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ABSTRACT

This paper presents the results of augmenting an INS/GPS navigation system with a barometric altimeter for an autonomous Uninhabited Aerial Vehicle (UAV). The INS/GPS system was designed using a loosely coupled integration architecture that incorporates the GPS navigation solution. The GPS typically has a poor accuracy in vertical channel due to satellite geometry and atmospheric effects. Even worse, the vertical channel is vulnerable to faults due to its inappropriate dynamic model coupled with the frequent loss of satellites when the UAV would bank. From the real-time flight tests, huge GPS faults were observed in the vertical axis, causing the INS/GPS navigation system to become unstable. By augmenting the baro-altimeter data, the vertical channel can be stabilized under GPS fault conditions. A ten-state Kalman filter was designed to optimally blend the INS with GPS and baro-altimeter. The results using the flight data show that the baro-altimeter augmented INS/GPS navigation system can provide more reliable and accurate navigation solutions under high maneuvering environments.
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An Inertial Measurement Unit (IMU) affects the tracking performance of an Ultra-Tightly Coupled Global Positioning System (GPS) aided Inertial Navigation System (INS). This paper presents the results of the tracking performance of an Ultra-Tightly Coupled GPS/INS when low cost Miniature Electro-Mechanical Systems (MEMS) based IMUs replace higher cost Ring Laser Gyro Based IMUs and when low cost Temperature Compensated Crystal Oscillators (TCXOs) replace higher cost Ovenized Crystal Oscillators (OCXOs) as GPS time references. This paper provides an overview of the system design and performance of a miniaturized ultra-tightly coupled GPS navigation system and the implications of oscillator and IMU quality on the tracking and navigation performance of this system.  In a tightly coupled system I and Q data are input to traditional fixed gain tracking loops. Residuals are then formed between the LOS projected navigation solution and the tracking loop outputs.  High rate IMU inputs are converted to line of sight aiding via the navigation function, in order to reduce tracking loop bandwidths and provide a level of tracking stability.

In an ultra-tightly coupled system the tracking loop block is replaced by an Integrate and Dump (I&D) processing block.  Both range and range rate residuals are formed directly with the I&D block, producing uncorrelated measurements into the Kalman Filter. The Navigation Kalman Filter now “plays the role” of the loop filter in directly stabilizing tracking errors.  Additional states are added in the Kalman Filter for IMU and oscillator performance.  This technique reduces the effective bandwidth of the tracking loop, which results in higher tracking performance. Both carrier and code residuals are processed.  IMU and oscillator quality therefore plays a direct role in receiver tracking performance and navigation accuracy in both tightly coupled and ultra-tightly coupled systems.

Results presented in this paper were collected from both a high fidelity C-model simulation of an ultra-tightly coupled navigation receiver and from laboratory testing of Raytheon’s miniaturized ultra-tightly coupled GPS navigation system when integrated with a variety of IMUs and oscillator technologies.
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For the past two years the United States, the Australian and the British militaries have been aggressively working to determine current capabilities to geo-locate GPS jammers in the electronically challenged environment.  The classified results from these test efforts have highlighted the need for the civil community to similarly address this problem as GPS and other satellite navigation and timing systems evolve over the next decade.  Interference sources, both intentional and unintentional pose a serious threat to many civil and commercial infrastructures.  The military approach has been to subdivide the problem into four distinct areas: (1) detection of the interference source, (2) characterization of the interference signal, (3) geo-location of the interference source, and (4) discrimination between multiple interference sources.  This paper will provide the civil community insight into the complexity of the problem, ramifications of not being prepared to counter this potentially hazardous situation, critical considerations that must be addressed from a civil perspective, and potential synergies between the military and civil arms of a nation to collectively work to overcome this situation.
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Today, the GPS Support Center located at Schriever AFB, CO, supports the United States Government (USG) in its global commitments to provide GPS as the international standard for positioning, navigation and timing services.  The Center’s mission is threefold: (1) act as the clearing house to support resolution of GPS service disruptions, military and civil, (2) support resolution of reported problems related to signal performance and (3) serve as the single point of contact to provide USSTRATCOM with civil issues that need to be addressed.  GPS continues to be the foundation system for the Global Navigation Satellite System (GNSS) architecture.  The GPS Support Center is an integral component of the USG’s infrastructure to ensure that GPS is available and performing to specifications in providing GPS military and civil signals as a key element of the GNSS architecture.  This paper will highlight how the center has continued to evolve over the last two years in meeting both civil and military needs while providing insight into the future growth that is planned for the Center.
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Helicopters, in common with most aircraft, have components replaced at fixed intervals.  These intervals are generally specified in terms of the number of flight hours flown.  When helicopter manufacturers calculate these intervals for their helicopters, they take a "worst case" approach.  That is, they assume the worst sort of flying for their helicopter calculate the damage done in each component and thus determine replacement intervals.

Usage monitoring is a research field with the ultimate goal of determining component replacement intervals based on how the helicopter is actually used rather than an assumed worst-case usage.  One usage monitoring technology is flight condition monitoring.  That is, identifying the flight conditions that the helicopter is in during each flight (eg. hover, level flight, right turn, left turn) and how long it spends in each of those flight conditions.  One of the important parameters for flight condition monitoring is airspeed, but the normal method of determining airspeed does not work for helicopters when their speed drops below about 30 knots (55 km/h).  Helicopters can spend considerable amounts of time at these low speeds (eg. hovering to rescue people or moving forwards, backwards or sideways at very low speeds), so it is important that a method of measuring low airspeeds is developed.

GPS has the ability to provide location, ground velocity and heading information. This study looks at the potential for GPS to be utilised as a low airspeed sensor in a condition monitoring system. 
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Both WAAS and LAAS are differential GPS systems.  They measure GPS performance with GPS receivers at known locations.  These reference receivers compare the measured pseudoranges to those that should exist at their known locations.  The differences are converted to corrections and error bounds that are broadcast to participating aircraft in real-time.  The corrections are applied by the avionics and improve the accuracy of GPS from ten meters to one meter or better.

However, the error bounds constitute the truly essential purpose of WAAS and LAAS.  These bounds are called protection levels (PLs) and must over bound the true position error under all conditions and in real time.

The pilot uses the current PL to determine whether a particular operation is safe.  If the protection level is smaller than the alarm limit (AL) required for a particular operation, then the pilot may fly that procedure.  This means that the fidelity of this real time protection level determines flight safety.  If the PL fails to bound the error, then the pilot may attempt a landing that is not safe and integrity has failed.  On the other hand, the PLs cannot be too conservative - otherwise the full capability of the system will not be utilized.  The essential purpose of LAAS and WAAS is to provide these real time error bounds or protection levels. 

This paper uses two examples to teach how the LAAS and WAAS ground systems develop their protection levels.  First, the mitigation of ionospheric threats in WAAS is discussed.  Second, the mitigation of satellite signal failures in LAAS is discussed.  Taken together, these examples begin to teach how the protection levels are formed.
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During the first half of 2003, Telstra will be conducting a user trial of a new service specifically designed for mobile users in vehicles. This Telematics trial will look at the appropriate use of high-definition interfaces to mobile data products, initially targeted at people in vehicles.

The easy to use platform provides access to new services applications in a way that minimizes driver distraction. An example of this is the vehicle navigation service, which includes a PocketPC PDA, a GPRS mobile phone and a GPS unit. The service provides users with voice prompted turn by turn instructions as well as a map of their chosen route - much easier and safer than reading a street directory whilst trying to drive at the same time. All data is served remotely to the PDA in the vehicle which means that the driver is able to receive most up to date routes and point of interest information.

In-vehicle satellite navigation systems have been around for many years however most are not easily portable between vehicles nor do they have integrated real time information such as traffic congestion, current fuel prices or available car parking. This trialed service includes the ability to link real time information currently available using the same interface - one of the applications, provides drivers with information about the cheapest fuel near their current location, and directs them to that service station using spoken as well as visual instructions.

This presentation will discuss the key findings of the trial and it's implication for launching future in-vehicle services.
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The Alaskan Region's "Capstone Program" is an accelerated effort to improve aviation safety and efficiency through installation of government-furnished Global Positioning System (GPS) based avionics and data link communications suites in commercial aircraft serving the Yukon delta area.

Approximately 200 aircraft have been equipped. Compatible ground systems, equipment, and services have also been provided. The name "Capstone" is derived from the program's effect of drawing and holding together concepts and recommendations contained in reports from RTCA, the National Transportation Safety Board Development (CAASD), and Alaskan aviation industry representatives. In addition to the avionics suites, "Capstone" has deployed ground infrastructure for weather observation, data link communications, surveillance, and Flight Information Services (FIS) to improve safety and enable implementation of new procedures.


As of January 1, 2001, the "Capstone" program has used ADS-B technology to vector an IFR equipped aircraft for instrument approach. Phase Two of "Capstone" will include the first use of Wide Area Augmentation System (WAAS) avionics in US airspace. This presentation will list and discuss the implementation and benefits of cutting edge GPS enabled technology for aviation use.
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GPS adaptive antenna arrays are effective against a large number of intentional and unintentional interference scenarios. However, the number of interferences that can be cancelled is limited by the number of antenna elements, and only N-1 interferences can be cancelled by an N element antenna array. As the number of antenna elements increases, the size of the antenna array can become prohibitive in many applications. 

One way to increase the number of antenna elements, without increasing the size of the antenna array, is to use dual-polarised antenna elements, and treat each polarisation as a separate antenna element. Such a polarimetric antenna array potentially allows more interferences to be cancelled, without increasing the size of the antenna array. 

Most of the adaptive beamforming algorithms that have been applied to non-polarimtric GPS antenna arrays can also be applied to polarimteric antenna arrays. They can be broadly split into two groups: Null-steering, or power minimisation algorithms, that simply steer nulls at jammers without considering the satellite direction of arrival (DOA), and beam-steering antenna arrays that make full use of the satellite DOA information in the adaptive algorithm. Beam-steering antenna arrays have superior performance, but also tend to be more complex, as they require a separate beamformer per satellite channel.

In this paper, only null-steering antenna arrays will be considered. Null steering antenna arrays simply adjust the weighting of each antenna channel to minimise the output power of the adaptive antenna array subject to a fixed weighting on the “reference antenna” channel. Two different variants of the power minimisation algorithm have recently been applied to polarimetric antenna arrays. These algorithms differ in the choice of the reference antenna: in one case the reference antenna is simply one of the polarisations from one of the antennas, while in the other case it is the output from a circularly polarised antenna. Both of these approaches have draw backs, in the first case, 3 dB of signal to noise power (SNR)  is lost because the polarisation of the reference antenna is not matched to the polarisation of the GPS signal, while in the second case, one degree of freedom is lost because the polarisation of the reference antenna cannot be changed.

In this paper we present a variant of the power minimisation algorithm that overcomes the above limitations. This algorithm achieves better overall SNR performance by incorporating the additional information that all GPS signals are circularly polarised into the optimisation criteria. The improvement in  SNR is obtained at minimal additional complexity, as the adaptive antenna array is still based on a single beamformer and does not require any satellite DOA information.
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In-vehicle navigation systems (IVNS) rely on vehicle location data from GPS to provide turn-by-turn route guidance to drivers.  This paper stems from a research project being undertaken at Monash University to investigate the impact of IVNS on driver’s travel behaviour.  The project is exploring a range of impacts including the effects on the number of car trips, the purpose of those trips, the distance travelled and the routes taken.

