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OPERATION MANUAL
ELECTROMAGNETIC COMPATIBILITY

Double shielded and proper ly terminated external  interface cables must be used wi th this equipment 
when interfacing with  the RS-232 and Ethernet.

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

NOMENCLATURE STATEMENT

In this manual,  GPSG-1000, Test Set  or Unit  refers to the GPSG-1000 GPS/Gal i leo Posit ional Simulator.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Declarat ion of  Conformity

The Declarat ion of  Conformity Cert i f icate included with the Unit  should remain with the 
Unit .

Aerof lex 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 reference. 
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Precautions

SAFETY FIRST -  TO ALL OPERATIONS PERSONNEL

GENERAL CONDITIONS OF USE

This product is designed and tested to comply with the requirements of IEC/EN61010-1 ‘Safety 
requirements for electr ical  equipment for  measurement,  control  and laboratory use’  for Class I  por table 
equipment and is for use in a po l lut ion degree 2 environment .   The equipment  is designed to operate 
from insta l lat ion supply Category I I .

Equipment should be protected f rom l iquids such as spi l ls,  leaks, e tc.  and precipi tat ion such as rain ,  
snow, etc.   When moving the equipment from a cold to hot environment,  al low the temperature of the 
equipment to  stabi l ize before the equipment  is connected to the supply to avoid condensat ion forming.  

The equipment must only be operated within the environmental  condit ions speci f ied in the performance 
data.

CASE, COVER OR PANEL REMOVAL

Opening the Case Assembly exposes the operator to e lectr ical  hazards that may resul t  in elect r ical  
shock or  equipment damage.   Do not operate this Test  Set  with the Case Assembly open.

SAFETY IDENTIFICATION IN TECHNICAL MANUAL

This manual uses the fol lowing terms to  draw attent ion to possible safety hazards that may exist  when 
operat ing or servic ing 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 refers to speci f ic CAUTIONS 
represented on the uni t  and clar i f ied in the text .)

Indicates a Toxic hazard.

Indicates i tem is stat ic sensi t ive.

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

WARNINGWARNING
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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SAFETY FIRST - TO ALL OPERATIONS PERSONNEL (cont)

EQUIPMENT GROUNDING PROTECTION

Improper grounding of equipment  can resul t  in electr ical  shock.

USE OF PROBES

Refer to Per formance Specif icat ions for the maximum voltage, current and power ra t ings of any 
connector on the Test  Set before connect ing a probe f rom a terminal device.  Be sure the terminal 
device performs with in these speci f icat ions before using the probe for  measurement,  to prevent 
electr ical  shock or  damage to the equipment .

POWER CORDS

Power cords must not be frayed 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 vol tage rat ings.  
Refer to Per formance Specif icat ions for fuse requirements and speci f icat ions.

INTERNAL BATTERY

This uni t  contains a Li thium Ion Battery,  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
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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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
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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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).  A l l  personnel per forming maintenance or cal 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
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Preface

SCOPE

This Manual contains instruct ions for  operat ing the GPSG-1000.  I t  is  strongly 
recommended that the Operator become thoroughly fami l iar wi th this manual before 
attempting to operate the equipment .

ORGANIZATION

This manual is composed of the fol lowing chapters:

CHAPTER 1 - INTRODUCTION

Provides an int roduct 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  Controls,  Connectors and Indicators.

Provides Power On and Power Of f  procedures.

Provides funct ional descr ipt ion of  Graphic User Inter face (GUI) components.

Provides instruct ions for def ining Test Set parameters.

CHAPTER 3 - TEST SET FUNCTIONS

Provides funct ional descr ipt ion of  Test  Set funct ions.

CHAPTER 4 - TESTING

Provides GPS and Gal i leo Receiver  test  guidel ines.

CHAPTER 5 - MAINTENANCE

Ident i f ies Maintenance and Software Update procedures.

CHAPTER 6 - PRINCIPLES OF OPERATION

Provides information regarding Test  Set pr inciples 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

Lists terms and abbreviat ions used in  this manual.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Service Upon Receipt of  Material

UNPACKING TEST SET

Special  design packing mater ial  inside this shipping conta iner provide maximum 
protect ion for  the Test  Set.   Avoid damaging the shipping container and packaging 
mater ial  when unpacking equipment;  i f  necessary the shipping conta iner and packaging 
mater ial  can be reused to ship the Test Set.

Use the fol lowing steps to unpack the Test Set:

STEP PROCEDURE

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

2. Grasp the Test Set f i rmly whi le restraining the shipping container .   L i f t  the 
equipment and packing mater ial  vert ical ly out of  the shipping container .

3. Place Test  Set and end cap packing on a f lat ,  c lean and dry sur face.

4. Remove protect ive plast ic bag from the Test  Set .

5. Place protect ive plast ic bag and end cap packing mater ials inside shipping 
conta iner.

6. Store shipping conta iner for  possible future use.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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CHECKING UNPACKED EQUIPMENT

Inspect  equipment for  possible  damage incurred dur ing shipment.   I f  Test  Set  has been 
damaged, report  the damage to Aerof lex Customer Service.

Review packing sl ip to ver i fy shipment is complete.  Packing sl ip ident i f ies the standard 
i tems as wel l  as purchased opt ions.  Report  al l  d iscrepancies to Aerof lex.

Contact:

Aeroflex

Customer Service Department

10200 West  York Street

Wichi ta,  Kansas  67215

Telephone: 800-835-2350

FAX: 316-524-2623

email : service@aerof lex.com
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Standard Items

ITEM PART NUMBER QTY

GPS/Galileo Positional Simulator 87339 1

Transit Case 88493 1

Coax Cable (50ft) 90114 1

Power Supply 67374 1

Power Cord (U.S.) 62302 1

Power Cord (European) 64020 1

GPSG Antenna Coupler 87636 1
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Shot Bag 88753 1

RX Antenna 90113 1

Operation Manual (CD) 88037 1

Getting Started Manual (paper) 88038 1

ITEM PART NUMBER QTY

 

Subject  to  Export  Control ,  see Cover Page for  detai ls .
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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

Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Chapter 1 -  Descript ion

1.1 INTRODUCTION

Fig. 1-1  The Aerof lex GPSG-1000 

1.1.1 Scope

Type of Manual:  Operat ion Manual

Equipment Name and Model Number:  GPSG-1000  GPS/Gal i leo Posit ional Simulator

Equipment Uses:  Satell ite constellation simulator for testing GPS and Gali leo receivers.

1.1.2 Nomenclature Cross-Reference List

Common Name Of f ic ia l  Nomenclature

GPSG-1000,  Test  Set  or  Unit  GPSG-1000 GPS/Gal i leo Posit ional Simulator

1.2 EQUIPMENT CAPABILITIES AND FEATURES

The GPSG-1000 is a single carr ier s imulator ,  designed to be used for portable or bench 
test ing in the GPS/Gal i leo Receiver test ing environment.   The GPSG-1000 is avai lable in 
a six or twelve channel conf igurat ion,  which is software upgradable. The simulator  
provides GPS legacy and modernizat ion signals as wel l  as Gal i leo signals.  Simultaneous 
GPS and Gal i leo operat ion is provided. The GPSG-1000 simulates stat ic or dynamic 3D 
posi t ions.   The GPSG-1000 and suppl ied accessor ies are stored in a hard plast ic t ransi t  
case.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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1.2.1 Capabil it ies

The GPSG-1000 provides users with the following standard capabilities:

• Selectable single carr ier 

• Six or twelve channel conf igurat ion

• GPS Signals Simulated -  L1, L1C, L2C, L5

• Gali leo Signals Simulated – E1,  E5 (E5a,  E5b),  E6

• Simul taneous GPS/Gal i leo simulat ion

• SBAS Satel l i tes Simulated – WAAS/EGNOS L1, L5 -  MSAS and GAGAN  
( future release)

• RF Port  DC isola t ion for  direct connect to any receiver 

• Antenna coupler

• Large 12”  touch screen with simple user inter face

• Remote control  interface USB/LAN

• Auto Almanac/Ephemer is Load via bui l t  in GPS Receiver
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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1.2.2 Features

• System Screen 

• SV Select ion Table displays SV Geometry for RAIM test ing 

• Programmable SV Parametr ics and Heal th

• Stat ic or Mul t i - leg Dynamic Posit ional Simulat ion via Waypoint Entry System

• Receiver  NMEA Bus  Interface

• Receiver  ARINC 429 Interface

1.2.3 Utilites

• Software Upgrade

• Waypoint Data Base

• Operat ional Status

• Setup 
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Chapter 2 -  Test  Set Operation

2.1 INTRODUCTION

This chapter  refers to local  operat ion of a  GPSG-1000 conf igured with factory defaul t  
sett ings unless speci f ied otherwise.   New Test  Sets are conf igured to  start  in the factory 
defaul t  sett ing.  Review Instal lat ion and Power Requirements before using the Test Set.

2.2 POWER REQUIREMENTS

2.2.1 Power 

The GPSG-1000 is powered by an internal  Li th ium Ion Battery.  The battery charging 
circui t  enables the operator to recharge the bat tery anyt ime the uni t  is connected to the 
DC power supply.  The GPSG-1000 can operate cont inuously ut i l i z ing the DC power 
supply.  

The internal  battery is equipped to power the GPSG-1000 for four  hours of  cont inuous 
use.  The charge ind icator  i l luminates yel low when the bat tery needs charging. The 
GPSG-1000 conserves battery power with the battery saver funct ion. The bat tery saver  
funct ion shuts of f  the GPSG-1000 af ter 30 minutes without touch screen power when 
operat ing on battery power.  The bat tery could remain in tr ickle mode for  several  hours i f  
the battery is dead.

2.2.2 AC Power Requirements

The DC Power Supply suppl ied with  the GPSG1000 operates over  a vol 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 sui table DC power 
source.

NOTE:   I f  the supply vol tage is <11V,  the uni t  wi l l  switch to in ternal  battery.   I f  the  
voltage is >32V,  a 7 AMP resettable fuse on the DC input port  wi l l  open,  
protect ing the Test  Set.

When charg ing, the battery reaches a 100% charge in approximately four  hours.  The 
Bat tery Charge temperature range is >-10° to <60° C, control led by an internal bat tery 
charger.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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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 Adaptor and an 
appropriate AC power source .

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

3. Ver i fy the BATTERY indicator displays b l inking green.

4. Al low four  hours for battery charge or unt i l  the BATTERY Indicator displays a 
steady green.

BATTERY LED INDICATORS

Battery Voltage Low  (red) 

The unit  turns of f  wi thin  one minute w/o charger .

Battery Pre-Charging  ( f lashing yel low) 

Tr ickle charge dur ing extremely low vo l tage on the battery.

Battery Charging  ( f lashing green) 

Charge in progress.

Battery Fully Charged (green)  

Battery Temperature Extreme  (sol id blue)  

Temperature <0°  C or >45°  C can’ t  charge battery .

Battery Error  (red) 

The uni t  has a problem with the battery or  charging system. 

Battery Missing  (off )  

AC appl ied w/o battery in place.

Battery Suspended Charge  (bl inking red) 

AC appl ied with  bat tery charg ing suspended .

2.2.4 Battery Recharging Using Battery Cradle

STEP PROCEDURE

1. Connect AC Line Cable to AC PWR Connector on the AC Adaptor and an 
appropriate AC power source.

2. Connect the AC Adaptor  DC output  to the DC POWER Connector  on the Bat tery 
Cradle.  

3. Al low four  hours for battery to  charge.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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2.3 INSTALLATION

2.3.1 Ventilat ion Requirements

The GPSG-1000 is convect ion cooled via the enclosure case.   Avoid standing the 
instrument on or  c lose to other  equipment that  is hot.

2.3.2 Bench Top Installation

The Test Set  can be posi t ioned in f lat  or t i l ted posi t ion by ut i l iz ing the bu i l t  in screen 
cover/stand when used in a  bench top environment (Fig.  2-1). 

Fig . 2-1  GPSG-1000 Screen Cover/Stand

TO AVOID DAMAGE TO TOUCH SCREEN, DO NOT STACK OTHER EQUIPMENT  
ON TOP OF THE TEST SET.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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2.4 CONTROLS AND CONNECTORS

2.4.1 Front Panel Controls 

Fig. 2-2  Front Panel  Controls 

Control Description

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

System LED Powered On  (green)  
Indicates the uni t  is in an operat ional sta tus.

Failure  ( red)  
Some form of fai lure has occurred which precludes using the 
display to indicate the problem (e.g. main processor  fai lure,  
power supply faul t ,  etc. ) .

Boot (bl inking blue)  
Unit  is boot ing and is not  yet able to indicate status on the 
display (dur ing ini t ia l  OS and appl icat ion load).  

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

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

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

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

Magnetic Sensor Detects i f  the display cover  is open or c losed and used to turn 
off  the display as par t  of  power management.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Control Descript ion

Battery LED Battery Voltage Low  ( red)
The unit  turns off  wi thin one minute without charger  

Battery Pre-Charge  ( f lashing yel low)
Trickle charge dur ing extremely low vol tage on the battery.

Battery Charging ( f lashing green)
Charge in  progress

Battery Fully  Charged (green)

Battery Temperature Extreme (b lue)
Temperature <0o C or >45o C can’t  charge bat tery

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

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

Battery Suspended Charge  ( f lashing Red)
AC appl ied w/ battery charging suspended
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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2.4.2 Rear Panel Controls and Connectors

 
Fig.  2-3  Test  Set Rear Panel Controls and Connectors

Connector Descript ion

USB Host 1 USB standard connect ion that al lows connect ion of USB 
devices (e.g.  a USB memory st ick or Network connectors) .    
Recommended USB memory device is Aerof lex PN 67325.  

USB Host 2 USB standard connect ion that al lows connect ion of USB 
devices (e.g.  a USB memory st ick or Network connectors) .    
Recommended USB memory device is Aerof lex PN 67325.  

USB OTG Connects mult ip le test  sets.

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

GPS Tx Direct RF output  for di rect 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 connection, used to 
connect the Test Set to an external frequency standard, providing a TTL 
signal. 

REF Out
10MHz 

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

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

Aux 26 pin D type, providing ARINC 429 I /O,  RS-232 I /O and a 
1PPS TTL L1 C/A code frame sync output.   
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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2.5 OPERATING PROCEDURES

2.5.1 Power ON Test Set

After complet ing Ini t ia l  Instal lat ion, perform the fol lowing steps 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 disp layed when the uni t  is f i rst  powered on or  af ter  
Factory Defaults have been restored.  I f  the uni t  has previously been used, the 
last  used window is displayed.

.

F ig. 2-4  Power Up Window

IP Address Displayed During Boot

I f  the GPSG-1000 is connected to an Ethernet port  dur ing system boot and IP is 
avai lab le,  the IP address wi l l  be displayed in the upper r ight-hand corner of  the 
splash screen. This wi l l  a l low the uni t  to be debugged in case of  system lockup or  
boot  fai lure.  In the fol lowing example the IP Address is 10.170.170.38.  

.

Fig.  2-5  IP Address displayed dur ing system boot
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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STEP PROCEDURE

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 obtained from the GPSG-1000 and sent to 
Aerof lex to assist  in determining the cause of the boot issue. 

To obtain a copy of the debug f i les,  instal l  a USB memory device into one of the 
USB por ts on the GPSG-1000. Press the power button to turn on the GPSG-1000. 
During the boot process two text f i les wi l l  be created on the USB Memory Device 
(F ig.  2-6) .  One f i le is cal led “gps1000rs232.txt” ;  and the other  f i le is cal led 
“gps1000last_rs232.txt” ;  these f i les contain  the latest  debug f i les.  

Each t ime the GPSG-1000 is booted with the USB Memory Device instal led in  one 
of the USB por ts,  the debug f i les are overwri t ten with  the latest boot information.  
The information conta ined in the debug f i le is not intended for use by the user .  
Both f i les should be sent to Aerof lex i f  support  is be ing requested for a  boot  
issue.

Fig.  2-6  Text  f i les displayed on USB Memory Device 

2.5.2 Power OFF Test Set

Perform the fol lowing steps 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.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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2.6 USER INTERFACE COMPONENTS

The Test Set  User Inter face (UI) is a touch screen control  panel that provides a f lexible 
working environment 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 local ly using the Front Panel Touch Screen 

2.6.1 Launch Bar

The Launch Bar is a  vert ical  scrol l ing menu located at the lef t  s ide of  the User Inter face.   
The Launch Bar provides access to the Funct ion Icons as shown in Fig.  2-5.  The menu 
must be opened to access the Funct ion Icons.  The Launch Bar is opened and closed by 
touching or  c l icking on the l ight gray bar at  the Left  s ide the menu.

  

Fig.  2-7  Launch Bar -  Open/Close Tab 

When the Launch Bar is opened,  i t  appears in front o f any Simulat ion Funct ion Windows 
current ly  occupying that area of the disp lay. The Launch Bar can be closed to view the 
complete Simulat ion Funct ion Window.

Fig. 2-8  Launch Bar and Simulat ion Funct ion Window
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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2.6.2 Launch Bar Navigation

The arrows on the top and bot tom of the Launch Bar are used to  move the Launch Bar Up 
and down.

2.6.3 Function Keys

The Launch Bar consists of  keys that ident i fy funct ions instal led on the Test Set.    

Fig.  2-9  Funct ion Keys

2.6.4 Function Windows

Funct ion Windows provide visual  access to the Test Set ’s control  parameters and 
displayed data.

