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Experimental Assessment of Satellite—based
Positioning System for GIS Data Acquisition
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ABSTRACT

Satellite-based positioning system such as global positioning system(GPS) has played a major role
in data capture technology for constructing GIS database. Recent advances in satellite-based
positioning technology have made the task of precisely locating features fast, easy, and inexpensive,
and determined their current latitude and longitude. However, there are still situations where
satellite-based positioning service will not provide users with desired precision such as in urban
environments, that is, the only severe handicap still hampering satellite-based positioning is the
well-known problem of restricted satellite visihilites. As the majority of the creation and updating of
road and street network are camed out in urban environments, the obstruction problem considerably
impedes the wider application of satellite-based positioning. This paper presents the current
GPS-hased positioning environment for GIS data acquisiion in urban areas. A field experiment with
measurement vehicle has been performed under varying operational conditions and areas where
shading of satellite signal is encountered due to buldings and overpasses with measurement vehicle in
order to evaluate the availability of existing GPS-based positioning. We found that the current
GPShase postionng system we used in this study was msufficent for a precise (IS data  acquisition.
This research would make a contribution for the development of base data to supplementary
technology, which can complement the existing GPS-based positioning.

KEYWORDS: GIS Data Acquiisition, Satellife-based Positioning Systern, Global
Positioning System
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INTRODUCTION

Geographical information systems (GIS)
have been generating massive interest worldwide.
GIS is expected to represent real-world
geographies n a structured, digital format that
permits users to create, edit, manipulate,
display, analyze, and output data. Most types
of information or data include some kind of
geographic and positioning component, which
allow for a graphical representation of that
information. Recent advances in GPS technology
have made the task of precisdly locating features
fast, easy, and inexpensive, and determine
position anywhere on the earth’s surface in
latitude/longitude coordinates to an accuracy of
fractions of a second of arc. Its accuracy is
already greater than that of the best base
mapping commonly available iIn most countries.
For such satellite-based positioning system, the
accuracy, availability and reliability of the
satellite-derived position solution is highly
dependent on the number of tracked satellites.
However, there are still situations where
satellite-based positioning service will not
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provide users with desired precision such as in
urban environments, that is, the only severe
handicap still hampering satellite-based positioning
is the well-known problem of restricted satellite
visihilites due to obstruction of buldings. As
the majority of positioning data capture tasks
are carried out in urban environments, the
obstruction problem considerably impedes the
wider application of satellite-based positioning.
However, many GIS applications nowadays
require more accurate positioning information
with the highest mlighiity. It is well known that
reliable uninterrupted GPS operation can be
usudlly redlized only under an open sky ar with
minimum obstructions. Nevertheless, GPS
cannot provide sufficient availability and
continuity of service for GIS applications since
the performance of existing systems may
decrease under difficult operational conditions.
For example, in such urban environments
where GPS signals might be obstructed for
extended periods of time. Besides, undesirable
phenomenon such as carrier phase cycle slips
may hinder acquisiion and keeping of the float
and fixed ambiguity solution Real Time
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Kinematic (RTK) method generally has severe
imitations when fewer than five satellites are in
view. Under such a condition, RTK does not
wok a dl o woks vey uneiably, and cannot
avoid imterruptions. Furthermore, if there are
cycle slips, it needs some time to cover the
problem, which requires an instantaneous
ambiguity resolution or instantaneous positioning,
and the issue of maintaining continuous lock
and fast signal recovery after possible losses of
GPS lock is essential in order to meet such
stringent accuracy requirements. Therefore, it
is crucial to evaluate the practical positioning
environment in urban areas. This paper
describes the current positioning environment
for GIS data acquisiion in urban environment.
Besides the general description of the approach,
this paper describes the overall of measurement
vehicle and schematic system setup in detail