A group of Melbourne drivers were recruited and have used an IVNS in their vehicle for a four-week period.  The field experiment required that the participants travel behaviour be monitored before and during the period where they had access to the IVNS.  The monitoring of the participants travel behaviour was undertaken using a passive GPS data logger, which required minimal manipulation by the participants, and a simplified paper travel diary to record trip purpose information. The downloaded GPS data was plotted onto a digitised map and then presented in a Geographic Information System environment.  In addition to the quantitative data, this visual representation of people’s travel patterns was used when follow up interviews were conducted with the participants to discuss their reactions to the IVNS.

This paper presents the preliminary findings from the study and discusses the challenges associated with using only the GPS data to study travel patterns.
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In order to resolve integer ambiguities over long (>100km) GPS baselines, the residual ionospheric error remaining after double differencing must be modelled. To resolve the L1 and L2 integer ambiguities directly this means that the ionospheric error must be estimated for every satellite, every epoch. The resulting number of parameters is usually too large to be dealt with using conventional estimation techniques. Currently the technique of pre-elimination is used to overcome this problem by modelling the ionospheric parameters stochastically. However, for long baselines pre-elimination has several drawbacks because it treats a systematic error as noise and relies on a deterministic model. In this paper, the pre-elimination technique is compared to an alternate technique based on sequential phased adjustment proposed by the authors. Results of tests conducted using long baselines are presented to illustrate the comparative strengths of the two techniques. 
KEYWORDS: GPS, ionosphere, long baseline, QIF 
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Western Australia’s Spatial Cadastral Database (SCDB) is well advanced in terms of survey accuracy with almost 70% of cadastral polygons having been captured.  The integrity of the coordinate data in the SCDB is paramount to the surveying, GIS and other spatial industries and they need assurances that the information that they use has the required accuracy and reliability to meet their needs.  The Department of Land Administration (DOLA) Survey Inspection Group has utilised Real Time Kinematic GPS to validate the spatial accuracies of the SCDB coordinates in a range of cadastral environments.  This has provided the Department and its customers with important information about the reliability of the coordinate data.  This paper describes the Western Australian land development processes and the role of the Survey Industry, in providing survey accurate cadastral data to DOLA for integration into the SCDB, DOLA’s procedures for the integration and adjustment of control networks and deposited plans, the accuracy and reliability of the SCDB coordinates used by industry and the public, and details some case studies of spatial validation projects undertaken using RTK GPS including a summary of results and comparisons with terrestrial validations.
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In 20 years of operation, GPS has become an integral part of society.  GPS usage varies from bushwalking to taxi tracking and clock synchronisation for finance systems.  With this high reliance upon GPS, prolonged outages could have a significant economic effect.  Currently there are various situations when GPS will not operate.  The presence of intentional or unintentional jamming and spoofing sources and /or high multipath environments are example of these situations.

This paper presents the results of a multipath / spoofing investigation using a Novatel receiver and a GPS constellation simulator.  The purpose of this investigation was to determine the repeatability of the simulator with respect to multipath / spoofing generation.  This analysis forms the basis for further studies of spoofing and multipath effects on new GPS receiver architectures.

Multipath analysis was conducted with the Code-Minus-Carrier algorithm.  This technique was utilised to determine the Multipath mitigation technology employed within the Novatel GPS receiver.  Approximately 140 multipath / spoofing scenarios were created with the simulator.

The analysis of data sets indicated that MET technology was employed by the Novatel receiver.  General repeatability of the simulator was also concluded.  Results showing required signal power to jam / spoof the Novatel are also presented, along with the effects on the GPS observables.  Analysis is also made of the multipath environment affecting FEDSAT and comparison is made to predictions from a comprehensive multipath modelling system.
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The South Pacific Sea Level and Climate Monitoring Program sponsored by the AusAid has now entered its third five-year phase which includes the establishment of a continuous permanent GPS network at the tide gauges to determine absolute sea level change.  The CGPS network is used to monitor any secular vertical crustal motion at the tide gauges in an accurate, consistent global terrestrial reference frame (ITRF2000) in order to decipher the signals from sea level change and vertical crustal motion.  Data from the CGPS network (the first station being established in July 2001) is processed daily in order to establish an accurate height time series.  To obtain more reliable vertical crustal motion signals, the height time series of 8 CGPS sites are analysed using time series analysis techniques.  This presentation provides details on the data processing of the CGPS network and on the height time series analysis. 
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The next decade will see the development of a European-led satellite constellation called Galileo and the modernisation of the existing GPS satellite constellation. These developments will see a dramatic increase in satellite availability and the introduction of a third frequency. This will allow for the use of various linear combinations and new mathematical models that exploit the availability of a third frequency and an integrated solution. Some of the new linear combinations will have properties such as longer wavelengths and/or lower noise levels that can aid in successful ambiguity resolution due to the increased ambiguity spacing, whilst the presence of additional satellites when using both constellations is expected to improve the reliability of ambiguity resolution. The aims of this paper are firstly to highlight the possible new observation models (Galileo and GPS + Galileo) and secondly to explore the improved ambiguity resolution performance through the use of new linear combinations involving either single GNSS or combined triple frequency GPS and Galileo observations.
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In the past few years, various types of GPS devices have been developed for use in connection with travel surveys of various types. This paper describes applications in Sydney, Australia, in which the GPS devices have been used to collect data on automobile trips within the urban area, with the goal of developing information about travel times, driving cycles, and the incidence and severity of congestion.

The first issue in applying GPS to the measurement of travel times along specific corridors is to develop a process for sampling segments of streets and then to determine how to combine the segment data to provide data on corridor levels of service, as well as updating link travel times. The paper describes the procedure used to develop the samples for two exercises – one in which measurements were made to compare the travel times on a toll road to those of the surface streets with which the toll road was intended to compete; the second in which measurements were made to update the travel times on major arterial routes through a region within Sydney for the purposes of developing plans for alternative congestion relief.

The paper describes the results of the data collection in both cases, estimates the sampling errors on segment, link, and corridor travel times, and compares the results with posted speed limits and more traditional speed data. In addition, the paper shows how the data can also be used to identify the extent and severity of congestion along these corridors, and how the data can also be used to determine more information about the driving cycles for vehicles driven along these routes. It is shown that the GPS provides an accurate and inexpensive method to determine speeds, acceleration, deceleration, and the incidence of congestion. The samples, which are not large, are shown to provide accurate data for different time periods of the day, and for each link along the arterial route.
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Augmented reality (AR) technologies enable digitally stored information to be overlaid graphically on views of the real world. As such, they are able to significantly enhance decision-making and management capabilities in complex environments. For land mobile applications, AR can be used to improve driver awareness of the surrounding environment, particularly during times of limited visibility. This type of system can complement other developing technologies capable of alerting drivers when their vehicle is drifting off the road or into a lane of on-coming traffic. 

This research aims to develop an intelligent navigation aid that enables drivers to ‘see’ the road and surrounding vehicles despite poor visibility. An AR system that combines real-time road imagery with augmented information of highlighted road boundaries and surrounding vehicles is described in this paper. Essential to the operation of this system is accurate positioning and attitude (heading, pitch and roll) determination for the vehicle that enables alignment of virtual objects with the real world. Position and attitude is computed using a real-time multi-antenna dual frequency GPS. A fibre optic gyro and vehicle odometer are integrated within a Kalman filter to maintain system operation during GPS outages. Additionally, a video camera mounted on the dashboard captures the driver’s perspective view. Using the positioning and attitude information, a three-dimensional model containing the augmented information is overlaid onto this view.  

The prototype and successful field tests conducted in Melbourne, Australia, are fully discussed in this paper. Practical results and recommendations for future developments are also presented.
Keywords: Augmented Reality – GPS – Dead Reckoning – Intelligent Navigation
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The GPS receiver on FedSat is a single antenna unit, which was integrated on Fedsat jointly by NASA JPL and QUT.  The high-level objectives, for the GPS receiver on the Fedsat mission, are to provide an orbit determination capability and an attitude determination capability, whilst operating within strict power budget requirements.  The current baseline is a total of 20 minutes of operation per 100-minute orbit.

There are two main techniques that can be used in the development of single antenna attitude systems.  The first technique is place the antenna off-axis on a rotating turntable.  This effectively produces a Doppler shift in the carrier signal as the antenna is rotated with respect the GPS satellite.  The second technique is based on the relationship between the strengths of received signal to noise ration and the direction dependent antenna gain pattern to estimate antenna attitude.  This is the technique that is employed for FedSat.

This paper presents the history of the attitude determination capability for FedSat and an outline of the antenna gain pattern tests performed for FedSat.  These tests show the great impact that the spacecraft has on the measured antenna gain pattern [1].  Extensive data collection and simulation of different antenna gain patterns was made using a GPS constellation simulator.  The accuracy of these results, for the attitude determination problem, are shown to be within 30 degrees for the SNR weighted approach [2] and improved to within 15 degrees when mapping of the SNR to offboresight angle approach [3] is taken.  Recommendations for new improved approaches, in both the methodology and in the choice of antenna gain pattern are made.

[1] W.Kellar, “Antenna Pattern Test Report”, TR-FED-14056-EPT, CRCSS GPS group.

[2] C.B. Duncan, C.E. Dunn, “Estimation Attitude form GPS Measurements on One Antenna”, Technical Support Package, Nasa Tech Brief Vol. 22, No. 6, Item # 107.

[3] P. Axelrad and C.P. Behre, “Satellite Attitude Determination Based on GPS Signal-to-Noise Ration”, Proceedings of the IEEE, vol.87, no. 1. Pp. 122-44, Jan 1999.
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The GPS-Based Timekeeping is wildly used in various commercial applications, especially in CDMA wireless communication networks. Most GPS-Based Timekeeping System, shortly GPS clock, adopts OCXO (Oven Controlled Crystal Oscillator) as the local oscillator and controls the OCXO to minimize the time interval error between the 1PPS (1 Pulse Per Second) that GPS receiver generates and the 1PPS timing output of the system. Many literatures show that quartz based oscillator like OCXO typically has non-constant aging characteristics of logarithmic rate. A holdover control with linear regression model results in a large timing error before long-term stabilization of OCXO.

This paper presents a GPS Time restitution technique using GPS raw measurements and a holdover control algorithm for non-constant aging. The usage of GPS raw measurements reduces the flicker noise component of the recovered GPS timing. The holdover control algorithm is composed of the LSA (Least Square Algorithm) and a gradient search algorithm to fit the aging behavior of OCXO to a logarithmic aging model. The paper also presents experimental results, which show the enhanced holdover control performance.
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The continuous growing use of the satellite positioning systems in all the fields of navigation requires a constant improvement of the receiver’s architecture and design methodology in order to increase the reliability, the availability and the robustness of the systems.  Launching of the new European satellite positioning system named GALILEO raises moreover some problems of cohabitation with the wireless systems in place and gives many potential of innovative development like the possibilities of realizing hybrid architectures (eg. combined GPS/GALILEO receiver).  In this context, the use of a generic simulator proves to be essentially useful for the analysis of the signal processing and for the realization of new architectures of future multi-standard navigation receivers.

