pos i t ion (horizontal  and vert ica l) ,  i ts Veloc i ty  and the 
Time from the signals of at least four sate l l i tes by means of  tr iangulat ion. The prec ision 
of  the computat ions by t r iangulat ion depends on the constel la t ion of al l  satel l i tes  of which 
the signals are taken into  account ( four or more).  As the number and posi t ion of sate l l i tes 
wi l l  se ldom be ideal ,  the maximum obta inable precis ion wi l l  be di lu ted in  pract ice. Here 
we present the d i f ferent terms of  di lu t ion of precis ion.

Di lut ion of  prec ision (DOP) is  a  measure of the qual i ty  o f the GPS data be ing received 
from the satel l i tes.  DOP is  a  mathematical  representat ion for  the qual i ty  of  the GPS 
posi t ion so lu t ion. The main fac tors affect ing DOP are the number of sate l l i tes being 
tracked and where these sate l l i tes are pos i t ioned in the sky. The effect of DOP can be 
resolved into  HDOP, VDOP, PDOP and TDOP.

 HDOP (Horizontal  Di lut ion Of Prec ision) is  a measure of how wel l  the posi t ions of the 
sate l l i tes , used to generate the Lat i tude and Longitude so lut ions, are arranged. PDOP 
less than 4 g ives the best accuracy, between 4 and 8 g ives acceptable accuracy and 
greater  than 8 gives unacceptable poor accuracy. Higher HDOP values can be caused i f  
the sate l l i tes are at h igh elevat ions. 

VDOP (Vert ical  Di lu t ion Of Prec ision) is a  measure of how wel l  the pos i t ions of the 
sate l l i tes , used to generate the vert ical  component of  a so lut ion, are arranged. Higher 
VDOP values mean less cer tain ty  in the so lut ions and can be caused i f  the sate l l i tes are 
at  low e levat ions.  

TDOP (Time Di lut ion Of Precis ion) is a  measure of how the sate l l i te  geometry  is af fec t ing 
the abi l i ty o f the GPS receiver to determine t ime. 
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PDOP (Posi t ional  Di lu t ion OF Prec is ion) is  a measure of overa l l  uncer tain ty  in a GPS 
posi t ion so lu t ion with  TDOP not inc luded in  the est imated uncerta inty.  The best PDOP 
(lowest  va lue) would occur with one sate l l i te  d irect ly  overhead and three others  evenly  
spaced about  the hor izon. PDOP = SQRT(HDOP^2 + VDOP^2). 

GDOP (Geometr ic Di lu t ion Of Precis ion) i s a  measure of the overa l l  uncerta inty  in  a  GPS 
posi t ion so lu t ion. GDOP = SQRT(TDOP^2 + HDOP^2 + VDOP^2) or in  another form
GDOP = SQRT(PDOP^2 + TDOP^2).  GDOP value should be less than 5.

The Pos i t ion Accuracy = Di lu t ion Of Precision (DOP)  t imes Measurement Prec ision.  So,  i f  
the Measurement Prec ision = 1m and the DOP = 5, then the best pos i t ion accuracy wi l l  be 
5m.

6.1.7 GNSS Augmentation
Augmentat ion of GNSS, is  a  method of improving the nav igat ion system accuracy, 
re l iab i l i ty  and avai lab i l i ty through the in tegrat ion of ex ternal  in formation into  the 
ca lcu la t ion process.  SBAS (Satel l i te  Based Augmentat ion System) and RAIM (Receiver 
Autonomous Integri ty  Monitor ing System) are GNSS augmentat ion systems.

Satell ite Based Augmentation System (SBAS)
SBAS is a system that supports  wide-area or reg ional augmentat ion through use of  
addi t ional  satel l i te broadcast messages that conta in correct ional  data obtained from 
mult iple  ground s tat ions at surveyed locat ions.

The effec ts o f the ionosphere genera l ly change s lowly and can be averaged over t ime. 
The effec ts for any par t icu lar geographical  area can be easi ly  calcula ted by comparing 
the GPS-measured posi t ion to  a  known surveyed locat ion. This cor rect ion is a lso va l id for  
other rece ivers  in the same genera l  locat ion.

The data is t ransmit ted v ia satel l i tes  in the SBAS system and is  transmitted on the GPS 
L1 frequency using a spec ial  pseudo-random number, a l located for SBAS use. This 
al lows the c ivi l ian L1 C/A code receivers that support SBAS, to  use the correct ional  data. 
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Al l  SBAS sate l l i tes support the same protocols and therefore can support seamless 
augmentat ion from one region to another .

F ig.  6-26  SBAS Coverage
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6.1.7.A SBAS Systems
WAAS (W ide Area Augmentat ion System)
Developed and managed by the FAA, to  augment GPS, with the goal o f improv ing i ts  
accuracy, in tegri ty ,  and avai lab i l i ty .  WAAS is in tended to  enable a ircraft  to rely  on GPS 
for al l  phases of f l ight ,  including precision approaches to any a irpor t  wi thin i t s coverage 
area. The system communicates with several  ground stat ions and prov ides atmospheric  
correct ions & ear ly warning of  GPS fa i lures. The data ra te is higher that L1 C/A code at 
250 Hz and two geostat ionary satel l i tes  prov ide area coverage.

EGNOS (European Geostat ionary  Nav igat ion Overlay  System)
Managed by the European tr ipart i te group. Correct ions for GPS and GLONASS
Simi lar ly  to  WAAS, EGNOS is most ly des igned for av ia t ion users which en joy unperturbed 
recept ion of direc t signals  from three geostat ionary  sate l l i tes up to very h igh la t i tudes.  
The use of EGNOS on the ground,  especia l ly  in urban areas is l imited due to  re lat i ve ly 
low e levat ion of geostat ionary  sate l l i tes : about 30° above horizon in  cent ral  Europe and 
much less in  the North  of Europe. To address this  prob lem,  ESA re leased in 2002 
SISNeT,  an In ternet serv ice designed for cont inuous del ivery  of EGNOS signals  to ground 
users. SV PRN 126 is  used for tes t purposes at th is t ime (2010).

MSAS (Mult i -Funct ional  Sate l l i te  Augmentat ion System 
Managed by the Japanese Civ i l  Avia t ion Bureau (JCAB), a  sate l l i te  nav igat ion system 
which supports d i f ferent ia l  GPS,  designed to  supplement the GPS system by repor t ing 
(then improv ing) on the re l iabi l i t y and accuracy of those signals.  MSAS for avia t ion use 
was commiss ioned on September 27, 2007.  Two geostat ionary satel l i tes  prov ide area 
coverage.

GAGAN  (GPS A ided Geo Augmented Navigat ion)
The GAGAN system is  a planned implementat ion of  a reg ional Sate l l i te Based 
Augmentat ion System (SBAS) by the Ind ian government.  I t  is  a system to improve the 
accuracy of a  GNSS receiver by  provid ing reference signals.  Two geostat ionary  sate l l i tes 
wi l l  eventual ly  prov ide area coverage. One SV is  current ly deployed, PRN 127.

6.1.7.B RAIM (Receiver  Autonomous Integri ty Monitoring System)
A unique av iat ion requirement o f GPS av ion ics  is  RAIM. Whi le  GPS provides the user  
with unpara l leled leve ls o f accuracy,  one sign i f icant  def ic iency of GPS is integri ty ,  or the 
ab i l i ty  o f the system to prov ide a t imely warn ing i f  the navigat ion so lut ion is  inaccurate or 
er roneous. Nav igat ion systems prior to GPS,  par t icu lar ly avia t ion appl i cat ions,  provided a 
means to  warn the aircraft  that the s ignal  was outs ide certa in  l imits .  For example, a 
Category  I  ILS prov ides this  warn ing with in  six  seconds.

The only means avai lable  for the GPS system i t se l f  to  provide the user  wi th a  warn ing of 
system unre l iabi l i t y is  through the data message forming part  o f  the GPS signal.  The 
“health” f lag found in  subf rame 4 and 5 wi l l  alert  the receiver to  a  fai lure of a  GPS 
sate l l i te.

The t ime lag from the beginn ing of the fa i lure to when i t  is  incorporated in the health  f lag 
(up to  e ight hours) represents an unacceptably  long period of t ime for avia t ion.  
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To overcome this ,  RAIM was developed and is a  mandatory  feature of  al l  av iat ion-grade 
receivers.  RAIM uses combinat ions of satel l i tes  to  determine the receiver  posi t ion. 
Should a large discrepancy between pos i t ion solu t ions occur,  a RAIM a ler t  is created 
rendering the GPS navigator  unre l iab le . Di f ferent phases of f l ight use di f ferent values of 
“ in tegri ty  a larm l imits”  pr ior to issu ing a RAIM alert .  

The abi l i ty  of a  rece iver to  perform RAIM computat ions is dependent upon the number of 
sate l l i tes  in view, the ir  geometry  and the mask angle which is  dependent upon the abi l i ty 
of  the antenna to  track sate l l i tes near the horizon and any local  terrain . Whereas GPS 
needs a min imum of four sate l l i tes  to produce a three-dimensional posi t ion,  a  min imum of 
f ive sate l l i tes are required for  RAIM. For th is reason, RAIM may not be avai lab le in  
circumstances of poor sate l l i te  coverage or poor sate l l i te  geometry.

Table 6-2  RAIM Alarms

Phase of Flight Alarm Limit Time to Alarm

Enroute (oceanic, domestic,  random 
and JV routes)

2.0 nm 30 sec

Terminal 1.0 nm 10 sec

RNAV Approach Non Prec ision 0.3 nm 10 sec
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6.1.8 GPS Modernization Signals
A process of GPS system modern izat ion is now underway, which involves the in troduct ion 
of  new signals  to provide improvements  in  accuracy and integri ty .  

F ig. 6-27  GPS Modern izat ion Signals

6.1.8.A L2CS
The L2CS system provides a civ i l ian-use s ignal  t ransmitted on a frequency other than the 
L1 frequency used for the Coarse Acquis i t ion (C/A) s ignal ,  and broadcast on the L2 
frequency. Because i t  requires new hardware onboard the sate l l i te ,  i t  is  only  transmitted 
by the so-ca l led Block I IR-M and la ter  design satel l i tes . The L2CS signal is  tasked with  
improv ing accuracy of navigat ion, provid ing an easy to  track signal ,  and act ing as a 
redundant s ignal  in case of  local i zed in terference.

Unl ike the C/A code, L2CS contains two d ist inc t PRN code sequences to  provide ranging 
information; the Civi l i an Moderate  length code (cal led CM), and the Civ i l ian Long  length 
code (cal led CL).  The CM code is 10,230 bi ts long, repeat ing every  20 ms. The CL code 
is 767,250 b i ts  long, repeat ing every  1500 ms. Each signal is transmitted at 511,500 bi ts 
per second (bi t /s) ;  however , they are mult ip lexed together  to  form a 1,023,000 b i t /s 
signal .

CM is modulated with  the CNAV Navigat ion Message (see below), whereas CL does not  
contain  any modulated data and is  cal led a data-less sequence .  The long, data-less 
sequence prov ides for approx imately  24 dB greater corre la t ion (~250 t imes st ronger)  than 
L1 C/A-code.
When compared to the C/A signal,  L2CS has 2.7 dB greater  data recovery and 0.7 dB 
greater  carr ier-t racking,  al though i ts t ransmission power  is 2 .3  dB weaker .
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6.1.8.B CNAV Navigation Message
The CNAV data is an upgraded version of the or iginal  NAV nav igat ion message. I t  
contains higher prec ision representat ion and nominal ly more accurate data than the NAV 
data. The same type of i nformation (T ime, Status, Ephemeris ,  and Almanac) is  st i l l  
t ransmitted using the new CNAV format;  however, ins tead of us ing a frame /  subf rame 
arch i tec ture,  i t  features a new pseudo-packet ized format made up of 12-second 300-b i t  
message packets.

In  CNAV, two out o f every four packets  are ephemeris  data and at least one of every four  
packets wi l l  include c lock data, but the design al lows for a wide var iety o f packets to be 
transmitted.