OUTLINE OF
EXPERIMENTAL SYSTEM

In order to evaluate satellite—base positioning
service, a field experiment has been performed
under varying operational conditions and areas
where shading of satellite signal is encountered
due to buldings and overpasses. The system
for the field experiment consists of a DGPS
receiver, an Intemal Navigation System (INS),
a vehicle odometer, a Personal Computer (PC)
and a measurement vehide for drving thals as
shown in Fgurel. Especially, the DGPS receiver
is composed of a L1 frequency (15754MHz)
ASHTECH G-12 GPS receiver and medium
frequency radio beacon that receives correction
data on FM commermial rado at a regular time
interval by the Japanese Maritime Safety
Agency. Meanwhile, INS technology was used

n oder to overcome the poblem of GPS signal
blockage in this experiment. The GPS, when
operated in differential mode, is capable of
providing very accurate position and velocity
information when the camrier phase observable
is used. Under ideal conditions, the GPS
measurements are consistent in accuracy
throughout the survey mission. However, such
conditions do not often exist Independent GPS
navigation requires at least four satellites with
good geometry. A major drawback of GPS is
the accuracy degradation due to poor satellite
geometry, cycle slips, satellite outages, and
dynamic lag during maneuvers. This 1is
especially prevalent in urban centers and when
encountering highway overpasses or tunnels.
The INS measures linear acceleration and
angular rates very accuratdy and with minimum
time delay. For short time intervals, the
integration of acceleration and angular rate
results in extremely accurate velocity, position,
and attitide with almost no noise or time lags.
However, because the INS outputs are obtaned
by integration, they dnft at low frequencies. To
obtain very accurate outputs at all frequencies,
the INS should be updated periodically using
external measurements. GPS velocities and
positions are update measurements which
complement the INS output in an ideal way.
The integration of GPS and INS, therefore,
provides a survey system that has superior
peformance in comparison with ether a GPS o
an INS stand-alone system. For instance, GPS
derived positions have approximately white
noise characteristics over the whole frequency
range. The GPS-derived positions and velocities
are therefore excellent external measurements
for updating the INS, thus improving its
long-term accuracy. Similarly, the INS can
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provide precise position and velocity data for
GPS signal acquisition and reacquisition after
outage. This reduces the time and the search
domain required for detection and correcting
cyde slips. INS consists of GPS receiver, gyros
and accelerometers. This integration is very
similar to car navigation, which provide the
user with precise position, the GPS measures
position, the gyro sensor measures direction
and the speed sensor measures distance. A
measurement  vehicle for driving trals has been
developed by Asia Air Survey (AAS) Co. Lid,
is named Hybrid Inertial Surveying System
(HISS). All equipment was mounted on the
roof of the measurement vehicle. The
dignment of equipment used is shown in Figure
2. The schematic system setup with emphasis
on the vehicle’s equipment is displayed in
Figure 3. This system arrangement allowed
simultaneous observation of measurements by
using the GPS receivers comected to INS. We
installed a highly accurate GPS receiver and
thed to use the Vitual Reference Station (VRS)
system of Japan Geographical Survey Institute
(GSD) reference network during the experiment
in order to obtain the real-time coordinates of
measurement  vehicle. The VRS is, currently, a
network comprising of as many as 1,000
GPS-based control stations covering all over
Japan n oder to obsarve custal movement for
seismic prediction and research. However, VRS
was not exploited during the course of this
experiment because the number of visible
satellites was not sufficient to reliably determine
position and led to complete deficiency of
positioning. Thus, the INS has been used
inevitably for supplying the correction data
instead of VRS system whie the measurement
vehicle run a course.

FIGURE 1. The measurement vehicle for
driving trials

FIGURE 2. Alignment of the equipment used
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FIGURE 3. Schematic system setup
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FIGURE 4. Map of testing site and the vehicle trajectory

EXPERIMENTAL RESULTS

The system has undergone extensive testing
m Shibuya district of Tokyo. Figure 4 shows
the mep of the testing ste as wdl as the vehide
trajectory obtained by HISS. The field
experiment presented in this study was
performed from 07:10 to 0753 on December
13, 2002. Shibuya district contains extensive
urban canyons, which cause significant GPS
outage. The position could be computed
position if the number of tracked satellites was
three or more. Hence, with three satellites,

two-dimension solution could be obtained. The
measurement vehicle ran a course at a low
speed for obtaining stable range measurement,
and measurement vehicle stopped at 25
discretionary points in order to compare the
results of DGPS with INS data.