The proposed simulator is developed on the basis of Matlab/Simulink software and makes it possible to simulate a completely digital architecture of GPS and GALILEO receivers including the simulation of all sources of satellite signals and a generic channel of disturbances (eg. multipath, Doppler, jammer, atmospheric delay, etc).  Moreover, the simulator is completely hierarchical allowing the user to handle all sections in an interactive mode during simulation.

The paper will propose a new concept in navigation receiver design using the world proven telecommunication radio concept of Software Defined Radio in an adapted version for navigation receiver.  The receiver design methodology allows the development of a new concept of Software Defined Navigator applied to GPS/GALILEO multi-standard receiver.

Keywords : SDN – SDR - Simulator – GPS – GALILEO – Architecture – Anti-Jamming – multi-path
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Applications of satellite navigation have seen a tremendous surge in interest in the last few years, owing to improved accuracy, lower cost and better integration with computing equipment.  Car-based navigation systems and handheld pedestrian navigation systems have been a commercial reality for many years.  To date, such systems have been primarily based on a digital representation of a traditional two-dimensional street map.  Recently, a number of research projects around the world have developed wearable computer systems for pedestrian navigation that, through special goggles, present the wearer with a three-dimensional 'augmented reality'.  In a recent, comprehensive study, the traditional plan-view map has been shown to be confusing to a considerable percentage of people.  On the other hand, the wearable augmented reality systems are cumbersome and invasive.

In this paper, we present the preliminary results of a project to build a prototype handheld system based on a personal data assistant (PDA) for pedestrian navigation using three-dimensional graphics.  With this system, the user is presented with a perspective view of their surroundings from his or her actual position, according to a 3D model residing in the PDA.  We discuss how a realistic 3D model of the University of Queensland's St. Lucia campus was developed in the Virtual Reality Modelling Language (VRML) and adapted for use in a commercial off-the-shelf PDA equipped with a GPS receiver.  We report the results of our initial field testing of the system and discuss our intentions for future development of the system.
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Australia has been at the leading edge of satellite navigation research and development over the past 20 years by both military and civil agencies.  Following a review of augmentation systems available and forecasted in 1996/7, Australia proposed a new system to the International Civil Aviation Organisation (ICAO).  The system known as the Ground Based Regional Augmentation Systems (GRAS) was accepted by ICAO and tasked Australia to be the lead State in the development of the concept and the standards and recommended practices (SARPs).  A test bed was built and tested showing that such a system was a viable alternative to other augmentation systems.  In May 2003, ICAO accepted the baseline text of the GRAS SARPs subject to final validation of each clause.

This paper examines the ICAO process to finalise GRAS SARPs and the issues of how to commercialise a new navigation system.  The paper addresses the Radio Technical Commission for Aeronautics (RTCA) (and the equivalent European agency) development of Minimum Aviation System Performance Standards (MASPS) and Minimum Operational Performance Standards (MOPS); the decisions required by manufacturers, service providers and regulators.
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Much has been written about GPS and its vulnerability to interference.  Many writers omit to consider mitigations in their dissertations.  Recent reports from overseas have identified the problems and agencies have made decisions based upon those reports.  The GNSS Panel of the International Civil Aviation Organisation has completed studies and plans to submit a paper to the 11th Air Navigation Conference in September 2003 stating “no vulnerabilities have been identified that compromise the ultimate goal of transition to GNSS as a global system for all phases of flight.”

This paper discusses the background to that conclusion and discusses the mitigations that are available including the action that ICAO States evaluate the risk of interference and vulnerabilities for an individual State and implement mitigations appropriate to that State rather than relying on a global opinion or implementation.

Paper 33

Geodesy Considerations for Precise Wide Area Differential Global Positioning Systems

Malcolm Jones

Geodesist / Business Management System Manager

Technical Department

Fugro Survey Pty Ltd

Perth, Australia

This paper was first published by the ION.

With the development of High Accuracy WADS (wide area differential GPS services) it has become obvious that we need to examine at a greater level of magnitude what the Provider's of these systems supply to users.

The establishment of ITRF (International Terrestrial Reference Frame) and its operations has brought the ideals of absolute coordinates to the humble field surveyor to a whole new level.  The ability to very accurately measure and monitor the movements of tectonic plates.

This paper looks at those areas of geodesy that might be a problem when using High Accuracy WADS with respect to globally, and locally managed coordinate systems.  When a sparse series of measurements are used to produce realtime positioning that is in the order of a decimetre across tectonic plate boundaries, issues arise about the coordinates provided to the end user.  Discontinuities exist at the boundaries, and slow, time dependent degradation of positioning accuracy occurs, at different rates.

Geodesy factors are looked at everyone's point of view.  The factors include ones the supplier has no influence over, ones they may have an influence over, and ones their clients might have an influence over.  There is often going to be a trade off between geodetic accuracy and integrity, and user requirements.

Height (and therefore scale - even though mentioned here) was considered during the research for this paper, but has been left out of the final deliberation.  This was due to time constraints and the consideration that it would develop into a sizeable research project on its own.

Paper 34

The role of GPS in improving the quality of traffic engineering

Dr. Stephen Greaves

MITE Lecturer, Institute of Transport Studies

Department of Civil Engineering, Monash University

Victoria, Australia

Effective traffic engineering is dependent on accurate and precise information on driver behaviour.  Capturing this behaviour has proven troublesome because of the difficulty of collecting the on-road observational data required, namely speeds and acceleration/deceleration profiles for critical components of the system (e.g., intersections, traffic calming devices).  The global positioning system (GPS) through its provision of positional, speed, and time information offers new capability to collect these data accurately and efficiently.  The current paper reports on a study conducted in Melbourne, in which a sample of motorists are given a ‘passive’ GPS data logger to record their driving patterns over a two week period.  From these data, we are able to easily generate acceleration/deceleration profiles for different drivers through different components of the traffic system.  The outcome of the study is an easily applicable approach to assist traffic authorities with the evaluation of traffic system performance in their locales at a previously unattainable level of spatial and temporal resolution.

Paper 35

Implementation of the Wireless Internet Protocol for Real Time DGPS Systems
Associate Professor Samsung Lim, Graduate Student Janghyun Kim
Dept. of Geoinformatic Engineering

Inha University

Namku, Inchon, S. Korea
The wireless internet technology is emerging as a new alternative for real time DGPS transceivers since the radio link and the radio beacon systems have short coverage of few kilometers up to tens of kilometers in urban and rural areas. In this study, we developed a new real time DGPS system by employing the wireless internet protocol, which will provide mobile users with efficient and effective positioning capabilities. This system consists of multiple base stations and a central monitoring station with which the clients can connect. A client can query RTCM messages to the central monitoring station and then central monitoring station assigns a proper base station to the client so that the client obtains the messages from the base station. Daily variations of the internet traffic affect the positioning accuracy of this system. Transmitted messages are delayed more often in the morning around 9 o’clock and in the evening around 6 o’clock. To overcome the delay and obtain comparable accuracy to the radio link DGPS systems, we designed a special data flow algorithm to send and receive the messages. Implementation of this wireless internet based real time DGPS system has been performed successfully for many PDA/CDMA users.

Keywords: DGPS, RTCM, wireless internet, real time, transceiver 

Paper 36

DGPS Navigation Systems for Mobile Platform Devices
Associate Professor Samsung Lim, Mr Jaymin Park, Mr Jayho Hahn
Dept. of Geoinformatic Engineering,
Inha University

Namku, Inchon, S. Korea
Wireless internet and mobile platform devices are in the spotlight of information technology today. Among many mobile devices, Personal Digital Assistants (PDAs) are highly portable so that wireless internet and personal information management systems (PIMS) can be easily integrated with it. In this study, we developed a personal navigation system that is based on PDAs and the wireless internet. This system consists of wireless internet based DGPS servers and the map service server as well as the PDA clients. This system can receive map data through File Transfer Protocol (FTP) from the map service server and display the positions of DGPS navigation. PDAs have limited resources because of its size and other factors, and thus the PDA application program should be optimized. We developed an efficient algorithm to generate the map data for mobile users, and simplified the Korean National GIS digital map for the map services. We compared the performance of this navigation system with a stand-alone GPS system and a radio link DGPS system to validate its availability. This system will be more useful when the third generation (3G) wideband digital networks are available in the near future.

Keywords: PDA, DGPS, Mobile, Wireless Internet, TSIP, Windows CE
Paper 38

Preliminary In-Orbit Performance Analysis of the FedSat GPS Receiver

Dr Rodney Walker

FedSat GPS Program Leader

Cooperative Research Centre for Satellite Systems

Queensland University of Technology

Brisbane, Australia

Background

On December 14 2002, at 11.31am local time, the H-IIA rocket #F4 was launched from NASDA’s Tanegashima Space Centre. This launch vehicle carried the Australian satellite FedSat into orbit. Thirty minutes and 55 seconds after the launch, FedSat was finally deployed. One of the payloads on-board FedSat was a Space Qualified GPS receiver, which is the subject of this paper.

Ten hours after deployment back in Australia, the team in Adelaide successfully acquired FedSat. Eight days after the launch, the first GPS data from FedSat was collected, confirming that the GPS payload was operational.

In-Orbit Performance Analysis

This paper presents the first performance analysis of the FedSat GPS receiver. This analysis is necessary, to assist in the development of the operations concept for Fedsat, which is currently still in a state of flux. The analysis is made primarily for data collected on the 30th December 2002, when the receiver was operated in the difficult scenario of only 20 minutes of on-time per orbit. Data from 15 orbits was collected.

Analysis is made of the accuracy of the real-time position computed on-board the spacecraft. A comparison is made of the observed satellites to the prediction of visible satellites. Representation is made of a small software anomaly within the GPS receiver that causes problems for 1 in every 25 receiver restarts. Specific analysis is made as to why, for some orbits, the GPS receiver has produced no position solutions, along with reference to the respective GPS telemetry information. A description of the GPS Ground Station is also made.

Conclusions

The conclusions of this paper, are that the FedSat GPS receiver is performing well, given the difficult operational scenario. Some improvements in positioning availability can be made by scheduling the on time of the GPS receiver. Improvements in positioning information can also be made by post-processing the raw observed measurements. There have been a number of small technical issues in commissioning the GPS ground-station, which is now working well.

Paper 39

Performance Evaluation of Inertial Navigation Systems for Surveying Applications

Steve Hewitson, Jinling Wang, Bill Kearsley

School of Surveying and Spatial Information Systems

The University of New South Wales

Sydney Australia

Many modern surveying and mapping techniques (such as Mobile Mapping Systems - MMS) rely on Inertial Navigation Systems (INS) to provide precise navigation data including position, velocity and attitude (PVA).  With the increasing demand for improvements in accuracy of such surveying and mapping systems, there is an obvious necessity for the operators to understand the capabilities and characteristics of the inertial navigation component.

INS exhibit characteristic error patterns, which ultimately affect the accuracy of the navigation data.  Through effective testing and analysis, the performance of an INS system can be evaluated. INS evaluation exposes the system's short and long-term navigation stabilities via individual sensor error determination.  Proper evaluation is also an advantage as it is indicative of whether or not the system operates in accordance with the manufacturer's specifications, and additionally, regular evaluation will reveal any aging effects upon the system.