With  a 32-sate l l i te  conste l lat ion, and the cur rent requirements  of what needs to  be sent,  
less than 75% of  the bandwidth is used. Only a  smal l  f rac t ion of the avai lable  packet 
types have been def ined; th is enables the system to grow and incorporate advances.

Important changes in the new CNAV message

CNAV message uses Forward Error Correct ion (FEC) in a  ra te 1/2 convolut ion code, so 
whi le  the navigat ion message is  25 b i t /s ,  a 50 b i t /s signal  is  transmitted. 

The GPS week number is  now represented as 13 bi ts,  or 8192 weeks, and only  repeats 
every 157.0 years, meaning the next re turn to zero won' t  occur unt i l  the year 2137. This 
is longer compared to  the L1 NAV message's use of a  10-bi t  week number , which returns 
to  zero every 19.6 years.  

There i s a  packet that conta ins a GPS-to-GNSS t ime offset.  This  al lows for  
interoperabi l i ty wi th  o ther g lobal t ime-transfer systems, such as Gal i leo and GLONASS, 
both of  which are supported. 

The extra  bandwidth enables the inc lus ion of a  packet  for  di f ferent ial  correct ion, to  be 
used in  a simi lar manner  to  SBAS and which can be used to correct the L1 NAV clock 
data. 

Every packet contains an a ler t  f lag, to  be set i f  the sate l l i te data can not be t rus ted. Th is 
means users wi l l  know with in 6  seconds i f  a  sate l l i te  is no longer  usable. Such rap id 
not i f icat ion is important for safety-of- l i fe  appl icat ions, such as av iat ion. 

Fina l ly,  the system is  des igned to  support 63 satel l i tes , compared with 32 in the L1 NAV 
message.

L2CS Frequency in formation

An immediate ef fec t o f hav ing two civ i l ian frequenc ies being transmitted is  the c ivi l ian 
receivers can now d irect ly measure the ionospheric error in the same way as dual 
frequency P(Y)-code receivers. However , i f  a  user is  ut i l izing the L2C signal a lone, they 
can expect 65% more pos i t ion uncerta inty  than with  the L1 signal .
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6.1.8.C L5
Civi l ian,  safety o f l i fe  signal  p lanned to be avai lable with  f i rs t  GPS IIF launch (2009).  Two 
PRN ranging codes are transmitted on L5: the in-phase code (denoted as the I5-code); 
and the quadrature-phase code (denoted as the Q5-code). Both codes are 10,230 b i ts 
long and transmitted at 10.23 MHz (1ms repet i t ion).  In addit ion, the I5 s tream is  
modulated with  a 10-bi t  Neuman-Hofman code that is c locked at 1 kHz and the Q5-code is  
modulated with a  20-b i t  Neuman-Hofman code that is  a lso clocked at 1  kHz.

• Improves signal s tructure for enhanced performance 
• Higher  transmitted power than L1/L2 signal  ( -3 dB, or twice as powerfu l)  
• Wider bandwidth prov ides a 10× process ing gain 
• Longer spreading codes (10× longer than C/A) 
• Uses the Aeronaut ica l  Radio-Nav igat ion Services band 
• The recent ly  launched GPS IIR-M7 satel l i te t ransmits a  demonstrat ion of th is 

signal .  
L5 Navigation message
The L5 CNAV data inc ludes SV ephemer ides,  system t ime, SV clock behav ior data, s tatus 
messages and t ime in format ion, e tc.  The 50 bi t /s data is coded in  a  rate 1/2 convolut ion 
coder.  The resul t i ng 100 symbols per second (sps) symbol stream is modulo-2 added to  
the I5-code only;  the resul tant bi t- t rain is  used to modulate the L5 in-phase (I5) car r ier .  
Th is  combined s ignal wi l l  be cal led the L5 Data signal .  The L5 quadrature-phase (Q5) 
carr ier has no data and wi l l  be ca l led the L5 Pi lot  signal .
L5 Frequency information
Broadcast on the L5 f requency (1176.45 MHz, 10.23 MHz × 115),  which is an 
aeronaut ica l  nav igat ion band. The frequency was chosen so that the av ia t ion community  
can manage interference to L5 more effect ively  than L2. 

6.1.8.D L1C
Civi l ian use s ignal ,  broadcast on the L1 f requency (1575.42 MHz), which current ly 
contains the C/A s ignal  used by al l  current  GPS users . The L1C wi l l  be avai lab le with f i rst  
Block I I I  launch, current ly scheduled for 2013. The PRN codes are 10,230 bi ts long and 
transmitted at 1 .023 Mbps.  I t  uses both Pi lo t  and Data car r iers l i ke L2C.
The modulat ion technique used is BOC(1,1) for the data signal  and TMBOC for the p i lot .  
The Time Mult iplexed Binary Offset Carr ier (TMBOC) is BOC(1,1) for  al l  except 4 of 
33 cycles, when i t  switches to BOC(6,1).  Of the to ta l  L1C signal power, 25% is a l located 
to  the data and 75% to the pi lo t .  Implementat ion prov ides C/A code to  ensure: 
• Backward compat ibi l i t y.
• 1.5 dB increase in  min imum C/A code power to  mit igate any no ise f loor increase.  
• Data-less signal  component p i lo t  carr ier improves track ing. 
• Greater c ivi l  i nteroperabi l i ty  wi th  Gal i leo L1. 
CNAV-2 Navigation message
The L1C navigat ion message, ca l led CNAV-2, is  1800 b i ts  ( including FEC) and is  
transmitted at 100 b i t /s.  I t  conta ins  9-b i t  t ime information, 600-bi t  ephemeris ,  and 274-b i t  
packet ized data payload 
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6.1.8.E M Code (Mili tary)
A major component o f the modernizat ion process, a  new mi l i tary  s ignal  ca l led M-code 
was designed to further improve the ant i - jamming and secure access of  the mi l i tary GPS 
signals . The M-code is  transmitted in the same L1 and L2 frequenc ies a lready in  use by 
the previous mi l i tary code, the P(Y)  code. The new s ignal  is shaped to  place most o f i t s 
energy at  the edges (away from the ex ist ing P(Y)  and C/A car r iers).
Unl ike the P(Y) code, the M-code is des igned to be autonomous,  meaning that users can 
ca lcu la te the ir  posi t ions us ing only  the M-code s ignal.  P(Y) code receivers  must typ ica l ly 
f i rs t  lock onto the C/A code and then t ransfer to lock onto the P(y)-code.
The M-code is  in tended to be broadcast from a h igh-gain direc t ional  antenna, in addit ion 
to  a wide angle (fu l l  Earth) antenna. The direc t ional  antenna's  signal ,  termed a spot 
beam ,  is i ntended to  be a imed at a  speci f ic  region ( i .e .  severa l  hundred ki lometers in  
diameter)  and increase the loca l  signal  s trength by 20 dB (10X vo l tage f ie ld strength, 
100X power).  A side effect of having two antennas is  that  the GPS satel l i te wi l l  appear to  
be two GPS sate l l i tes occupy ing the same pos i t ion to those inside the spot  beam.
Whi le  the ful l -Earth  M-code signal is  avai lab le on the Block I IR-M sate l l i tes, the spot 
beam antennas wi l l  not be avai lab le unt i l  the Block I I I  satel l i tes  are deployed.  
Other M-code character i st ics are:
• Sate l l i tes  wi l l  t ransmit two dis t inct s ignals from two antennas: one for whole Earth  

coverage, one in  a spot beam. 
• Modulat ion is Binary  Offset  Carr ier (BOC) and occupies 24 MHz of bandwidth 
• Uses a new MNAV navigat ional  message, which is packet ized instead of framed, 

al lowing for f l ex ible  data pay loads 
• There are four e ffect ive data channels ; d i f ferent data can be sent on each 

frequency and on each antenna. 
• Can include FEC and error detect ion 
• The spot beam is ~20 dB more powerful  than the whole Earth coverage beam 

M-code s ignal at  Earth 's sur face:  -158 dBW for whole Earth  antenna, -138 dBW 
for spot beam antennas. 
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6.1.9 The Gal ileo System
Gali leo is the European g lobal nav igat ion satel l i te  system which prov ides a highly  
accurate,  guaranteed g lobal posi t ion ing service under civ i l ian contro l .  I t  is  in ter-operable 
with GPS and GLONASS, the two other g lobal satel l i te navigat ion systems.

Fig.  6-28  Gal i leo Sate l l i te  (GIOVE Test  SV)

A user can take a pos i t ion with  the same receiver from any of the sate l l i tes  in  any 
combinat ion. By offer ing dual frequencies as standard,  Gal i leo de l ivers  real- t ime 
posi t ion ing accuracy down to  the meter  range. Gal i leo guarantees avai lab i l i ty o f the 
serv ice under a l l  but  the most ex treme c ircumstances and in forms users  with in seconds 
of  a  fa i lure of any sate l l i te .  This makes i t  su i tab le  for appl icat ions where safety is cruc ial ,  
such as running trains , gu id ing cars  and landing a ircraft .  
The f i rs t  experimenta l  sate l l i te ,  part  of  the so-cal led Gal i leo System Test Bed (GSTB-V1) , 
was launched in  2003. The object ive of  th is sate l l i te  was to  character ize the cr i t i ca l  
technolog ies, developed under  ESA contracts . Two in i t ia l  test satel l i tes  were launched 
GIOVE-A, in  2005, and GIOVE-B, in  2008,  to  va l idate the bas ic Gal i leo space segment.  
Four In Orbi t  Val idat ion (IOV) satel l i tes  are scheduled to  be launched in the 2010 to 2011 
t ime frame, to complete the va l idat ion of the space segment in  conjunct ion with the 
ground segment.  A further  16 sate l l i tes are current ly funded,  which wi l l  provide a 
minimum operat ional  capabi l i ty.  The balance of 14 satel l i tes required to  reach Ful l  
Operat ional  Capabi l i ty  (FOC) , as  of 2010, are not current ly  funded. 
The ful ly deployed Gal i leo system wi l l  cons ist  of  30 sate l l i tes (27 operat ional  + 3 act ive 
spares),  pos i t ioned in three circular Medium Earth  Orbi t  (MEO) planes at  23 222 km 
al t i tude above the Ear th, and at an inc l inat ion of the orbi tal  p lanes of 56 degrees with  
re ference to  the equatorial  p lane. The Gal i leo navigat ion s ignals provide good coverage 
even at la t i tudes up to 75 degrees north , which corresponds to  the North  Cape,  and 
beyond. 
The large number of sate l l i tes together with  the opt imizat ion of the constel la t ion, and the 
avai lab i l i ty of the three act i ve spare satel l i tes,  ensures that the loss of one sate l l i te  has 
no d iscern ib le effect  on the user.  The use of BOC (Binary  Offset Carr ier) Modulat ion 
minimizes in ter ference with  GPS BPSK.
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6.1.9.A Ground Element
Two Gal i leo Contro l  Centers:
• Located in  Europe
• Combine range of fac i l i t ies: orb i t  contro l ,  in tegri t y,  mission cont rol ,  sate l l i te 

cont rol ,  services products , Precise T ime Faci l i t ies  (PTF)

Fif teen Gal i leo Up-L ink Stat ions:
• Located around the g lobe
• Five Telemetry , Telecommand and Tracking Stat ions
• Nine Miss ion Up-Link Stat ions

Thirty  Gal i leo Sensor Stat ions: 
• Located around the g lobe
• Monitor qual i ty  of the sate l l i te  nav igat ion s ignal  (Signal  In Space,  SIS)  Serv ices

6.1.9.B Services
The Gal i leo system cons ists  o f f ive main services:

OS (Open Service) :  
'Free to  air ' and for use by the mass market ;  Simple t iming and posi t ion ing down to 
1 meter.  

CS (Commercial  Service)  (Encrypted):  
Higher  data ra te, improved accuracy to the cent imeter.  Guaranteed serv ice for which 
serv ice prov iders  charge fees. 

SoL (Safety Of Life) :  
Open service;  For appl icat ions where guaranteed accuracy is  essent ial ;  Integr i ty 
messages wi l l  warn of errors. 

PRS (Publ ic Regulated Service):  (Encrypted):  
Cont inuous avai lab i l i ty  even in  t ime of  cr is is;  Government agenc ies wi l l  be main users. 