Function How to

Opening/Closing 
Function Windows

Funct ion Windows are opened by select ing the Funct ion Icon 
f rom the Launch Bar.   Funct ion Windows are closed by 
select ing the blue circ le icon at the bottom of the window or  by 
select ing the Funct ion Icon on the Launch Bar.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Fig. 2-10  Funct ion Window

2.6.5 Function Window Icons

Funct ion Windows use the fol lowing icons to indicate var ious funct ions or  sta tes:.

ICON DESCRIPTION

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

Maximizes Funct ion Window and opens Status Bars.

Maximizes Funct ion Window and closes Status Bars.

Displays Running and a green circ le when the simulat ion is 
running.

Displays Stopped and a gray circ le when the simulat ion is 
stopped.

Displays remain ing battery capaci ty in %.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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2.7 DEFINING PARAMETERS

2.7.1 Entering Numeric Values

Numeric values are used to def ine a var iety of  test  parameters such as frequency and 
level .   When a numeric data f ie ld is se lected for  edi t ing, a group of data entry pop-up 
windows is launched which provides the fol lowing methods for def ining the value:

2.7.2 Numeric Keypad and Sl ider Bar

The Numer ic Keypad al lows the user  to enter  a speci f ic numeric value.   A value is 
entered by pressing the numbers on the keypad.   The value is enabled pressing the uni t  
of  measurement on the Numeric Keypad (Fig 2-9).  

Fig.  2-11  Numer ic Keypad 

Icon Descript ion

Pressing Cancel voids any un-entered changes and closes the 
group of  data entry pop-up windows.  Pressing Cancel does 
not “undo” a changed value that  was set using the Rotary Knob 
or Sl ide Bar.

Pressing Clear resets a numeric value to 0.   

Pressing Backspace deletes the last  digi t  in the numeric value.

Pressing Next Value Select ion replaces the Numeric Keypad 
with  the Slew Data Bar.   Press again and the Numeric Keypad 
appears.   
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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2.7.3 Data Slew Bar

The Data Slew Bar incrementa l ly selects speci f ic data values by spinning the wheel .   
Select ing x10  increases the step increment by a factor of  10.  Select ing /10 decreases 
the step increment by a factor of  10.  

Select UP arrow to increase data value.  Select DOWN arrow to decrease data value. 
Select CANCEL to void  data entry.

Select ing Enter closes the Data Slew Bar.

Fig.  2-12  Data Slew Bar

2.7.4 Drop-down Menus

Drop-down Menus are used to l ist  pre-def ined var iables.  Select ing a Drop-down Menu 
opens the l ist  o f  var iables avai lable for that f ie ld.   The var iable current ly selected is 
displayed on the menu as bold white label  on a green background.   Drop-down Menus can 
be dragged up and down on the disp lay in order to view long l ists.

F ig.  2-13  Drop-down Menu

2.7.5 Selectable Units

Some f ie lds may have selectable uni ts.  For  those f ie lds ident i f ied, se lect the un i ts f ie ld 
and a drop-down menu wi l l  be disp layed (Fig 2-12).

F ig.  2-14  Selectab le Units
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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2.7.6 Locked Fields 

A smal l  padlock symbol may be displayed against cer tain f ie lds ind icat ing that the f ie ld is 
locked and may not be edi ted or accessed (Fig.  2-13).   Al t i tude f ie ld is locked and  can 
only be modif ied when a manual s imulat ion is running,  then paused.

Fig.  2-15  Locked Field
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Chapter 3 -  Test Set Functions

3.1 INTRODUCTION

This chapter  provides an operat ional descr ipt 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 control  the GPS/Gal i leo carr ier ,  s ignal 
select ion, speci f ic funct ions appl ied to al l  SV’s,  SBAS, RF Level and entry and display of 
stat ic posi t ion or  current waypoint .  The Simulat ion Funct ion Window a lso displays 
selected SV PRN’s, On Board Clock,  Date and Time.

Fig. 3-1  Simulat ion Funct ion Window (Stat ic)
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Control Component Description

Carrier Drop down menu provides select ion of  carr ier ,  dependent  on 
System select ion in  Setup.  NOTE:   The GPS Services and 
Gal i leo Services are disp layed in Advisory f ie ld.
 
System: GPS  
Carr ier:  L1          GPS Services:  C/A,  Pseudo P(Y),  C  
Carrier  :  L2         GPS Services:  L2C, Pseudo P(Y),   
Carr ier :  L5          GPS Services: SoL
System: Gal i leo  
Carr ier :  E1          Gal i leo Services: I /NAV, Pseudo-G/NAV  
Carr ier :  E5          Gal i leo Services: I /NAV, F/NAV
System: GPS/Gal i leo  
Carr ier:  L1/E1      GPS Services:  C/A,  Pseudo P(Y)  
                          Gal i leo Services:  I /NAV, Pseudo-G/NAV  
Carr ier  :  L2          GPS Services:  L2C, Pseudo P(Y),   
Carr ier :  L5/E5      GPS Services: SoL  
                          Gal i leo Services:  I /NAV, F/NAV

PRN Signal Var iable  - Ensures the relat ive SV signal levels are set 
proport ional to the respect ive pseudo ranges.
Fixed -  Al l  SV Levels are set to the ampl i tude selected in the 
RF Level control  Component.

Advisory Displays GNSS service generated.

Fading Drop down menu. SV signal ampl i tudes have ampl i tude fading 
appl ied STATIC,  PEDESTRIAN, LAND VEHICLE, AIRCRAFT.  
PEDESTRIAN, LAND VEHICLE, AIRCRAFT avai lable  in 
Dynamic mode only.  NONE - SV signal ampl i tudes do not have 
fading appl ied. 

Simulation Drop down menu.  STATIC - s ingle waypoint entry f ixed 
posi t ion simulat ion.  DYNAMIC -  posi t ion simulat ion is 
dynamical ly changing according to parameter entr ies in 
waypoint tables.

Position Source Drop down menu. 
USER -  User entered posi t ion.   
GPS -  On board GPS  receiver der ived posi t ion.

RF Level Numeric Pad. RF Level:  -68 dBm to -130 dBm in Coupler mode 
or -93 dBm to -155 dBm in Direct  mode,

Latitude Numeric Pad. Lat i tude entered in decimal  format 
Example: 37o39.0000N   (37 degrees,  39.0000 minutes North)
Sign: N or  S
NOTE:  This f ie ld is displayed when SIMULATION = STATIC.

Longitude Numeric Pad. Longi tude entered in decimal format 
Example: 97o26.0000E   (97 degrees,  26.0000 minutes East)
Sign: E or  W
NOTE:  This f ie ld is displayed when SIMULATION = STATIC.

Altitude Numeric Pad. Al t i tude: 0  to 60,000 f t  in 1 f t  steps or  0 to 
18,288 M in 1 M steps
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Display Component Description

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

GAL SV PRN Displays selected Gal i leo SV PRN’s Range: 1 to 30

CLOCK Displays clock type.  Setup Funct ion Window CLK f ie ld 
select ion  UTC -  s imulat ion uses GPS UTC t ime & date in  
conjunct ion with loaded almanac and ephemer is data.
USER- simulat ion uses User entered t ime & Date which sets 
SV parameters against loaded almanac and ephemeris.   

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

Sim. Time Displays Time in 24 Hr format   HH/MM/SS.

SBAS Displays SBAS status, System and SV PRN. 
Example: AUTO EGNOS SV PRN 138
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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3.2.2 SV PRN Selection Function Window 

The SV PRN Select ion Funct ion Window al lows the user   to select speci f ic GPS/Gal i leo 
SV’s.  The avai lable SV’s,  according to the current ly loaded almanac and UTC, are 
displayed in two tab les.  One table for GPS SV’s and one table for Gal i leo SV’s.  The 
tables display the SV PRN number,  satel l i te geometry,  re lat ive RF signal  levels and 
health.  The satel l i tes selected determine the accuracy of the posi t ional  s imulat ion.

Fig. 3-2  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 30 

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

Azimuth Displays SV Azimuth in degrees. Range 0 to 359 deg 

Status Displays SV Health GOOD or BAD

RF Level Displays SV actual RF levels 
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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3.2.3 SV PRN Edit Window 

The SV PRN Edi t   Window opens when an SV l ine is se lected in ei ther  the GPS or GAL 
tables, disp layed in the SV PRN Select ion Funct ion Window. The SV PRN Edit  Window 
al lows the user  to set parameters speci 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. 3-3  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 

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

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

Step Error Numeric Pad: Sets SV pseudo range error +/-  10km in  .1 m 
increments or +/-  32808.4 Ft  in .1 Ft increments. 

Code/Carrier 
Coherence

Numeric Pad: Sets frequency var ia t ion between SV code 
carr iers 2m/S range 1mm/S increments or 6.562 f t /S range in 
.001 f t /S increments.

Satell ite  Health Drop down: Al lows select ion of  GOOD or BAD. (Carr ied in  GPS 
Nav Data)
NOTE: Not displayed for Gal i leo SV’s

GAL Integri ty Allows select ion of  CONNECTED or  DISCONNECTED (Carr ied 
in Gal i leo Nav Data).  Only displayed in Gal i leo SV’s.
NOTE: Not displayed for GPS SV’s
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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3.2.4 Waypoint Function Window 

The Waypoint Funct ion Window is used to conf igure the waypoints that  compr ise a 3D 
Navigat ion simulat ion.

Fig.  3-4  Waypoint Funct ion Window

Control Component Description

Cancel Cancel parameter change, rever ts to previous sett ing

Apply Appl ies parameter change

Control Component Description

Edit Opens Waypoint Edit Window for selected waypoint line

New Creates new waypoint entry in the next free line and opens Waypoint Edit 
Window

Delete Deletes selected waypoint line

Cancel Cancels Airport Code selection

Apply Applies Airport Code Selection
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Display Component Description

Name Displays Waypoint Name 

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

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

Altitude Displays Altitude 0 to 60,000 ft in 1 ft steps

Altitude Rate Displays Altitude Rate 0 to 5000 ft/min or 18,288 m in 1 m steps. Mutually 
exclusive with Range Rate 

Range Rate Displays Range Rate 0 to 1000 kts. Mutually exclusive with Altitude Rate

Waypoint # Displays waypoints in sequential numeric order. Up to 99 waypoint legs may 
be defined in a Nav Track
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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3.2.5 Waypoint Edit Window 

The Waypoint Edit  Window is used to set speci f ic  waypoint parameters.  New waypoints 
can be created and saved or  waypoints can be selected from an Airpor t  Code table.

Fig.  3-5  Waypoint Edit  Window

Control Component Description

Name Alpha Numeric Pad: Enter waypoint name. Up to 20 characters may be 
entered. 
NOTE: Airport Code look up automatically populates this field with the three 
letter airport code.

Latitude Alpha Numeric Pad: Enter Waypoint Latitude in decimal format. Example: 
37o39.0000N   (37 degrees, 39.0000 minutes North) Sign: N or S

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

Airport Code Opens Airport Code table for code selection. Selection of three letter Airport 
Code in table, creates waypoint and sets Latitude and Longitude for the 
airport into the waypoint when APPLY is touched

Altitude Alpha Numeric Pad: Enter Altitude 0 to 60,000 ft in 1 ft steps or 18,288 m in 
.1 m steps.

OK Confirms Waypoint parameter edits

Cancel Cancels Waypoint parameter edits, reverts to previous setting

“US Airport Data: 
Sorted By”

Can be sorted by CODE, NAME, CITY, STATE, LATITUDE, LONGITUDE or 
ALTITUDE.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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3.3 SETUP

3.3.1 Setup Functional Window 

The Setup Funct ional Window is used to conf igure the test set operat ional parameters.

F ig.  3-6  Setup Funct ional Window

Control Component Description

User Time Numeric Pad: User entered Time.  Displayed if Clock selected is USER.

User Date Numeric Pad: User entered Date.  Displayed if Clock selected is USER.

Direct Cable Numeric Pad: Direct RF coax cable loss in dB. Range: 0 to 12 dB

Coupler Cable Numeric Pad: Antenna Coupler RF coax cable loss in dB. Range: 0 to 12 dB

Coupler Loss Numeric Pad: Antenna Coupler insertion loss in dB. Range: 0 to 40 dB 

Units Drop Down Selections: 
SI - parameters displayed/entered in SI units. 
IMPERIAL - parameters displayed/entered in Imperial units.

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

External Reference
Out

Drop Down Selections: 
ON - reference output on. 
OFF - reference output off.

Almanac Source Drop Down Selections: 
Default - Simulation uses the default almanac files.
GPS Receiver - Simulation uses almanac file downloaded directly from the 
internal GPS receiver.
File - Simulation uses a previously saved almanac file which is selected by 
the user from a list of saved almanac files.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Control Component Description

System Drop down selections:  
GPS - GPS satellites only simulated.    
GAL- Galileo satellites only simulated. GPS/GAL - both  GPS and Galileo 
satellites simulated. 

RF Port Drop down selections:  
COUPLER - generator uses coupler RF port   
DIRECT- generator uses direct RF port.

SBAS AUTO- Automatic optimized selection of SBAS satellite (WAAS/EGNOS/
*MSAS/*GAGAN) according to simulated position.
NOTE: with AUTO selected only 5 or 11 positional SV’s are available. OFF- 
SBAS satellites are turned OFF, this allows a full 6 or 12 positional SV’s to 
be available.

Waypoint Data Drop down selections:  
AIRPORT-  Airport Data Base used  for waypoint  
LAT/LONG entry in Waypoint Page.  
CITY- City Data Base used for waypoint  
LAT/LONG entry in Waypoint Page.

Clock Drop down selections:  
UTC - simulation uses GPS UTC time and date in conjunction with loaded 
almanac and ephemeris data.
USER- simulation uses User entered Time and Date which sets SV 
parameters against loaded almanac and ephemeris.

BATT Timer ON/OFF selection

PWR Saving Drop down selections:  
15 minutes
30 minutes
45 minutes
1 hour
2 hours
OFF

Manage Settings Displays Store Settings Function Window

Recall Settings Displays Load Settings Function Window

Factory Reset Resets all settings to factory default. Changes all user entered data in 
memory to zero.

Display Component Description

Almanac File Name Displays file name of current almanac 
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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3.3.2 Configuration Controls

The conf igurat ion controls provide named storage and recal l  for  al l  test  set set t ings.  Only 
one conf igurat ion may be loaded in memory use. Up to 20 conf igurat ions may be stored. 
Select ing the Manage Sett ings key displays the Store Sett ings Funct ion Window, then 
select f i le name to disp lay the alpha numer ic pad.

Set t ings f i les are stored in entry sequence.

Fig. 3-7  Store Sett ings Window

Manage Settings Window

A 27 character  f i le name may be entered.  Select ing Save key stores the named set t ings 
which wi l l  then appear in the Manage Sett ings Name l ist .

F ig.  3-8  Manage Sett ings Window
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Recall  Settings Window

Select ing the Recal l  Sett ings key disp lays the Recal l  Sett ings window which is used to 
select and load stored sett ings f i les in to test set  memory for  execut ion.

Fig.  3-9  Recal l  Set t ings Window

Control Component Description

Delete Deletes selected store

Save Stores named Settings

Cancel Cancel storage operation and closes window

Display Component Description

File Name Displays selected Settings name

File List Box Displays list of stored Settings files

Control Component Description

Open Loads selected Sett ings f i le  into  memory for  execut ion

Cancel Deletes selected Set t ings f i le

Display Component Description

File List Box Displays Settings file name
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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3.4 MAINTENANCE FUNCTION WINDOW

Fig. 3-10  Maintenance Window

Fig. 3-11  Diagnost ics Window
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Fig.  3-12  Cal ibrat ion Window

Control Component Description

Cancel Close cal ibrat ion operat ion

Password Select ing Password wi l l  d isplay and alpha numer ic pad for  
enter ing the password to un- lock the ca l ibrat ion table

OK Start  cal ibrat ion of GPSG-1000
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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3.5 GPS RECEIVER FUNCTION WINDOW

The Internal GPS Receiver may be used to  obtain a current Almanac and UTC for use in 
s imulat ions.  This removes the requi rement  for  a per iodic manual yuma text format 
almanac (* .alm), download from the U.S. Coast Guard websi te and subsequent upload to 
the GPSG-1000 memory.

When test ing a GPS receiver,  i f  the simulated posi t ion is too far f rom the last acquired 
posi t ion the receiver wi l l  in i t iate a warm start  which, dependant on receiver type,  wi l l  take 
longer than a hot star t  to acqui re a posi t ion f ix.   As the last locat ion would l ikely be the 
current posi t ion, the la t 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 star t .

Fig.  3-13  GPS Receiver Window

Control Component Description

GPS Receiver Selects GPS  (Internal GPS Receiver) or UUT/ External GPS Receiver (via 
NMEA interface)

Almanac Status Indicates Almanac Loaded or Almanac Not Loaded
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Display Component Description

Latitude Waypoint Latitude in decimal format.  
Ex: 37o39,0000N (37 degrees, 39,0000 minutes North) Sign: N or S

Longitude Waypoint Longitude in decimal format.  
Ex: 97o26,0000E (97 degrees, 26,0000 minutes East) Sign: E or W

MSL Attitude Displays GPS Altitude 0 to 60,000 ft, resolution 1 ft

Postion Fix Indicates No Positon Fix, 2D Solution or 3D Solution

Active Satellite Displays SV’s in view

SNR GPS Receiver SNR figure

Load Almanac from 
GPS Rx

Loads almanac from GPS Rx

Current Data/Time Displays the current date and UTC time received by the GPS Rx
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Chapter 4 -  Test ing GPS/ Gali leo Receivers

4.1 INTRODUCTION

This chapter  provides detai ls of  standard tests for GPS receivers.