This paper will describe the performance testing apparatus and procedures, analytical theory and the practical design aspects for an INS evaluation system.  The emphasis is placed upon the discussions on the feasibility of such a proposed INS evaluation system for surveying and mapping applications.

Paper 40

Quantitative Subsidence Monitoring: The Integrated InSAR, GPS and GIS Approach

Chris Rizos, Linlin Ge, Eric Cheng, and Xiaojing Li

School of Surveying & Spatial Information Systems

The University of New South Wales

Sydney, Australia

Error in radar satellite orbit determination is a common problem for radar interferometry (InSAR) analyses.  For example, when one tries to locate a radar test site with known geographic coordinates using the information within radar image (the latitude and longitude of the four corners), the location may be well away from the ‘true’ position as indicated by the features in the image.  Also when one checks the coordinates of the same feature in the InSAR results and on a map, there is often a significant difference.  Still another example is, when there is indeed a significant disturbance in the differential InSAR result, it is sometimes not clear whether it is due to ground deformation or atmospheric heterogeneity.  Even after one corrects for all these, it is necessary to export the InSAR results to a GIS, so that different layers ma be displayed, over orthophotos, mine plans, etc., in order to interpret the results.  Therefore, it is crucial to use both GPS and GIS to assist radar interferometry for quantitative subsidence monitoring.

Some tools have been programmed in C++ to support the InSAR-GPS-GIS integration mentioned above.  In a case study for the Appin Colliery southwest of Sydney, the authors have derived a high resolution DEM for the test site from ERS tandem data (master image: 22434 (acquired by ERS-1 on 1995/10/29); slave image: 2761 (acquired by ERS-2 on 1995/10/30)).  Then the DEM was used in two four-pass differential InSAR runs using JERS-1 radar images.  Subsidence due to underground mining has been revealed in the differential InSAR results.

Paper 41

Stochastic Modelling for Network-Based GPS Positioning

Tajul A. Musa, Jinling Wang and Chris Rizos

Satellite Navigation and Positioning Group (SNAP)

School of Surveying and Spatial Information Systems

The University of New South Wales

Sydney, Australia

The increasing popularity of network-based GPS techniques such as Trimble’s Virtual Reference Station (VRS) service offers opportunities for improved performance of the general class of Network-RTK positioning techniques. Using the network-based approach, data from all reference stations is processed simultaneously in order to generate “correction” messages, which are in turn used to synthesise the VRS RTK observations. Typically the VRS data is packaged as a RTCM message, and transmitted to the user so that their in-receiver RTK software can use the data. In fact, the user’s receiver does not even recognise that it is processing VRS observations.

On the user side, the unique stochastic properties of the VRS observations are not taken into account. Even though the VRS observations are generated from the stochastic network estimates, their propagation into the VRS observations has not been investigated in any detail. A better understanding of the stochastic properties of the VRS observations will lead to an improvement in the ambiguity success rate, and hence ensure fast and reliable ambiguity resolution to support Network-RTK positioning. Research in the SNAP group at UNSW is currently focused on the development of a methodology for stochastic modelling within VRS-type networks.

Paper 42

Tropospheric Delay Corrections to Differential InSAR Results from GPS Observations

Volker Janssen, Linlin Ge and Chris Rizos

Satellite Navigation and Positioning Group

School of Surveying and Spatial Information Systems

The University of New South Wales

Sydney, Australia

Differential Interferometric Synthetic Aperture Radar (DInSAR) techniques have been recognised as a well-suited tool for ground deformation monitoring applications. However, the spatially and temporally variable delay of the radar signal propagating through the atmosphere represents a major limitation.  The dominant factor to be considered is the tropospheric heterogeneity, which can lead to misinterpretation of differential InSAR results. In this paper a between-site and between-epoch double-differencing algorithm for the generation of tropospheric corrections to DInSAR results based on GPS observations is proposed.  In order to correct the radar results on a pixel-by-pixel basis, the GPS-derived corrections have to be interpolated.  Using GPS data from the SCIGN network it has been found that the inverse distance weighted and kriging interpolation methods are more suitable than the spline method. Differential corrections as much as several centimetres may have to be applied in order to ensure sub-cm accuracy for the DInSAR result and it seems optimal to estimate the tropospheric delay from GPS data at 5-minute intervals.  The algorithm and procedures described in this paper could easily be implemented in a CGPS data centre.  The interpolated image of between-site, single-differenced tropospheric delay can be provided as a routine product to assist radar interferometry.

Paper 43

Effective Cycle Slip Detection and Identification for High Accuracy Integrated GPS/INS Positioning

Hung Kyu Lee, Jinling Wang, Chris Rizos, and Binghao Li

School of Surveying and Spatial Information Systems

The University of New South Wales

Sydney, Australia.

Woon Young Park

School of Civil and Ocean Engineering,

Dong-A University

Korea

To achieve a high level of accuracy from an integrated GPS/INS system, the carrier phase obserables have to be used to update the filter’s states. It is a prerequisite that the integer ambiguity must be resolved before using carrier phase measurements. However, the occurrence of a cycle slip, which is undetected, will significantly degrade the filter’s performance. In this paper, an algorithm, which can effectively detect and identify any type of cycle slips will be presented. The algorithm uses additional information provided by the INS, and applies a statistical technique known as the cumulative-sum (CUSUM) test. Cycle slip decision values can be computed from the INS predicted position due to the fact that its short-term accuracy is very high. The CUSUM test is then very sensitive to abrupt changes of mean values, making it ideal for the detection of cycle slips. Kinematic field test results will be presented to demonstrate the effectiveness of the proposed algorithm. 

Paper 44

Issues Concerning the Implementation of a Low Cost Attitude Solution for an Unmanned Airborne Vehicle

Michael Moore, Chris Rizos and Jinling Wang

Satellite Navigation and Positioning Group

School of Surveying and Spatial Information Systems

The University of New South Wales

Sydney, Australia

The development of Unmanned Airborne Vehicles (UAV) has been intensive following the recent successful deployment in military campaigns by the US in particular. Today UAVs are designed for specific applications in mind, with the majority of applications being focused on reconnaissance type missions, reflecting the large military interest in the platform. While a UAV usually is much cheaper than a military attack or surveillance aircraft, the cost of constructing, running and maintaining a UAV is often outside what civilian operators can afford. There are significant challenges that need to be addressed in order to bring down the cost of operating a UAV for civilian type applications.

An area in which a cost saving may be made for a civilian application using a UAV is in the navigation system used to control it. Military applications have to assume that GPS may be jammed, and so a philosophy of using GPS for navigation, but not to completely rely on its availability. This has often then required an expensive high quality INS system to be installed. Fortunately for civilian operators there is no need to assume there will be an enemy jamming GPS and the reliance upon a high quality and expensive INS may be removed. 

In this paper we look at the various issues that have been addressed in investigating the implementing a low cost single frequency GPS antenna array onto a UAV. This paper will focus on findings on the integrity and quality control of the solution, recovery of signal after loss of lock, and the benefits of the integration of low cost angular rate gyros into the navigation solution.

Paper 45

Timing characteristics of the 1PPS output pulse of three GPS receivers

P.J. Mumford

School of Surveying and Spatial Information Systems

The University of New South Wales

Sydney, Australia

The atomic clocks orbiting around the earth in GPS satellites can provide accurate timing at a cost previously impossible.  This has enabled a revolution in applications requiring synchronization such as cellular networks, telecommunications timing, digital TV and radio transmission, calibration laboratory systems and the web.  The atomic clocks in the GPS constellation are monitored and compared to master clocks by the Control Segment, with this ‘GPS time’ being steered to within 1 microsecond of UTC.  Synchronization with UTC can be achieved with a precision better that 340 nanoseconds (95%) with the Standard positioning Service, and 100 nanoseconds in the case of the Precise Positioning Service.  Many GPS receivers provide a one pulse per second (1PPS) output for applications requiring precise timing.  Some receivers have firmware optimized for this application.  This paper examines the 1PPS output pulse of three GPS receivers; Trimble Lassen LP, Motorola M12+ and Sigtec 5001.  The Trimble and Motorola receivers have an over-determined clock mode that enables the coordinates of the antenna to be fixes in the solution, leaving the clock offset only to be solved for.  Measurements of the offset and jiter of the 1PPS pulse of the receiver under test compared to a Leica CRS1000 where made over a 16 hour period.  The time offsets were found to be approximately 640 nanoseconds for the Motorola and Sigtec receivers, and 1500 nanoseconds for the Trimble receiver.  Improvements in jitter measurements were observed when operating the Trimble and Motorola receivers in over-determined clock mode.  GPS is an important utility that enables time synchronization to a very high accuracy at a comparatively low cost, anywhere on earth where there is a good sky view.

Paper 46

Incorporating GPS into Wireless Networks: Issues and Challenges

Samir Omar

Satellite Navigation and Positioning Group

School of Surveying and Spatial Information Systems

The University of New South Wales

Sydney, Australia

The use of wireless LANs is expected to increase dramatically in the foreseeable future as businesses discover the enhanced productivity and the increased mobility that wireless communications can provide in a society that is moving towards more “connectionless” connectedness. GPS has become increasingly popular with consumers as the device’s size and cost reduces. In fact, GPS is trending to becoming a “ubiquitous” technology, embedded within many electronic platforms. To extend the performance of these GPS devices, or to address new applications of GPS, groups of them can be linked together to form network. The Internet Protocol (IP) will provide the means for integrating all manner of services across different access networks, ranging from fixed/wireless LANs to mobile public and private networks. This paper discusses GPS networking principles, focusing on the mutual impacts of GPS and Wireless Network on each other. Specific attention is devoted to the 802.11 standard. The authors also consider issues in relation to routing protocols, scalability, power and network management, quality of service and security. Benefits of using GPS in WLANs are also discussed, with particular attention to the challenges of stepwise integration problems and how they may be addressed by means of appropriate system design.

Paper 47

Design and Analysis of DGPS Filters with Consistent Error Covariance Information

Hyung Keun Lee, Chris Rizos, and Gyu-In Jee

Satellite Navigation and Positioning Group

School of Surveying and Spatial Information Systems

The University of New South Wales

Sydney, Australia

Consistent and realistic error covariance information is important for position estimation, error analysis, fault detection, and integer ambiguity resolution for differential GPS. In order to derive consistent and correct error covariance information, this paper proposes three filter algorithms based on conventional carrier-smoothed-code techniques: (a) the stepwise optimal position projection filter, (b) the stepwise unbiased position projection filter, and (c) the stepwise optimal range projection filter. A Monte-Carlo simulation result shows that the proposed filter algorithms generate consistent error covariance information and the stepwise unbiased position projection filter is most attractive since its performance is good, it is less susceptible to satellite constellation changes, and is computational not too complex. To show that position domain filters are better than range domain filters even under no satellite constellation change, a theoretically rigorous covariance analysis is performed. The analysis procedure also provides an efficient methodology for obtaining tight upper bounds of position domain filters that are time varying in nature due to changes in satellite geometry.
Paper 48

Preliminary Results of the Carrier-Smoothed Code-Phase Differential GPS/Pseudolite System

Ben K.H. Soon

DSO National Laboratories

Singapore

Joel Barnes, Jun Zhang, Hung-Kyu Lee, Chris Rizos

Satellite Navigation and Positioning Group (SNAP)

School of Surveying and Spatial Information Systems

University of New South Wales

Sydney, Australia

Most conventional aircraft automatic landing systems use ILS (Instrument Landing System) or MLS (Microwave Landing System) for final approaches and landings into airports. The disadvantages of these systems include high capital cost, high ongoing maintenance costs, dependence on large ground installations, and the requirement that the aircraft be align to the reference path during each approach in order to ensure the navigation accuracies required. 