SAR (Search And Rescue) :  
System picks up dis tress beacon locat ions; Feasib le  to send feedback, conf i rming help is 
on i ts  way. Based on Cospas-Sarsat system re-broadcasts  d istress messages. 
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Table 6-3  Galileo Signals

6.1.9.C GPS Receivers
Signal
The strength of the received GPS signal re l ies on the fo l lowing parameters : 
• Signal s trength of satel l i te 
• Attenuat ion in t ransmit ter  hardware 
• Gain of t ransmiss ion antenna ( in  d irec t ion to the receiver) 
• Free space loss due to d istance of  sate l l i te and receiver  
• Attenuat ion by the atmosphere (negl igib le) 
• Deflect ion and superpos i t ion of the direc t signal  by  ref lec ted indirec t s ignals  

(mult i -path) 
• Gain of rece iver antenna 
• Attenuat ion in receiver  hardware 
• Signal tracking technique 
Noise
The level  of no ise seen by a GPS receiver consis ts main ly o f thermal no ise but a lso 
background and inter-modulat ion noise. Most o f the s ingle  inf luences are constant  or can 
be assumed to be constant in  the order of  measurement accuracy. 

Signal E5 (E5a + E5b) E1

Centre 
Frequency

1191.795 (E5) 1575.42

1176.45 (E5a) 1207.14 
(E5b)

Nominal 
Bandwidth

51.15 (E5) 24.552

20.46 (E5a) 20.46 (E5b)

Modulat ion ALTBOC INTERPLEX/CBOC

Sub-carr ier a- I a-Q b- I b-Q A B C

Sub-modulat ion None None None None BOC(15,2
.5)

CBOC(6,1
,1)

CBOC(6,1
,1)

Serv ices F/NA
V
(OS)

Pi lot I /NAV
(OS/CS/SoL
)

Pi lot G/NAV
(PRS)

I/NAV
(OS/CS/S
oL)

Pi lot

Code Rate
(Mc/s)

10.2
3

10.2
3

10.23 10.2
3

2.5575 1.023 1.023

Encrypted No No No No Yes No No

Sequence 
Length (pr imary  
x secondary)

1023
0 x 
20

1023
0 x 
100

10230 x 4 1023
0 x 
100

25575 x 1 4092 x  1 4092 x  25

Symbol ra te  
(sps)

50 N/A 250 N/A 100 250 N/A
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SNC
Many GPS receivers ind icate s ignal st rengths in  manufacturer spec i f i c un i ts,  which are 
determined f rom measurements  made on the signals  by the s ignal  process ing hardware. 
The va lues are the resul t  o f  in tegrat ing the output  o f a  signal  cor re la tor ,  that  is  fed the 
noisy  input signal  and a c lean loca l  repl ica of  the expected PRN code. The integrated 
resul t  i s a  l inear indicat ion of the signal- to-no ise- rat io,  over  the bandwidth of the 
cor re la ted s ignals.  

In  any par t i cu lar rece iver ,  th is  resu l t  can vary  due to  d i f ferences in rece iver  bandwidth 
and in tegrat ion t ime. Of ten the resul t  is sca led to be cons istent across a product  range. 
The resul tant values are often re fer red to  as SNC (Signal- to-Noise-Counts)  and are 
scaled to  match a measurement made over  a  1 kHz bandwidth. The 1 kHz comes from the 
fact that  many of the earl y rece ivers  integrated for  1 mi l l isecond, resu l t ing in  an effec t ive 
1 kHz bandwidth.

Convert ing SNC to SNR
Normal ly SNR (Signal to  Noise Ratio) is  expressed as a power rat io  on a logari thmic 
scale instead of an ampl i tude rat io on a l inear  scale. 

To convert :
• SNC in  a 1 kHz bandwidth = (sA/nA).
• Where sA = Signal Ampl i tude and nA is the Noise Ampl i tude.
• SNR in  a 1 kHz bandwidth [ in  dB] = 20*Log10(SNC) - 3db

Convert ing to C/N0

A more technica l ly precise and common measurement of  GNSS s ignal strength is  known 
as C/N0 (carr ier-to-noise dens i ty ) and is the ra t io  of received car r ier  ( i .e . ,  s ignal) power 
to  no ise densi ty .  
Many receivers  have the ab i l i ty to  d isp lay or  output values in these uni ts  however,  these 
va lues are not measured d irect ly ,  but  are calcula ted f rom the d irec t ly  measured SNC 
count values, refer to  table  6-4.

NOTE:  
C/N0 is  not  the same as SNR (signal-to-noise rat io),  al though the terms are somet imes 
used in terchangeably . Effect ively ,  C/N0 assumes that  the noise has in f in i te  bandwidth 
(and thus power)  and therefore character izes i t  us ing a densi ty ,  that is,  as  the amount o f 
no ise power per un i t  o f  bandwidth.  
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C/N0 = the SNR (usual ly in  dB)  in a  1 Hz bandwidth. That bandwidth is typ ica l ly 1000 
t imes less than the actua l  rece iver bandwidth, which impl ies a 30db change in  dB-power 
un i ts :

• C/N0 = SNR[dB]@ 1 kHz + 30db

• Therefore. C/N0 = 30 + 10*Log10(SNC^2/2) 

• = 30 + 10*Log10(SNC^2)  – 3
• = 27 + 20*Log10(SNC)

Table 6-4  SNC, SNR and C/N0

C/N0 provides a metr ic that is more useful  for  comparing one GPS receiver to  another 
than SNR because the bandwidth of the receivers i s e l iminated in the comparison. 
Higher  C/N0 resul ts  in  reduced data bi t  error rate  (when extract ing the navigat ion data 
from the GPS signals)  and reduced carr ier and code track ing loop j i t ter.  Reduced car r ier 
and code track ing loop j i t ter,  in turn, resul ts  in  less no isy  range measurements and thus 
more precise pos i t ioning. 

Determining Noise Figure
General ly ,  the GPS decoding chipset on a receiver determines the min imum C/N0 rat io,  
required to  achieve a posi t ion f ix.  However , i t  is  the no ise f igure of the ent i re  rece iver 
that determines the C/N0 rat io  that  you can achieve at a g iven power level .  When 
measuring sens i t ivi t y i t  is impor tant to  know the min imum C/N0 rat io requi red to  achieve 
a posi t ion f ix.

SNC SNR (dB - 1 kHz) C/N0 (dB - 1 Hz)

3 6.5 36.5 (very  weak signal)

5 11 41

10 7 47

20 23 53

30 26.5 56.5

40 29 59 (very s trong s ignal)
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Refer to  table 6-5. Assuming a constant sate l l i te  power , you can observe that the C/N0 
ra t io repor ted by the receiver is  a funct ion of  the noise f igure of the receiver.

Table 6-5  C/N0 as a Funct ion of Noise F igure

The noise f igure of a  receiver is  d irect ly  propor t ional  to the RF power level  and C/N0 
ra t io.  Based on this  rela t ionship, you can measure the receivers  noise f igure by apply ing 
the fo l lowing formula. N f igure = -174dBm/Hz + SVpower + C/N0

For example:  -174.0 dBm + -136.1 dBm + 30.0 dB-Hz = 7.9 dB. 

Rounding C/N0

Receivers that  support the NMEA-183 protocol ,  repor t  sate l l i te  C/N0 to the nearest 
decimal d ig i t ,  therefore est imating noise f igure beyond one d igi t  o f  precis ion requires you 
to  invest igate the C/N0 rounding of the receiver.  

Noise 
Figure

RF Power  
Level

C/N0

1 dB -143 dBm 31 dB -Hz

2 dB -143 dBm 30 dB -Hz

3 dB -143 dBm 29 dB -Hz

4 dB -143 dBm 28 dB -Hz

5 dB -143 dBm 27 dB -Hz

6 dB -143 dBm 26 dB -Hz
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Table 6-6 example resul ts show that  RF power leve ls between -136.6 and -135. dBm al l  
produce the same C/N0 rat io  o f 30 dB-Hz. Based on the rounding princ ip les  involved 
when repor t ing NMEA-183 data, i t  is  safe to assume that a power level  o f -136.1 dBm 
produces a C/N0 ra t io  o f 30.0 dB-Hz. 

Table 6-6  Corre la t ion of RF Power  Level and Receiver  C/N0

RF Power 
Level

Receiver C/N0

-135.6 dBm 31 dB -Hz

-135.7 dBm 31 dB -Hz

-135.8 dBm 30 dB -Hz

-135.9 dBm 30 dB -Hz

-136.0 dBm 30 dB -Hz

-136.1 dBm 30 dB -Hz

-136.2 dBm 30 dB -Hz

-136.3 dBm 30 dB -Hz

-136.4 dBm 30 dB -Hz

-136.5 dBm 30 dB -Hz

-136.6 dBm 30 dB -Hz

-136.7 dBm 30 dB -Hz

-136.8 dBm 29 dB -Hz

-136.9 dBm 29 dB -Hz

-137.0 dBm 29 dB -Hz

-137.1 dBm 29 dB -Hz
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Chapter 7 -  Product Specifications

7.1 GENERATOR

RF Output Level Direct:- -93 to -155 dBm in 1 dB steps.
± 2 dB accuracy into 50 

DC Isolation: 50V DC

RF Output Level 
Ant Coupler:- -68 dBm to -130 dBm in 1 dB steps,

± 2 dB accuracy into 50 

Signal Quality: Spurious: <-35 dBc over the bandwidth (40 MHz)
Harmonics: -<-45dBc

External Modulation 
Input: TTL

Carr iers: Single (GPS and Gal i leo channels  may be mixed)

GPS Carriers: L1:           1575.420 MHz (C/A, pseudo P(Y), SBAS)
L1 no P(y):      1575.420 MHz (C/A, SBAS) )                  
L1C:                1575.420 MHz
L2:           1227.600 MHz (pseudo P(Y)
L2C:           1227.600 MHz
L5:           1176.450 MHz (New Civil SOL)

Galileo Carriers: E1/L1:  1575.420 MHz   (PRS, OS, CS, SOL) (pseudo-G/NAVL)                                                                     
E5a:      1191.795 MHz   (OS, F/NAV)                                       

 E5b:    1207.140 MHz (OS,CS,SOL,I/NAV)

Accuracy: Same as Master Oscillator

Inter Channel Bias: Zero (Digital Design)

Channels: 1-6,  1-12 SV simulation, selectable 
GPS: PRN=1 to 32.
Galileo: PRN=1 to 30. 
SBAS: PRN=120 to138. 

User Defined Doppler 
Error: Selectable frequency offset ± 5.0 kHz 1 Hz increment

Amplitude Offset: Sets SV carrier amplitude offset from nominal +/-15dB in .1dB increments.