The number of visble satelites and the ratio
of visible satellites (to total satellites) during
the data odlection are shown n Fgue 5 and 6
As shown in this figure, it can be seen that
although the measurement vehicle went
smooth, there were some jumps in HISS out,
which were mainly caused by emroneous GPS
signals. Figure 6 shows that only 51% of the



56

Experimental Assessment of Satellite-based Positioning System for GIS Data Acquisition

5 4
55
553
74 ] I
55 1 ] [
E ] | jﬂl
2N 1 I
710 720 7:30 7:40 750

Local Time (hh:mm)

FIGURE 5. Number of visible satellites

35
30
25
20
15
10

Ratio (%)

| -

0 1 2 3 4 5 6
Number of Visible Satellites

FIGURE 6. Ratio of visible satellites

time during the experiment was it possible to
track three or more satellites for positioning.
The outage period was also different depending
on the each surrounding environment. The
major reason of instability seemed to be caused
by the numerous signal blockages as well as
multipath and interference arising in the urban

environment.

It is well known that precise navigation
based on GPS suffers from losses of GPS lock
while a vehicle travels in the interference/
multipath generating environment, or under the
canopy, bridges, overpasses, etc. During the
lock of GPS signal loss, the INS navigation
solution is used to bridge the GPS gaps
(GrejnerBrzezinska et al, 2000). Thus, their
ntegration has led to high—accuracy estimates
of position, velocity and attitude. In this
experiment, we adopt the INS technology and
compared GPS observation emors to the mertial
navigation solution as shown in Figure 7. The
difference between the DGPS and the INS,
Horizontal Dilution Of Precision (HDOP) and
the number of visible satellites were described.
The HDOP values are meaningful for
measurement vehicle. When the number of
visible satellites was four or more, better DOP
values were shown as expected. Due to no
line-of-sight reception, there were jumps in
output data for some perdod of time duing the
field experiment. In addition, the fluctuation of
the number of visble ranging signals and DOP
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and number of visible satellites
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FIGURE 8. Result of visible satellites
values were found, which caused by signal loss positioning. Therefore, it is necessary to

due to shadowing by buildings while moving
along the street. In the worst case, position
error was approximately 280 meters with
respect to the results of INS. Through this fidd
experiment, we could evaluate the practical
positioning  service level for GIS data capture in
wban environment. It is evident that GPS data
alone was inadequate for applications requiring
reliable, accurate position information especially
in urban environment.

Figure 8 shows a typical period plot of the
changing number of visible satellites on the
urban streets during the experiment. Note that
as many as 6 satellites are visble during this
time. The current GPS constellation was
designed so that it provides over 4 visible
satellites to users worldwide in order to
compute their positions In three dimensions and
the time offset in the receiver clock.
Nevertheless, only a few satellites could be
tracked since the urban environment obstructs
the line-of-sight (LOS) between the user and
the satellites.

From these results it can be seen that it is
very hard to navigate in urban environments,
especially between the buildings, since the
availability ratio of tracked GPS satellites may
not be sufficient for accurate and reliable

consider supplementary technologies, which
can complement the existing GPS-based
positioning. Integration of GPS and new
supplementary technologies would allow us to
improve data acquisition compared to the
GPS-only case, which might be sufficient to
fulfill user requirements. It is obvious that the
more satellites we deploy, the higher accuracy
we have.

CONCLUSIONS

This paper described the practical
positioning environment for GIS data acquisition
in wban areas through field experiment with
GPS alone cannot
provide users with desired precision to users In
wban areas because the number and geometric
distribution of tracked satellites were not

measurement vehicle.

sufficient for accurate and reliable positioning.
In recent years, as a mean to improve the
performance of satellite-based positioning in
areas where satellite visibility
supplementary  technologies of existing
satellite-based positioning have been an active
research subject. Accordingly, the results of
this research can be used as base data for
developing supplementary technologies, which

is limited,
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mprove the existing GPS-based positioning for
GIS data acquisition with precision. KAGIS
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