With the full GPS operational capability in the mid-1990s, government agencies, research organisations and university researchers have invested significant resources into investigations on how GPS can replace the use of ILS and MLS for aircraft landing applications. The SNAP (Satellite Navigation and Positioning) group at The University of New South Wales, Sydney, and the DSO National Laboratories, Singapore, are jointly developing a local area augmentation system able to provide high accuracy navigation for aircraft approach and landing. The first phase of this development consists of a carrier-smoothed code-phase differential GPS/Pseudolite system to demonstrate the feasibility of a robust differential GPS/Pseudolite technique for aircraft landing and terminal applications.

This paper presents some of preliminary results from GPS data collected using a test aircraft and GPS/Pseudolite data collected using a land vehicle. Post-processed data from the flight and land trials indicate sub-metre horizontal and vertical accuracy.

Paper 49

Locata: The positioning technology of the future?

Joel Barnes, Chris Rizos, Jinling Wang

Satellite Navigation and Positioning Group (SNAP)

School of Surveying and Spatial Information Systems

University of New South Wales

Sydney, Australia

David Small, Gavin Voigt, Nunzio Gambale

QX Corporation Pty Ltd

ACT, Australia

GPS is used for precise cm-level positioning in a variety of outdoor applications, where a relative differential technique (using a base station) is almost exclusively used.  Differential operation, most commonly using the double-differenced observable, is necessary to reduce spatially correlated errors due to the atmosphere, and to eliminate both receiver and satellite clock biases.  For real-time positioning (RTK) the roving GPS receiver must receive base station data via a radio modem (or other wireless link) from a base station.  This, combined with the fact that RTK GPS only works well with a relatively unobstructed and geometrically good satellite constellation, is a significant limitation of the RTK-GPS technology.

In situations where GPS satellite geometry is poor or the signal availability is limited, ground-based transmitters of GPS-like signals (called “pseudolites”) can be used to augment GPS.  They therefore have the potential to be used for both outdoor and indoor positioning.  With enough pseudolites it is theoretically possible to replace GPS entirely, though in practice this has been difficult to achieve. Typically pseudolites use cheap crystal oscillators and operate independently (in the so-called “unsynchronised mode”).  In this case, double-differencing must be used to eliminate the pseudolite and receiver clock biases.  Therefore real-time cm-level positioning with unsynchronised pseudolites can only be achieved with a base station that provides data to a rover unit via a radio modem (as with standard RTK-GPS).  If pseudolites can be synchronised, stand-alone positioning can be achieved without base station data (and the radio modem datalink).

QX Corporation has invented a time-synchronised pseudolite transceiver called a LocataLite.  A network of LocataLites forms a LocataNet, which transmits GPS-like signals that allow single point positioning with sub-cm precision (one sigma) for a mobile unit.  The LocataLite hardware is designed to be inexpensive and currently uses temperature compensated crystal oscillators (TCXOs).  The Satellite Navigation and Positioning group (SNAP) at UNSW has assisted in the testing of LocataNet and the development of a mobile unit, initially based on a standard GPS receiver with modified firmware.
This paper introduces LocataNet technology and presents results using the synchronised concept for stand-alone positioning with sub-cm precision.

Paper 50

Implementing Network RTK: The SydNET CORS Infrastructure

Chris Rizos, Thomas Yan, Samir Omar, and Tajul Musa

School of Surveying and Spatial Information Systems

The University of New South Wales

Sydney, Australia

Doug Kinlyside

Land & Property Information

Department of Information Technology & Management

Bathurst, Australia

As is well known, the limitation of single base “real-time kinematic” (RTK) GPS carrier phase-based techniques is the constrained distance between base receiver and the rover receiver due to distance-dependent measurement biases. For high productivity GPS surveying techniques, requiring very fast on-the-fly ambiguity resolution, the baseline length is generally restricted to less than 10km. However, techniques have been developed to overcome this distance dependence using a network of GPS reference stations. Because the measurement biases can be modelled and corrected for using multi-reference receiver data, the positioning accuracy will be almost independent of the inter-receiver distance. This class of techniques is now variously referred to as Network RTK, Multi-Reference Station Positioning, Wide Area Positioning, and the Virtual Reference Station Technique. The authors will describe the bases of Network RTK techniques, and discuss the challenges in implementing the infrastructure necessary to support Network RTK users. This paper will also describe the components of a continuously operating reference station (CORS) network currently being established in the Sydney basin area, suitable for supporting Network RTK techniques. 
Paper 51

A Novel Signal Processing Scheme for Software Radio GPS Receivers

Deuk Jae Cho, Sang Jeong Lee, Sang Jun Yun
GNSS Technology Research Center

Chungnam National University

KOREA

Il Heung Choi

Navicom Co., Ltd., KOREA

Recently, much work has been reported to design GPS receivers using the software defined radio (SDR) technology in the field of mobile communications. However, it is difficult to implement a multi-channel real-time software radio GPS receiver using the processing capability of commercial processors.

This paper proposes a novel signal processing scheme for GPS software radio receiver with some performance loss. The proposed scheme generates the accumulated and dumped value of intermediate frequency (IF) samples calculated in advance according to high frequency patterns of code and carrier generated in receiver. Accordingly, GPS software radio receiver has some loss in terms of signal-to-noise ratio (SNR) but can implement computationally effective GPS signal processing algorithms. The proposed scheme is verified by post processing of collected GPS data.

Keywords:

SDR, Signal Processing

Paper 52

Combined use of GALILEO and GPS: towards innovative navigation research and applications

Cedric Seynat, John Loizou, Alastair Pidgeon

VEGA Informations-Technologien GmbH

Darmstadt, Germany

A growing number of European governmental bodies, research centres and industries view the future European navigation system Galileo as a complement to the existing GPS rather than an alternative. With as much as 24 additional navigation signals available to the user community, the potential for development of new applications making use of both Galileo and GPS is considerable and largely under-investigated at the moment. This presentation outlines some of the navigation applications where combined Galileo/GPS receivers would bring significant benefits compared to the existing systems. In particular, the presentation will show results of recent work done at VEGA in the following areas: Performance benefits of combined Galileo/GPS receivers in urban areas: simulations with the Galileo System Simulation Facility (GSSF) are presented, showing the significant improvement in navigation performance (mostly availability and continuity of service) obtained by using both GPS and Galileo in areas with limited visibility such as city centres or mountainous areas.

Innovative receiver integrity algorithm taking advantage of the increased number of available navigation signals: with on average twice as many satellites in view at any given time, new user receiver algorithms can be developed to take advantage of this significant increase. The performance of those algorithms in the area of RAIM (Receiver Autonomous Integrity Monitoring) and satellite selection is presented.

The presentation concludes by an overview of the current and future challenges that await the navigation community to be in a position to make use of the potential interoperability between the two navigation systems.

Paper 53

Australian GNSS Coordination Committee (AGCC) Session On: “Accuracy Augmentation Systems for Surface Vehicle and Agriculture Applications”

Dr Don Sinnott

Chair AGCC
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Mr Gavin Abbott

Managing Director

Fugro Starfix OR

Mr Gareth Almond

General Manager

OmniSTAR Pty Ltd

Capt Curtis Dubay

Commanding Officer

US Coast Guard Navigation Centre

With the growing penetration of GNSS services, delivered predominantly to date by GPS, has come user demand for enhancements to the basic GNSS positioning accuracy.  Worldwide, both government agencies and commercial providers are active in offering augmentation services to various client groups, with varying degrees of regional coverage and with service costs met either by individual users, by a user collective or by government. 

This AGCC  session targets specifically applications in agriculture and surface vehicle positioning.  It is both information-giving and a forum for exchange and feedback from current or potential Australian surface transport and agriculture users of GNSS augmentation services, to assist the AGCC in assessing stakeholders' current needs, priorities and expectations.  

Designated presenters will provide input by way of a review of basic principles of augmentation services, descriptions of typical current and near-term systems and trends in service provision. The floor will then be turned over to other workshop participants to raise issues and present points of view in an interactive forum.

Paper 54

An Indoor Wireless Positioning System Based on WLAN Infrastructure

Yufei Wang

Satellite Navigation and Positioning Group

School of Surveying and Spatial Information Systems

The University of New South Wales

Sydney, Australia

With increasing use of mobile computing devices such as the Personal Digital Assistants (PDA), and an expansion of Wireless Network Infrastructure, there is growing interest in an indoor Wireless Positioning System (WPS) based on Wireless LAN. This paper describes a WPS that uses the signal strength of WLAN transmissions from/to WLAN Access Points to determine the position of the mobile user. To some extent this technique addresses a shortcoming of GPS positioning systems, which are ideal outdoors but are comparatively weak when used indoors. In this paper the authors describe the configuration of an indoor Wireless Positioning and Wireless Tracking system. Results of experiments and a discussion of the accuracy of a WPS are presented.

Paper 55

Flight Evaluation of a GPS Attitude Determination System

Yong Li

Dept of Geospatial Science

RMIT University

Melbourne, Australia

Masaaki Murata

National Aerospace Laboratory of Japan

Yoshiyuki Ishijima

National Space Development Agency of Japan

The National Space Development Agency of Japan (NASDA) is developing a GPS receiver for spacecraft attitude determination (AD). The GPS receiver is configured as four radio frequency (RF) ports and thirty-two channels, and each port can track up to eight satellites simultaneously. Hardware development of the system is complete, while the AD algorithms and software are currently under development. The efficiency of the proposed AD algorithms was evaluated and verified by ground-based experiments conducted by the National Aerospace Laboratory of Japan (NAL) and NASDA independently. A collaborative research project between NAL and NASDA was then set up to evaluate the in-flight operation of the AD unit as a whole, where the new software is integrated into the GPS receiver hardware. 
This paper presents the software procedures and the performance of algorithms in the experiments. The aim of the design is to optimise the on-line processing of the GPS measurements within the limited hardware resources and deliver the AD solution fast enough for spacecraft attitude control system in real time. The maneuver-tracking capability and solution reliability are specifically emphasized when deriving algorithms. Several innovative methods have been developed and sub-sequentially applied in the system.  These include an ambiguity resolution function based search procedure for integer ambiguity resolution, an attitude matrix element solution for the attitude solution and an estimation of line-bias of a multiple antenna system. The flight experiments were carried out in November 2001 and the analysis was accomplished by the end of July, 2002 The results of the experiments have demonstrated that the proposed procedure is effective and able to satisfy the requirements of real-time attitude determination applications.
Paper 56

An Investigation of GPS Precise Point Positioning Methods

M. Deo, K. Zhang, C. Roberts

Department of Geospatial Science

RMIT University

Melbourne, Australia

N. Talbot

Trimble Navigation Ltd.