Step  Error: Sets SV psuedo range error +/- 1km in .1m increments or                            
32,808.4 ft in .1ft increments (used for RAIM testing)

Satellite Health: Allows selection of GOOD or BAD (carried in GPS Nav Data)
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GENERATOR (cont)

Gal Integrity: Allows selection of CONNECTED or DISCONNECTED. 
(Carried in Galileo Nav Data*) 

Code Carrier Coherence: Sets frequency variation between code carriers 
Range 2m/S or 6.562 ft/S 
Increment 1mm/S or 001 ft/S

L1 C/A code:                Code Rate: 1.023 Mc/s               
Primary Code Length: 1023 bits 
Modulation: BPSK  
Symbol Rate: 50 sps 

SBAS Codes: WAAS/EGNOS L1/L5

L1C Code: Code Rate: 1.023 Mc/s
Primary Code length: 10,230 bits 
Modulation: BPSK  

L1 P(Y) pseudo code: Code Rate: 10.230 Mc/s   
Primary Code Length: 15,345,000 bits              
Modulation: BPSK                                          
NOTE: Long random codes simulated

L2C Code: CM Code Rate: 511.500 b/s
Primary Code length: 10,230 bits
CL Code Rate: 511.500 b/s
NOTE: Long random codes simulated
Primary Code length: 767,250 bits
Modulation: QPSK  

L5 Code: Code Rate: 10.230 Mc/s
Primary Code length: 10,230 bits 
Modulation: QPSK

Galileo Codes From Open Service SIS ICD, Draft 1, European Space Agency/ 
European GNSS Supervisory Authority

Signal E5 (E5a + E5b) E1

Centre Frequency
1191.795 (E5)

1575.42
1176.45 (E5a) 1207.14 (E5b)

Nominal Bandwidth
51.15 (E5)

24.552
20.46 (E5a) 20.46 (E5b)

Modulation ALTBOC INTERPLEX/CBOC
Sub-carrier a-I a-Q b-I b-Q A B C

Sub-modulation None None None None BOC(15,2.5) CBOC(6,1,1) CBOC(6,1,1)

Services
F/NAV

(OS)
Pilot

I/NAV

(OS/CS/SoL)
Pilot

G/NAV

(PRS)

I/NAV

(OS/CS/SoL)
Pilot

Code Rate

(Mc/s)
10.23 10.23 10.23 10.23 2.5575 1.023 1.023

Encrypted No No No No Yes No No
Sequence Length 
(primary x second-
ary)

10230 
x 20

10230 
x 100 10230 x 4 10230 

x 100 25575 x 1 4092 x 1 4092 x 25

Symbol rate (sps) 50 N/A 250 N/A 100 250 N/A
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GENERATOR (cont)

NAV Data: Navigation Data is computed in real-time to match the simulation
Positional Simulation: Maximum Relative Velocity (Range Rate) ± 1000 kts

Maximum Relative Jerk ± 500 m/s3
Maximum Altitude 100,000 ft

Positional Simulation 
Accuracy: Pseudorange <2mm (RMS)

Pseudorange Rate <1mm/s (RMS) with respect to master oscillator       
Pseudorange Jerk ±0.02 m/s3 (RMS over >1s)
Delta Pseudorange <2mm (RMS)
Interchannel Code Phase Alignment ± 0.02 m (RSS)
Interchannel Carrier Phase Alignment ± 0.265mm (RSS)

7.2 MASTER OSCILLATOR

 Frequency: 10 MHz nominal (* see note)

Temperature Stability:±  ±0.05 ppm

Aging Rate: ±0.3 ppm/yr, ± 2.5 ppm/ 10 yr

Uncertainty: ±1 ppm

External Reference Input

Input Level: 0.25 to 6.0 Vp-p

Input Impedance:50 ohm nominal

Input Frequency:10.0 MHz ±10 Hz

External Reference Output

Output Level: 1.5 Vp-p nominal into 50

Output Frequency:10.0 MHz nominal

Reliability

MTBF: >10000 hrs

MTTR: 1hr

7.3 COUPLER

Type: Patch in RF Absorbent Foam

Coupling: -21.5 dB typical at 1575.420 MHz. 

Isolation: > 25 dB at 1575.42 MHz
> 30 dB typical at 1575.42 MHz
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7.4 BATTERY

Type: Lithium Ion, Removable Pack

Voltage: 14.4 VDC

Capacity: 6.75 AH 

Duration: 4 hrs

Note: Battery charging temperature range: 0° to 45°C.

7.5 DC INPUT

Input Voltage Range: 11 to 32 VDC

Maximum Input Power: 75 W 

Maximum Current Input: 5 A 

7.6 PHYSICAL CHARACTERISTICS

Height: 10.63 inches (27.0 cm)

Width: 13.97 inches (35.5 cm)

Depth: 3.425 inches (8.7 cm)

Weight (Test set only): 15.5 lbs. (7 kg)

7.7 ENVIRONMENTAL

Test Set Certifications

Operational Temperature:  -20° to 55° C

Storage Temperature:- -51° to 71° C when no battery is installed

Operational Humidity: MIL-PRF-28800F Class 2

Storage Humidity: MIL-PRF-28800F Class 2

Altitude: 4600 meters Class 1

Vibration Limits:  MIL-PRF-28800F Class 2

Shock, Function: MIL-PRF-28800F Class 2

Transit Drop: MIL-PRF-28800F Class 2

Drip Proof: MIL-PRF-28800F Class 2

Dust:  MIL-PRF-28800F Class 1

Salt Fog: MIL-PRF-28800F Class 1

Explosive Atmosphere: MIL-PRF-28800F Class 1

EMI/EMC: MIL-PRF-28800F and EN-61010-1

Safety Compliance: UL-61010-1 and
EN-61010-1
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ENVIRONMENTAL (cont)

EMC

Emissions: MIL-PRF28800F Class 2
EN 61326:1998 Class A
EN 61000-3-2 
EN 61000-3-3 

Immunity: MIL-PRF28800F Class 2
EN 61326:1998Class A 

External AC-DC Converter Certifications

Safety Compliance: UL 1950 DS
CSA 22.2 No. 234
VDE EN 60 950

EMI/RFI Compliance: FCC Docket 20780 Curve "B"

EMC: EN 61326

External AC to DC Converter

Use: Indoors

Altitude: < 10,000 m

Operating Temperature: 0° to 40° C

Storage Temperature: -20° to 71° C

Transit Case Certifications

Drop Test: FED-STD-101C Method 5007.1 Paragraph 6.3, 

Procedure A, Level A

Falling Dart Impact: ATA 300Category I

Vibration, Loose Cargo: FED-STD-101C Method 5019

Vibration, Sweep: ATA 300 Category I

Simulated Rainfall: MIL-STD-810F Method 506.4 Procedure II of 4.1.2

FED-STD-101C: Method 5009.1 Sec 6.7.1

Immersion: MIL-STD-810F Method 512.4

7.8 ACCESSORIES

RF Coax Cable x 1: Low Loss Coax 50 ft loss calibrated
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Appendix A - Pin-Out Tables

A.1 ETHERNET CONNECTOR

Fig. A-1  Ethernet Pin-Out Diagram

A.2 USB HOST 1 CONNECTOR

Fig. A-2  USB Host 1  Pin-Out Diagram  

Pin Number Signal Type Signal Type Funct ion
1 Data Transmit + Ethernet TX +
2 Data Transmit - Ethernet TX -
3 Data Receive + Ethernet RX +
4 NC NC
5 NC NC
6 Data Receive - Ethernet RX -
7 NC NC
8 NC NC

Pin Number Signal Type Signal Type Funct ion
1 Power VCC USB Power
2 Data Data - USB Data -
3 Data Data + USB Data +
4 GND GND Ground
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A.3 USB HOST 2 CONNECTOR

Fig. A-3  USB Host 2  Pin-Out Diagram

A.4 USB OTG CONNECTOR   

Fig.  A-4  USB OTG Pin-Out Diagram

A.5 DC POWER CONNECTOR

Fig. A-5  DC Power Connector Pin-Out Diagram

Pin Number Signal Type Signal Type Funct ion
1 Power VCC USB Power
2 Data Data - USB Data -
3 Data Data + USB Data +
4 GND GND Ground

Pin Number Signal Type Signal Type Funct ion
1 Power VCC USB Power
2 Data Data - USB Data -
3 Data Data + USB Data +
4 Control ID Ident i fy
5 GND GND Ground

Pin Number Signal Type Signal Type Funct ion
Inner Power VCC HHCP Power
Outer GND GND Ground
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A.6 AUX CONNECTOR

Fig.  A-6  AUX Connector Pin-Out Diagram

NOTE 1:  RS 232 Settings - Baud Rate 4800, 8 Data Bits, No Parity, 1 Stop Bit.
NOTE 2:  Accuracy of 1 PPS signal in relationship to the RF output is typically +/- 30 ns.

Pin Number Signal  Type Signal Type Function
1 DATA ARINC 429 in A ARINC 429  

Channel 1  RX A
2 DATA ARINC 429 in B ARINC 429  

Channel 1  RX B
3 NC NC
4 DATA ARINC 429 Out  A ARINC 429  

Channel 1  TX A
5 DATA ARINC 429 Out  B ARINC 429  

Channel 1  TX B
6 NC NC
7 Contro l RS232 CTS RS 232 Clear to 

Send
8 DATA RS232 TX1 RS 232 Transmit

9 Contro l RS232 RTS1 RS 232 Ready to  
Send

10 DATA RS232 RX RS 232 Receive
11 NC NC
12 NC NC
13 NC NC
14 NC NC
15 NC NC
16 NC NC
17 Ext Trigger Output 3.3V LVTTL Trigger Out
18 NC NC
19 Ext Trigger Input 3.3V LVTTL Trigger In
20 NC NC
21 NC NC
22 NC NC
23 NC NC
24 NC NC
25 DATA 1 PPS Sync2 One Pulse Per 

Second
26 GND GND Ground
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Appendix B -  Terminology

Term Description
Anti-Spoofing (AS) Is  a  po l icy of the U.S. Department of  Defense by which the P-Code is 

encrypted (by the addit i onal  modulat ion of a  so-cal led W-Code to 
generate a new "Y-Code"),  to  protect the mi l i tar i ly impor tant P-Code 
s ignals from being "spoofed" through the t ransmission of false GPS 
s ignals by an adversary  during t imes of war .  Hence c ivi l ian GPS 
receivers  are unable to make d irect P-Code pseudo- range 
measurements  and must use proprie tary ( ind irect)  signal  t racking 
techniques to  make measurements on the L2 carr ier wave (for both 
pseudo-range and car r ier phase).  Al l  dual-frequency ins trumentat ion 
must therefore overcome AS us ing these spec ial  s ignal  t rack ing and 
measurement techniques.

Availabil ity The number  of  hours per  day that a  part i cu lar locat ion has suff icient 
sate l l i tes (above the speci f ied elevat ion angle, and perhaps less than 
some speci f ied PDOP value) to make a GPS posi t ion determinat ion 
possib le .

BIAS All  GPS measurements are affected by biases and errors . Their 
combined magni tudes wi l l  a f fect the accuracy of  the pos i t ioning resul ts 
( they wi l l  bias the pos i t ion or basel ine so lu t ion).  Biases may be def ined 
as be ing those systematic  errors that cause the t rue measurements  to  
be d i f ferent  from observed measurements by a "constant,  pred ictab le or 
systematic  amount",  such as, for example,  al l  dis tances being measured 
too shor t ,  or too long. Biases must somehow be accounted for  in the 
measurement model used for data processing i f  h igh accuracy is sought.  
There are several  sources of b iases with  varying character ist ics,  such 
as magnitude, period ic i ty,  satel l i te or receiver  dependency, etc .  Biases 
may have phys ica l  bases, such as the atmosphere effects on signal  
propagation or ambigui t ies  in the car r ier phase measurements, but may 
a lso enter a t the data processing stage through imperfect knowledge of 
constants, for  example any " f ixed" parameters such as the satel l i te 
ephemeris  in formation,  sta t ion coord inates,  ve loc i ty  of l ight,  antenna 
height errors, etc .  Random errors  wi l l  not b ias a so lu t ion. However, 
out l ier  measurements, or measurements s igni f icant ly  af fec ted by 
mult i -path d isturbance (which may be cons idered a transient ,  
un-modeled bias) ,  wi l l  b ias  a so lut ion i f  the proport ion of  af fec ted 
measurements  is  re lat ively h igh compared to  the number  of unaf fec ted 
measurements . For  th is reason, long period s tat ic GPS Survey ing is  
more accurate ( less l ike ly to be biased)  than "rapid  stat ic  survey ing" or 
k inemat ic (single-epoch) pos i t ioning.

Binary Shift-Key (BSK) 
Modulation

BSK is a  modulat ion technique by which a binary message, such the 
Navigat ion Message or the PRN codes (consis t ing of 0 's and 1 's),  is 
imprin ted on the carr ier wave. Unl ike Ampl i tude Modulat ion (AM) and 
Frequency Modulat ion (FM), BSK Modulat ion does not a l ter the s ignal  
leve l  ( the "ampl i tude") or the carr ier wavelength ( the " frequency") .  At a  
change in va lue of the message from 0 or 1 , or from 1 to  0 , the car r ier  
wave is reversed ( the phase is  " f l ipped" by 180°).  Al l  reversa ls take 
p lace at the zero-crossings of the carr ier (s ine) wave ( i .e . ,  where the 
phase is  zero).
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C/A Code The s tandard (Clear /Acquis i t ion) GPS PRN code, also known as the 
Civ i l ian Code or  S-Code. A spread spectrum direc t sequence code only 
modulated on the L1 carr ier,  used by the GPS receiver to acquire  and 
decode the L1 satel l i te s ignal ,  and from which the L1 pseudo-range 
measurement is made.

