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GNSS Receivers Developments and Applications

Navegacéo e Controle

NAVCON —FOUNDED IN 1998

ENGINEERING DEVELOPMENT AND APPLICATIONS

MOTION MEASUREMENT —ATTITUDE AND NAVIGATION
ENGINEERING TEAM:

2 Enior Development Engineering Managers
3 PhD and 2 M Conaultants
3 M Degree in GNSS Engineers
1 Mt Degree Engineersin Control and Inertial Systems
3 Hectronic Engineers
1 Mechatronics Engineer
1 Postgraduate in Software Engineering
4 Software Analysts
1 Mechanics Designer
9 Technicians
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GNSS Receivers Developments and Applications

’ Navegacéo e Controle

Areas of Business:

GNSS Inertial Systems
Motion Measurement Systems
Attitude Reference Systems

Navigation Systems
GNSS Receivers
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CLIENT: PETROBRAS
Anchorage monitoring system

Buoy monitoring systems
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CLIENT: PETROBRAS
Riser monitoring system
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CLIENT: VALE
Survey of interferences in railroads
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CLIENT: ALSTOM TRANSPORTATION

Railroad navigation system and high reliability
autonomous siding detection system using GNSS and
Inertial sensors.

CLIENT: CTA - IAE

Inertial reference system for satellite lunchers

CLIENT: CTA - IEAvV

GNSS-Inertial reference navigation system
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DEVELOPMENT OF LINE OF PRODUCTS OF NAVIGATION AND
CONTROL

CLASSES OF ATTITUDE AND HEADING AND NAVIGATION GPS-
INERTIAL SYSTEMS

MEMS GYROS FIBER OPTIC GYROS
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HISTORICAL PERSPECTIVE OF GPS DEVELOPMENTS INSIDE N AVCON
AIM: TECHNOLOGICAL CAPABILITY DEMONSTRATION

START OF INS-GPS DEVELOPMENTS IN 1998
(cooperation with Navy IPgM)

START OF GPS ATTITUDE SYSTEM

DEVELOPMENTS IN 1999
(cooperation with INPE)

START OF GPS RECEIVER DEVELOPMENT FROM CHIPSET IN 2001
(cooperation with INPE)
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HISTORICAL PERSPECTIVE OF GPS DEVELOPMENTS INSIDE N AVCON
MOTIVATION:

GPS HISTORY:

MILITARY ORIGIN: L1(CODE) WAS FOR ACQUISITION OF L2(CODE)

UNEXPECTED FACTS: L1(CODE) ACCURACY BETTER THAN
EXPECTED ... SA

DIFFERENTIAL GPS
L2 CODELESS RECEIVERS
RESTRICTIONS: SOLUTIONS FREEZES AT 60000 FT AND/OR 1000 KNOTS

NOT ONLY MILITARY APPLICATIONS BUT SPACE TOO.
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HISTORICAL PERSPECTIVE OF GPS DEVELOPMENTS INSIDE N AVCON
AIM: TECHNOLOGICAL CAPABILITY DEMONSTRATION

GPS RECEIVER FROM CHIPSET FOR SPACE APPLICATION (Technological

Satellite prepaired for launch in the Brazilian Satellite Launcher)
(Contract from INPE)
USE CONCEPTS SIMILAR TO THE ONES USED BY DLR (GERMAN SPACE AGENCY)

NEW VERSION UNDER FINAL DEVELOPMENT
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NEW DEVELOPMENTS IN COOPERATION WITH GNSS LABORATOR Y
IN ITA

AIM: PROFESSIONAL RECEIVERS

THREE YEAR DEVELOPMENT PROGRAM UNDER FINANCING
CONTRACT OF FINEP: LINE OF PROFESSIONAL GPS SOFTWAR E
RECEIVERS WITH EMBEDDED INERTIAL MEMS SENSORS AND
FUSION ALGORITHMS AND ATITTUDE ESTIMATION CAPABILIT Y
WHEN USED IN TWO OR MORE SETS.