Precise point positioning (PPP) involves use of measurements form a single GPS receiver to obtain accurate position parameters.  There is no requirement of measurements from a reference receiver or a data-link correction service.  Research on precise point positioning has intensified recently, particularly due to the introduction of final, rapid and ultra-rapid precise satellite orbits and precise clock products by the International GPS Service (IGS).  The impending US GPS modernisation scheme will further improve PPP through allocating a third signal frequency for civilian use.

Whilst PPP at a few centimetre precision has been demonstrated, precise orbits and clocks are mandatory.  These come with a considerable latency thus limiting PPP to post-processing.  This paper provides an overview of several current PPP techniques.  The advantages and disadvantages of each technique will be analysed in terms of real time applicability, accuracy and efficiency.  Observation differencing, smoothing and atmospheric modelling is applied to eliminate measurement errors.

A method has been designed for real time, precise estimation of receiver coordinates, clock errors and atmospheric delay parameters.  The accuracy of each parameter obtained using this new technique is compared against post-processing models.  The benefit of three frequency observations in terms of accuracy, efficiency and reliability is also investigated.  Measurements from four Australian Regional Geodetic Network (ARGN) permanent GPS tracking stations, namely Macquarie Island, Hobart, Tidbinbilla and Townsville Cape are used for analysis.

Preliminary study indicates that position parameters at 1-2 decimetre accuracy can be achieved if satellite clock error is minimised using information from well-coordinated permanent tracking stations.

Paper 57

A Comparison of Ionospheric Models for Precise GPS Positioning

Scott Wyllie, Kefei Zhang and Nick Talbot

Department of Geospatial Science

RMIT University

Melbourne, Australia
The Global Positioning System (GPS) has been widely used for precise positioning applications throughout the world. However, there are still some limiting factors that reduce the performance of satellite based positioning techniques. One of the most important and difficult parameters to estimate is the ionospheric bias. The ionosphere is the dispersive medium located between 50 and 1000km above the earth. In this region, ionising radiation from the Sun causes fluctuations in free electrons that in turn introduce a frequency-dependent bias on radio signals that pass through it. GPS range measurements made on two frequencies allow for direct correction of the ionospheric bias for single point-positioning applications. For precise positioning, where phase measurements are involved, the ionospheric bias slows the time it takes to resolve carrier phase ambiguities and also reduces the integrity of the ambiguity resolution process. It also potentially leads to incorrect resolution of ambiguities. Therefore, precise positioning performance could be improved with accurate ionospheric models. A number of ionospheric models have been developed over the past few decades. Most models consider the seasonal, diurnal and spatial variation of the ionospheric delay, but unfortunately the models are not specifically designed for precise positioning applications. There is no regional ionospheric model of Victoria.

The following research compares a number of readily available global/regional ionospheric models. These include the Broadcast (Klobuchar) Model, Bent Model, International Reference Ionosphere (IRI) and the CODE Global Ionospheric Maps. A detailed description of each model is presented. The ability of each model to accurately determine the change in the ionosphere from one location to the next will be investigated through comparison with the results obtained from actual dual frequency data. These models are tested in regional Victoria, using permanent GPSNet tracking stations against empirical data derived from the Berne V4.2 GPS Software. Some conclusive statements and recommendations will be given.

Paper 58

An Improved Knight Method for Instantaneous Ambiguity Resolution in Attitude Determination Using GPS

Yong Li and Kefei Zhang

Dept of Geospatial Science

RMIT University

Melbourne, Australia

Instantaneous integer ambiguity resolution (IIAR) is crucial to the GPS-based attitude determination in real-time applications, especially for spacecraft attitude control. Knight (1994) proposed an effective IIAR algorithm to reduce the search load by excluding some unreasonable search components. However, the error rate of the solution and computational load of the Knight method increases dramatically when either the number of satellites used or the length of baselines increases. A common procedure to resolve this problem is to use coarse initial attitude information to narrow down the search space. However, approximate attitude knowledge in practice is not necessarily available, which in turn constrains the method for a wider and more efficient use. In addition, another advantage of the method is that GPS satellites are treated as independent signal sources without taking into account of their geometric constraints.

This paper proposes a new method to narrow down the ambiguity search space, which takes into account the geometry of satellites. The new method is formulated as a recursive form and therefore very suitable to be integrated into the search loop of the Knight method. As a result, the proposed algorithm can benefit from both of the knowledge of baseline length and the knowledge of satellite geometry. Experiments have demonstrated that the improved Knight method has higher accuracy than the normal Knight method, especially when coarse attitude information is not available.

Paper 59

Towards network-based RTK corrections for Victoria’s GPSnet

Craig Roberts, Kefei Zhang

Department of Geospatial Science

RMIT University

Melbourne, Australia

Martin Hale, James Millner

Land Victoria

Department of Sustainability and Environment

Melbourne, Australia

GPSnet is a cooperative GPS Base Station network coordinated by Land Victoria, the Department of Sustainability and Environment.  The primary purpose of the continuously operating base stations is to provide a range of users with a means of obtaining accurate and homogenous positioning within Victoria using GPS.  The configuration of the system provides approximately 100km spacing across rural Victoria and ~50 km for the Melbourne metropolitan area. This configuration enables static post-processing users to obtain centimetre level accuracy with occupation times of approximately ten minutes. 

Currently GPSnet comprises 17 continuously operating GPS stations providing online RINEX data, which can be downloaded for post processing. Further development is being conducted towards leveraging the system to provide a real-time capability for high precision needs. Stations at Swan Hill and Mildura are currently broadcasting RTK corrections to local users. However distance dependent biases restrict the length of GPS baselines thereby limiting the application of RTK techniques to within 10-15 km of a nearby base station only. Since the mid-1990s much research has been devoted to using a multiple base station approach to ‘map’ regional atmospheric conditions and provide corrections to extend the baseline length for medium range RTK surveying. The distribution of GPSnet base stations provides a suitable infrastructure to investigate a network-based RTK solution for high precision GPS users across Victoria. 

This paper will review current network-based RTK GPS systems in different regions. This will include the system architecture and design, software algorithms and methodologies, communication mechanisms and system performance. The goal of the research is to identify problems and limitations specific to Victoria with regard to the experiences of the reviewed systems. Additionally, coordinate distortion problems between the existing Victorian survey mark infrastructure and a GPS based framework will be highlighted. This work will contribute toward recommending an appropriate network-based RTK GPS system for Victoria’s GPSnet infrastructure.

Paper 60

A short-arc robust batch estimation strategy for decimetre level GPS-based onboard LEO orbit determination

Ning Zhou, Yanming Feng, Werner Enderle

Cooperative Research Centre for Satellite Systems

Queensland University of Technology

Sydney, Australia

In dynamic orbit determination, the problem is that a batch estimator assumes use of more sophisticated models for both force and observation models, dealing with large amounts of observations.  As a result, the computational workload may not be acceptable for onboard orbit determination.  In this paper, the short-arc batch estimation is experimentally studied in order to address bout estimation robustness and computational problems in GPS-based onboard determination.

The technical basis for the batch estimation will be outlined.  The experimental results form three 96-hour data sets collected from Topex/Poseidon (T/P), SAC-C, CHAMP and FedSat missions are presented and analysed.  These results have demonstrated that use of shorter data arcs allow for simplification of both orbit physical and observational models, while achieving a 3D RMS orbit accuracy of meter level consistently with GPS broadcast signals and a decimetre level 3D RMS accuracy with carrier phase smoothed range measurements and IGS precise GPS orbits and clocks solutions.

Paper 61

FedSat Orbit Determination: Results From Daily GPS Flight Code Observations

Yangming Feng, Ning Zhou, Werner Enderle

Cooperative Research Centre for Satellite Systems

Queensland University of Technology

Australia

The Australian Federation Satellite, FedSat, was successfully launched into a 780-km low-earth orbit on 14 December 2002. Since then, the onboard Blackjack GPS receiver has operated on a duty cycle basis, providing effective data sets at an average of 10 to 15 minutes per orbit with its only aft-looking antenna, which views a field of two-third of the hemisphere. This paper presents the technical description of the FedSat Orbit Determination and Tracking (FODT) software, which is used to perform FedSat orbit filtering and prediction on daily basis. 

We present results from GPS flight data sets of two periods: the very first 24 hour data collected on Day 364/02 and the very first data sets of 5 consecutive days in March 2003. The analysis is focused on the evaluation of the FedSat flight GPS data quality and the accuracy of orbit propagation solutions currently achievable with the FODT software. The results from the two data periods have shown that the FODT derived FedSat orbits from code measurements can be propagated forward 72 and 96 hours with the maximal orbit errors of 120m and 240m respectively, which will satisfy the precise pointing requirement for Ka-Band tracking. In general, these preliminary FedSat orbit determination results are considered encouraging and promising, given consideration of rather harsh FedSat observational environment.

Key words: FedSat, Orbit Determination, Low Earth Orbit (LEO), Global Positioning Systems (GPS).

Paper 62

Measuring Ocean Loading And Its Effects On GPS Derived Precipitable Water Vapor: A Case Study For Australian Regional GPS Network Sites

Zhengdong BAI,  Yanming FENG

Cooperative Research Centre for Satellite Systems

Queensland University of Technology
Brisbane, Australia
The periodic motion of the Earth’s surface due to “ ocean loading” is one of the largest periodic motions in the areas such as the Australia coast and islands. Most of the Australian regional GPS network (ARGN) sites are located along the coast and in islands. However, very little work has been done to quantify their effects on GPS-derived solutions at these ARGN sites.  This paper presents the GPS experimental results from this network, focusing on the ocean loading and its effects on GPS derived Precipitable Water Vapor estimates.

To investigate the impact of ocean loading on GPS derived Precipitable water vapor (PWV), the GPS data over a three-month period collected from Australian Regional GPS Network (ARGN) are processed. The vertical and horizontal displacements due to ocean tidal loading are calculated from both global ocean tide model and GPS data, the two displacement time series agree well. The effect of ocean loading on GPS derived zenith total delay (ZTD) estimates are investigated and a scaling factor of about 4.0 between ZTD and station height for a 10 elevation cutoff angle is found.  Precipitable water vapor solutions are retrieved from GPS data with and without ocean loading correction and compared with PWV from radiosonde data, the results show that the accuracy of GPS derived PWV are effectively improved by applying the ocean tide loading corrections. Consequently, ocean loading modeling must be properly implemented when estimating PWV parameters from GPS data for meteorological applications. 

Paper 63

Experiences with a Decimetre-Level Real-Time Carrier Based Positioning System at Ranges of Over 500kms

Tony Moss

Systems Engineer

Technical Department

Fugro Survey Pty Ltd

Perth, Australia

As a world-wide DGNSS service provider, Fugro continually strive for ways to meet our customer’s expectations for improved performance. Therefore, in 2001 Fugro introduced a new high accuracy positioning service. This paper focuses on the expericence gained from this “High Performance” service and its applications to date.

The design goal for this new service was 0.2m 95% horizontal and 0.3m 95% vertical. Both monitoring data and field results are presented showing a performance well within these criteria. The performance in networks with over 1000 km to the closest reference station is demonstrated as well.

Fugro’s latest high accuracy service has expanded the applications for real-time DGNSS in both static and mobile environments. One such application is real-time tidal measurements through accurate height determination of an offshore survey vessel.