Carrier A radio wave hav ing at  least  one characteri st ic  (e .g. ,  f requency, 
ampl i tude,  phase)  that can be varied from a known reference value by 
modulat ion. In  the case of GPS there are two transmitted carr ier waves: 
(a) L1 at 1575.42MHz,  (b) L2 at 1227.60MHz, modulated by the 
Navigat ion Message (both L1 and L2),  the P-Code (both L1 and L2) and 
the C/A-Code (L1).

Carrier Phase GPS measurements made on the L1 or L2 carr ier s ignal .  May refer to  
the fract ional  par t  o f  the L1 or L2 carr ier wavelength (approx imate ly  
19cm for L1, 24cm for L2),  expressed in  un i ts  o f meters , cyc les, fract ion 
of a  wavelength or angle. (One cycle of L1 is  equiva lent to one 
wavelength, and s imi lar ly for L2.) In  carr ier  phase-based posi t ion ing, 
such as employed in GPS Survey ing techniques,  carr ier phase may also 
refer to  the accumulated or in tegrated measurement  which consists  of  
the fract ional  par t  p lus  the whole number  of wavelengths (or cyc les) 
s ince signal  lock-on.

Carrier Aided Tracking A signal processing st rategy that uses the GPS carr ier signal  to  achieve 
an exact lock-on the PRN code. More eff icient and accurate than the 
s tandard approach.

Clock Bias The d i f ference between the receiver or sate l l i te  clock 's ind icated t ime 
and a wel l -def ined t ime scale re ference such as UTC (Coord inated 
Universa l  T ime) , TAI  ( In ternat ional  Atomic  T ime) or GPST (GPS Time).

Chip One b i t  o f  a  spreading sequence.
Channel A s ing le satel l i tes  signal  on a s ingle  frequency.
Code Phase GPS measurements based on the C/A-Code. The term is  sometimes 

restr icted to  the C/A- or P-Code pseudo-range measurement when 
expressed in  un i ts  of cycles.

Constellation Refers to  e i ther the speci f ic  set o f sate l l i tes used in  ca lcu lat ing a 
pos i t ion, or al l  the sate l l i tes v isib le  to a GPS receiver a t one t ime, or the 
ent i re ensemble of GPS satel l i tes  compr ising the Space Segment.

Control  Segment A world-wide network of GPS monitor ing and upload te lemetry  stat ions 
operated by, or on behalf  of ,  the US Department o f Defense. The 
tracking data is used by the Master Control  Stat ion at Colorado Springs 
to  calcula te the satel l i tes ' posi t ions (or "broadcast  ephemerides") and 
the ir c lock b iases. These are formatted in to the Nav igat ion Message 
which is up loaded on a da i ly  (perhaps more frequent ly) basis  by the 
Control  Segment  sta t ions.

Correlator The GPS receiver "software" or elect ron ic means,  implemented in some 
fashion (ei ther analogue or d igi tal)  wi thin  a  Tracking Channel,  used to  
shi f t  or compare the incoming signal  wi th  an in terna l ly generated s ignal .  
This operat ion is  performed on the PRN codes,  but may be used for 
more "exot ic" mixed s ignals  in  the case of L2 measurements,  where 
under the po l icy  of  Ant i -Spoof ing (AS) the L2 PRN code is  not known. 
Corre lator design may be inf luenced such that i t  i s opt imized for 
accuracy, mit igat ion of mult i -path, acquisi t ion of  signal  under  fo l iage,  
e tc.

Cut Off Angle The min imum acceptable sate l l i te  elevat ion angle (above the horizon) to  
avoid blockage of l ine-of-s ight,  mult i -path errors  or  too h igh 
Tropospheric  or Ionospheric  Delay va lues. May be preset  in the 
receiver,  or  appl ied during data post-processing. For nav igat ion 
receivers  may be set as  low as 5°,  whi le  for  GPS Surveying typ ical ly  a 
cutoff  angle of 15° is  used.

Term Description
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Data Message Also known as the Nav igat ion Message. A 1500 b i t  message modulated 
on the L1 and L2 GPS s ignal,  which conta ins  the satel l i te's locat ion (or 
ephemeris),  c lock (bias) correct ion parameters , conste l la t ion a lmanac 
in format ion and sate l l i te health.

Differentia l GPS (DGPS) A technique to improve GPS accuracy that uses pseudo-range errors  
measured at a known Base Stat ion locat ion to improve the 
measurements  made by other GPS receivers  wi thin  the same general  
geographic area. I t  may be implemented in  real- t ime through the 
provis ion of a communicat ion l ink  between the GPS receivers, 
t ransmitt ing the cor rect ion information in  the industry-standard RTCM 
format,  or various proprietary  formats . May be implemented in  s ing le 
Base Stat ion mode,  in the so-cal led Local Area DGPS (LADGPS) , or  
using a network of Base Stat ions, as in the Wide Area DGPS (WADGPS) 
implementat ion.

Dilution of  Precision 
(DOP)

An indicator of sate l l i te  geometry for a un ique constel la t ion of sate l l i tes  
used to  determine a posi t ion.  Posi t ions tagged with a  higher DOP value 
general ly  const i tu te  poorer  measurement resu l ts than those tagged with 
lower DOP. There are a var iety  o f DOP ind icators, such as GDOP 
(Geometr ic  DOP), PDOP (Posi t ion DOP) , HDOP (Horizontal  DOP), 
VDOP (Vert i ca l  DOP),  etc .

Dithering The in troduct ion of digi ta l  no ise in to the system. "Clock di thering" is the 
process by which the U.S. Department o f Defense (DoD) degrades the 
accuracy of the Standard Pos i t ion ing Service ( i .e .  absolute posi t i on ing 
of a  C/A-Code capable receiver).  "Clock d i thering" is the addit ional  
sate l l i te  clock "b ias" induced by the DoD's "Select i ve Avai labi l i t y"  po l icy  
that cannot be corrected for by  the broadcast Navigat ion Message c lock 
cor rect ion parameters.

Doppler Shift The apparent change in the frequency of  a s ignal  caused by the rela t ive 
motion of the transmitter and receiver.

Dual Frequency Refers to  the ins trumentat ion that can make measurements  on both 
L-Band frequencies, or  to  the measurements  themselves (e .g.,  L1 and 
L2 pseudo-range or  carr ier phase measurements).  Dual- frequency 
measurements  are usefu l  for h igh precis ion (pseudo-range-based) 
nav igat ion because the Ionospheric  Delay bias can be determined,  and 
the data corrected for i t .  In the case of Double-Dif ferenced carr ier  
phase, dual-f requency observat ions can account for the residual 
ionospheric b ias  (for case of long basel ines) ,  or  aid  Ambigui ty 
Resolut ion for "rapid  s tat ic"  or "k inemat ic" basel ine determinat ion. Al l  
" top-of -the-l ine" GPS receivers  are of the dual-frequency var iety ,  and 
are comparat ive ly  expens ive because of the spec ial  s ignal  processing 
techniques that  must be implemented to  make measurements on the L2 
car r ier  under the po l icy of Ant i -Spoof ing.

Enhanced Keplerian 
Elements (ephemeris)

Those e lements which describe the pos i t ion of a  sate l l i te  in a d i f ferent 
orb i t  and which comprise the s tandard Kepler ian e lements  (q .v) and 
harmonic cor rect ion terms for the argument o f lat i tude, orbi t  rad ius and 
incl inat ion angle.

Ephemeris (plural:  
Ephemerides)

The f i l e o f values from which a satel l i te's  posi t ion and ve loc i ty  ( the 
so-ca l led "sate l l i te  state vector ") a t  any ins tant in t ime can be obtained. 
The "Broadcast  Ephemeris (or  Ephemerides)" for a  sate l l i te  are the 
predic t ions of the current sate l l i te  pos i t ion and ve loci ty  determined by 
the Master Contro l  Stat ion, up loaded by the Contro l  Segment to the GPS 
sate l l i tes,  and transmitted to  the user receiver in  the Data Message. 
"Precise Ephemeris (or Ephemerides)" are post-processed values 
der ived by, for example, the Internat ional  GPS Service ( IGS),  and 
avai lable  to  users post-mission via  the Internet.

Fix A s ing le posi t i on with lat i tude, longi tude (or  gr id pos i t ion) ,  al t i tude (or 
height),  t ime, and date.

Geometric Dilution of 
Precision (GDOP)

An indicator o f the geomet r ica l  s trength of a GPS constel lat ion used for 
a  pos i t ion/t ime solut ion.

Term Description
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Global Navigation 
Satel l ite  System (GNSS)

This is an umbrella term used to describe a generic satellite-based 
navigation/positioning system. It was coined by international agencies such as the 
International Civil Aviation Organization (ICAO) to refer to both GPS and GLONASS, as 
well as any augmentations to these systems, and to any future civilian developed 
satellite system. For example, the Europeans refer to GNSS-1 as being the combination 
of GPS and GLONASS, but GNSS-2 is the blueprint for an entirely new system

Global Orbit ing 
Navigation Satel l ite  
System (GLONASS)

This is  the Russ ian counterpart  to GPS. I t  cons ists  o f a constel la t ion of 
24 satel l i tes  (though the number may vary due to  d i f f icul t ies  in funding 
for the system) t ransmit t ing on a varie ty  of  f requencies in the ranges 
from 1597-1617MHz and 1240-1260MHz (each satel l i te transmits on two 
d i f ferent L1 and L2 frequenc ies).  GLONASS prov ides worldwide 
coverage, however,  i ts accuracy performance is  opt imized for nor thern 
la t i tudes,  where i t  is  better than GPS's  SPS ( there being no "Select ive 
Avai labi l i ty"  on GLONASS sate l l i tes) .  GLONASS pos i t ions are referred 
to  a  di f ferent Datum to those of GPS, i .e.  PZ90 rather than WGS84.

Global Posi tioning 
System (GPS)

A system for provid ing precise locat ion which is  based on data 
transmitted from a conste l lat ion of 24 sate l l i tes. I t  compr ises three 
segments : (a) the Contro l  Segment,  (b) the Space Segment,  and (c) the 
User Segment .

GPS Time (GPST) GPST is  a  form of  Atomic  T ime, as is,  for example,  Coordinated 
Universa l  T ime (UTC). GPST is "s teered" over  the long run to keep 
with in  one microsecond of UTC. The major d i f ference is  that  whi le  " leap 
seconds" are inserted in to the UTC t ime scale every 18 months or so to  
keep UTC approx imately  synchronized wi th the earth 's ro tat ional  period 
(with respect to the sun) ,  GPST has no leap seconds. At the integer 
second level ,  GPST matched UTC in  1980,  but because of the leap 
seconds inserted since then, GPST is  now (end 1998)  ahead of UTC by 
12 seconds (plus a frac t ion of a  microsecond that varies  from day to 
day).  The rela t ionship between GPST and UTC is transmitted with in the 
Navigat ion Message.

Height (Orthometric) The Orthometr ic Height is  the height o f a sta t ion on the earth 's surface, 
measured along the local  p lumbl ine d irec t ion through that  s ta t ion, above 
the Geoid surface. I t  is  approximated by the "Height  Above Mean Sea 
Level " ,  where the MSL Datum is assumed to  be def ined by the mean t ide 
gauge observat ions over  severa l  years. The rela t ionship between 
Orthometr ic Height (H) and El l ipso ida l  Height (h) is  :  h  = H + N, where N 
is  the Geoid Height or Geoid Undulat ion with respect to the Reference 
El l ipso id.  Orthometr ic  Height  is t rad i t ional ly derived from geodetic 
leve l ing (us ing such techniques as opt ica l  leve l ing, tr igonomet r ica l  
leve l ing, barometr ic  leve l ing.

Inter-Channel Bias The d i f ference in  the code (or carr ier)  phases between two 
s imultaneous ly simulated signals  from the same sate l l i te  on d i f ferent 
frequencies, exc luding any effects  from the propagation path or  
del iberately  in troduced errors , and af ter  applying any correct ions that 
are broadcast in  the navigat ion message.