PROGRAM PHASES:
BASIC L1 RECEIVER
GPS-INERTIAL RECEIVER
RTK RECEIVER
ATTITUDE RECEIVER
MULTI-FREQUENCY FRONT-END AND SOFTWARE
SPECIFICATION FOR MULTI-SYSTEM FRONT-END AND SOFTWA RE

CURRENT STATUS: REAL-TIME PROGRAMMING OF BASIC RECEIVER

. ALGORITHM DEVELOPMENTS
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GNSS Receiver (Overview)

. Function: Signal-In-Space reception;  amplification ; filtering ; signal
conditioning ; navigation bits demodultiion ; and user position

estimation (PVT — Position, Velocity and, Time).
Demodulation and PVT

RHCP calculation (Postion, Velocity and
Antenna time)
Software
Receiver
(SW) User Graphical
L1 Front-End Interface

Filtering, Amplification
and Digital Analog
Conversion Target
DSP Sharc
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GPS Software Receiver using actual data

Calculated Position

|

Software Receiver in Matlab (Results)
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CONTRACT FOR DELIVERY OF FUNCTIONAL AEROSPACE SPEC
RECEIVER FOR INPE

BASIC L1 SOFTWARE GPS RECEIVER
TRACKING LOOPS AND PROCESSING ADAPTED FOR:
LOW ORBIT EARTH SATELLITE
SATELLITE LAUNCHER

DEMONSTRATION USING L1 GPS SIMULATOR FROM INPE BY T HE
END OF 2009

Alcantara Base
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GPS
software
receiver

Target:
SHARC-
21369 EZ
KIT Lite

m code to simulink
code conversion

Embedded C/C++ code
Visual DSP++

alileo Networking Meeting for Industry
GNSS Receivers Developments and Applications

BASIC L1 SOFTWARE GPS RECEIVER USING DSP SHARC
Basic Idea

GPS
software

receiver
Simulink

Automatic co
generation
Embedded link
(Mathworks)

GPS
software

receiver
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BASIC L1 SOFTWARE GPS RECEIVER USING DSP SHARC

GPS SOFTWARE
RECEIVER

CODE
DSP SHARC
69 EZ KIT LITE L
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PERSPECTIVES FOR WORK ON THE GALILEO SYSTEM

PROPOSAL AND DEVELOPMENT OF A GALILEO RECEIVER
BASIS:

PREVIOUS TEAM EXPERIENCE IN GALILEO:

Eng. Alexandre Oliveira, M.Sc.:
* Working as member of the GNSS laboratory at ITA since 2001.
* Master in navigation and related applications (Politecnico di Torino - Italy) with
emphasis in the Galileo System.

Eng. Elvis Oliveira, M.Sc.:
* Working as member of the GNSS laboratory at ITA since 2007.
* Thesis: “Galileo software receiver”

ON-GOING DEVELOPMENTS IN GPS SOFTWARE RECEIVERS

PARTICIPATION IN OPERATION OF A GALILEO RECEIVER
STATION
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Signal Generation Interface:

* Generated signal based on Galileo signal-in-space
space : interface control document. 2007

User Interface (GUI). Signal setup and signal generation (Left).
Signal-In-Space (SIS) and power spectral density (Right).
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GALILEO SIGNAL-IN-SPACE GENERATION

Digitalized Singal (2 bits)

*Carrier @ 1.575,42 MHz;
*Subcarrier @ 1,023 MHz;
*PRN code: 4,092 chips;

Galileo E1- B signal architecture:

*Navigation data bits @ 250 sps.

Power Spectral
/ Density (Baseband)
PSD (Received

Signal)
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Power spectral density: GPS BPSK,

: interface control document, Draft 0. 2007 and, GIOVE-A navigation signal-in-

Galileo BOC(1,1) and BOC(10,5).
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GALILEO SOFTWARE RECEIVER

Search Space

frequency
nel setup

(left). Search space, frequency and code delay profile (Rigth).

space : interface control document. 2007

Receiver interface: frequency and channel configuration, PLL and DLL configuration

Search Space
(Frequency profile)

Search Space
(Code delay profile)

Parameter Value
Carrier frequency 1,575.42 MHz
Intermediate frequency 2.52 MHz
Sampling frequency 10 MHz
PRN code length 4 ms
Chip number 4,092 chips
Chip Rate 1.023 Mcps
Symbol Rate 250 sps
* Generated signal based on Galileo signal-in-space  : interface control document, Draft 0. 2007 and, GIOVE-A navigation signal-in- 20
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ON-GOING DEVELOPMENTS IN GALILEO SOFTWARE

~ RECEIVERS
Galileo

* MBOC/BOC Software receiver implementation:

* Post processing:

* MATLAB/Simulink and;

* Microsoft Visual C#
* Real-time implementation: Embedded Code (C/C++ using
Visual DSP++).

* Galileo SW Receiver based on Signal-In-Space: Interface
Control Document , Draft 1. 2008.