Paper 64

The Use and Future of Satellite Navigation in High End Aircraft

Captain Murray Warfield

QANTAS Airways Ltd.

Mascot, Australia

GPS has changed the operation of modern airlines. Due to the accuracy and reliability of GPS, air route capacity has quadrupled in many areas of the world. Flight times have reduced due to the ability to fly optimum routes instead of fixed air routes based on older ground based navigation aids.

Flight safety has also been dramatically improved particularly in airport terminal areas. Many older navigation aids used for instrument approaches have inherent errors and associated flight procedures that have resulted in many accidents over the years. GPS based approaches are now available throughout Australia and some other countries. These approaches allow for stable runway aligned instrument approaches with inherently improve flight safety.

GPS is also fitted to Ground Proximity Warning Systems (GPWS) on transport aircraft. These systems use a combination of GPS signal and a worldwide terrain database to determine if the aircraft is in close proximity to ground. Very recently in Addis Ababa an Airbus A320 aircraft was saved by the GPWS. The aircraft had been flying in cloud following the signals of a ground based navigation aid which was transmitting erroneous signals.

The ability to retire much of the ground based navigation network will also produce significant economic benefits for airlines and their customers. These aids cost many hundreds of thousands of dollars to install and millions of dollars per annum to maintain.

The future looks even more promising with GPS being used for automatic landings in very poor weather conditions.

The main issues with GPS in the future are associated with the Regulators providing the legal environment to take full advantage of the technological advances available from GPS. This is an area which will require significant effort by all aviation industry participants in the future. 

Paper 65

The regulation of location information for emergency call service purposes

Robert Johnston

Australian Communications Authority

Melbourne, Australia

Mobile origin location information, or MOLI, refers to the information about the whereabouts of a mobile phone user that is generated to aid in the handling of mobile phone calls to the emergency call service and also mobile calls to local rate (13x) and freephone (1800x) numbers.  In relation to the emergency call service, the current level of MOLI is rather broad but fulfils the purpose for which it was designed by ensures that calls are routed to an emergency service organisation in the same State or Territory, and same geographic area, as the caller.

In the USA though, highly accurate MOLI is beginning to be used to enhance the emergency call service and assist emergency service organisations to find and respond to mobile callers.  The European Union has also been examining this issue.

Whilst the ability to establish the precise location of an emergency caller has the potential to revolutionise the entire emergency call process, it is an incredibly complex proposition that would require significant commitment from all stakeholders.  There are also a number of factors unique to Australia, which would need to be considered.  The Australian Communications Authority has begun exploring these issues and is pursuing strategies to prepare Australia’s emergency call service to exploit any future deployment of high accuracy location technologies in a cost-effective and efficient manner.  

Paper 66

Introduction to Location-Based Services

Neil Crisp

Product Architect - IntelliWhere Division

Intergraph Corporation.

This paper will give a brief overview of Location-Based Services, examining some of the key technologies, standards and trends that have influenced its development.  It makes a broad definition of Location-Based Services, including not just the "Where's my nearest restaurant" scenario, but also the more general usage of location-enablement of traditional enterprise applications.

Paper 69

Orbit Determination of FedSat based on GPS Receiver Position Solutions – First Results

Werner Enderle

Cooperative Research Centre for Satellite Systems

Queensland University of Technology

Brisbane, Australia

Yanming Feng

Cooperative Research Centre for Satellite Systems

Queensland University of Technology

Brisbane, Australia
Ning Zhou

Cooperative Research Centre for Satellite Systems

Queensland University of Technology

Brisbane, Australia
On 14th December 2002, the Australian small satellite FedSat was launched with a Japanese HII-A rocket into a 800 km sun-synchronous orbit with an inclination of 98.6 degrees. One of the payloads is a dual frequency GPS BlackJack receiver from NASA JPL. This receiver is providing a navigation solution (PVT) and also raw measurements (Code and Carrier), which will be used in different ways for Precise Orbit Determination (POD), Orbit Determination based on GPS Position Solutions, 2-axis Attitude Determination and atmospheric experiments. 

KEYWORDS: Orbit Determination, GPS Orbit Determination, ONS, GNSS, Space Flight Dynamics  

Paper 70

The Architecture of the European Global Navigation Satellite System - Galileo

Werner Enderle

Cooperative Research Centre for Satellite Systems

Queensland University of Technology

Brisbane, Australia

Thomas Weber

ASTRIUM GmbH

Munich, FR Germany

Hans Kuhlen

ASTRIUM GmbH

Munich, FR Germany

The European, civil controlled Global Satellite Navigation System – GALILEO will comprise all segments for an independent and fully operational infrastructure. Some of the signal transmissions will share carrier frequencies with the US-GPS system. Those signals are designed to provide functional inter-operability thus making GPS and GALILEO as two systems of the future infrastructure for the provision of Global Navigation Satellite Services. The GALILEO architecture comprises a space segment, the associated ground segment for performance monitoring and control and, last but not least, the User segment. This paper will provide a general overview of the GALILEO-architecture. The individual segments of the GALILEO architecture will be described and their interrelation discussed. Also the interfaces and the boundaries of the GALILEO system will be explained as far as the present design has concluded on the main system elements.   

KEYWORDS: Galileo Architecture, Galileo GNSS,  Galileo    

Paper 71

GPS Receiver on JaeSat

Werner Enderle, Peter Roberts and Troy Bruggemann

Cooperative Research Centre for Satellite Systems

Queensland University of Technology

Brisbane, Australia

Cameron Boyd

Australian Space Research Institute (ASRI) Ltd.

The Joint Australian Engineering Satellite (JaeSat) is a micro satellite being developed under the management of the Australian Space Research Institute (ASRI). However, currently a project management responsibility transfer from ASRI to the Queensland University of Technology (QUT) and also a possible participation/cooperation of the Australian Cooperative Research Center (CRCSS) is under negotiation. JaeSat will be launched by a Ukraine rocket called Dnepr. The orbit will be a Low Earth Orbit (LEO) with an altitude of 800 km and an inclination of 98 deg. This paper will provide information about the QUT GPS receiver design characteristics with respect to software and hardware.  The testing environment will be presented including the GPS signal simulator and in-house custom designed software.  Further, this paper will provide an outlook for future plans in order to implement additional features aiming for attitude determination based on GPS measurements. 

KEYWORDS:  GPS Space Receiver Development, GPS Space Applications, GPS for Satellites

Paper 72

High Speed Search Architectures and Strategies for Acquisition of Weak GPS Signals

Rod Bryant

Sigtec Navigation Pty Ltd

ACT, Australia

The benefits of highly sensitive GPS receiver technology have become well recognized over the last few years.  In particular, weak signal GPS receiver operation facilitates the determination of indoor location.  This is essential if GPS location is to be viable for use in cellphones and in other portable devices.  As it happens, the location technology leading the competition for implementation in cellphone systems is Assisted GPS involving acquisition and measurement in the mobile device using assistance information from a server.

The assistance supplied to an AGPS receiver permits the receiver to constrain its acquisition searches thereby reducing the Time To First Fix (TTFF).  However, the achievable TTFF still depends heavily on the signal processing technology employed and the sensitivity to be achieved.

This paper introduces a new architecture for high speed searching.  It then examines the trade-off between sensitivity and TTFF for a variety of weak signal GPS signal processing architectures.  In doing so, the paper reveals the strategies needed for minimising TTFF.  Finally the paper explores the factors ultimately limiting GPS receiver sensitivity.

Paper 73

Starfire: The New RTG Differential Correction

Peter Terrett

Rapid Map Global

StarFire was developed by NavCom Technology, Inc. (NavCom) and Ag Management Solutions (AMS), both components of John Deere and Company, and is operated by NavCom. StarFire provides high accuracy navigation with sub-decimetre horizontal accuracy almost anywhere in the world. This unprecedented global accuracy is made possible by several important developments, which will be covered in this paper.

Paper 74

In-vehicle location-based services – Opportunities for extending telematics beyond safety/ security

Adam Game

Chief Executive Officer

Intelematics Australia Pty Ltd

Vehicle telematics services in the Australian market have focused in their first generation on a core suite of safety/security services – monitoring airbag systems, tracking & immobilising stolen vehicles. As telematics services move into the mainstream, a range of complimentary services will be required to add value to driver, vehicle owner, and manufacturer.

The next generation of services are still fundamentally location-based, but add value by enhancing mobility (for instance navigation and traffic congestion services), or by improving asset utilisation.

Intelematics is pushing the envelope of passenger vehicle telematics by prototyping a suite of asset management oriented telematics services that can be supported within the technical scope (and cost constraints) of the passenger vehicle market, and has recently researched the market opportunities for application of new technologies to fleet management.

This presentation will provide an overview of the telematics market, market research, emergent trends, and conclude with a case study demonstration of a location-based fleet management application.

Paper 75

Air target detection using synthetic aperture bistatic radar with non-cooperative GPS based transmitter: Case Study

K. Kubik, B. Mojarrabi and J. Homer

The University of Queensland

Brisbane, Australia

Signals from satellite systems like GPS, IRIDUM and Globalstar that are reflected from moving or stationary objects are utilised for their detection in a synthetic aperture bistatic radar system (SAR).  The movements of the satellite and its position at different coordinates with respect to time can serve as a base for a synthetic aperture.  This paper focuses on the development of a system based on the analysis of indirect signals, in particular GPS signals.  The main concern in this study is the low power of the GPS signal at the earth’s surface (typically about –160dB).  Due to the nature of the reflector/target, some power will be absorbed, and hence result in a further reduction in signal strength reflected by the target.  However, the other equally important concern here is the ground and sea clutter, which is 18-22dB stronger that the direct signal level.  Here we present theoretical results of both the , maximum detection range and land clutter contributions of the air target detection by bistatic SAR that utilizes the existing GPS satellite as the transmitting signal source.

Paper 76

Current development of a low-cost, high output rate, RTK GPS multisensor system for rowers

Kefei Zhang, Yong Li, Ron Grenfell

Department of Geospatial Science

RMIT University

Melbourne, Australia

This paper presents current progress of the project “Development of a miniaturised, high precision GPS rower monitoring and coaching system” conducted by RMIT University in partnership with The Cooperative Research Centre (CRC) for microTechnology. The aim of the project is to investigate the potential to use an advanced, space-borne system to track position, velocity and acceleration (P.V.A.) and optimise athletic performance and the coaching process.  The latest developments of the project including proof of concept, feasibility, system architecture and instrumentation are presented. Data analysis and collection of several real scenario trials are presented.

Preliminary results show that a consistent millimetre precision of position, centimetre per second of velocity and centimetre per second squared level of acceleration can be achieved using geodetic type of receivers. Initial tests have also confirmed that low-cost GPS receivers are capable of providing precise velocity and acceleration for athlete tracking and monitoring applications. The project aims to ultimately develop a reliable and practical system with low cost, lightweight, compact, multisensor integration and wireless communication, and capable of generating data at a high output rate.