4.1.1 Identifying Installed Software Version 

Perform the fol lowing steps to ident i fy the software version instal led in the GPSG-1000. 

STEP PROCEDURE

1. Press the On/Off  but ton to turn the test set on. 

2. Al low the test set to complete the boot process, approxiamately 3 to 5 mins.

3. Open the Launch Bar by touching the l ight  gray bar  located on the lef t  s ide of  the 
user interface and scrol l  down to the System funct ion key.

.

4. Touch the System funct ion key to open the System pul l  down menu and select  
System Update.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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STEP PROCEDURE

5. In the Version window the uni t  model number,  uni t  ser ial  number and current ly 
instal led software version number is displayed.   In the fol lowing example, “GPSG-
1000” is the unit  model number,  “1000372866” is the unit  ser ial  number, and 
“1.0.0,201109081459” is the current ly instal led software version number.

4.1.2 Antenna Coupler Instal lat ion 

Perform the fol lowing steps to Instal l  the Antenna Coupler 

STEP PROCEDURE

1. Ensure the GPSG-1000 is within  50 f t  o f  the aircraft  under test GPS antenna (top 
fuselage).  

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. Per form Setup procedure 4.1.2

5. Place the Antenna Coupler over the GPS antenna on the top side of  the aircraf t  
f rame.

NOTE:  In a dual or t r ip le GPS system insta l lat ions, addit ional  Antenna Couplers may be  
used via a power spl i t ter .

Fig.  4-1  GPSG-1000  RF Connect ion 

  

RF OUT COUPLER

 GPS Receiver UUT GPSG-1000 Test Set 

  RX 

  Aircraft 
Antenna 

Test Set 
Antenna 
Coupler

Supplied 50ft RF Coax Cable 

  RX  RX
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4.1.3 Setup/Simulation   

Perform the fol lowing steps 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  display Setup Window. 

4. Conf irm the fol lowing sett ings and change as necessary.

Cable Loss: 

Coupler  Loss = Figure in dB marked on Antenna Coupler.

Di rect Cable = Figure in  dB marked on RF Coax Cable. 

Coupler  Cable = Figure in dB marked on RF Coax Cable.

System:  

System = GPS 

RF Port  = COUPLER ( i f  using antenna coupler) or DIRECT (direct  connect to GPS 
UUT).

Units = Imper ial

SBAS = Of f

Reference Source - INT

EXT REF OUT = OFF

BATT Timer = Off

PWR Saving = 30 Min

User:

Digital Noise = OFF – when coupling to the receiver antenna. ON – when connecting directly to the 
receiver, bypassing the antenna/LNA.

NOTE:  Use of digital noise via receiver antenna, will result in degraded SV Signal to Noise ratio and  
             may cause receiver to loose track or not obtain a stable fix.   

Digi tal  Noise = ON

Clock = User

Time = For opt ional  entry of  t ime 

Date = For  opt ional entry of  date 

WayPnt.  Data = Airports

Almanac Source = Default, GPS Receiver or select file from list.

NOTE:  The procedure for loading Almanacs may be found in section 5-2-3. 
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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5. Select Apply Key which wi l l  automat ical ly act ivate the Simulat ion  menu.

6. Perform the fol lowing steps to complete Simulat ion:

Name/Positions:

RF Level = For set t ing the output leve l  of  GPS generated signal

Lat i tude = For  Opt ional entry of  test Lat i tude

Longitude = For  Opt ional entry of  test Longitude

Alt i tude = For Opt ional entry of test Al t i tude

7. Select RUN  key to start  s imulat ion.

8. Select STOP key to discont inue simulat 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 voltage  
         b locking on the GPSG 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 current draw must be simulated by some resist ive load and  
           perhaps a ser ies 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 started”  and a fresh  
almanac obtained f rom the GPSG-1000 simulat ion.   Th is process may take  
severa l  minutes, dependent on speci f ic receiver.

NOTE: Some receivers wi l l  not  obta in a stable f ix when using a simulat ion t ime ear l ier  
than the se lected  almanac.  General ly i t  is best to ut i l ize an a lmanac that is dated  
at least one day before the simulat ion date.

GPS TX PORT:  APPLIED DC SHOULD NOT EXCEED +50 V
CAUTIONCAUTION
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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4.1.4 GPS Receiver Communication

Some receivers may have maintenance pages the user can access to view SV parameters 
and posi t ional  in format ion. Access may ei ther be direct ly v ia a display/control  or  by the 
use of  propr ietary software.

For  a standardized means of  accessing al l  receiver  data most receivers support  the 
NMEA-183 protocol.  NMEA -183 compl iant receivers send data cont inuously through 
ei ther a ser ial  or USB inter face,  in the form of text sentences, which may be monitored by 
PC using a su i table  appl icat ion.  The NMEA-183 protocol  supports s ix basic sentences, 
and each provides a di f ferent data type. Refer to table 4-1.  The f i rst  word in each 
sentence is the three let ter data type.

Table 4-1   Basic NMEA-183 Sentences

The information f rom the GSA sentence can be used to ver i 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)  ra t ios for each satel l i te that the receiver  is t racking,  which may 
be used for sensi t iv i ty tests.

4.1.5 Sensit ivi ty 

GPS receivers usual ly have two sensi t iv i ty f igures speci f ied: Acquisi t ion Sensit iv i ty and 
Signal Tracking Sensi t iv i ty.  Acquisi t ion Sensi t iv i ty speci f ies the lowest power level  at  
which the receiver is able  to achieve a posi t ion f ix.  Signal Tracking Sensit iv i ty is the 
lowest power leve l  at  which a receiver  is able to track an indiv idual satel l i te.  

Data Type Descript ion

GGA Fix in formation

GLL Lat i tude and longitude informat ion

GSA Overal 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 t rack and speed over  ground
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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4.1.5.A Signal Tracking Sensitivity  

Perform the fol lowing steps for  s ignal t racking sensi t iv i ty test .

STEP PROCEDURE

1 If  connect ing GPSG-1000  v ia Antenna Coupler,  perform  Antenna Coupler 
Instal lat ion procedure Sect ion 4.1.1.  I f  d irect ly connect ing GPSG-1000 to GPS 
receiver under test ,  proceed to step 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 single high e levat ion SV by select 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. 

Fig. 4-2  SV PRN Single SV Select ion

5. Select PRN Signal drop down menu.  Select MANUAL, th is ensures the SV signal 
level  does not change dur ing the simulat ion.

6. Select RF Level  and set to -136 dBm. 

NOTE :   This is 6 dB above the typical  GPS receiver posi t ional  t racking sensi t iv i ty  
 of  -142 dBm.   I f  the act ive antenna is not in circui t ,  the gain of the  
 antenna should be subtracted f rom these f igures.

7. Reduce the RF level  in  0.1  dB increments unt i l  the speci f ied C/N0  is displayed on 
the receiver test page or read from the receiver using the NMEA-183 protocol.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Fig.  4-3  Simulat ion Funct ion Window

4.1.5.B Acquisit ion Sensit ivity

Perform the fol lowing steps for  acquisi t ion sensi t iv i ty test .  

STEP PROCEDURE

1 If  connect ing GPSG-1000  v ia  Antenna Coupler,  per form  Antenna Coupler  
Instal lat ion procedure Sect ion 4.1.1.  I f  d irect ly connect ing GPSG-1000 to GPS 
receiver under test ,  proceed to step 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 select ing ON/OFF f ie ld to  ON  in each SV l ine, then select 
Apply .  Se lect the close icon to close the Funct ion Window.  Select PRN Signal 
drop down menu. Select VARIABLE to ensure the relat ive SV signal leve ls 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 posi t ional  t racking sensi t iv i ty  
 of  -142 dBm.   I f  the act ive antenna is not in circui t ,  the gain of  
 the antenna should be subtracted from these f igures.

6. Increase the RF Level in steps of  0.5  dB, unt i l  posi t ional  f ix is displayed on the 
receiver or read from the receiver using the NMEA-183 protocol.  A l low several  
minutes at each power level .

7. Increase the RF Level  in steps of 0.5 dB unt i l  the posi t ional  f ix is displayed on the 
receiver or read from the receiver  using the NMEA-183 protocol.   Al low several  
minutes at each power level .

NOTE :   This is 6 dB above the typ ical  GPS receiver  posi t ional  t racking  
 sensi t iv i ty of  -142 dBm.   I f  the act ive antenna is not in c ircui t ,  the gain of   
 the antenna should be subtracted from these f igures.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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4.1.5.C C/N0 Measurement Options

In scenarios where measurement speed is important,  such as a product ion environment,  
you can use a higher C/N0 va lue and extrapolate the sensi t iv i ty information from the 
resul t .

There is a l inear  relat ionship between RF power and C/N0 rat io,  refer to tab le 4-2. As an 
al ternat ive to  measur ing the receiver ’s C/N0 rat io at  the given sensi t iv i ty level ,  i t  is  
possible  to der ive sensi t iv i ty based on the C/N0 at a di f ferent power leve l .  Typical  
receiver C/N0 ra t io is 28 to 32 dB-Hz to  achieve a posi t ion f ix.  I f  the receiver  repor ts a C/
N0 value of 28 dB-Hz at  -145 dBm, i t  a lso reports a C/N0 value of 43 dB-Hz at  -130 dBm.

NOTE:  I t  is important that a given receiver is f i rst  character ized by measur ing the  
 acquisi t ion sensi t ivi ty to ensure that receiver  sel f - interference (e.g. spurs)  or   
 d igi t isat ion noise, does not adversely ef fect  the C/No f igure before applying this  
 technique.

Whi le  the exact RF leve l  used to measure sensi t iv i ty var ies f rom one receiver to the next,  
the rat io of  the receiver of C/N0 to RF power leve l  is perfect ly l inear.  

Table 4-2  Receiver  C/N0 as a funct ion of RF level

NOTE:   When a h igh input level  is used to st imulate the C/N0 rat io,  the receiver  reports  
 the maximum possib le C/N0 value al lowed by the ch ipset.  Typical ly this f igure is  
 between 54 to 66 dB -Hz, (56 dB - Hz in Table 6-2 example) .

4.1.6 Measuring Time to First Fix (TTFF) and Position Accuracy

TTFF and posi 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 return i ts actua l  
locat ion can signi f icant ly af fect the receiver ’s usabi l i ty.  In addit ion, the accuracy with 
which a receiver  returns i ts reported locat ion is important .

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
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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For a receiver  to  obta in a posi t ion f ix,  i t  must download the almanac and ephemeris 
information f rom the sate l l i te through a navigat ion message.  Because i t  takes 30 seconds 
for  a receiver  to  download an ent i re GPS frame, a “co ld start”  TTFF condit ion can take 
anywhere from 30 to 60 seconds.

 Signal strength also is a factor in correlat ion lock t ime and hence TTFF (F ig 4-4).

F ig.  4-4   TTFF vs. Signal Strength

Many receivers speci fy severa l  TTFF condit ions, including Acquisi ton (cold and warm 
star t) ,  Reacquist ion (hot star t)  and Posi t ional  Accuracy.

4.1.6.A Acquisit ion (cold start)

Under th is condit ion the receiver  does not have any current  Almanac or  Ephemeris data 
and has no memory of previous locat ion.  First ly,  at  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  
approximate locat ion and hence what SV’s may be in view, this requires al l  SV PRN 
codes to be searched, over 5000 Hz doppler  f requency shi f t .  Most modern receivers 
achieve a posi t ion f ix f rom a cold start  condi t ion in 30 to 60 seconds. In older receivers 
this process may take severa l  minutes. 
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Perform the fol lowing steps for  Acquisi t ion (co ld start)  TTF measurement .  

STEP PROCEDURE

1. I f  connect ing GPSG-1000  v ia Antenna Coupler,  perform  Antenna Coupler 
Instal lat ion procedure Sect ion 4.1.1.  I f  d irect ly connect ing GPSG-1000 to GPS 
receiver under test ,  proceed to step 2.

2. Perform Setup procedure Sect ion 4.1.2. 

3. Ensure GPS receiver is in cold start  mode i .e.  no almanac 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 displayed in a 
table (F ig 4-4).

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

6. Select PRN Signal drop down menu. Select VARIABLE, th is ensures the rela t ive 
SV signal levels are set proport ional to the respect ive pseudo ranges.

7. Select RF Level  and set to the receiver manufacturers TTFF RF level.  

8. Select Run key to restar t  s imulat ion and measure the Time to Fix (TTF).

4.1.6.B Acquisit ion (warm start)

The receiver has some almanac informat ion that is less than one week old but does not  
have any ephemeris information.

NOTE:   Ephemeris information is only val id  for  4 hrs.  Typical ly,  the receiver knows the  
           t ime to  wi thin 20 seconds and the posi t ion to  wi thin 100 km. Most modern GPS  
           rece ivers achieve a posi t ion f ix f rom 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 fol lowing steps for  Acquisi t ion (warm star t)  TTF measurement.  

STEP PROCEDURE

1, I f  connect ing GPSG-1000  v ia Antenna Coupler,  perform  Antenna Coupler 
Instal lat ion procedure Sect ion 4.1.1.  I f  d irect ly connect ing GPSG-1000 to GPS 
receiver under test ,  proceed to step 2.

2. Perform Setup procedure Sect ion 4.1.2. 

3. Ensure GPS receiver  is in warm start  mode i .e.  no ephemeris in memory or  
receiver 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 displayed in a 
table.

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

6. Select PRN Signal drop down menu. Select VARIABLE, th is ensures the rela t ive 
SV signal levels are set proport ional to the respect ive pseudo ranges.

7. Select RF Level  and set to the receiver manufacturers TTFF RF level.  

8. Select Run key to  restart  s imulat ion and measure the Time to Fix (TTF).
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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4.1.6.C Reacquisit ion (hot start)

The receiver  has up- to-date almanac and ephemer is information, has not been turned of f  
for  more than two hours and has not moved locat ion more than 100m. In this scenar io,  the 
receiver needs to obtain only t iming informat ion f rom each SV to return i ts posi t ion f ix 
locat ion. Most  modern GPS receivers return a posi t ion f ix f rom a hot start  condit ion within 
0.5 to 20 seconds. 

Per form the fol lowing steps for  Reacquisi t ion (hot  star t)  TTF measurement.  

STEP PROCEDURE

1. I f  connect ing GPSG-1000  v ia  Antenna Coupler,  per form  Antenna Coupler  
Instal lat ion procedure  Sect ion 4.1.1. I f  d irect ly connect ing GPSG-1000 to GPS 
receiver under test ,  proceed to step 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 displayed in a 
table.

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

5. Select PRN Signal drop down menu. Select VARIABLE, th is ensures the rela t ive 
SV signal levels are set proport ional to the respect ive pseudo ranges.

6. Select RF Level  and set to the receiver manufacturers TTFF RF level.  

7. Select the Run key  to star t  the simulat ion.  Wait  unt i l  a posi t ion f ix is achieved 
and  select  the Stop  Key.

8. Wait  60 seconds and then select Run key to restar t  s imulat ion and measure the 
Time to F ix (TTF).

4.1.6.D TTFF Accuracy

As GPS satel l i tes circ le the earth every 12 hours, the range of  avai lable satel l i tes var ies 
substant ial ly throughout  the course of  one day. TTFF and posi t ion accuracy are usual ly 
speci f ied at  a speci f ic power leve l  and to ensure that  your  receiver returns the 
appropriate resul t  under a broad range of condit ions i t  is usefu l  to ver i fy the accuracy of 
both of  these speci f icat ions under a var iety of  ci rcumstances.

The GPSG-1000 al lows the user to enter a speci f ic UTC t ime,  which correla te’s with  the 
almanac loaded in the test set .  This feature al lows a 3D posi t ion to be entered,  which is 
then simulated ut i l iz ing ei ther opt imal geometry sate l l i tes automatical ly determined,  or 
user se lected satel l i tes,  avai lable in that locat ion,  at  that t ime, thereby providing a means 
to ver i fy rece iver posi t ional  accuracy under var iable condi t ions.  

NOTE:  As GPS and Gal i leo t ime are di f ferent,  the GPSG-1000 al lows a common frame of    
           reference by ut i l iz ing UTC t ime for  test ing.  

When measuring TTFF, f i rst  start  the GPSG-1000. After f ive seconds,  manual ly place the 
receiver into “cold”  star t  mode. Once the receiver obtains a posi t ion f ix,  i t  repor ts the 
TTFF informat ion. Example results for Cold and Hot   TTFF are shown in Table 4-3.

Al l  table simulat ions ut i l ize the same 3D posi t ion.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Table 4-3   TTFF Values for Four  Simulat ions at di f ferent UTC

4.1.6.E Posit ional Accuracy

3D posi t ion accuracy and repeatabi l i ty can be determined by creat ing simulat ions at  
var ious UTC’s.  I t  is important to test accuracy at  var ious UTC’s, because the avai lable 
satel l i tes and their  geometr ies, change substant ial ly even over the course of several  
hours. An example of lat i tude,  longi tude and a l t i tude informat ion, taken at four  di f ferent 
UTC’s,  is shown in Table 4-4.