Inter-Frequency Bias The d i f ference in  the code (or carr ier)  phases between two 
s imultaneous ly simulated signals  from the same sate l l i te  on d i f ferent 
frequencies, exc luding any effects  from the propagation path or  
del iberately  in troduced errors , and af ter  applying any correct ions that 
are broadcast in  the navigat ion message.

Inter-Sub-carrier Bias The d i f ference in  the code (or carr ier)  phases between any two 
sub-carr iers  (e .g. I  and Q) of the same s ignal.

Term Description
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Ionosphere, Ionospher ic 
Delay

The Ionosphere is  that band of atmosphere extending from about 50 to 
1000 ki lomet res above the earth's  surface in  which the sun 's u l travio le t 
rad iat ion ionizes gas molecules which then lose an elect ron. These free 
e lec trons in f luence the propagation of microwave s ignals (speed, 
d irect ion and polar izat ion) as they pass through the layer .  The 
Ionospher ic Delay on GPS signals is f requency-dependent and hence 
impacts  on the L1 and L2 signals  by a di f ferent amount (un l ike that 
wi th in  the Troposphere).  A l inear combinat ion of pseudo-range or car r ier 
phase observat ions on the L1 and L2 carr ier waves can be created to  
a lmost ent i rely  e l iminate the Ionospher ic Delay. The resul t ing 
observable is  known as the Ionosphere-Free carr ier phase (or 
pseudo-range) . For s ingle-frequency receivers i t  is not  poss ible  to  
account for th is s ignal  bias  in this  way. A broadcast model is  contained 
with in  the transmitted Nav igat ion Message, however , i t  is  a  re lat ively  
poor model (un l ike ly to account for more than 50% of  the effect)  as  the 
Delay is very  di f f icu l t  to  predict .  The magnitude of the Ionospher ic Delay 
is  a funct ion of the la t i tude of the receiver ,  the season, the t ime of day, 
and the level  of solar ac t ivi ty .  The Delay in the Zenith  direc t ion can be 
several  tens of metres, increasing as the e levat ion angle of the satel l i te 
s ignal  reduces (be ing 3-5 t imes greater than in  the Zenith  d irect ion) .  
The Delay is large ly e l iminated in Relat ive or  Dif ferent ia l  Pos i t ion ing, 
however, the residual Ionospheric  Delay increases as the basel ine 
length increases and may be a s ign i f icant source of error (espec ia l ly in  
the height  component) for  very  h igh precis ion GPS Geodesy. Even when 
using dual- frequency instrumentat ion, the Ionospheric  Delay can s t i l l  
cause problems dur ing the process of rapid  Ambigui ty Resolut ion when 
phase and range combinat ions other  than the Ionosphere-Free one are 
used.

L1 Frequency 1575.42MHz GPS carr ier frequency which conta ins  the C/A-Code, the encrypted 
P-Code (or Y-Code) and the Navigat ion Message. Commerc ial  GPS 
nav igat ion receivers  can track on ly the L1 carr ier to  make pseudo-range 
(and sometime carr ier phase and Doppler  frequency) measurements .

Rice Factor The rat io  between the power of the direc t component and the mean 
power of the Rayle igh faded component in  Rician fad ing, expressed in  
dB. A Rice factor o f +∞ dB impl ies  no fading,  whi le  -∞ dB impl ies 
Rayle igh fading.

Satel l ite  (or User)  
Location (or  Trajectory)

The locat ion (or tra jec tory) o f the center of gravi ty o f the satel l i te (or 
user).

Standard Kepler ian 
Elements (almanac)

Those e lements which describe the pos i t ion of a  sate l l i te  in a per fec t ly  
e l l ip t ica l  orbi t  and which comprise semi-major axis ,  eccentr ic i ty,  
incl inat ion angle, longi tude (or r ight acent ion) o f the ascending node (or  
a t epoch),  argument of  perigee, and one of mean,  true, and eccentr ic 
anomaly.

Sub-carrier One of the separate modulated s treams on a g iven f requency (e i ther I  
and Q, or A, B and C).

Term Description
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Appendix C - Export ing, Editing and Importing Waypoints

The purpose of th is  appendix  is to describe a method of adding custom waypoints to  the 
GPSG-1000 wi thout  us ing the graphical  users  in terface and touchscreen to enter  
waypoint  data. Waypoint data wi l l  instead be entered on a PC, and then the custom data 
wi l l  be transferred to the GPSG-1000 using the f i le /waypoint / import feature. 

Waypoints,  as  stored in the GPSG-1000, are a set of data that describe a po int in 3D 
space,  a long with data to  name/mark that locat ion. Custom waypoints  on the GPSG -1000 
are s tored in  a comma separated variable  f i le  (CSV)  which can be shared among 
GPSG -1000 uni ts  us ing the waypoint export  and import  funct ions.  I t  is  important to  note 
that import ing a custom waypoint f i le f rom another  GPSG-1000 wi l l  resu l t  in  the custom 
waypoints o f the receiv ing uni t  to  be overwri t ten. I f  the f i les f rom two d i f ferent uni ts need 
to  be merged,  i t  must be done external  to the un i t ,  and can be accompl ished us ing the 
ed i t ing techniques that I  wi l l  descr ibe in  th is document.

Creating Custom Waypoints
Only  Custom Waypoint data may be exported from the GPSG-1000. Once a Custom 
Waypoint is  added to the GPSG-1000 i t  can then be exported to a  USB drive and edi ted. 
To create a Custom Waypoint,  selec t Waypoint f rom the main too lbar located at  the lef t  of  
the screen. The Waypoint screen appears (Figure C-1).

F ig . C-1  Waypoint Screen
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Select the Add button, the Waypoint Edi t  screen appears  (F igure C-2).
 

Fig . C-2  Waypoint Edi t  Screen

On the Waypoint Edi t  Screen select one of the l ines from the tab le. For th is exerc ise we 
wi l l  se lect ANC, l ine 7. Once you have highl ighted the l ine, select  Next.  The data from the 
se lected l i ne wi l l  now populate the Waypoint Edi t  Screen (Figure C-3).

F ig.  C-3  Waypoint Edi t ,  Waypoint Data Screen
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Select the Code f ield  and enter a  new code to ident i f y the new Custom Waypoint .  In  thi s 
example we wi l l  use EXP1. Press Done,  The new Custom Waypoint wi l l  be added to  the 
Waypoint L ist  (Figure C-4).  

F ig.  C-4  New Waypoint L ist

Exporting Waypoints
Export ing waypoints  is done through the F i le /Waypoint page, to  open the f i le screen f i rs t  
cl ick on the main menu at  the lef t  s ide of the touchscreen,  and select  the ‘Fi le’  button. On 
the f i l e screen open the ‘Waypoint ’  tab. 
To expor t  the custom waypoints , p lug a compatib le USB f lash drive in to one of the two 
USB por ts located on the s ide of the box where the glare screen at taches, wait  
approx imate ly  5 to 10 seconds for  the uni t  to recognize the drive and then press the 
‘Export  to USB’ button on lower r ight o f the Waypoint page (Figure C-5).  

F ig . C-5  F i le Waypoints  Screen
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A green popup box wi l l  appear and conf i rm when the export  has completed (F igure C-6) .  

F ig.  C-6  Waypoint Expor t Successful

Edit ing the Customer Waypoint File
Remove the USB f lash dr ive from the GPSG-1000, and p lace the drive in  a  PC. The 
custom waypoint f i le  wi l l  be located in the fo l lowing directory  / Inst rument /Waypoint and 
wi l l  be named usera irpor ts.csv. 

The Waypoint F i le may be opened in Excel or  a Text t ype edi tor  l ike Notepad++.

Excel Type Edi tor
The Waypoint  information may be edi ted, copied,  or  new l ines added. Ensure that  each 
new Waypoint added has a unique ident i fy ing code in  co lumn D.  Column J  is added to the 
end of each Waypoint entry and set to “0”,  forcing a comma at the end of  each row of  the 
output f i le.

Column A A unique name the user ass igns to each user Waypoint.
Column B City.  
Column C Country, not current ly used.
Column D Unique code to each user  Waypoint.  GPSG-1000 can sort  Waypoints  

by th is code.
Column E CAO Code. A four -character  code des ignat ing each a irpor t  around 

the world.  
Column F Lat i tude
Column G Longitude
Column H Alt i tude ( in  th is case expressed in  f t )
Column I UTC offset,  not current ly used.
Column J This  co lumn is  added when the Waypoint f i le  is  ed i ted to insert  a comma 

at  the end of the sentence.  0 should be entered here.

A B C D E F G H I J

Ted Stevens Anchorage Intl Anchorage EXP1 PANC 61.174361 -149.996361 152 0 0
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Text Type Editor
The Waypoint in format ion may be edi ted,  copied, or new l ines added. The sentence terms 
are ident ical  to the Excel t ype edi tor f i le ,  however , the l i ne is already terminated with  a  
comma.

               Ted Stevens Anchorage Intl,Anchorage,,EXP1,PANC,61.174360999999998,-149.99636100000001,   
               151.99999999999997,0,

Note: I f  Waypoint F i le contents  exceeds a few thousand entr ies the loading and sort ing 
funct ions in the GPSG-1000 wi l l  be s lowed.

When edi t ing i s complete, save the f i le  to  the USB f lash drive in  the same d irec tory 
locat ion and with the same name from which i t  was original ly  opened.  

Importing Waypoints
Import ing waypoints  is done through the F i le/Waypoint  page, to  open the f i le  screen f i rs t  
cl ick on the main menu at the lef t  side of the touchscreen, and se lect the ‘F i le ’  button. 
On the f i le  screen open the ‘Waypoint ’  tab (F igure C-7).  
To import the custom waypoints , p lug a compatib le USB f lash dr ive into one of the two 
USB por ts located on the s ide of the box where the glare screen at taches, wait  
approx imate ly  5 to 10 seconds for  the uni t  to recognize the drive. 

F ig . C-7  F i le Waypoints  Screen
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Press the Import From USB button on lower le f t  o f  the Waypoint  page. A pop-up box wi l l  
appear with  a warn ing that import ing from the USB wi l l  overwri te the ex ist ing waypoints 
on the system. Press Yes to cont inue (F igure C-8.) 

F ig. C-8  USB Import Warning Pop-up

A green popup box wi l l  appear and conf i rm when the import has been completed 
(F igure C-9) .

F ig . C-9  Waypoint Import  Successful

The Waypoint imported to  the GPSG-1000 wi l l  now be vis ible  in  the Waypoint Screen.
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Appendix D - Exported and Imported File Formats

The GPSG-1000 has the ab i l i ty  to  import and export  a  number of d i f ferent f i le types for 
di f ferent uses. The f i le t ypes inc lude Almanac, KML, NMEA (Tra jectory),  Route,  Sett ings 
and Waypoint.  This  appendix  wi l l  a t tempt to expla in the content o f each of the f i le  types 
that are ab le to  be exported and imported onto the uni t  so the user can understand the 
content and format  of each.

Fi le Locations
With in the GPSG-1000, the var ious user f i les  are stored on a s ta t ic memory dev ice, and 
with the except ion of the load, store, manage, delete, import and export  funct ions 
prov ided to the user through the UI,  the user cannot fur ther manipu late the f i les  whi le  
they are conta ined within  the un i t .  The user can however  export  the f i les to a  USB drive 
where they can be accessed,  ed i ted and stored,  and then using the import funct ion of the 
GPST-1000, they can be reloaded onto the un i t  for use.  When the various f i le types have 
been loaded onto a USB st ick , the d irector ies are created under the / Inst rument directory  
which is  located at the root o f the USB dev ice (F igure D-1).

