Figure 5. The Architecture of a Prototype System

This dedicated device that is under development
consists of three basic components. From the
data flow point of view, the RTK corrections are
generated by a central processing facility (2 in
Figure 5) after gathering raw measurements from
a network of reference stations via dedicated
landlines or even wireless broadband (1 in Figure
5); the RTK corrections are then pushed to the
end users via wireless communications (3 in
Figure 5) for performing relevant positioning,
navigation and tracing activities.

DATA ACQUISITION AND PROCESSING

Both data acquisition systems as depicted in
Figures 4 and 5 were utilised in the recent road
data acquisition exercises on the different road
section in the areas close the University of
Nottingham. In the tests, both the real-time
NRTK positioning data in a format of NMEA
strings and raw measurements were recorded,
together with the IMU data collection. Further
data fusion was carried out through either post-
processing recorded raw GPS measurements and
the data sets collected from nearby reference
stations or using the NRTK position fixes as the
seed data for integrating IMU data to output final
vehicular trajectories. The passing vehicles or
even small bridges as shown in Figure 6, and lack
of GPRS coverage are the major factors for the
discontinuity of GPS solution. It is evident that
IMU can easily bridge the gaps which will make
the data mining much easier.

Figure 6. NRTK GPS only Solution (left) and
Integrated GPS/INS Solution to Bridge the Gaps

(right)

With the positioning system as shown in Figure
4, the achievable accuracy of the final 3D
trajectory is at centimetre level and many ITSS
applications can be fully exploited. For instance,
as discussed by Meng et al. (2007) the road
surface roughness and the instant road section
speeds can be extracted. Furthermore, the instant
road section speed is an important parameter for
the accurate volume estimation of pollutant
emission.  Since GPS can provide absolute
coordinates referred to WGS84 or a similar future
datum, through integration with vision systems
precisely mapping the road signs can be carried
out in a cost-efficient way. Based on the
locations of these signs fully autonomous driving
can be achieved and lane departure warning can
be easily implemented.

Figure 7 is one of such exploitation examples.
The testing roads are a combination of part of M1
motorway, urban road and “A” grade roads close
to Nottingham. The instant speeds which are
varying between 0 to 32m/s can be used to
analyse the congestion level on each road section.

Figure 6. Instant Horizontal Road Section Speed
Estimated from NRTK GPS Solution



Many approaches can be employed to improve
or augment GNSS positioning to resolve
positioning continuity problem. For instance, in
the tests high sensitivity GPS (HSGPS) receivers
were utilized to investigate their performance for
ITSS applications. These receivers are
inexpensive and some of them can also acquire
extra range measurements from the European
Geostationary ~ Navigation Overlay Service
(EGNOS), a space-borne augmentation system
that consists of three geostationary satellites and a
network of ground stations, for achieving
accuracy better than 2 meters (www.eas.int).
Figure 7 gives an epoch-by-epoch comparison
between the position trajectories obtained with
NRTK GPS positioning and a HSGPS receiver.
It is evident that whilst both methods could
provide nearly similar trajectories (the trajectory
offset caused by the location difference of two
antennas), a Bluetooth HSGPS receiver of around
£20 had much better capacity in delivering
uninterrupted positioning solutions than a very
expensive geodetic receiver of about £20,000
could. Of course, for outputting high quality
positioning solutions, the geodetic GPS receivers
extensively rely on strict filtering technology
which causes many suspicious measurements
being rejected in the data processing, whilst a
HSGPS receiver uses whatever available signals
without considering whether they are direct
signals or indirect signals.
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Figure 7. Comparison of the Trajectories Generated
by a Geodetic GNSS Receiver and an Inexpensive
HSGPS Receiver

Figure 8 shows a testing area and the
trajectories of a recent high dynamic trial using
the survey vehicle. In this figure the blue colour
is used to draw the trajectory determined with
NRTK GPS positioning and the red colour one is
for the trajectory output by a tightly coupled
GPS/INS device.

Figure 8. Area Used for the Determination of
Attitude of Moving Platform.

From Figure 8 it is apparent that NRTK failed
to provide continuous positions of the survey
vehicle but the tightly couple GPS/INS device
seems having a convergence problem during the
testing period. High dynamic testing period
carried out in a car park clearly shows the 8-
shaped vehicle trajectories that were determined
by NRTK GPS positioning but worse trajectory
divergence is evident as illustrated I Figure 9. A
post-testing check reveals that the misalignment
of GPS/INS device might be responsible for the
poor quality positioning output. Further tests
have been arranged and the sensor firmware will
be upgraded.

Figure 9. Further Comparison between the
Trajectories determined by NRTK GPS only Solution
and a Low Cost/Tightly Couple GPS/INS Sensor

Since three antennas had been installed on the
roof of the survey vehicle, it is possible to
estimate the instant attitude of the vehicle.
Simple comparison has also been made between
these estimates with those outputs by the IMU


http://www.eas.int/

sensor to investigate the precision of NRTK GPS
positioning based attitude determination. It is
apparent that the both systems have produced
similar attitude results when comparing Figure 10
and Figure 11.
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Figure 10. Heading Change Estimated with GPS
Position Fixes
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Figure 11. Heading Change Estimated from IMU
Measurements

FUTURE WORK

Ubiquitous positioning is one of the IESSG’s
strategic research directions. It has profound
significance for future ITSS and Location-based
Services (LBS) applications. The University has
recently won a major EPSRC award of more than
£5m to create a prestigious Centre for Doctoral
Training (CDT) in Ubiquitous Computing for the
Digital Economy. R&D of the cutting-edge
ubiquitous positioning technologies is one of
activities of this CDT. The authors of this paper
are the key members for this aspect. Students of
the CDT will be trained for PhDs while carrying
out research.

CONCLUSIONS

Over the years the IESSG has accumulated rich
expertise and established useful facilities for
conducting innovative Intelligent Transport
System Services (ITSS). These form a solid
foundation for supporting relevant research and
teaching activities within the University of
Nottingham.  This paper gives a snapshot

overview about our recent activities in ITSS
related areas and a brief introduction about future
work.
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