Table 4-4  Hor izontal  Accuracy for Various UTC Simulat ions

Table 4-4 shows that you can calcu late hor izontal  error  in meters absolutely based on the 
simulated posi t ion.  The horizontal  error is determined from the equat ion:

The accuracy that  a receiver  can atta in,  is highly dependent on the avai lable satel l i tes 
that  i t  has to lock to.  Whi lst  a receiver ’s accuracy wi l l  vary over  the course of  several  
hours (when satel l i tes change),  the posi t ional repeatabi l i ty for a given UTC wi l l  usual ly 
resul t  in only a smal l  devia t ion.  With  the GPSG-1000, you can perform mult ip le tr ia ls of  a 
par t icular  s imulated 3D posi t ion. Th is also can conf i rm that  the GPSG-1000 does not add 
uncer tainty to the simulated GPS signal .  

Ini tial  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

Ini tial  UTC Latitude Longitude Alt  (MSL) Horizontal 
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 Position DEC 2.88 -97.438889 -

SIM Position 2.88 97:96:20 E 600.000000
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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4.1.7 RAIM Testing and SV Geometry

The orbi tal  character ist ics of  SV’s within a GPS constel lat ion are contained in the 
transmit ted almanac and ephemer is data. The GPSG-1000 does not permi t  the user  to  
direct ly change individual SV orbi tal  parameters,  therefore individual SV Elevat ion and 
Azimuth, at  any UTC with in the simulat ion, are determined by almanac and the ephemeris 
generated from the almanac.

RAIM requires at  least  5 SV’s to be in v iew and monitors  speci f ic accuracy boundar ies 
which i f  crossed, wi l l  in i t iate speci f ic alerts.  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  a lso exhibi t  low relat ive RF Levels,  due to the longer pseudo ranges.  Due to the 
SV orbi tal  plane incl inat ion of 55 deg,  posi t ions in temperate lat i tudes,  the equator  and 
polar  regions.

Temperate lat i tudes exhibi t  SV azimuths that  range in an arc ei ther  s ide of 90 and 270 
degs. 

Equator  exhibi ts SV azimuths through a fu l l  360 degs and elevat 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 
exhibi t  SV elevat ions that  are low on the hor izon (Fig 4-5) .  

Fig.  4-5  Global SV Tracks  

The simulated posi t ion and Almanac/Ephemer is 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 select combinat ions of  SV’s that  exhibi t  poor  geometry for RAIM test ing.

A bad geometry scenar io may be setup in the SV PRN table by select ing only low 
elevat ion SV’s,  only SV’s with closely spaced azimuths or  only high e levat ion SV’s.

Al ternat ively po lar posi t ions may be simulated,  which inherent ly have low elevat ion SV’s.  
SV heal th may be set  to BAD to ensure the receiver does not  use that SV.  
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Chapter 5 -  Maintenance

5.1 INTRODUCTION

5.1.1 Visual  Inspections

Visual inspect ions should be performed per iodical ly depending on operat ing envi ronment ,  
maintenance and use.

5.1.2 External Cleaning

STEP PROCEDURESTEP PROCEDURE

1. Clean f ront  panel but tons and disp lay face with soft  l int- f ree cloth.   I f  d ir t  is 
di f f icul t  to remove,  dampen cloth with water  and a mi ld l iqu id detergent.

2. Remove grease, fungus and ground-in dir t  f rom sur faces with soft  l int - f ree cloth 
dampened (not soaked) with isopropyl  alcohol.

3. Remove dust  and dir t  f rom connectors with sof t-br ist led brush.

4. Cover connectors,  not in  use, with sui table dust cover to prevent  tarnishing of 
connector contacts.

5. Clean cables with soft  l int- f ree cloth.

6. Paint exposed metal  surface to  avoid corrosion.

5.2 MAINTENANCE PROCEDURES

5.2.1 Battery Replacement  

Perform the fol lowing steps to replace bat tery:

STEP PROCEDURESTEP PROCEDURE

1. Ver i fy the GPSG-1000 is OFF and not  connected to  AC power via the AC Adaptor .

2. Place the GPSG-1000 on a f lat  surface, lower side up.

3. Li f t  the bat tery cover Pul l  Tab to a ver t ical  posi t ion to release the Battery Cover 
and l i f t  away from the Case Assembly.  
 
NOTE:   Some bat ter ies may be f i t ted with a sl id ing catch.  Depress catch to      
           release battery.  

4. Remove the bat tery from the battery housing (Fig  5-1).

5. Instal l  new battery in the battery housing.

6. Replace the battery cover  on the case assembly by locat ing the l ipped end of the 
cover in the case assembly.   Li f t  the pul l  tab and push the battery cover  down, 
ensur ing the catch engages.  Release the pul l  tab and ensure bat tery lays f lat  
inside the recess.  
 
NOTE:   Some bat ter ies may be f i t ted with a sl id ing catch.  Depress catch to  

         release bat tery.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Fig. 5-1  Bat tery Replacement

5.2.2 GPSG-1000 Software Update

Perform the following steps to Update GPSG-1000 Software via the USB port using a USB memory device*: 

STEP PROCEDURE

1. Using your  PC, obtain  the latest sof tware update zip f i le f rom Aerof lex.

2. Inser t  a USB memory device* into the PC and copy the zip f i le to  the root di rectory 
of  the USB memory device.

3. Remove any AEROFLEX d irector ies that  may reside on the root d irectory o f the 
USD memory device.

4. Unzip the f i le onto the root d irectory o f the USB memory device.

5. Upon complet ion you wi l l  have an Aerof lex/Common/ d irectory that wi l l  contain al l  
the .rpm f i les for  the update.

6. Safely remove the USB memory device from the PC.

7. Power up the GPSG-1000.

8. Once booted, select System  then select  System Update  f rom the drop down 
menu.

DISPOSE OF OLD BATTERY ACCORDING TO LOCAL STANDARD SAFETY 
PROCEDURES.WARNINGWARNING
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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STEP PROCEDURE

9. Inser t  the USB memory device in USB Host 1  or Host  2 Por t .  

Fig . 5-2  USB Ports

10. Wait  5 to 10 seconds for the device to be recognized and select  
Copy from USB .**  The status screen should ind icate ‘Copying RPMS from USB’.  

NOTE:   This step may take severa l  minutes  
 
NOTE:   RPMs with older  version numbers wi l l  not be disp layed.

 
NOTE:   Once al l  of  the f i les have been copied f rom the USB Memory Device to  the             

                     GPSG-1000 in ternal memory, the f i les to be updated wi l l  be displayed in  
 the RPM LIST window and the message COPYING FROM USB DONE wi l l  

be d isplayed in the STATUS window.

11. Select Install  Software .   The update wi l l  start  and the progress screen appears.

12. When both progress bars reach 100%, press the close icon to return to the 
System Update screen. The status message wi l l  read ‘Done’.

13. Remove the USB memory device and Reboot.

*  Recommended USB memory Device: Aerof lex PN 67325. 

**  I f  you exper ience a USB Error  when try ing to copy f rom USB, the USB memory  
    device being used may not be compatible  wi th the GPSG-1000. 

USB 
Host 1 
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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5.2.3 GPSG-1000 Almanac Update

Perform the following steps to Update GPSG-1000 Almanac using a USB memory device*: 

STEP PROCEDURE

1. Obtain the current  GPS almanac for the week from the United States Coast Guard 
Navigat ion Center  at  ht tp: / /www.navcen.uscg.gov/?pageName=gpsAlmanacs and 
save the f i le as “current.alm ”  or  as “weekXYZ.alm”  wi th XYZ being the current  
almanac week (week617.alm).

2. Copy the almanac f i le,  named “current.alm”  to the USB memory device (Aerof lex 
P/N 67325) under the directory name of Aeroflex/almanacs/ plus almanac f i le 
name ( /Aerof lex/almanacs/week617.alm).

3. Power up the GPSG-1000.

4. Select System ,  then select System Update  f rom the drop down menu on the 
GPSG-1000

5. Inser t  the USB memory device into USB Host  1 Port .

6. Wait  5 to 10 seconds for the device to be recognized and then select Copy from 
USB .

7. Select Install  Software  and the update wi l l  start .   The Update Progress screen 
wi l l  br ief ly f lash stat ing updat ing f i les.

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 almanac f i le to  load.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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5.2.4 System Configuration Function Window 

The System Configurat ion Funct ion window is accessible  via the Launch Bar System 
funct ion key,  as a sub se lect ion. System Conf igurat ion d isplays f ive selectable tabs 
across the top of the screen. Status, Hardware,  UI  Opt ions, Network and Date/Time.

5.2.4.A Status

The Status tab displays test memory status,  operat ing t ime,  hardware module 
temperatures and provide internal  SD card formatt ing control .

Fig.  5-3  System Conf igurat ion -  Status

Display Component Description

Operating Time Displays the total  operat ing t ime in hrs:  mins:secs since power 
up

Memory Avai lable Displays memory avai lable to sof tware resources in GB, MB or  
KB

Memory Total Displays to tal  test set memory in GB, MB or  KB

Disk Space Avai lable Displays remaining disk space avai lab le in GB, MB or  KB for 
sett ings and prof i le storage.

Disk Space Total Displays to tal  test set disk space in GB, MB or KB

RF Temperature Displays the current  RF card temperature in degrees Celsius

Power Supply 
Temperature

Displays the current  power supply module temperature in 
degrees Celsius

Battery Temperature Displays the current  bat tery pack temperature in degrees 
Celsius
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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5.2.4.B Hardware

The Hardware tab displays hardware module/board ident i f icat ion,  version and software 
revis ion numbers for conf igurat ion control  purposes.

Fig . 5-4  System Conf igurat ion -  Hardware

Display Component Description

Slot 1 MIC284 Tempera-
ture

Displays the current PXI slot 1 controller MIC284 temperature in degrees Cel-
sius

Slot 1 OMAP Temperature Displays the current PXI slot 1 controller OMAP processor  temperature in 
degrees Celsius

Digital Board 
Temperature

Displays the current PXI digital board temperature in degrees Celsius

Control  Component Description

 Format SD Formats the internal  SD memory card overwr i t ing al l  stored 
sett ings and prof i le data.
NOTE:  The user  wi l l  be prompted YES or  NO prior  to execut ion 
of formatt ing.
Caution:  Formatt ing wi l l  resul t  in complete i r retr ievable loss 
of sett ings and prof i le data.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Display Component Description

Digital Board Card ID Displays f ive digi t  dig i tal  board card ID number 

Digital Board Card 
Version

Displays dig i tal  board card version number 

Digital Board 
Firmware Version

Displays seven digi t  d igi tal  board f i rmware version number 

Digital Board 
Application Firmware 

Version

Displays seven d igi t  d igi tal  board appl icat ion f i rmware version 
number 

Upconverter Card ID Displays f ive digi t  upconverter card ID number 

Upconverter Card 
Revision

Displays upconverter card revis ion number 

Upconverter 
Firmware Version

Displays seven digi t  upconverter  f i rmware version number 

RF Combiner Card ID Displays f ive digi t  RF combiner card ID number

RF Combiner Card 
Revision

Displays RF combiner card revis ion number

RF Combiner  
Firmware Version

Displays seven digi t  RF combiner card f i rmware version 
number

Slot 1 PCI Net 
Version

Displays PCI net version number

Slot 1 CPLD Version Displays f ive digi t  S lot  1 CPLD version number

Power Supply 
Version

Displays f ive digi t   power supply version number
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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5.2.4.C UI Options

The UI Opt ions tab controls the screen back l ight level  and touch screen cal ibrat ion 
ut i l i ty.  

Fig.  5-5  System Conf igurat ion –  UI  Options

Control  Component Description

Backlight Move the sl ider to the r ight to increase backl ight leve l .  Move 
the sl ider  to the lef t  to reduce backl ight level .
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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5.2.4.D Network

The Network tab controls the test set Ethernet adaptor local  area connect ion sett ings. 
The Ethernet  bus is used for  remote contro l  of  the test set.  

F ig.  5-6  System Conf igurat ion –  Network

Control  Component Description

IP Address Numeric pad: IP address,  ent ry in the format  10.200.120.148 
(example)

Subnet Mask Numeric pad: Subnet mask, entry in the format  255.255.255.0 
(example)

Gateway Numeric pad: Gateway, ent ry in the format 10.101.0.1 
(example) 
NOTE :  Th is f ie ld  is only selectable with Network Mode = DHCP 

DNS Server Connect ion speci f ic Domain Name Server suf f ix.   
NOTE :  Reserved for future use.

Network Mode Drop down menu:  Select ions 
Network Off  – Disables Ethernet adapter .  
Stat ic IP -  Uses entered stat ic IP address.
DHCP – Uses dynamical ly al located address from DHCP 
server  
NOTE :  Sever  wi l l  populate IP Address,  Subnet Mask and 
Gateway f ie lds automatica l ly.
NOTE :  The uni t  must  be connected to  a LAN before any 
change to this f ie ld is al lowed.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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5.2.4.E Date/Time

The Date/Time tab controls the test  set date / t ime clock parameters.

Fig.  5-7  System Conf igurat ion – Date/Time 

Control  Component Description

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
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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5.2.4.F Diagnostics Function Window 

The Diagnost ics Funct ion window is accessible via the Launch Bar Maintenance funct ion 
key, as a sub select ion. Diagnost ics provides control  for generat ing test  s ignals,  wi th 
speci f ic  power and f requency parameters.  

Fig . 5-8  Diagnost ics

Control  Component Description

Mode Drop down menu: Select ions OFF, CW or MODULATED

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

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

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

EXT REF OUT Drop down menu. ON or OFF.

Reference Sources Drop down menu. INT or  EXT.

LOG AMP Displays the output f rom the internal  up conver tor  module. 
Disp layed in dB.

Read Displays the output f rom the internal  up conver tor  module. 
Disp layed in dB.

PLL Lock Status Indicates the state of the LO, 800 Mhz,  EXT REF and EXT REF 
DET. ON (Green) indicates locked condit ion, OFF indicates 
unlocked condit ion.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Chapter 6 -  Principles of Operation

6.1 PRINCIPLES OF OPERATION

6.1.1 GPSG-1000

Control Panel Assembly 

The Control  Panel Assembly,  provides On/Off ,  Home Buttons and Status LED’s.

Power Supply Assembly  

The Power Supply  Assembly is responsible for  supplying power for module operat ion and 
providing +5 Volt  bias for appl ied power status.

Converter Assembly  

The Converter Assembly provides the Test Set ’s AF, RF and Modulated Output s ignals.

RF Combiner Assembly 

The RF Combiner Assembly provides Signal Attenuat ion and 10MHz system reference.

PXI Backplane Assembly 

The PXI Backplane Assembly routes elect r ical  s ignals between the var ious system 
assembl ies.

Rear Panel Assembly 

The Rear Panel Assembly provides access to Tests Set ’s Input /Output connectors and AC 
charger.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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6.1.2 Interconnect Block Diagrams

Fig.  6-1  Assembly In terconnect Block Diagram )
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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6.1.3 GPS System

The NAVSTAR,  (Navigat ion Satel l i te  T iming And Ranging),  GPS, (G lobal  Posit ion ing 
System) is a satel l i te  based navigat ion system offer ing precis ion navigat ion capabi l i ty.   
The system was or iginal ly designed for mi l i tary use, funded and control led by the U.S. 
Department of  Defense.  Civi l ian access has been permi t ted to speci f ic parts of  the GPS.

GPS offers a  number of  features making i t  at tract ive for use in  aircraft  navigat ion.   
Civi l ian users can expect  a posi t ion accuracy of  100 m or  bet ter  in three dimensions.  The 
GPS signal is avai lable 24 hours per day throughout the world  and in al l  weather  
condit ions.  GPS offers resistance to intent ional ( jamming)  and unintent ional 
interference.   The equipment necessary to receive and process GPS signals is af fordable 
and re l iable and does not require atomic clocks or antenna arrays.   For the GPS user,  the 
system is passive and requires a receiver  only,  wi thout the requirement to t ransmit .

GPS determines the posi t ion of the user  by tr iangulat ion.  By knowing the posi t ion of the 
satel l i te and the distance f rom the satel l i te,  combinat ions of  satel l i tes can be used to 
determine the exact posi t ion of the receiver .   The fundamental  means for GPS to 
determine distance is the use of t ime.  Distance is computed by using accurate t ime 
standards and by measuring changes in t ime. 

The GPS System is compr ised of  three segments:

• Space Segment

• Contro l  Segment

• User Segment

Fig. 6-2  GPS System Segments

  Spa ce S egment 

User S egm ent Control Se gm ent  

From Satel lites  
L1 Carr ier S ignals 
 

- time p ulses 
- ep hem er is 
- almanac 
- satelli te health 
- date, time 

 
- established ephemeris 
- calcu lated alm an acs 
- satell ite health 
- tim e co rrectio ns 
 
 

From  The 
Gro und Station 
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6.1.3.A Space Segment

The Space segment  consists of  the GPS space vehicles (SV’s)  or  Satel l i tes,  nominal ly 24 
SV’s plus spares. The terms SV and satel l i te  shal l  be in terchangeable in this document.  
Each vehicle has a 12 hour  orb i t  at  20,200 km above the earth and repeats same ground 
track dai ly.  5 to 12 SV’s are vis ib le from anywhere on ear th .  