KEYWORDS: low-cost code GPS, acceleration and velocity, MEMS,

gyroscope

Paper 77

Recent development of the Victorian high precision permanent GPS tracking network with real-time positioning capability

Kefei Zhang and Craig Roberts

Department of Geospatial Science

RMIT University

Melbourne, Australia

A dedicated GPS lab at RMIT in partnership with Land Victoria, Department of Sustainability and Environment, has recently been established to facilitate a series of GPS related research and developments. The laboratory will exploit the cooperative GPSnet infrastructure and provide valuable contribution towards the implementation and delivery of real time global navigation satellite system (GNSS) services to a wide range of Victorian communities. In addition, the laboratory will provide a focused research facility for real time GNSS research, products and services with an opportunity to create potential commercial partnerships.
This paper presents recent development of the network-based real-time kinematic positioning method. The concept and recent international development in network based RTK will be overviewed. The Victorian permanent GPS tracking network (GPSnet) system, its operation, current status and vision of future development into a real-time high precision positioning service will be outlined. Real-time applications demand wireless delivery of data from GPSnet. Preliminary investigation into existing communication media is presented in terms of protocol, cost, coverage and portability of user equipment. This includes a discussion of the proposed real-time RTK “test bed” system with a central data process function facilitated at the RMIT GPS lab. Recent development of the third generation mobile communication technology in Melbourne is also presented. Further work of the development will also be discussed. The ultimate aim of the project is to develop a state-wide satellite based geodetic infrastructure capable of providing location services with a high precision, easy access, in real-time and in a cost-effective manner.
KEYWORDS: Network-based RTK, Virtual Reference Station, On-The-Fly.

Paper 78

GPS experiments with the German Mini-satellite Mission CHAMP

Wolfgang Keller

University Stuttgart

Stuttgart, Germany

CHAMP (CHAllenging Minisatellite Payload) is a German small satellite mission for geoscientific and atmospheric research and applications, managed by GeoForschungsZentrum Potsdam.  With its highly precise, multifunctional and complementary payload elements (magnetometer,accelerometer, star sensor, GPS receiver, laser retro reflector, ion drift meter) and its orbit characteristics (near polar, low altitude, long duration) CHAMP will generate for the first time simultaneously highly precise gravity and magnetic   field measurements over a 5 years period  This will allow to detect besides the spatial variations of both fields also their variability with time.

In addition with the radio occultation measurements onboard the spacecraft and the infrastructure developed on ground, CHAMP will become a pilot mission for the pre-operational use of space-borne GPS observations for atmospheric and ionospheric research and applications in weather prediction and space weather monitoring.

The paper will give a brief description of the mission profile and the instrumentation.  In more detail the use of the GPS subsystem of the CHAMP satellite for inverse GPS altimetry, limb sounding and ionospheric tomography will be discussed.

Paper 79

Maritime use of GPS

Mahesh Alimchandani

Nautical Adviser, Navigational Standards

Australian Maritime Safety Authority

The Australian Maritime Safety Authority (AMSA) has a primary role in the promotion of maritime safety, protection of the marine environment, provision of marine aids to navigation and aviation and marine search and rescue services.

This paper discusses the maritime uses of GPS from the national maritime safety agency’s perspective.  It explores the role of GPS as an aid to navigation and its use in new technologies like ECDIS and AIS.  The use of GPS in search and rescue and pollution prevention is also examined.

The paper concludes by highlighting the twin challenges faced by AMSA – the improvement of maritime safety and environmental protection standards, which fulfil community expectations, whilst ensuring the safe and efficient transportation of cargoes.  This is particularly important for Australia, an island nation, heavily dependent on seaborne trade, with an extensive coastline that encompasses environmentally sensitive regions like the Great Barrier Reef (GBR) and Torres Strait.

KEYWORDS:  Maritime, DGPS, AMSA.

Paper 80

Future Directions in U.S. Maritime Radionavigation

Captain Curtis Dubay, P.E.

U. S. Coast Guard Navigation Center

This paper reports on trends in maritime radionavigation services in the United States and addresses GNSS, GNSS augmentations, and Loran-C.

The paper includes a brief overview of the GNSS management structure, modal transportation requirements, current and planned maritime, terrestrial and aeronautical GNSS augmentations, including Maritime DGPS, Nationwide DGPS, WAAS, and LAAS, and new civil GPS services.  The final report of the President’s Commission on Critical Infrastructure Protection and the Volpe study of GNSS vulnerability are also discussed.

The paper describes the cooperative efforts between USCG and FAA to increase Loran accuracy and availability through the use of H-field antennas and all-in-view receivers, and to evaluate the potential of an enhanced Loran to meet the 8-20 meter requirement of the Harbor Entrance and Approach phase of maritime navigation. 

The potential impact of Information Technology (IT) as it moves onto the bridges of ships in the form of AIS, ECDIS, and integrated navigation receivers is briefly discussed, including the increasing role of integrated receiver technology.  Finally, the implications of these impacts for the provisioning of future radionavigation systems are briefly examined.

The views expressed herein are those of the author and are not to be construed as official or reflecting the views of the Commandant or of the U. S. Coast Guard.

Paper 81

Quality Control Concepts for Regional GPS Reference Station Networks

N. Brown and A. Kealy

Department of Geomatics,The University of Melbourne

Melbourne,Australia

J. Millner and P. Ramm

Geodetic Infrastructure Land Victoria

Melbourne, Australia

Permanent GPS reference station networks are being implemented throughout the world following the establishment of the Global Positioning System (GPS) as the primary means for spatial data acquisition. Often these reference networks are used to augment the regional geodetic framework. One such network is Land Victoria’s GPSnet in Australia. As a key component of Victoria's geodetic infrastructure, quality control and integrity monitoring of the base station network are considered critical. 

This paper discusses the operational environment of GPSnet with emphasis given to quality and integrity issues. The policies, procedures and techniques being used to manage and accommodate these quality concerns are examined. This paper describes purpose built software that provides automatic quality and integrity monitoring and user notification of potential quality concerns for GPSnet. 

KEYWORDS: GPS, Network, Quality, Integrity. 

Paper 82

Multipath Error Analysis using the Fast Fourier Transform Spectral Analysis Technique

L. Holden

Department of Geospatial Science

RMIT University

Melbourne, Australia

Multipath is the phenomenon whereby a GPS signal is reflected before arriving at the GPS antenna. Multipath is not spatially correlated but rather site dependent, which implies that its effect cannot be removed or reduced using differential positioning technique. To obtain optimal positioning results, it is essential that the effects of multipath error on GPS measurements be considered and if possible accounted for.

This paper examines the multipath phenomenon and its characteristics.  Current techniques to mitigate multipath effects are reviewed. Spectral analysis is used to extract and analyse temporal behaviour of the multipath.  A test is first designed and subsequently undertaken in a controlled environment to isolate multipath error. Data analysis revealed that the presence of multipath in the GPS measurements is readily visible when there exist the reflective sources near the GPS antenna. It is shown that the behaviour of the measurement residuals is highly correlated and this temporal characteristic can be readily isolated using the spectral analysis techniques. It is also shown that multipath error has distinct oscillatory behaviour of frequencies between approximately 0.00058 Hz to 0.0007 Hz.  Some other useful conclusions are given.

KEYWORDS: Multipath, Spectral Analysis, Temporal Correlation.

Paper 83

On GPS satellite velocity and acceleration determination using broadcast ephemeris

J. Zhang, K. Zhang, R. Grenfell, Y. Li, R. Deakin

Department of Geospatial Science

RMIT University

Melbourne, Australia

The determination of velocity and acceleration of GPS satellites in the Earth-Centre-Earth-Fixed (ECEF) frame is vitally important for many dynamic applications where GPS satellites are used as known moving signal sources in space. However, satellite position, velocity and acceleration (PVA) are represented in terms of orbital parameters broadcast by the satellite in its navigation message known as broadcast ephemeris, not directly in ECEF system. The transformation of velocity and acceleration from the orbital plane system to the ECEF system involves a set of coordinate system rotations. However, existing literature on velocity transformation from orbital plane to ECEF is incorrect in claiming that the same rotation matrices as for a position transformation should be applied, while less literature has been found dealing with the acceleration transformation.

This paper derives the formulae, which consider the first and second derivatives of the rotation matrix, for transforming GPS velocity and acceleration from the orbital plane to the ECEF coordinate system directly by using the broadcast ephemeris. The new formulae have been numerically tested and analysed by comparison with the precise SP3 ephemeris, and the velocity and acceleration derived by the satellite positions obtained from the broadcast ephemeris respectively. A practical algorithm for ECEF velocity and acceleration determination is then proposed. With the removal of Selective Availability (SA), the proposed methods can be used in real time applications for velocity and acceleration determination.

KEYWORDS: GPS, satellite velocity and acceleration determination, ECEF coordinate system, orbital plane, broadcast ephemeris, coordinate system transformation.

Paper 84

Regional Satellite System Developments in Japan

Hideto (Duke) Takahashi

Manager - Strategic Aerospace Programs

Aerospace & Electronics Division

Itochu Corporation

Tokyo, Japan

The US Global Positioning System (GPS) is rapidly becoming a mainstay of daily life in Japan.  Everyday personal and professional tasks, such as using a telephone, driving a car and conducting business activities, are becoming increasingly dependent upon GPS "line of sight" signals.  Unfortunately, GPS use in Japan can be difficult at times due to blocking of the satellite transmissions.  Natural geographic features, such as mountainous terrain and "urban canyons" resulting from tall buildings, often render GPS services unavailable in the most critical of situations.

The Government of Japan has stepped up to the satellite navigation services challenge, and with support from Japanese industry, is exploring the opportunities of a GPS-like Regional Satellite System capable of serving Japan as well as all of Asia.  

This paper will present the status of a cross section of ongoing activities and options, such as satellite configuration and population alternatives associated with quasi-zenith and highly elliptical orbiting constellations, and potential domestic and international benefits of this innovative Japanese program.

Paper 85

Satellite tracking and its impact on maritime security

David Wilson-Le-Moine

Thales Navigation

London, England

Satellite tracking and its impact on Maritime Global Security.

Paper 93

Intelligent Access Program (IAP) – Using Satellite Based Tracking to Monitor Heavy Freight Vehicle Compliance
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Satellite based tacking enables the provision of services to transport operators that can monitor the compliance of heavy freight vehicles with respect to access conditions set by government.  Austroads initiated a feasibility project to investigate this capability.  The purpose of the Austroads ‘Intelligent Access Program (IAP) Feasibility Project’ was to identify the applications to which government could apply the IAP and to demonstrate the feasibility within the following sub-project components:

· intended applications and business feasibility,

· regulatory feasibility and implications for jurisdictions,

· technical feasibility and standards, and

· proof of concepts, pilots demonstrations and other learnings.

It was found that IAP can provide significant benefits to jurisdictions across all areas of activity including:

· improved road safety,

· reduction in infrastructure wear, 

· reduction in environmental effects, 

· better managing public perceptions and expectations of heavy vehicle movements, and

· optimisation of the road freight policy and operations tasks, including optimisation of the on – road enforcement activities.

Additionally the transport industry can benefit from improved productivity.

The overall findings of each of the above sub-project components were that the IAP is feasible.  This was demonstrated within each of the four components, and whilst for different reasons each indicated a staged roll-out of IAP as the most appropriate implementation mechanism.  Ultimately the success of the IAP is reliant on an appropriately designed and successfully managed implementation.

This paper will describe the IAP and the results of the feasibility project, including the planned implementation.

