


same time are updated using separate Kalman filter updates (instead of one single
Kalman filter update step). As long as the measurements are not correlated, this
approach is equivalent to using all the measurements in a single update step, plus it
results in a more efficient implementation. A proof of this is given in Petovello (2003).
The principle drawback, however, is that techniques such as innovation residual
testing become less robust due to the reduced number of observations used at one
time.

12. FILTER TESTING. Initial results using the plug and play filter have
focussed on the integration of GPS and INS data. However, to demonstrate the full
advantages of the filter, some additional measurements similar to those expected to
be produced from additional ranging systems have been investigated. Some initial
results with the plug and play filter have been obtained using a combination of real
GPS and INS data collected in a clear open area, combined with simulated ranges
from a system such as UWB. The GPS and INS data was collected on a vehicle at
Aberporth airfield, Wales in August 2005 using the University of Nottingham’s
Applanix POS-RS. The POS-RS consists of a navigation grade Honeywell CIMU
and Novatel OEM4 receiver. The vehicle was driven at various speeds and dy-
namics up and down the runway for a period of 40 minutes. At the beginning of the
dataset, there is a 20 minute static period for alignment of the INS.

Figure 5 shows the trajectory of the vehicle along the runway. At one end of
the runway, four transceivers have been simulated, and the coverage is shown in the
figure. The measurements have been designed to mimic a prototype UWB system
from Thales Research and Technology (Ingram et al, 2004), although artificial
coverage has been introduced for the simulation. Usually five UWB transceivers
and a mobile are used with one of the transceivers acting as a master to synchronise
the system. A mobile transceiver is used to record pseudoranges to the four
non-masters.

Figure 4. Sensor synchronisation flow diagram.
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Synchronisation with GPS time is achieved by recording an output pulse from the
mobile every UWB frame which is approximately every 11 ms. During the first half
of the frame, the mobile synchronises with the master, and during the second half of
the frame, the measurements to the other pseudolites are taken. The receiver selects
the best of the measurements to record, which means that the recorded data is not at
a constant interval. Furthermore, no two pseudoranges are recorded at the same
time. The result is that the UWB system outputs ranges at a rate of approximately
5Hz with individual range measurements offset by approximately 5 ms, therefore
measurements with these characteristics are simulated.

The simulation of the UWB measurements differs slightly to the prototype system
which outputs a linear combination of ranges to the slave and master transmitters.
Instead, the master transmitter was excluded from the simulation, and the measure-
ment noise of each range was increased (this is to be equivalent to using differenced
measurements to remove clock errors). The measurement random noise was defined
to be 5 cm, and effects such as multipath were not considered. The primary purpose
of the simulation was to test the ability of the filter using ranging measurements
from different systems, not necessarily UWB, which may occur at different time
intervals.

Figure 6 shows the position error (computed from the difference between the post-
processed smoothed solution) for the trajectory when GPS satellites are gradually
removed from the solution. The figure shows that as the satellites are removed,
two UWB pseudorange observations come into view, followed by four UWB ob-
servations which corresponds to the UWB coverage shown in Figure 5. The figure
demonstrates that centimetre level positioning can be retained as the integration
filter combines the observations from the two different systems. During the period
1640 to 1650 seconds, it can be observed that the down position error increases as
the satellites go out of view due to drift in the INS. This is not improved until the
system is in the centre of the UWB coverage where the geometry is sufficient to
resolve the height (the pseudolites were assumed to be fixed 10 m above the runway).
It should also be noted that ambiguities are fixed in a single epoch as soon as five
satellites return to view.

A similar plot is shown in Figure 7 except in this instance the GPS observations are
removed so that there is a gap of a few seconds between GPS being removed, and
pseudolites coming into view. The results show that the INS is able to maintain

Figure 5. Vehicle trajectory along Aberporth runway, green area shows pseudolite coverage.
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centimetre level position accuracy during the gap. Again, there is a drift in the vertical
channel where there are less than 4 measurements in view.

The initial results from the integration of GPS, INS and simulated pseudolites
demonstrate that the software is able to seamlessly integrate different types of
measurements. The simulation software also provides a useful tool for investigating
the performance of different numbers and positions of pseudolites to maintain
centimetre position accuracy during periods of degraded GPS. It is, however, re-
cognized that with real data, as the test bed travels through difficult environments, the
observations will not only be obstructed, but may be degraded due to effects such as
multipath. Therefore, additional work will be carried out with the integrity part of
the SSS to ensure quality is maintained and bad observations removed.

13. FUTURE TEST BED. A prototype version of the test bed has been
developed for operating in difficult environments. The test bed consists of the
navigation grade Honeywell CIMU, a tactical grade Honeywell HG1700, a dual
frequency Leica System 500 GPS receiver and a prototype UWB system from
Thales, along with necessary power supplies and data logging equipment. A field
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Figure 6. Integrated system error using GPS, INS and simulated pseudolites during UWB trial.
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Figure 7. Integrated system error using GPS, INS and simulated pseudolites during UWB trial.

Figure 8. Prototype version of future test bed.
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trial has been conducted in Nottingham in August 2006 with 5 UWB pseudolites
set up inside the main hall at the University of Nottingham sports centre. The
mobile test bed, shown in Figure 8, was moved around an area that included clear
open sky, close to the building and inside the building. Future work aims to demon-
strate that data collected from the mobile test bed will be able to seamlessly
position at the centimetre level both outdoors and inside the building.

14. CONCLUSIONS. This paper has described the algorithms used in the
development of a plug and play filter for high accuracy positioning in all environ-
ments. The paper has described the different components of the plug and play filter
that make a configurable and extendable filter capable of integrating a variety of
positioning sensors. It has been demonstrated that the filter can seamlessly integrate
GPS, INS with simulated data from a simulated UWB system. Future work aims to
demonstrate an operational test bed using a combination of GPS, INS and UWB
sensors on a mobile platform operating in clear environments, close to and inside
buildings.
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