Fig. 6-3  GPS Satel l i te

Six orbi tal  p lanes are used, each spaced equal ly around the earth , separated by 60 
degrees (360 degrees/6 planes=60 degrees) and incl ined 55 degrees from equator ia l  
plane.  The planes are named A to F. Each orbi ta l  plane hosts four satel l i tes.   These 
satel l i tes are not spaced evenly on each plane.  Spacing between adjacent satel l i tes 
var ies from 31.13 degrees to 119.98 degrees.  Each plane exhibi ts a di f ferent  angular 
spacing for  the satel l i tes resident to i t .   

A computer model determines the sate l l i te spacing to accommodate a single sate l l i te 
fai lure and st i l l  maintain opt imal  satel l i te geometry.   

F ig.  6-4  GPS Satel l i te Orbi tal  P lanes

Fig 6-4 shows the motion of nine satel l i tes.   The ground tracks show the movement of  
these satel l i tes over  a twelve hour per iod and the posi t ion of the satel 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 satel l i te  operates between 55 degrees North and 55 degrees 
south.

The pr imary mission of GPS satel l i tes is the t ransmission of  precisely t imed GPS signals 
and the data st ream required to decode the signals to produce a posi t ion.  The t iming 
signals are referenced to  atomic clocks, e i ther  cesium or rubid ium.
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With the GPS satel l i tes in constant mot ion,  the number of  satel l i tes in view and the ir  
relat ive locat ion is dynamic.  A 24 sate l l i te conf igurat ion provides adequate satel l i te 
coverage to  per form three-d imensional  posi t ion f ix ing.  Fai lures of satel l i tes and/or the 
requirement for more than four satel l i tes may resul t  in inadequate satel l i te coverage.

Fig. 6-5  GPS SV Block Schematic

Fig.  6-6  GPS SV Signal Data Structure

Refer to Figures 6-5 and 6-6.  Each GPS satel l i te t ransmits a un ique signature assigned 
to i t  on the same carr ier f requency.  This signature consists of  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 exclusively OR’d (modulo 2 added on) ,  wi th 50 b i t /s 
Navigat ion Data (Nav Data).   The combined code is then used to BPSK modulate a 
1575.42 MHz carr ier  f requency.   The resul tant s ignal is spread spectrum.
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6.1.3.B Control Segment

Six unmanned monitor ing stat ions are located throughout the wor ld.  Each Stat ion 
constant ly moni tors and receives informat ion from the GPS sate l l i tes and sends the 
orb i tal  and clock information to the master control  stat ion.  Five of these stat ions (except 
Hawai i)  have the abi l i ty to  upload informat ion to the GPS sate l l i tes

Colorado Springs is designated a Master Control  Stat ion (MCS).  The MCS constant ly 
receives GPS sate l l i te,  orbi tal  and clock information f rom the moni tor stat ions. The MCS 
makes precise correct ions to  the data as necessary and sends the informat ion, known as 
ephemer is data, to the GPS satel l i tes using ground based antennas.

Fig. 6-7  GPS Monitor Stat ions

The object ive of the GPS control  segment is:

• Mainta in each of the satel l i tes in  i ts proper orbi t  through infrequent ,  smal l  
commanded maneuvers.

• Make correct ions and adjustments to the satel l i te c locks and payload as needed.

• Track the GPS satel l i tes and generate and upload navigat ion data to each of  the 
GPS satel l i tes .

• Command major  relocat ions in the event of  satel l i te fa i lure to minimize the 
impact.

6.1.3.C User Segment

The signals broadcast f rom the GPS satel l i tes form the means for  a GPS receiver  to 
per form the t iming and d istance calculat ions.  GPS receivers are passive devices, 
meaning that  s ignals are received only wi th no requirement or means to  transmit .

GPS ranging signals are broadcast  on two frequencies: L1 (1575.42 MHz) and L2  
(1227.6 MHz). The L1 frequency is avai lab le for c ivi l ian use. The L2 frequency was 
designed pr imari ly for  Mi l i tary use.   

6.1.4 SPS Standard Posit ioning Service

The Clear  Acquisi t ion Code, or C/A, is the pr incipal  c iv i l ian ranging signal and is always 
broadcast in a clear  or unencrypted form.  The use of  this s ignal is sometimes cal led the 
Standard Posit ioning Service or SPS.  This signal may be degraded intent ional ly but is 
always avai lable.   The signal  creates 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 a lso used to acquire the P Code.

AS C E NS IO N D IE G O  G AR CIA

HAW AII
C AP E  C ANA V E RA L

KW AJ AL E IN

V AN DE N BE R G

C O LO R ADO  S P R ING S

AS C E NS IO N D IE G O  G AR CIA

HAW AII
C AP E  C ANA V E RA L

KW AJ AL E IN

V AN DE N BE R G

C O LO R ADO  S P R ING S
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6.1.4.A PPS Precise Posit ioning Service

Protected Code or  P Code:  this is  a lso known as the Precise Pos i t ion ing Service.   The P 
Code is never  t ransmit ted in  the c lear  and is encrypted with  a W code.  When encrypted 
the signal  is  know as P(Y)  code and is  not avai lab le  to c iv i l ian users.  The C/A PRN’s are 
un ique for  each sate l l i te  however,  the P-code PRN is ac tual ly a smal l  segment  o f  a  
master  P-code approximate ly  2 .35 × 1014 bi ts in  length (235,000,000,000,000 bi ts)  and 
each sate l l i te  repeatedly t ransmi ts i ts ass igned segment  o f  the master code.

6.1.5 Position Calculation

Posit ion calcula t ions consists o f the fo l lowing elements:

• Deciding which satel l i tes to acquire and t rack

• Code and frequency correlat ion

• Measure distance to sate l l i tes

• Obtain satel l i te posi t ions

• Adjust loca l  c lock bias 

• Perform tr iangulat ion calculat ions (Tr i laterat ion)

• Adjust for t ime delay errors 

6.1.5.A SV’s to Acquire and Track

The L1 and L2 frequencies broadcast a GPS Navigat ion Message (Nav Data)  as part  of  
thei r  s ignal.  This low frequency (50 bi ts per  second) data st ream provides the receiver 
with a number of  cr i t ical  i tems required in determining a posi t ion.   A data bi t  f rame 
consists of  1500 bi ts div ided in to f ive, six second 300-bi t  subframes.  A data f rame is 
t ransmit ted every thi r ty seconds.  An ent i re set of  twenty-f ive frames (125 subframes) 
makes up the complete Navigat ion Message that  is sent over  a 12.5 minute per iod.

F ig. 6-8  GPS Navigat ion Data
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Subframes  

Subframes 1 to 5 each provide a synchronizat ion, hand-over word and a C/A code t ime 
ambigui ty removal.   The remainder of  the data is formatted as fol lows: 

Subframe 1:

Contains the t ime values of the transmi t t ing sate l l i te,  including the parameters for  
correct ing signal t ransi t  delay and onboard clock t ime, as wel l  as information 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: 

Ionospher ic model,  UTC data, f lags for each satel l i te  indicat ing whether ant i -
spoof ing is on, almanac (approximate satel l i te ephemer is a l lowing the receiver to 
select  the best set of  satel l i tes or  to determine which satel l i tes are in v iew) and 
heal th information for  satel l i te number 25 and greater.

Subframe 5:  

A lmanac and heal th in formation for satel l i te number 1 to 24 .

The recept ion and decoding of the data st ream is per formed automatical ly by a receiver 
without  any intervent ion by the operator.   The informat ion within this data is cr i t ical  to 
GPS operat ion.   I f  a GPS receiver  has never seen the GPS constel lat ion before and does 
not know i ts approximate locat ion, the f i rst  act ion of the receiver  is to acquire any SV in 
view. Once a sate l l i te has been acquired,  the almanac is downloaded.  

Refer to Fig 6-9. Subframes 4 and 5 contain almanac information.  Once the a lmanac is 
acquired, the information i t  contains is used to determine which satel l i tes are in v iew and 
select the set o f satel l i tes wi th the best geometry.   The almanac structure for one SV 
PRN is shown in Fig  6-9.  Almanac data is typ ical ly updated every 24 hours.   Data for  a 
few weeks is also provided in case of a delay in update.   Once a receiver has an almanac 
loaded in i ts memory, i t  can be used for  a faster acquisi t ion of satel l i tes on the next  
occasion of use. Once a satel l i te  has been acquired, i t ’s ephemeris information can be 
obta ined.

Fig. 6-9  GPS Almanac

The almanac provides a basic descr ip t ion of each sate l l i te orbi t .   Refer  to F ig.  6-10.  Two 
parameters are commonly displayed  on GPS receivers which descr ibe the basic posi t ion 
of a sate l l i te rela t ive to a GPS receiver a t a speci f ic locat ion.

******** 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
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Elevation  descr ibes the angle of a satel l i te  relat ive to the hor izontal  plane. I f  a sate l l i te 
is direct ly above the point  of  observat ion on the ground, then the elevat ion is 90°.  I f  the 

satel l i te is at  the hor izon, then the e levat ion is 0° .  

Azimuth  is the angle between a reference plane and a point .  In the case of sate l l i tes the 
reference p lane is the plane of the hor izon based on true North.  The Azimuth is the angle 
between the satel l i te and true North  (North  = 0°,  East = 90°,  South = 180°, West  = 270°) .  

Of course many other  parameters are used to  def ine satel l i te  orbi t .   Each sate l l i te wi l l  
downl ink a more precise descr ipt ion of i ts orbi t ,  which is contained in sub-f rames 2 and 3,  
and is known as ephemer is.  With this in formation the receiver  can determine the 
satel l i te ’s posi t ion at any t ime and combine this with the receiver distance from the 
satel l i te,  y ielding a GPS posi t ion.  

F ig.  6-10  Satel l i te Relat ive Posit ion

The health informat ion t ransmit ted in subframe 5,  is cr i t ical  to prevent a receiver f rom 
using the ranging informat ion f rom a sate l l i te that  has been declared unf i t  for navigat ion 
purposes.  

The remainder of  the in formation found in the data st ream  (clock correct ions, 
ionospheric model,  UTC data)  are used to resolve potent ial  sources of GPS posi t ion 
errors.    

6.1.5.B Code and Frequency Correlation

The power of the received GPS signal in open sky is at  least -160 dBW (-130 dBm).  
The maximum of the spectral  power densi ty of  the received signal is -190 dBm/Hz.   
The spectral  power densi ty of  the thermal background noise is approximately  
-174 dBm/Hz (at  a temperature of 290 K).   Refer to Fig , 6-11.  The maximum received 
signal power is approximately 16 dB below the thermal background noise level .

 

Subject  to  Export  Control ,  see Cover Page for  detai ls .
6 - 9



GPSG-1000  
OPERATION MANUAL
Fig.  6-11  GPS Received Signal

To recover  the data f rom spread spectrum signal at  the receiver ,  the energy spread over  
a wide bandwidth must be correlated or  de-spread in to a narrow bandwidth by frequency 
and code shi f t ing.  F ig.  6-12  shows the cr i t ica l i ty of  correlat ion in  terms of recover ing the 
signal .  

Fig.  6-12  GPS Received Signal

Each GPS satel l i te t ransmi ts unique PRN code.  The receiver f i rst  demodulates received 
BPSK signal  to extract the satel l i te  PRN code overlaid with Nav Data. The receiver  then 
generates a loca l  copy of the PRN code and then shi f ts the t iming of the local  code by  
1 bi t ,  relat ive to a receiver  t ime mark,  unt i l  a l l  1,023 bi ts of  the local  code are in  phase 
(correla ted) ,  wi th the PRN code received from the satel l i te.  Refer to Fig 6-13 and Fig 6-
14. A modulo 2 addit ion process is used to recover  the Nav Data. 

I f  a l l  1 ,023 bi t  shi f ts have been t r ied wi thout  achieving correlat ion,  the receiver local  
osci l lator f requency is of fset to the next value and the process is repeated.  The reason 
for  this f requency offset,  is because satel l i tes and receivers are in re lat ive motion to one 
another and hence Doppler  shi f t  in the transmit ted carr ier  f requency occurs.  The 
transmit ted signals can be shi f ted by up to +/-  5000 Hz at the point o f recept ion. 

The determinat ion of the signal t ravel  t ime and data recovery therefore requires not  only 
correlat ion with al l  possible codes at  al l  possible phase sh i f ts,  but  also ident i f icat ion of  
the correct phase carr ier f requency.  
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In the case of a receiver  cold start ,  where the receiver does not have a current a lmanac 
loaded, every PRN would be t r ied unt i l  an SV is found in  view, a f ter  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  cold  star ts take appreciab ly 
longer than warm star ts,  where the GPS receiver  has a current almanac stored in 
memory.

Fig.  6-13  GPS Code Corre lat ion Process

Fig.  6-14  GPS Nav Data Recover by Moduo 2 Addit ion
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Refer to Fig.  6-15. The spectral  power densi ty o f the received GPS signal lays at 
approximately 16 dB below the spectral  power densi ty of  the thermal or  background 
noise.   The demodulat ion and de-spreading of  the received GPS signal causes a system 
gain G of:

Af ter despreading,  the power density of  the usable signal is greater  than that of  the ther
mal or  background signal no ise.

Fig . 6-15  GPS Signal After  De-spreading

6.1.5.C Measuring Distance (Pseudo Range)

GPS satel l i tes orbi t  200km above the earth  and are distr ibuted in such a way that f rom 
any point on the ground there is l ine-of-sight contact to a t least four satel l i tes.  

Each one of these satel l i tes is equipped wi th onboard atomic clocks. In order  to make 
them even more accurate,  they are regular ly adjusted or synchronized from var ious 
control  points on Earth . GPS satel l i tes transmit  their  exact  posi t ion and onboard clock 
t ime to Earth. 

These signals are transmit ted at the speed of l ight (300,000 km/s) and therefore requi re 
approximately 67.3 ms to reach a posi t ion on the Earth’s sur face direct ly below the 
satel l i te.  The signals requi re a fur ther  3.33 µs for each addit ional k i lometer of  t ravel .  To 
establ ish posi t ion,  al l  that  is required is a receiver  and an accurate clock. 

By compar ing the arr iva l  t ime of the satel l i te s ignal wi th the onboard clock t ime the 
moment the signal was transmi t ted,  i t  is possible to determine the signal t ravel  t ime.

Distance = Veloci ty * Time:  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 travel  t ime:

• Receiver generates the same codes as the Satel l i te (PRN codes)

• Measure delay between incoming codes and sel f  generated codes

• D = Speed of l ight * measured delay (Pseudo Range) 

The f i rst  word of every single f rame,  the Telemetry word (TLM), contains a preamble 
sequence 8 bi ts in length (10001011) used for synchronizat ion purposes, fol lowed by 16 
bi ts reserved for author ized users. As with al l  words, the f inal  6 bi ts of  the telemetry word 
are par i ty bi ts.  

The handover-word (HOW) immediately fol lows the telemetry word in  each subframe. The 
handover-word is 17 bi ts in length (a range of  values from 0 to 131071 can be 
represented using 17 bi ts)  and contains within i ts st ructure the start  t ime for  the next  
subframe, which is t ransmit ted as t ime of the week (TOW).  

Fig.  6-16  GPS Subframe Hand-Over Word

The transmission t ime in the f i rst  bi ts of  the preamble are provided in the Navigat ion 
Message in the TOW Message of the previous f rame.  This t ime is given in  Satel l i te Time. 
Informat ion in  the Navigat ion Message al lows translat ion in to Receiver  Time. I f  the 
preamble is val idated, the arr ival  t ime of the f i rst  bi ts in the preamble is measured.   
This t ime is given in Receiver  Time.  
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Refer to Fig 6-17.  Due to  the atomic clocks onboard the satel l i tes,  the t ime at  which the 
satel l i te signal is  t ransmit ted is known very precisely.  Al l  satel l i te c locks are adjusted to 
be synchronized with each other and UTC (universa l  t ime coordinated).  In contrast,  the 
receiver c lock is not synchronized to UTC and is therefore slow or  fast  by Δ t0  (c lock 
bias) .  The 
sign Δ t0 is 
posi t ive 
when the 
user c lock is fast.  The resul tant  t ime error Δ t0,  causes inaccuracies in the measurement 
of  s ignal t rave l  t ime and the d istance R.  As a resul t ,  an incorrect d istance is measured 
that  is known as a pseudorange.

Fig.  6-17  GPS Pseudo Range

6.1.5.D Obtain Satel l i te Posit ions

GPS receivers download an almanac into memory which def ines where in the sky each 
satel l i te is,  moment  by moment.   GPS sate l l i tes are constant ly moni tored by the U.S. 
Department o f Defense. Sl ight  orb i tal  errors are caused by gravi tat ional pu l ls f rom the 
moon and sun and by the pressure of solar radiat ion on the sate l l i tes.  Radar is used to 
check each sate l l i te 's exact al t i tude, posi t ion and speed. This information (ephemeris 
data),   is then relayed back up to the respect ive satel l i te,  which in turn transmi ts the 
ephemer is data in  Nav Data subframes 2 and 3.  Ephemeris data is updated every two 
hours and is val id  for  four hours.
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6.1.5.E Clock Bias

To solve the problem of c lock bias, consider a receiver is placed on a straight  l ine 
beneath two satel l i tes.  As the posi t ion of al l  GPS satel l i tes is known via informat ion 
contained in  the almanac and ephemer is,  the distance between any two satel l i tes (S),  is 
known. By measur ing the t ravel  t imes from each satel l i te,  i t  is possible to exact ly 
establ ish the distance (D) despite having an imprecise receiver  c lock, using the fol lowing 
formula: 

 
 D = (Δ t1 –  Δ t2) x c + S

                 2

Fig.  6-18  GPS Pseudo Range

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

To ca lculate 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 dimensions by a value of one. 