F ig . D-1  Fi le Locat ions

Almanacs Files
The Almanacs d irectory  contains a lmanac f i les  in Yuma format ( ICD-GPS-8.70 Rev A, 
Date Jun 15, 2011). The Almanacs f i les  are ei ther generated by the GPSG-1000 in terna l  
rece iver downloads, or are downloaded from the United States Coast Guard repos i tory 
websi te . 
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An example of the Almanac data f i le :

 ******** Week 799 almanac for PRN-01 ********
ID:                         01
Health:                     000
Eccentricity:               0.3730297089E-002
Time of Applicability(s):  61440.0000
Orbital Inclination(rad):   0.9613649345
Rate of Right Ascen(r/s):  -0.7863184676E-008
SQRT(A)  (m 1/2):           5153.619629
Right Ascen at Week(rad):   0.9558857469E+000
Argument of Perigee(rad):   0.444257464
Mean Anom(rad):            -0.1754657556E+001
Af0(s):                    -0.1144409180E-004
Af1(s/s):                   0.0000000000E+000

week:                        799

Kml Files
The Kml direc tory  contains  f i les generated from the appl icat ion GoogleEarth in  Kml 
format on a PC, which have then been imported onto the GPSG-1000. The GPSG-1000 
compi les  the Kml f i les into  Trajec tory data f i les  wi th a  .gdt  ex tens ion in  CSV format.

Kml  f i les are trajectory  routes that  are intended to fo l low a course laid  out  in  GoogleEarth 
at  a constant veloci ty .  The f i l es  must have cer tain  condit ions; the a l t i tude must be 
expressed in  absolute terms, navigat ion po ints must be proper ly pos i t ioned for the speed 
and turning rad ius of the simulat ion. Therefore i t  is general ly  not su i tab le  to conver t  
recorded routes f rom a GPS receiver in  to  Kml f i les for s imulat ion in the GPSG-1000.  
Recorded routes should be loaded to the GPSG-1000 as Nmea Fi les  for p layback.

The compi led .gdt f i les  are in  the fol lowing format:
Notes,Date,Time,Latitude,Longitude,Alt,Desc
$GDT,20000101,000144.00,38.9425699612859,-94.7561817577427,0.000000,3D,*16
$GDT,20000101,000145.00,38.9425695029864,-94.7561783124509,-0.000004,3D,*3F
$GDT,20000101,000146.00,38.9425681280874,-94.7561679765759,-0.000018,3D,*34
$GDT,20000101,000147.00,38.9425658365869,-94.7561507501185,-0.000039,3D,*39
$GDT,20000101,000148.00,38.9425626284821,-94.7561266330799,-0.000069,3D,*37
$GDT,20000101,000149.00,38.9425585037686,-94.7560956254621,-0.000106,3D,*35
$GDT,20000101,000150.00,38.9425534624409,-94.7560577272674,-0.000150,3D,*3E
$GDT,20000101,000151.00,38.9425475044924,-94.7560129384988,-0.000200,3D,*34
$GDT,20000101,000152.00,38.9425406299151,-94.7559612591597,-0.000254,3D,*3F
$GDT,20000101,000153.00,38.9425328387000,-94.7559026892542,-0.000312,3D,*3A
$GDT,20000101,000154.00,38.9425241308367,-94.7558372287867,-0.000371,3D,*34
$GDT,20000101,000155.00,38.9425145063137,-94.7557648777623,-0.000431,3D,*3F

$GDT,20000101,000156.00,38.9425039651181,-94.7556856361865,-0.000489,3D,*30
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Nmea Files
The Nmea di rec tory conta ins  f i les  with an NME extens ion that conta in  data in  NMEA-0183 
sentence format .  The GPSG-1000 is ab le to  use GGA,  RMC and GSV sentences f rom 
these f i les . In  genera l  the NMEA-0183 f i les  are created by the internal  or an external  
GPS receiver.

Nmea file example:
$GPGGA,150923.000,3856.4506,N,09445.2627,W,1,07,1.1,332.2,M,-30.1,M,,0000*68
$GPGSV,3,1,11,29,65,303,50,05,63,046,52,26,36,124,45,02,31,082,49*73
$GPGSV,3,2,11,25,25,230,43,15,24,164,47,21,19,285,40,12,11,198,40*7B
$GPGSV,3,3,11,10,08,049,40,30,06,321,41,18,04,230,36*40
$GPRMC,150923.000,A,3856.4506,N,09445.2627,W,0.09,154.82,290113,,,A*79

The sentence struc ture for each pos i t ion sentence:

GGA
Essential  f ix data which prov ide 3D locat ion and accuracy data.

$GPGGA,150923.000,3856.4506,N,09445.2627,W,1,07,1.1,332.2,M,-30.1,M,,0000*68

Where:
     GGA          Global  Posi t ion ing System Fix  Data
     150923.000     F ix taken at 12:35:19 UTC
     3856.4506,N Lat i tude 
     09445.2627,W Longitude 
     1            Fix  qual i ty :  0 = inva l id
                              1 = GPS f ix  (SPS)
                              2 = DGPS f ix
                               3 = PPS f ix

4 = Real T ime Kinematic
5 = F loat RTK

                              6 = est imated (dead reckoning)  (2.3 feature)
7 = Manual input mode
8 = Simulat ion mode

     07           Number of satel l i tes  be ing t racked
     1.1        Horizonta l  d i lut ion of  posi t ion
     332.2,M Alt i tude, Meters , above mean sea level
     -30.1,M Height  of geoid (mean sea leve l) above WGS84 e l l ipsoid         
     (Empty  f ie ld) Time in  seconds since last DGPS update
     0000  DGPS stat ion ID number
     *68          Checksum data, a lways begins with  *
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GSV
Sate l l i tes in View shows data about the sate l l i tes that the uni t  might be ab le to  f ind based 
on i ts  viewing mask and almanac data.

$GPGSV,3,1,11,29,65,303,50,05,63,046,52,26,36,124,45,02,31,082,49*73

Where:
      GSV Sate l l i tes in  v iew
      3  Number of sentences for fu l l  data
      1         Sentence 1 of  3
      11       Number  of  sate l l i tes  in  view
      29       Satel l i te  PRN number
      65       E levat ion, degrees
      303     Azimuth, degrees
      50       SNR - higher is bet ter
          Repeat PRN,  Elevat ion, Azimuth and SNR for up to  4  sate l l i tes 

per sentence
      *75      Checksum data, a lways begins with *

RMC
NMEA has i ts  own vers ion of essent ial  gps pvt  (pos i t ion, veloci ty,  t ime) data.  I t  is  ca l led 
RMC, The Recommended Minimum, which wi l l  look simi lar to:

$GPRMC,150923.000,A,3856.4506,N,09445.2627,W,0.09,154.82,290113,,,A*79

Where:
      RMC      Recommended Min imum sentence C

150923.000     F ix taken at  12:35:19 UTC
A            Status A=act ive or V=Void.
3856.4506,N   Lat i tude 
09445.2627,W Longitude 
0.09        Speed over the ground in knots
154.82        Track angle in degrees True
290113       Date - 23rd of March 1994
(Empty  f ie ld) , ,  Magnet ic Variat ion
A NMEA 2.3 addit ional  f ield  
*79          Checksum data, a lways begins with  *
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Route Fi les
Route f i les  are used to  populate the route tab le on the Route page (Figure D-2). .  

F ig . D-2  Route Page

The f i les  are stored and exported from the GPSG-1000 in  XML format.  The beginning and 
end of each route f i le  is des ignated by the tex t <Route>. The body of the route cons ists  o f 
a number of route points  with the fo l lowing contents. Please note that the route data 
shown in  the example consis ts of s ix route po ints.

<Route>
   <Waypoint Longitude="-77.88420000000001" MaxAcceleration="0" MaxClimbRate="0" 

Name="HESKU" Latitude="37.14982222222222" Altitude="1524" TargetSpeed="53.64466666666667" 
TurningCircleRadius="108.5658611334349"/>

   <Waypoint Longitude="-78.80005277777778" MaxAcceleration="0" MaxClimbRate="0" 
Name="RFLAT" Latitude="38.20028888888889" Altitude="1524" TargetSpeed="53.64466666666667" 
TurningCircleRadius="131.3646919714563"/>

 <Waypoint Longitude="-78.83963333333332" MaxAcceleration="9.800000000000001" 
MaxClimbRate="-3.048" Name="RIVKE" Latitude="38.24149166666667" Altitude="1249.68" 
TargetSpeed="53.64466666666667" TurningCircleRadius="100"/>

   <Waypoint Longitude="-78.88314444444444" MaxAcceleration="9.800000000000001" 
MaxClimbRate="-3.048" Name="BEEDY" Latitude="38.28670277777778" Altitude="944.88" 
TargetSpeed="53.64466666666667" TurningCircleRadius="100"/>

   <Waypoint Longitude="-78.95743055" MaxAcceleration="9.800000000000001" 
MaxClimbRate="-3.048" Name="RW33" Latitude="38.363725" Altitude="355.092" 
TargetSpeed="53.64466666666667" TurningCircleRadius="131.3646919714563"/>

   <Waypoint Longitude="-79.13772222222222" MaxAcceleration="9.800000000000001" 
MaxClimbRate="3.048" Name="MOL" Latitude="37.86372222222222" Altitude="1828.8" 
TargetSpeed="75.99661111111111" TurningCircleRadius="183.4763053155051"/>

</Route>
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The Route data variab les are formatted as fo l lows:

Waypoint Longitude  is  fo l lowed by the longi tude value of the waypoint in 
DDD.DDDDDDDD format.  Values in the western hemisphere are ind icated by negat ive 
va lues,  and va lues in the eastern hemisphere are indicated by pos i t ive values.

Max Acceleration is fo l lowed by the maximum accelerat ion value that the body in  mot ion 
is a l lowed to  achieve in  the latera l  and longi tud ina l  axes as i t  t ravels  from the cur rent 
waypoint  to the next.  The accelerat ion value is expressed in  m/s2.

Max Climb Rate is fo l lowed by the maximum cl imb or descent ra te that the body in  mot ion 
is a l lowed to  achieve as i t  t rave ls f rom the current waypoint to  the next.  The c l imb/
descent rate  is  expressed in  m/s .

Name  is fol lowed by the text ind icat ing the name of the waypoint .

Latitude  is fo l lowed by the lat i tude value of  the waypoint in  DD.DDDDDDDD format.  
Values in  the southern hemisphere are ind icated by negat ive va lues, and va lues in  the 
northern hemisphere are indicated by pos i t ive values.

Target  Speed  is  fo l lowed by the target speed of the body in  mot ion as i t  passes through 
the waypoint.  The target  speed is expressed in  m/s.

Turning Circle Radius  is fol lowed by the turn ing c irc le rad ius of  the body in motion that 
def ines the commanded path to be fol lowed. The turn ing c ircle  radius is expressed in  
meters .
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Sett ings Files
The Sett ings f i le  d irectory  conta ins set t ings f i les  generated from the GPSG-1000 Fi le/
Sett ings page. The Sett ings data is  in XML format .  Fo l lowing is  an example of  the GPSG-
1000 Power Up Sett ings. The Sett ings Fi le can be edi ted and imported to other GPSG-
1000 uni ts to  set a  common s tart  condit ion. Care must  be taken to ensure sett ings 
parameters  are compat ible  with  the test  set.