6.1.5.F Triangulation Calculations (Trilateration)

Consider t r iangulat ion in  2D space. Refer  to F ig 6-19.   I f  locat ion of  point  A is known, and 
the distance to point  A is known, desired posi t ion l ies somewhere on a circ le.  

F ig.  6-19  Tr iangulat ion using one known point

 

D  

S (known distance between satellites) 

 

∆t2 ∆t1 
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Refer to Fig 6-20.   Distance to two points is known, desi red posi t ion is in one of two 
locat ions

Fig. 6-20  Tr iangulat ion using two known point

Refer to Fig 6-21.  Distance to three points is known, position is known.

Fig.  6-21  Tr iangulat ion using three known point

Refer to Fig 6-22.   Consider  t r iangulat ion in 3D Space.   Distance to two points is known.

Fig.  6-22  Tr iangulat ion using two known points in 3D space
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Refer to Fig 6-23.   Distance to three points is known, position is known in 3D space.

Fig. 6-23  Tr iangulat ion using three known points in 3D space

6.1.5.G Time Delay Errors

Sources of  Time Delay Error are:

Ephemeris data :  

The data concerning ephemeris errors may not  exact ly model the true satel l i te mot ion.  
The dispar i ty in  ephemeris data can int roduce 1 to 5 meters of  posi t ional  error .  
Ephemeris data is val id  for  a per iod of about  4 hours

Satel l i te clocks:  

The data concerning the satel l i te ’s four a tomic clocks may not  re f lect the exact rate  of 
c lock dr i f t .  Distor t ion of the signal by measurement noise can fur ther  increase posi t ional  
error.  Clock dr i f t  d ispar i ty can int roduce 0 to 2.5 meters of  posi t ional error and 
measurement noise can introduce 0 to 10 meters of  posi t ional error .  

Receiver Clock Inaccuracies and Rounding Errors :

Despite the synchronizat ion of the receiver  c lock with  the satel l i te t ime dur ing the 
posi t ion determinat ion (compensat ion for  c lock b ias),  the remaining inaccuracy of the 
t ime st i l l  leads to an error of  about 2 m in the posi t ion determinat ion. Rounding and 
calculat ion errors of  the receiver sum up approximately to 1  m.

Multipath:

Refer to F ig 6-24.  GPS signals can a lso be affected by mult i -path issues where the radio 
signals ref lect  o f f  of  surrounding terrain such as bui ld ings, canyon wal ls,  and hard 
ground. These delayed signals can resul t  in per iodic s ignal cancel lat ion but  typical ly 
they change dynamical ly with locat ion and may just  cause shor t  term inaccuracy.

Fig.  6-24  Mult ipath Delays
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6.1.5.H Atmospheric Delays

Ionosphere:  

The ionosphere is an atmospher ic layer s i tuated between 90 to 1000 km above the 
Earth’s surface. The gas molecules in the ionosphere are heavi ly ionized.  The ionizat ion 
is caused mainly by solar  radiat ion, hence the thickness of th is layer  var ies dur ing the 
course of the day. Signals from the satel l i tes trave l  through a vacuum at the speed of 
l ight .   However, in  the ionosphere the ve loci ty of  these signals slows down due to the 
ionized gas, an effect  cal led dispersion, which is f requency dependent .  

Fig.  6-25  Atmospher ic Delays

Ionospheric dispersion is one of the most  s igni f icant error sources.  These effects are 
smal lest when the sate l l i te is direct ly overhead and become greater for  sate l l i tes nearer 
the hor izon as the signal passes through the ionosphere at a  shal low angle, hence a 
thicker  band has to be traversed. Two methods can be used to correct  for Ionospher ic 
delays.

• Once the receiver 's approximate locat ion is known, a mathematical  model can be 
used to est imate and compensate for  these errors.  

• Because ionospheric delay affects the speed of microwave signals di f ferent ly 
based on f requency, a second carr ier f requency, L2 can be used to measure 
atmosphere dispersion and apply a more precise correct ion to he lp compensate 
for  this error .  This is the method employed in mi l i tary GPS receivers using L1 and 
L2.  
 
This can also be real ized in more expensive civ i l ian GPS receivers without 
decrypt ing the P(Y) signal carr ied on L2 by tracking the carr ier wave instead of 
the modulated code. To do this on lower cost receivers,  a new civ i l ian code signal  
on L2 cal led L2C was added to the satel l i tes.  This new signal  al lows a direct  
compar ison of  the L1 and L2 signals u sing the coded signal  instead of  the carr ier  
wave.

 

1000 km

90 km

28,000 km

1000 km

90 km

1000 km

90 km

28,000 km
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Troposphere:

The t roposphere is the lower par t  of  the ear th 's atmosphere (0 -15km),  that  encompasses 
our  weather .  I t 's  fu l l  of  water vapor and var ies in temperature and pressure and causes a 
var iable but predictable delay. This de lay is corrected using a simple model based on 
pressure, temperature and al t i tude.

The errors of  the GPS system are summarized in table 1-1.  The individual va lues are no 
constant values, but are subject to var iances, al l  numbers are approximate values. 
Al together this sums up to an error of  between  ± 12 to  ± 15 meters.

Table 6-1  PS Posit ional Error Sources

6.1.6 GPS Timekeeping

Most clocks are synchronized to Coord inated Universal  Time (UTC) however, the atomic 
clocks on the satel l i tes are set to  GPS t ime.  GPS t ime is not corrected to match the 
rotat ion of the Earth,  so i t  does not contain  leap seconds or o ther  correct ions that are 
per iodical ly added to  UTC. GPS t ime was set to match Coordinated Universal  Time (UTC) 
in 1980, but has since diverged. The lack of  correct ions means that  GPS t ime remains at  
a constant of fset wi th  Internat ional Atomic T ime (TAI)  (TAI -  GPS = 19 seconds).  Periodic 
correct ions are per formed on the on-board clocks to correct relat iv ist ic ef fects and keep 
them synchronized with ground clocks.

The GPS navigat ion message includes the di f ference between GPS t ime and UTC, which 
as of  2010 is 15 seconds due to the leap second added to UTC December 31,  2008. 
Receivers subtract this of fset f rom GPS t ime to calculate UTC and speci f ic t ime zone 
values.  New GPS units may not show the correct UTC t ime unt i l  af ter  rece iving the UTC 
offset message. 

The GPS-UTC offset  f ie ld can accommodate 255 leap seconds (eight  bi ts)  which,  given 
the current rate of change of the Earth's ro tat ion (with one leap second introduced 
approximately every 18 months),  should be suff ic ient  to last  unt i l  approximately the year  
2300.  As opposed to the year ,  month,  and day format  of  the Gregor ian calendar,  the GPS 
date is expressed as a week number and a seconds- into-week number. 

Fig.  6-26  GPS v. UTC Time Format

Type of  Time Delay Error Posit ional Error

Ephemer is Errors ± 2.5 m

Satel l i te Clock Errors ± 2 m

Mult ipath Delays ± 1 m

Receiver  Clock Inaccuracies and
Rounding Errors:

± 1 m

Ionospher ic  Delays ± 5 m

Tropospheric Delays ± 0.5 m
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The week number is t ransmit ted as a ten-bi t  f ie ld in the C/A and P(Y) navigat ion 
messages, and so i t  becomes zero again every 1,024 weeks (19.6 years) .  GPS week zero 
star ted at 00:00:00 UTC (00:00:19 TAI)  on January 6, 1980,  and the week number 
became zero again for  the f i rst  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 provided with the 
approximate date ( to within 3,584 days)  to correct ly t ranslate the GPS date signal.  To 
address this concern the modernized GPS navigat ion message uses a 13-b i t  f ie ld,  which 
only repeats every 8,192 weeks (157 years) ,  thus last ing unt i l  the year 2137 (157 years 
after GPS week zero) .

6.1.7 GNSS Accuracy

A GNSS receiver determines i ts Posi t ion (hor izontal  and ver t ical) ,  i ts Veloci ty and the 
Time from the signals o f at  least  four satel l i tes by means of  t r iangulat ion.  The precision 
of the computat ions by tr iangulat ion depends on the conste l lat ion of al l  satel l i tes of  which 
the signals are taken in to account  ( four or  more) .  As the number and posi t ion of  satel l i tes 
wi l l  seldom be ideal,  the maximum obtainable precision wi l l  be di luted in pract ice. Here 
we present the d i f ferent terms of di lut ion of  precision.

Di lut ion of precision (DOP) is a  measure of  the qual i ty of  the GPS data being received 
from the satel l i tes.  DOP is a mathemat ical  representat ion for the qual i ty of  the GPS 
posi t ion solu t ion.  The main factors af fect ing DOP are the number of  sate l l i tes being 
tracked and where these satel l i tes are posi t ioned in the sky. The ef fect of  DOP can be 
resolved into HDOP, VDOP, PDOP and TDOP.

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

VDOP (Vert ical  Di lut ion Of Precision) is a measure of how wel l  the posi t ions of  the 
satel l i tes,  used to generate the ver t ical  component  of  a solu t ion,  are arranged. Higher 
VDOP values mean less certainty in the solut ions and can be caused i f  the satel l i tes are 
at low elevat ions. 

TDOP (Time Di lut ion Of Precis ion) is a  measure of how the satel l i te geometry is af fect ing 
the abi l i ty of  the GPS receiver to determine t ime.  

PDOP (Posit ional Di lut ion OF Precision) is  a measure of overal l  uncertainty in a  GPS 
posi t ion solu t ion with TDOP not included in the est imated uncer tainty.  The best  PDOP 
( lowest value)  would occur with one satel l i te d irect ly overhead a

nd three others evenly spaced about the hor izon. PDOP = SQRT(HDOP^2 + VDOP^2).  

GDOP (Geometr ic Di lut ion Of  Precision) is a measure of the overal l  uncer tain ty in a GPS 
posit ion solu 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 Posi t ion Accuracy = Di lut ion Of Precis ion (DOP) t imes Measurement Precision. So, i f  
the Measurement Precision = 1m and the DOP = 5, then the best  posi t ion accuracy wi l l  be 
5m.
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6.1.8 GNSS Augmentation

Augmentat ion of  GNSS, is a method of improving the navigat ion system accuracy, 
rel iabi l i ty and avai labi l i ty through the integrat ion of external  informat ion into the 
calculat ion process. SBAS (Satel l i te Based Augmentat ion System) and RAIM (Receiver  
Autonomous Integr i ty Monitor ing System) are GNSS augmentat ion systems.

Satell ite  Based Augmentation System (SBAS)

SBAS is a system that supports wide-area or regional augmentat ion through use of 
addit ional  satel l i te broadcast  messages that  contain correct ional data obtained f rom 
mult ip le ground stat ions at surveyed locat ions.

The effects of  the ionosphere general ly change slowly and can be averaged over  t ime. 
The effects for any par t icular  geographical  area can be easi ly ca lculated by comparing 
the GPS-measured posi t ion to a known surveyed locat ion. This correct ion is also val id for 
other receivers in the same general  locat ion.

The data is t ransmit ted via  satel l i tes in the SBAS system and is t ransmit ted on the GPS 
L1 f requency using a special  pseudo-random number,  al located for  SBAS use.   This 
al lows the civ i l ian L1 C/A code receivers that support  SBAS, to use the correct ional data. 
Al l  SBAS sate l l i tes support  the same protocols and therefore can support  seamless 
augmentat ion from one reg ion to another .

Fig.  6-27  SBAS Coverage
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6.1.8.A SBAS Systems

WAAS (W ide A rea Augmentat ion System)

Developed and managed by the FAA, to augment GPS, with the goal of  improving i ts 
accuracy,  integr i ty,  and avai labi l i ty.  WAAS is intended to enable aircraf t  to rely on GPS 
for  al l  phases of f l ight,  including precis ion approaches to any airport  wi thin  i ts coverage 
area.  The system communicates with severa l  ground stat ions and provides atmospher ic  
correct ions & early warning of GPS fai lures. The data rate is higher that  L1 C/A code at 
250 Hz and two geostat ionary satel l i tes provide area coverage.

EGNOS (European Geostat ionary Navigat ion Overlay System)

Managed by the European t r ipar t i te group. Correct ions for GPS and GLONASS

Similar ly to  WAAS, EGNOS is most ly designed for aviat ion users which en joy unperturbed 
recept ion of d irect  s ignals from three geostat ionary satel l i tes up to  very high lat i tudes.   
The use of  EGNOS on the ground, especial ly in urban areas is l imi ted due to re lat ively 
low elevat ion of geostat ionary satel l i tes:  about  30° above hor izon in  central  Europe and 
much less in the North of  Europe.  To address th is problem, ESA released in 2002 
SISNeT, an Internet  service designed for cont inuous del ivery of  EGNOS signals to  ground 
users.  SV PRN 126 is used for test purposes at this t ime (2010).

MSAS (Mult i -Funct ional Satel l i te Augmentat ion System 

Managed by the Japanese Civi l  Aviat ion Bureau (JCAB),  a satel l i te navigat ion system 
which supports di f ferent ial  GPS, designed to supplement the GPS system by report ing 
( then improving)  on the rel iabi l i ty and accuracy of those signals.   MSAS for aviat ion use 
was commissioned on September 27, 2007. Two geostat ionary satel l i tes provide area 
coverage. GAGAN  (GPS A ided Geo Augmented Navigat ion)

The GAGAN system is a planned implementation of a regional Satel l i te Based Augmentat ion System 
(SBAS) by the Indian government. It is a system to improve the accuracy of a GNSS receiver by 
providing reference signals.  Two geostationary satellites will eventually provide area coverage. One SV is 
currently deployed, PRN 127.

6.1.8.B RAIM (Receiver Autonomous Integrity Monitoring System)

A unique aviat ion requirement of  GPS avionics is RAIM.  Whi le  GPS provides the user  
with unparal le led leve ls of  accuracy, one signi f icant def ic iency of GPS is integr i ty,  or the 
abi l i ty of  the system to provide a t imely warning i f  the navigat ion solut ion is inaccurate or  
erroneous.   Navigat ion systems pr ior to GPS, part icular ly aviat ion appl icat ions, provided 
a means to warn the aircraf t  that the signal was outside certain l imits.   For  example, a 
Category I  ILS provides this warning within  six seconds.

The only means avai lab le for  the GPS system i tse l f  to provide the user  with a warning of 
system unrel iabi l i ty is through the data message forming par t  o f  the GPS signal.   The 
“health”  f lag found in  subframe 4 and 5 wi l l  a lert  the receiver to a fai lure of a GPS 
satel l i te.

The t ime lag from the beginning of the fai lure to when i t  is incorporated in  the health f lag 
(  up to  eight hours) represents an unacceptably long per iod 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  aviat ion-grade 
receivers.  RAIM uses combinat ions of  satel l i tes to determine the receiver  posi t ion.  
Should a large discrepancy between posi t ion solut ions occur ,  a  RAIM a lert  is created 
rendering the GPS navigator unrel iab le. Refer to  Table 1-2.  Di f ferent  phases of f l ight use 
di f ferent values of “ integr i ty alarm l imi ts” pr ior  to issuing a RAIM aler t .   

The abi l i ty o f a receiver to per form RAIM computat ions is dependent upon the number of 
satel l i tes in  v iew,  thei r  geometry and the mask angle which is dependent upon the abi l i ty 
of  the antenna to track satel l i tes near the hor izon and any local  terrain.   Whereas GPS 
needs a minimum of four  satel l i tes to produce a three-dimensional posi t ion, a  min imum of 
f ive satel l i tes are required for RAIM.  For  this reason, RAIM may not be avai lable in  
c ircumstances of  poor  satel l i te  coverage or  poor satel l i te geometry.

Table 6-2  RAIM Alarms

Phase of Flight Alarm Limit Time to Alarm

Enroute (oceanic,  domest ic,  random  
and JV routes)

2.0 nm 30 sec

Terminal 1.0 nm 10 sec

RNAV Approach Non Precision 0.3 nm 10 sec
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6.1.9 GPS Modernization Signals

A process of GPS system modernizat ion is now underway,  which involves the introduct ion 
of new signals to provide improvements in accuracy and integr i ty.  

F ig.  6-28  GPS Modernizat ion Signals

6.1.9.A L2CS

The L2CS system provides a civ i l ian-use signal t ransmit ted on a f requency other  than the 
L1 f requency used for  the Coarse Acquisi t ion (C/A) signal,  and broadcast  on the L2 
frequency. Because i t  requires new hardware onboard the satel l i te,  i t  is only transmit ted 
by the so-cal led Block I IR-M and later design satel l i tes.  The L2CS signal is tasked with 
improving accuracy of  navigat ion,  providing an easy to track signal,  and act ing as a 
redundant  s ignal  in case of local ized interference.

Unl ike the C/A code,  L2CS conta ins two dist inct  PRN code sequences to provide ranging 
information; the Civi l ian Moderate  length code (cal led CM), and the Civi 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 bi ts long,  repeat ing every 1500 ms. Each signal is t ransmit ted at 511,500 bi ts 
per  second (bi t /s) ;  however,  they are mult ip lexed together  to form a 1,023,000 bi t /s 
s ignal .

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 provides for approximately 24 dB greater  correlat ion (~250 t imes stronger) 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 -tracking,  al though i ts t ransmission power is 2.3  dB weaker.

 L2 L1L5

P(Y)P(Y)

C/AC/A

P(Y)P(Y)

Present Signals

Signals After
2009 (Block IIF)

P(Y)P(Y)
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CSCS
MM MM

P(Y)P(Y)

CSCS
MM

Signals After
2013 (Block III)

C/AC/A

P(Y)P(Y)

MM CC

1227 MHz 1575 MHz1176 MHz
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L2 L1L5

P(Y)P(Y)

C/AC/A

P(Y)P(Y)

Present Signals

Signals After
2009 (Block IIF)

P(Y)P(Y)

C/AC/A

P(Y)P(Y)

CSCS
MM MM

P(Y)P(Y)

C/AC/A

P(Y)P(Y)

CSCS
MM MM

P(Y)P(Y)

CSCS
MM

Signals After
2013 (Block III)

C/AC/A

P(Y)P(Y)

MM CC

1227 MHz 1575 MHz1176 MHz 1227 MHz 1575 MHz1176 MHz
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6.1.9.B CNAV Navigation Message

The CNAV data is an upgraded version of  the or iginal  NAV navigat ion message.  I t  
contains higher  precis ion representat ion and nominal ly more accurate data than the NAV 
data. The same type of informat ion (Time,  Status,  Ephemeris,  and Almanac) is st i l l  
t ransmit ted using the new CNAV format ;  however, instead of using a frame /  subframe 
archi tecture, i t  features a new pseudo-packet ized format  made up of  12-second 300-b i t  
message packets.

In CNAV, two out of  every four packets are ephemer is data and at  least  one of every four  
packets wi l l  include clock data,  but  the design al lows for a wide var iety of  packets to be 
transmit ted.

With  a 32-satel l i te  constel lat ion, and the current  requirements of  what needs to be sent,  
less than 75% of  the bandwidth is used. Only a smal l  f ract ion of the avai lable packet 
types have been def ined; this 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 rate 1/2 convolut ion code, so 
whi le the navigat ion message is 25 bi t /s,  a 50 bi t /s s ignal is t ransmit ted. 

The GPS week number is now represented as 13 bi ts,  or  8192 weeks, and only repeats 
every 157.0 years,  meaning the next  return 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 re turns 
to zero every 19.6 years. 

There is a packet  that contains a GPS-to-GNSS t ime offset .  This al lows for 
interoperabi l i ty wi th other  global t ime-transfer systems, such as Gal i leo and GLONASS, 
both of which are supported. 

The extra bandwidth enables the inclusion 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 aler t  f lag,  to be set i f  the satel l i te data can not be trusted. This 
means users wi l l  know within 6 seconds i f  a satel l i te is no longer usable.  Such rapid 
not i f icat ion is important  for  safety-of- l i fe appl icat ions, such as aviat ion. 

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

L2CS Frequency informat ion

An immediate ef fect o f having two civ i l ian frequencies being transmi t ted is the civ i l ian 
receivers can now direct ly measure the ionospheric error in the same way as dual 
f requency P(Y)-code receivers.  However,  i f  a user  is ut i l iz ing the L2C signal alone, they 
can expect 65% more posi t ion uncertainty than with the L1 signal.
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6.1.9.C L5

Civi l ian, safety of  l i fe s ignal planned to be avai lable with f i rst  GPS I IF launch (2009).   
Two PRN ranging codes are t ransmit ted 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 
bi ts long and t ransmit ted at 10.23 MHz (1ms repet i t ion) .  In  addi t ion,  the I5 stream is 
modulated wi th a 10-bi t  Neuman-Hofman code that is c locked at  1 kHz and the Q5-code is 
modulated with a 20-bi t  Neuman-Hofman code that  is also clocked at 1  kHz.

• Improves signal structure for enhanced performance 

• Higher transmit ted power than L1/L2 signal (-3 db, or  twice as powerful)  

• Wider bandwidth provides a 10× processing gain 

• Longer spreading codes (10× longer than C/A) 

• Uses the Aeronaut ical  Radio-Navigat ion Services band 

• The recent ly launched GPS I IR-M7 satel l i te t ransmits a demonstrat ion of this 
s ignal .  

L5 Navigat ion message

The L5 CNAV data includes SV ephemer ides, system t ime, SV clock behavior  data, status 
messages and t ime informat ion, etc.  The 50 bi t /s data is coded in a rate 1/2 convolut ion 
coder.  The resul t ing 100 symbols per  second (sps) symbol stream is modulo-2 added to 
the I5-code only;  the resultant bi t - t rain  is used to modulate the L5 in-phase ( I5)  carr ier .  
This combined signal wi l l  be ca l led the L5 Data signal.  The L5 quadrature-phase (Q5) 
carr ier has no data and wi l l  be cal led the L5 Pi lot  s ignal.

L5 Frequency information

Broadcast on the L5 frequency (1176.45 MHz, 10.23 MHz × 115),  which is an 
aeronaut ica l  navigat ion band.  The frequency was chosen so that  the aviat ion community 
can manage in terference to  L5 more effect ively than L2. 

6.1.9.D L1C

Civi l ian use signal ,  broadcast  on the L1 frequency (1575.42 MHz),  which current ly 
contains the C/A signal used by al l  current GPS users. The L1C wi l l  be avai lable  with f i rst  
Block I I I  launch, current ly scheduled for 2013.  The PRN codes are 10,230 bi ts long and 
transmit ted at  1.023 Mbps.  I t  uses both Pi lot  and Data carr iers l ike L2C.

The modulat ion technique used is BOC(1,1) for the data signal and TMBOC for  the pi lot .  
The Time Mul t ip lexed Binary Of fset 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 tal  L1C signal power,  25% is al located to 
the data and 75% to the pi lot .  Implementat ion provides C/A code to ensure backward 
compat ibi l i ty 

Assured of  1.5 dB increase in  minimum C/A code power to mit igate any noise f loor 
increase 

Data- less signal  component pi lot  carr ier improves t racking 

Enables greater c iv i l  interoperabi l i ty wi th Gal i leo L1 
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6 -  26



GPSG-1000  
OPERATION MANUAL
CNAV-2 Navigat ion message

The L1C navigat ion message, cal led CNAV-2, is 1800 bi ts ( including FEC) and is 
t ransmit ted at  100 bi t /s.  I t  contains 9-bi t  t ime in format ion,  600-bi t  ephemeris,  and 274-bi t  
packet ized data payload 

6.1.9.E M Code (Mil itary)

A major component  of  the modern izat ion process, a new mil i tary signal cal 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 t ransmit ted in the same L1 and L2 frequencies a lready in use by 
the previous mi l i tary code, the P(Y) code. The new signal is shaped to place most of  i ts 
energy at  the edges (away f rom the exist ing P(Y) and C/A carr iers).

Unl ike the P(Y) code, the M-code is designed to  be autonomous,  meaning that users can 
calculate their  posi t ions using only the M-code signal.  P(Y) code receivers must  typical ly 
f i rst  lock onto the C/A code and then transfer  to lock onto the P(y)-code.

The M-code is intended to be broadcast  f rom a high-gain direct ional antenna,  in addit ion 
to a wide angle ( ful l  Ear th)  antenna.  The direct ional  antenna's signal,  termed a spot 
beam ,  is intended to be aimed at a speci f ic region ( i .e.  several  hundred ki lometers in 
diameter)  and increase the local  s ignal strength by 20 dB (10X vol 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 satel l i tes occupying the same posi t ion to those inside the spot beam.

While  the ful l -Earth M-code signal is avai lable on the Block I IR-M satel l i tes,  the spot 
beam antennas wi l l  not  be avai lable unt i l  the Block I I I  satel l i tes are deployed. 

Other  M-code character ist ics are:

• Satel l i tes wi l l  t ransmit  two dist inct  signals 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  f ramed,  
al lowing for   f lexible data payloads 

• There are four  ef fect 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 signal a t Earth's surface: -158 dBW for  whole Earth antenna, -138 dBW for 
spot beam antennas.  
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6.1.10 The Gali leo System

Galileo is the European global navigation satellite system which provides a highly accurate, guaranteed 
global positioning service under civilian control. It is inter-operable with GPS and GLONASS, the two other 
global satellite navigation systems.

Fig. 6-29  Gal i leo Satel l i te (GIOVE Test  SV)

A user can take a position with the same receiver from any of the satellites in any combination. By offering 
dual frequencies as standard, Galileo delivers real-time positioning accuracy down to the metre range. 
Galileo guarantees availability of the service under all but the most extreme circumstances and informs users 
within seconds of a failure of any satellite.  This makes it suitable for applications where safety is crucial, such 
as running trains, guiding cars and landing aircraft. 

The first experimental satellite, part of the so-called Galileo System Test Bed (GSTB-V1), was launched in 
2003. The objective of this satellite was to characterize the critical technologies, developed under ESA 
contracts. Two initial test satellites were launched GIOVE-A, in 2005, and GIOVE-B, in 2008, to validate the 
basic Galileo space segment. Four In Orbit Validation (IOV) satellites are scheduled to be launched in the 
2010 to 2011 time frame, to complete the validation of the space segment in conjunction with the ground 
segment. A further 16 satellites are currently funded, which will provide a minimum operational capability. The 
balance of 14 satellites required to reach Full Operational Capability (FOC), as of 2010, are not currently 
funded.  

The ful ly deployed Gal i leo system wi l l   consist  of  30 satel l i tes (27 operat ional + 3 act ive 
spares),  posi t ioned in  three ci rcular  Medium Earth Orbi t  (MEO) planes at 23 222 km 
al t i tude above the Earth,  and at  an incl inat ion of the orbi tal  planes of 56 degrees with 
reference to the equator ial  plane. The Gal i leo navigat ion signals 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 satellites together with the optimization of the constellation, and the availability of the 
three active spare satellites, ensures that the loss of one satellite has no discernible effect on the user. The 
use of BOC (Binary Offset Carrier) Modulation minimizes interference with GPS BPSK.
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6.1.10.A Ground Element

Two Gal i leo Control  Centers:

• Located in Europe

• Combine range of faci l i t ies:  orbi t  control ,  integr i ty,  mission control ,  satel l i te 
control ,  services products,  Precise Time Faci l i t ies (PTF)

15 Gal i leo Up-L ink Stat ions:

• Located around the globe

• 5 Telemetry,  Telecommand and Tracking Stat ions

• 9 Mission Up-Link Stat ions

30 Gal i leo Sensor Stat ions: 

•  Located around the globe

• Monitor qual i ty of  the satel l i te navigat ion signal (Signal In Space,  SIS) Services

6.1.10.B Services

The Gal i leo system consists 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 ioning down to  
1 meter.  

CS (Commercial Service)  (Encrypted) :  

Higher data rate, improved accuracy to the cent imeter.  Guaranteed service for which 
service providers charge fees.  

SoL (Safety Of Li fe) :  

Open service; For  appl icat ions where guaranteed accuracy is essent ial ;  In tegr i ty 
messages wi l l  warn of  errors.  

PRS (Public Regulated Service):  (Encrypted) :  

Cont inuous avai labi l i ty even in t ime of cr is is;  Government agencies wi l l  be main users.  

SAR (Search And Rescue) :  

System picks up distress beacon locat ions; Feasible  to send feedback, conf i rming help is 
on i ts way. Based on Cospas-Sarsat  system re-broadcasts distress messages.   
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Table 6-3  Galileo Signals

6.1.10.C GPS Receivers

Signal

The strength of the received GPS signal rel ies on the fol lowing parameters:  

• Signal strength of satel l i te 

• Attenuat ion in transmit ter hardware 

• Gain of  t ransmission antenna ( in di rect ion to  the receiver)  

• Free space loss due to distance of satel l i te and receiver  

• Attenuat ion by the atmosphere (negl igible)  

• Deflect ion and superposi t ion of  the direct s ignal by ref lected indirect s ignals 
(mult ipath) 

• Gain of  receiver antenna 

• Attenuat ion in receiver hardware 

• Signal t racking technique 

Signal E5 (E5a + E5b) E6 E1

Centre 
Frequency

1191.795 (E5) 1278.75 1575.42

1176.45 (E5a) 1207.14 
(E5b)

Nominal 
Bandwidth

51.15 (E5) 40.92 24.552

20.46 (E5a) 20.46 
(E5b)

Modulat ion ALTBOC INTERPLEX INTERPLEX/CBOC

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

Sub-
modulat ion

No
ne

No
ne

None No
ne

BOC(
10,5)

None None BOC(15
,2.5)

CBOC(
6,1,1)

CBOC(
6,1,1)

Services F/
NA
V
(O
S)

Pi l
o t

I /NAV
(OS/CS/
SoL)

Pi l
o t

G/
NAV
(PRS
)

C/
NAV
(CS)

Pi lot G/NAV
(PRS)

I/NAV
(OS/
CS/
SoL)

Pi lot

Code Rate
(Mc/s)

10.
23

10.
23

10.23 10.
23

5.115 5.115 5.115 2.5575 1.023 1.023

Encrypted No No No No Yes Yes Yes Yes No No

Sequence 
Length 
(pr imary x 
secondary)

102
30 
x 
20

102
30 
x 
100

10230 x 
4

102
30 
x 
100

TBC TBC TBC TBC 4092 x 
1

4092 x 
25

Symbol 
rate (sps)

50 N/A 250 N/A TBC 1000 N/A TBC 250 N/A
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Noise

The level  o f no ise seen by a GPS receiver consists mainly of  thermal noise but  also 
background and in ter-modulat ion no ise. Most of  the single inf luences are constant or  can 
be assumed to  be constant  in the order  of  measurement accuracy.  

SNC

Many GPS receivers indicate s ignal  st rengths in  manufacturer  speci f ic  un i ts,  which are 
determined f rom measurements made on the signals by the signal  processing hardware.  
The values are the resul t  of  in tegrat ing the output  o f  a  s ignal  corre la tor ,  that  is  fed the 
no isy input  s ignal  and a c lean loca l  rep l ica of  the expected PRN code.  The in tegrated 
resul t  is  a l inear  indicat ion of  the s ignal- to-no ise-rat io,  over  the bandwidth of  the 
corre lated signals.  

In any par t icular  receiver ,  th is resul t  can vary  due to d i f ferences in receiver  bandwidth 
and integrat ion t ime. Of ten the resul t  is scaled to be consistent  across a product  range. 
The resultant values are often re ferred to as SNC (Signal- to-Noise-Counts)  and are 
scaled to match a measurement  made over a  1KHz bandwidth. The 1KHz comes from the 
fact  that many of the ear ly receivers integrated for 1 mi l l isecond,  resul t ing in an effect ive 
1KHz bandwidth.

Converting SNC to SNR

Normal ly SNR (Signal to Noise Rat io) 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 1KHz bandwidth = (sA/nA).

• Where sA = Signal Ampl i tude and nA is the Noise Ampl i tude.

• SNR in a 1KHz bandwidth [ in dB] = 20*Log10(SNC) -  3db

Converting to C/N0

A more technical ly precise and common measurement  of  GNSS signal st rength is known 
as C/N0 (carr ier- to-noise density)  and is the rat io of  received carr ier  ( i .e. ,  s ignal)  power 
to noise densi ty.  

Many receivers have the abi l i ty to display or output  va lues in these uni ts however,  these 
values are not measured direct ly,  but are calculated f rom the di rect ly measured SNC 
count values,  refer to table 1-4.

NOTE:  

C/N0 is not  the same as SNR (signal- to-no ise rat io) ,  a l though the terms are somet imes 
used interchangeably.  Effect ively,  C/N0 assumes that the noise has inf in i te bandwidth 
(and thus power)  and therefore character izes i t  using a densi ty,  that is,  as the amount of  
noise power per uni t  o f  bandwidth. 
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C/N0 = the SNR (usual ly in dB) in a 1Hz bandwidth. That bandwidth is typica l ly 1000 
t imes less than the actual  receiver  bandwidth, which impl ies a 30db change in dB-power 
uni ts:

• C/N0 =  SNR[dB]@1KHz + 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  compar ing one GPS receiver to another 
than SNR because the bandwidth of the receivers is el iminated in the comparison. 

Higher C/N0 resul ts in reduced data bi t  er ror  rate (when ext ract ing the navigat ion data 
from the GPS signals) and reduced carr ier and code tracking loop j i t ter.  Reduced carr ier  
and code t racking loop j i t ter,  in turn,  resul ts in less noisy range measurements and thus 
more precise posi t ioning.  

Determining Noise Figure

Genera l ly,  the GPS decoding chipset on a receiver determines the minimum C/N0 rat io,  
required to achieve a posi t ion f ix.  However,  i t  is the noise f igure of the ent i re receiver 
that  determines the C/N0 rat io that you can achieve at a  given power level .  When 
measur ing sensi t iv i ty i t  is  important  to know the minimum C/N0 rat io required to achieve 
a posi t ion f ix.