<!DOCTYPE GpsgPowerupConfig>
<GpsgPowerupConfig>

   <SimulationSetup>
      <SimulationMode>Gps</SimulationMode>
      <Carrier>L1_E1</Carrier>
      <SbasMode>Auto</SbasMode>
      <SimulationType>Static</SimulationType>
      <DigitalNoiseMode>Off</DigitalNoiseMode>
      <FadingMode>None</FadingMode>
      <PrnSignalType>Fixed</PrnSignalType>
      <PositionSource>User</PositionSource>
      <ClockSetting>User</ClockSetting>
      <UserDateTime>2011-08-05T21:12:16</UserDateTime>
      <UnitsType>Imperial</UnitsType>
      <LatLonFormat>DD°MM'SS.SS"</LatLonFormat>
      <RfPortSelection>Coupler</RfPortSelection>
      <RfLevel>-130</RfLevel>
      <RouteLooping>0</RouteLooping>
      <MotionModel type="Unlimited">
         <Pedestrian LateralAcceleration="2.94" Velocity="10.72896" 

LongitudinalAcceleration="2.94"/>
         <Automobile LateralAcceleration="9.800000000000001" 

Velocity="89.408" 
LongitudinalAcceleration="9.800000000000001"/>

         <Marine LateralAcceleration="6.86" Velocity="44.704" 
LongitudinalAcceleration="6.86"/>

         <LowPerfAircraft LateralAcceleration="19.6" Velocity="223.52" 
LongitudinalAcceleration="9.800000000000001"/>

         <HiPerfAircraft LateralAcceleration="88.2" Velocity="447.04" 
LongitudinalAcceleration="49"/>

         <Custom LateralAcceleration="19.6" Velocity="0.44704" 
LongitudinalAcceleration="9.800000000000001"/>

         <Unlimited LateralAcceleration="98" Velocity="514.096" 
LongitudinalAcceleration="98"/>

      </MotionModel>
   </SimulationSetup>
   <ChannelsSetup Gnss="12" Galileo="5" Gps="6" SingleSbas="0" Sbas="1"/>
   <IoSetup>
      <LossValues Splitter="0" Coupler="0" DirectCable="0" CouplerCable="0"/>
      <ExternalRefOutMode>Off</ExternalRefOutMode>
      <ReferenceSource>Internal</ReferenceSource>
      <TriggerMode>Auto</TriggerMode>
   </IoSetup>
   <DefaultStaticPoint Longitude="0" Latitude="0" Altitude="0"/>
   <DefaultFiles Trajectory="" Route="Default Route" Almanac=""/>
   <DiagnosticsSetup>
      <DiagnosticsMode>Off</DiagnosticsMode>
      <Frequency>1176.45 MHz</Frequency>
      <Amplitude>-100</Amplitude>
      <DopplerError>0</DopplerError>
   </DiagnosticsSetup>

</GpsgPowerupConfig>
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Waypoint Fi les
The Waypoint f i le  d irec tory conta ins  user entered custom waypoints created on the 
waypoint  page. The Waypoint data is in  CSV format.  The Waypoint f i les  wi l l  open in 
Excel.  

Waypoint csv f i le example:

 

Where:
Column A Unique name the user ass igns to each user Waypoint.
Column B City.  In this  case the Waypoint is not in  a ci ty .
Column C Country, not current ly used.
Column D Unique code to each user  Waypoint.  GPSG-1000 can sort  

Waypoints by this code.
Column E CAO Code. A four -character  code designat ing each a irport  around 

the world.  In  this  case the Waypoint is  not an airport .
Column F Lat i tude
Column G Longitude
Column H Alt i tude ( in  th is case expressed in  f t )
Column I UTC offset,  not current ly used.
Column J This  co lumn is  added when the Waypoint f i le  is  ed i ted to insert  a 

comma at the end of the sentence. 0  should be entered here.

A B C D E F G H I J

NY to RM 01 NA TR01 NA 49.0875 -45.3539 7000 0 0

NY to RM 02 NA TR02 NA 49.82806 -19.7547 7000 0 0
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Appendix E - Recording and Playing Trajectory Routes

Tra jectory f i les  recorded by GPS receivers or the GPSG-1000 and saved in  the .gdt or 
.nme format may be p layed back in the GPSG-1000 for simulat ion and test ing of GPS 
receivers.  Th is appendix  wi l l  deta i l  the steps required to record a Trajectory  route in  the 
GPSG-1000 GPS RX and playback the f i le  for s imulat ion. 
Fi les  saved from other GPS receivers may have .nmea f i le  ex tens ion. When transferred to  
the GPSG-1000 for p layback they must be renamed with .mne f i le  extens ion. See 
Appl icat ion Note:   GPSG-1000 Fi le Propert ies.  Once renamed and t ransferred to  the 
GPSG-1000, they may then p layed in  the same manner as f i les recorded by the GPSG-
1000. 

The GPSG-1000 GPS RX wi l l  record i ts posi t ion and route. Attach the included GPS RX 
antenna.  From the Main Menu, se lect the down arrow (F igure E-1).

Fig . E-1  Main Menu
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From the lower por t ion of the Main Menu,  se lect GPS RX (Figure E-2).
 

F ig.  E-2  Main Menus, Lower Sect ion

The GPS RX page wi l l  d isplay the current GPS pos i t ion f ix and the vis ible  sate l l i te  
(F igure  E3).

Fig . E-3  GPS RX Page
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Wai t  for the GPS RX to acquire  a 3d posi t ion f ix .  (F igure E-4) .  

Fig . E-4  GPS RX Page with 3d Fix
Press the Record Tra jectory but ton to  start  recording. The GPSG 1000 wi l l  cont inue to 
record unt i l  the Stop Record ing button is  pressed. Note the Current Date/Time f ie ld , the 
t ime is d isp layed as GMT (Figure E-5 ).

F ig . E-5  GPS RX Page,  Record ing Tra jectory
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The data wi l l  be s tored in  a f i le with  the fol lowing naming convent ion:

 MMDDYYYY_HHMMSS.mne. 

The t ime recorded for the f i le name is the t ime the record ing i s stopped. To load the new 
Trajectory  F i le for p layback select F i le f rom the Main Menu and then Trajectory  from the 
tabs at the top of the page. Press the Load button and se lect the new .nme f i le ,  press 
Open (Figure E-6).
.

Fig . E-6  F i le Page, Tra jec tory Fi le  Saved

The new Trajectory  f i le  wi l l  appear in  the Current Trajectory  F i le widow (Figure E-7).

F ig.  E-7  Fi le  Page, Trajectory  Loaded
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To run the Tra jectory F i le  simulat ion, select Setup f rom the Main Menu. In  the GNSS 
window in  the Simulat ion f ie ld se lect Tra jec tory. In the PRN Signal f ie ld se lect Traj  Fi le .  
Set the RF Level in the RF Output  window to the desired leve l  (F igure E-8) .

The Trajectory  Fi le records the Signal to  Noise Ratio of the received GPS s ignal.  During 
playback the GPSG-1000 wi l l  adjust  the RF Power  Level to  s imulate the actua l  recorded 
S:N.   For th is feature to  work the simulat ion must be p layed back with  the same Almanac 
with which the recording was made. I f  the Tra jectory Fi le  is  played with a d i f ferent 
Almanac the pos i t ional  s imulat ion wi l l  run, but ,  the Simulat ion screen wi l l  show a “Red”  
ind icator for Tra j  Power and the RF Level wi l l  remain at the set leve l .

F ig. E-8  Setup Page, Trajectory  Setup  

Close the Setup page and se lect Simulat ion from the Main Menu.  Press Run and the 
Trajectory  Simulat ion wi l l  start  (F igure E-9)

Fig. E-9  Simulat ion Page, Tra jectory Fi le  Running
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The Simulat ion wi l l  run unt i l  the end of the Trajectory  F i le (Figure E-10).

F ig . E-10  Tra jec tory Simulat ion Complete
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Appendix F - GPSG-1000 USB Memory Device Format 
Compatibil i ty

The GPSG-1000 uses USB Memory Devices as a ut i l i ty to update software and to  import 
and export  a lmanac, route, and other f i les.  Some types of USB Memory Devices have 
proven to  be un-readable by the GPSG-1000 due to  incompat ible  formatt ing.
The GPSG -1000 requires a USB Memory Device to  be formatted as FAT32 or  FAT16 only.  
I t  is  a lso recommended that users have a dedicated USB Memory Device for the 
GPSG -1000 so that the d irec tory s tructure does not get cor rupted. The directory  f i le  
struc ture is  shown in  F igure 1 be low. 
VIAVI Solut ions recommends USB Memory Dev ice P/N 67325, avai lab le for  purchase 
from the VIAVI Solut ions Customer Help Desk at 800-835-2350 or emai l  
avcomm.serv ice@viavisolu tsions.com.

Fig. F-1  Fi le  Locat ions

mailto:Americas.service@aeroflex.com
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Appendix G -  Connect ing Dual Antenna Coupler Kit

GPSG Dual  Antenna Coupler Ki t  Connect ion

STEP PROCEDURE

1. Connect Coaxia l  Cable (TNC) (50 f t)  (suppl ied with the GPSG-1000)  between the 
GPS TX COUPLER Connector and the GPSG Spl i t ter Common Port .

2. Connect two Coax ial  Cables (TNC) (12 f t)  between the GPSG Spl i t ter and two 
GPSG-1000 Antenna Couplers.  
(Use the GPSG-1000 Antenna Coupler  and Shot Bag suppl ied with the GPSG-
1000.)

3. Ensure the Connector Terminat ion is  in  place on the open GPSG Spl i t ter 
connector.

4. For Coupler  Loss and Cable Loss va lues to  enter in  the GPSG-1000 I /O setup 
screen; ca lcula te the average insert ion loss of the couplers  being used. Add to  
th is value 9.5 dB for the spl i t ter/combiner  and enter  th is value as coupler loss. 
Calcula te the average loss of the Coupler Cables in th is  Ki t .  Add the cable loss of 
the cable provided with  the GPSG-1000 to  the average of the two cables provided 
in this  Ki t  and enter th is  va lue as cable loss.
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Appendix H - Connecting Triple Antenna Coupler Kit

GPSG Trip le  Antenna Coupler Ki t  Connect ion

STEP PROCEDURE

1. Connect Coaxia l  Cable (TNC) (50 f t)  (suppl ied with the GPSG-1000)  between the 
GPS TX COUPLER Connector and the GPSG Spl i t ter Common Port .

2. Connect three Coax ial  Cables (TNC) (12 f t )  between the GPSG Spl i t ter and three 
GPSG-1000 Antenna Couplers.  
(Use the GPSG-1000 Antenna Coupler  and Shot Bag suppl ied with the 
GPSG -1000.)

3. Enter Coupler  Loss and Cable Loss va lues into  in  the GPSG -1000 I /O Setup 
Screen. Calcu late the average inser t ion loss of the Couplers and enter  as Coupler  
Loss. Calcula te the average loss of  the Coupler Cables in  this  Ki t ,  add that va lue 
to  the cable loss va lue for the Coupler  Cable included in the GPSG -1000 Test Set 
and 9.5 dB for  the spl i t ter loss.
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Appendix I  -  Direct  Connect ing to GPS Receivers 

Hardware Requirements:
Antenna Load Simulators us ing the VIAVI GPSG-1000 and Opt ional  Ki t

Some GPS receivers requi re a res ist ive load be present on the antenna port  o f  the 
receiver for proper operat ion. I f  a res ist i ve load is not present,  the receiver indicates an 
antenna fau l t  and the system sel f- tes t ind icates a fa i lure.  
The components with in  GPSG -optional  k i t  provide a res ist ive load that is  required by 
some GPS receivers  when d irect  connect ing the GPSG-1000 to  the RF input of  the 
receiver.   This  load prevents  some GPS receivers  from fa i l ing their  interna l  se l f- tes ts.  
The Bias-Tee and RF terminator provided with in the GPSG -1000 opt ional  k i t  s imulates a 
26 mA load in a 5 Vdc system. Other load va lues may be required depending on the 
needs of the ind ividual  GPS receiver under tes t.  The content of the GPSG -1000 opt ional  
ki t  is not  required i f  us ing the GPSG-1000 RF coupler to  transmit GPS data to  the 
antenna of the GPS receiver  under tes t.

GPSG Dual  Antenna Coupler Ki t  Connect ion

STEP PROCEDURE

1. Connect the RF terminator (P/N 113102)  to  Port  C (DC IN)  of the Bias-Tee (P/N 
113101).

2. Connect the TNC to SMA coaxia l  cable (P/N 113103) from Port  B (DC OUT) of the 
Bias-Tee (P/N 113101) to the GPS antenna input connector  of the receiver under 
test.

3. Connect the GPSG-1000 to  Port  A (DC BLOCK)  of the Bias-Tee (P/N 113101) 
us ing the TNC to TNC coaxia l  cable (suppl ied with the GPSG-1000) .

4. Add the loss factor o f the TNC coaxia l  cable suppl ied with  the GPSG-1000 with  
0.3 dB (typical)  for  the Bias Tee loss and 0.95 (typical)  for the Coax Assy (P/N 
113103).  Enter th is va lue in to the Direct Connect cable loss in the GPSG-1000 
Setup I /O Window. I f  the suppl ied cables are not  used, the cables used should be 
character ized and the va lues entered.

5. Using the GPSG-1000 User’s Manual as a re ference, set up and begin a GNSS 
simulat ion on the GPSG-1000.
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