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

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 strong signal)
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Referr ing to table 1-5,  assuming a constant satel l i te power, you can observe that  the  
C/N0 rat 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

Table 1-5 shows that the no ise f igure of a  rece iver is direct ly proport ional to the RF 
power level  and C/N0  rat io.  Based on th is re lat ionship, you can measure the receivers 
noise f igure by applying the fol 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,  report  satel l i te C/N0 to  the nearest 
decimal dig i t ,  therefore est imat ing no ise f igure beyond one digi t  of  precis ion requi res 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
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Table 1-6 example resul ts show that RF power levels between -136.6 and -135.7 dBm al l  
produce the same C/N0 rat io of  30 dB-Hz.  Based on the rounding pr incip les invo lved 
when report ing NMEA-183 data, i t  is safe to assume that  a power level  of  -136.1 dBm 
produces a C/N0 rat io of  30.0 dB-Hz. 

Table 6-6  Correla 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 Specif ications

7.1 GENERATOR

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

DC Isolation: 50V DC

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

± 2 dB accuracy into 50Ω 

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

External Modulation  
Input: TTL

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

GPS Carriers: L1: 1575.420 MHz (C/A, pseudo P(Y), SBAS) 
L1C: 1575.420 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, CS, SOL)                                        

 E6:        1278.750 MHz (PRS, CS) Galileo E1 (pseudo-G/NAV)

Glonass: 1602 MHz (center)  NOTE: Future feature

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 1Hz increment

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

Step  Error: Sets SV psuedo range error +/- 10km 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)

Gal Integrity: Allows selection of CONNECTED or DISCONNECTED.  
(Carried in Galileo Nav Data)  
NOTE: Future feature not currently specified.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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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 
MSAS (available 2011), GAGAN (available 2011)

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) E6 E1

Centre Frequency
1191.795 (E5)

1278.75 1575.42
1176.45 (E5a) 1207.14 (E5b)

Nominal Bandwidth
51.15 (E5)

40.92 24.552
20.46 (E5a) 20.46 (E5b)

Modulation ALTBOC INTERPLEX INTERPLEX/CBOC

Sub-carrier a-I a-Q b-I b-Q A B C A B C

Sub-modulation None None None None
BOC(10,5
)

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)

C/NAV

(CS)
Pilot

G/NAV

(PRS)

I/NAV

(OS/CS/SoL)
Pilot

Code Rate

(Mc/s)
10.23 10.23 10.23 10.23 5.115 5.115 5.115 2.5575 1.023 1.023

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

10230 
x 20

10230 
x 100

10230 x 4
10230 
x 100

TBC TBC TBC TBC 4092 x 1 4092 x 25

Symbol rate (sps) 50 N/A 250 N/A TBC 1000 N/A TBC 250 N/A
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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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 60,000 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 50Ω

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
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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7.4 BATTERY

Type: Lithium Ion, Removable Pack

Voltage: 14.4 VDC

Capacity: 6.94 AH 

Duration: 4 Hrs

Note: Battery charging temperature range: >-20°C and <60°C.

7.5 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): <10 lbs. (4.5 kg)

7.6 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
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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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

7.7 ACCESSORIES

RF Coax Cable x 1: Low Loss Coax 50 ft loss calibrated
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Appendix A -  Pin-Out Tables

ETHERNET CONNECTOR

Fig.  A-1  Ethernet Pin-Out  Diagram

USB HOST 1 CONNECTOR  

F ig.  A-2  USB Host 1 Pin-Out Diagram

 

Pin Number Signal Type Signal Type Function
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 Function
1 Power VCC USB Power
2 Data Data - USB Data -
3 Data Data + USB Data +

4 GND GND Ground
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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USB HOST 2 CONNECTOR  

F ig.  A-3  USB Host 2 Pin-Out Diagram

USB OTG CONNECTOR   

Fig.  A-4  USB OTG Pin-Out  Diagram

DC POWER CONNECTOR

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

Pin Number Signal Type Signal Type Function
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 Function
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 Function
Inner Power VCC HHCP Power

Outer GND GND Ground
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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AUX CONNECTOR

Fig. A-6  AUX Connector Pin-Out Diagram

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 Control RS232 CTS RS 232 Clear to 
Send

8 DATA RS232 TX RS 232 Transmit
9 Control RS232 RTS 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 NC NC
18 NC NC

19 NC NC
20 NC NC
21 NC NC

22 NC NC
23 NC NC
24 NC NC

25 DATA 1 PPS Sync One Pulse Per 
Second

26 GND GND Ground
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Appendix B -  Terminology

Term Description

Anti-Spoofing (AS) Is a policy of the U.S. Department of Defense by which the P-Code is 
encrypted (by the additional modulation of a so-called W-Code to generate a 
new "Y-Code"), to protect the militarily important P-Code signals from being 
"spoofed" through the transmission of false GPS signals by an adversary 
during times of war. Hence civilian GPS receivers are unable to make direct P-
Code pseudo-range measurements and must use proprietary (indirect) signal 
tracking techniques to make measurements on the L2 carrier wave (for both 
pseudo-range and carrier phase). All dual-frequency instrumentation must 
therefore overcome AS using these special signal tracking and measurement 
techniques.

Availability The number of hours per day that a particular location has sufficient satellites 
(above the specified elevation angle, and perhaps less than some specified 
PDOP value) to make a GPS position determination possible.

BIAS All GPS measurements are affected by biases and errors. Their combined 
magnitudes will affect the accuracy of the positioning results (they will bias the 
position or baseline solution). Biases may be defined as being those 
systematic errors that cause the true measurements to be different from 
observed measurements by a "constant, predictable or systematic amount", 
such as, for example, all distances being measured too short, or too long. 
Biases must somehow be accounted for in the measurement model used for 
data processing if high accuracy is sought. There are several sources of biases 
with varying characteristics, such as magnitude, periodicity, satellite or receiver 
dependency, etc. Biases may have physical bases, such as the atmosphere 
effects on signal propagation or ambiguities in the carrier phase 
measurements, but may also enter at the data processing stage through 
imperfect knowledge of constants, for example any "fixed" parameters such as 
the satellite ephemeris information, station coordinates, velocity of light, 
antenna height errors, etc. Random errors will not bias a solution. However, 
outlier measurements, or measurements significantly affected by multipath 
disturbance (which may be considered a transient, unmodelled bias), will bias 
a solution if the proportion of affected measurements is relatively high 
compared to the number of unaffected measurements. For this reason, long 
period static GPS Surveying is more accurate (less likely to be biased) than 
"rapid static surveying" or kinematic (single-epoch) positioning.

Binary Shift-Key (BSK) 
Modulation

BSK is a modulation technique by which a binary message, such the 
Navigation Message or the PRN codes (consisting of 0's and 1's), is imprinted 
on the carrier wave. Unlike Amplitude Modulation (AM) and Frequency 
Modulation (FM), BSK Modulation does not alter the signal level (the 
"amplitude") or the carrier wavelength (the "frequency"). At a change in value 
of the message from 0 or 1, or from 1 to 0, the carrier wave is reversed (the 
phase is "flipped" by 180°). All reversals take place at the zero-crossings of the 
carrier (sine) wave (i.e., where the phase is zero).
Subject  to  Export  Control ,  see Cover Page for  detai ls .
B - 1



GPSG-1000  
OPERATION MANUAL
Term Description

C/A Code The standard (Clear/Acquisition) GPS PRN code, also known as the Civilian 
Code or S-Code.  A spread spectrum direct sequence code only modulated on 
the L1 carrier,used by the GPS receiver to acquire and decode the L1 satellite 
signal, and from which the L1 pseudo-range measurement is made.

Carrier A radio wave having at least one characteristic (e.g., frequency, amplitude, 
phase) that can be varied from a known reference value by modulation. In the 
case of GPS there are two transmitted carrier waves: (a) L1 at 1575.42MHz, (b) 
L2 at 1227.60MHz, modulated by the Navigation 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 carrier signal. May refer to the 
fractional part of the L1 or L2 carrier wavelength (approximately 19cm for L1, 
24cm for L2), expressed in units of metres, cycles, fraction of a wavelength or 
angle. (One cycle of L1 is equivalent to one wavelength, and similarly for L2.) In 
carrier phase-based positioning, such as employed in GPS Surveying 
techniques, carrier phase may also refer to the accumulated or integrated 
measurement which consists of the fractional part plus the whole number of 
wavelengths (or cycles) since signal lock-on.

Carrier Aided Tracking A signal processing strategy that uses the GPS carrier signal to achieve an 
exact lock-on the PRN code. More efficient and accurate than the standard 
approach.

Clock Bias The difference between the receiver or satellite clock's indicated time and a 
well-defined time scale reference such as UTC (Coordinated Universal Time), 
TAI (International Atomic Time) or GPST (GPS Time).

Code Phase GPS measurements based on the C/A-Code. The term is sometimes restricted 
to the C/A- or P-Code pseudo-range measurement when expressed in units of 
cycles.

Constellation Refers to either the specific set of satellites used in calculating a position, or all 
the satellites visible to a GPS receiver at one time, or the entire ensemble of 
GPS satellites comprising the Space Segment.

Control Segment A world-wide network of GPS monitoring and upload telemetry stations 
operated by, or on behalf of, the US Department of Defense. The tracking data 
is used by the Master Control Station at Colorado Springs to calculate the 
satellites' positions (or "broadcast ephemerides") and their clock biases. These 
are formatted into the Navigation Message which is uploaded on a daily 
(perhaps more frequently) basis by the Control Segment stations.

Correlator The GPS receiver "software" or electronic means, implemented in some fashion 
(either analogue or digital) within a Tracking Channel, used to shift or compare 
the incoming signal with an internally generated signal. This operation is 
performed on the PRN codes, but may be used for more "exotic" mixed signals 
in the case of L2 measurements, where under the policy of Anti-Spoofing (AS) 
the L2 PRN code is not known. Correlator design may be influenced such that it 
is optimised for accuracy, mitigation of multipath, acquisition of signal under 
foliage, etc.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Cut Off Angle The minimum acceptable satellite elevation angle (above the horizon) to avoid 
blockage of line-of-sight, multipath errors or too high Tropospheric or Ionospheric 
Delay values. May be preset in the receiver, or applied during data post-
processing. For navigation receivers may be set as low as 5°, while for GPS 
Surveying typically a cutoff angle of 15° is used.

Data Message Also known as the Navigation Message. A 1500 bit message modulated on the L1 
and L2 GPS signal, which contains the satellite's location (or ephemeris), clock 
(bias) correction parameters, constellation almanac information and satellite 
health.

Differential GPS (DGPS) A technique to improve GPS accuracy that uses pseudo-range errors measured 
at a known Base Station location to improve the measurements made by other 
GPS receivers within the same general geographic area. It may be implemented 
in real-time through the provision of a communication link between the GPS 
receivers, transmitting the correction information in the industry-standard RTCM 
format, or various proprietary formats. May be implemented in single Base Station 
mode, in the so-called Local Area DGPS (LADGPS), or using a network of Base 
Stations, as in the Wide Area DGPS (WADGPS) implementation.

Dilution of Precision 
(DOP)

An indicator of satellite geometry for a unique constellation of satellites used to 
determine a position. Positions tagged with a higher DOP value generally 
constitute poorer measurement results than those tagged with lower DOP. There 
are a variety of DOP indicators, such as GDOP (Geometric DOP), PDOP (Position 
DOP), HDOP (Horizontal DOP), VDOP (Vertical DOP), etc.

Dithering The introduction of digital noise into the system. "Clock dithering" is the process 
by which the U.S. Department of Defense (DoD) degrades the accuracy of the 
Standard Positioning Service (i.e. absolute positioning of a C/A-Code capable 
receiver). "Clock dithering" is the additional satellite clock "bias" induced by the 
DoD's "Selective Availability" policy that cannot be corrected for by the broadcast 
Navigation Message clock correction parameters.

Doppler Shift The apparent change in the frequency of a signal caused by the relative motion of 
the transmitter and receiver.

Dual Frequency Refers to the instrumentation that can make measurements on both L-Band 
frequencies, or to the measurements themselves (e.g., L1 and L2 pseudo-range 
or carrier phase measurements). Dual-frequency measurements are useful for 
high precision (pseudo-range-based) navigation because the Ionospheric Delay 
bias can be determined, and the data corrected for it. In the case of Double-
Differenced carrier phase, dual-frequency observations can account for the 
residual ionospheric bias (for case of long baselines), or aid Ambiguity Resolution 
for "rapid static" or "kinematic" baseline determination. All "top-of-the-line" GPS 
receivers are of the dual-frequency variety, and are comparatively expensive 
because of the special signal processing techniques that must be implemented to 
make measurements on the L2 carrier under the policy of Anti-Spoofing.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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Ephemeris (plural: 
Ephemerides)

The file of values from which a satellite's position and velocity (the so-called 
"satellite state vector") at any instant in time can be obtained. The "Broadcast 
Ephemeris (or Ephemerides)" for a satellite are the predictions of the current 
satellite position and velocity determined by the Master Control Station, uploaded by 
the Control Segment to the GPS satellites, and transmitted to the user receiver in 
the Data Message. "Precise Ephemeris (or Ephemerides)" are post-processed 
values derived by, for example, the International GPS Service (IGS), and available 
to users post-mission via the Internet.

Fix A single position with latitude, longitude (or grid position), altitude (or height), time, 
and date.

Geometric Dilution of 
Precision (GDOP)

An indicator of the geometrical strength of a GPS constellation used for a position/
time solution.

Global Navigation 
Satellite 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 Organisation (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 Orbiting 
Navigation Satellite 
System (GLONASS)

This is the Russian counterpart to GPS. It consists of a constellation of 24 satellites 
(though the number may vary due to difficulties in funding for the system) 
transmitting on a variety of frequencies in the ranges from 1597-1617MHz and 
1240-1260MHz (each satellite transmits on two different L1 and L2 frequencies). 
GLONASS provides worldwide coverage, however, its accuracy performance is 
optimised for northern latitudes, where it is better than GPS's SPS (there being no 
"Selective Availability" on GLONASS satellites). GLONASS positions are referred to 
a different Datum to those of GPS, i.e. PZ90 rather than WGS84.

Global Positioning 
System (GPS)

A system for providing precise location which is based on data transmitted from a 
constellation of 24 satellites. It comprises three segments: (a) the Control Segment, 
(b) the Space Segment, and (c) the User Segment.

GPS Time (GPST) GPST is a form of Atomic Time, as is, for example, Coordinated Universal Time 
(UTC). GPST is "steered" over the long run to keep within one microsecond of UTC. 
The major difference is that while "leap seconds" are inserted into the UTC time 
scale every 18 months or so to keep UTC approximately synchronised with the 
earth's rotational 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 
fraction of a microsecond that varies from day to day). The relationship between 
GPST and UTC is transmitted within the Navigation Message.

Height (Orthometric) The Orthometric Height is the height of a station on the earth's surface, measured 
along the local plumbline direction through that station, above the Geoid surface. It 
is approximated by the "Height Above Mean Sea Level", where the MSL Datum is 
assumed to be defined by the mean tide gauge observations over several years. 
The relationship between Orthometric Height (H) and Ellipsoidal Height (h) is : h = H 
+ N, where N is the Geoid Height or Geoid Undulation with respect to the Reference 
Ellipsoid. Orthometric Height is traditionally derived from geodetic levelling (using 
such techniques as optical levelling, trigonometrical levelling, barometric levelling).
Subject  to  Export  Control ,  see Cover Page for  detai ls .
B - 4



GPSG-1000  
OPERATION MANUAL
Term Description

Ionosphere, Ionospheric 
Delay

The Ionosphere is that band of atmosphere extending from about 50 to 1000 kilometres 
above the earth's surface in which the sun's ultraviolet radiation ionises gas molecules 
which then lose an electron. These free electrons influence the propagation of 
microwave signals (speed, direction and polarisation) as they pass through the layer. 
The Ionospheric Delay on GPS signals is frequency-dependent and hence impacts on 
the L1 and L2 signals by a different amount (unlike that within the Troposphere). A 
linear combination of pseudo-range or carrier phase observations on the L1 and L2 
carrier waves can be created to almost entirely eliminate the Ionospheric Delay. The 
resulting observable is known as the Ionosphere-Free carrier phase (or pseudo-range). 
For single-frequency receivers it is not possible to account for this signal bias in this 
way. A broadcast model is contained within the transmitted Navigation Message, 
however, it is a relatively poor model (unlikely to account for more than 50% of the 
effect) as the Delay is very difficult to predict. The magnitude of the Ionospheric Delay 
is a function of the latitude of the receiver, the season, the time of day, and the level of 
solar activity. The Delay in the Zenith direction can be several tens of metres, 
increasing as the elevation angle of the satellite signal reduces (being 3-5 times greater 
than in the Zenith direction). The Delay is largely eliminated in Relative or Differential 
Positioning, however, the residual Ionospheric Delay increases as the baseline length 
increases and may be a significant source of error (especially in the height component) 
for very high precision GPS Geodesy. Even when using dual-frequency 
instrumentation, the Ionospheric Delay can still cause problems during the process of 
rapid Ambiguity Resolution when phase and range combinations other than the 
Ionosphere-Free one are used.

L1 Frequency 
1575.42MHz

GPS carrier frequency which contains the C/A-Code, the encrypted P-Code (or Y-
Code) and the Navigation Message. Commercial GPS navigation receivers can track 
only the L1 carrier to make pseudo-range (and sometime carrier phase and Doppler 
frequency) measurements.
Subject  to  Export  Control ,  see Cover Page for  detai ls .
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