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Abstract - In this paper, field test results of a
new efficient integer ambiguity resolution algorithm
for precision Carrier Differential GPS(CDGPS)
positioning are presented. The new algorithm is
based on a reconfiguration Kalman filter which is
designed to be wused for the real-time precise
positioning with low cost, single frequency,
conventional C/A code GPS receivers. The tests were
performed both in static and kinematic environment

1. Introduction

Precise positioning with GPS has been investigated in
the surveying area where mm-level accuracy is required.
This remarkable relative positioning accuracy is possible
by using carrier phase measurements of GPS. To use
carrier phase for positioning, however, initial integer
ambiguity embedded in the carrier phase measurement
must be resolved. For a short time span of data,
numerous Kkinematic carrier phase ambiguity resolution
techniques, called the On-The-Fly(OTF), which is the
key to the real-time cm-level differential GPS
positioning, have been proposed focusing on the
improvement of the search speed and the reliability in
the last several years. A carrier phase ambiguity
resolution technique with static initialization was
developed using high precision, single frequency, C/A
code receivers and its end-products were put on
market(1-3). This technique was further enhanced to
achieve the ambiguity resolution without static
initialization(4.5). In these works, the high code
accuracy obtained from a specially dedicated high
performance receiver equipped with a redundant narrow
correlator technology is used to reduce the search space.

In order to apply the OTF algorithm for single
frequency, C/A code receiver in real-time kinematic
environment, it must work

+ with single epoch L; frequency GPS data,

+ without static initialization,

+ with sufficiently fast computational speed and
reliability,

- high output latency(1-20Hz).

Besides the conditions mentioned above, the carrier
phase integer ambiguity resolution algorithm in low
cost, single frequency, conventional C/A code receiver,
which has the m-level code accuracy, has to overcome
other  problems: 1) Because the pseudorange
measurements in conventional low cost C/A code
receivers have m-level accuracy, the accuracy of float
integer ambiguity solution is also degraded. The search
space constructed from this level of observations is too
big to be applicable in real-time integer ambiguity
resolution because of its computational load and highly
correlated covariance matrix. 2) The variation of the
visible GPS satellites causes variations of ambiguity
states in the filter,

In References 7 and 8 we developed a new OTF
algorithm based on reconfiguration Kalman filter which
overcomes the above mentioned problems while providing
good performance improvement in a low cost, single
frequency, conventional C/A code receiver. Computer
simulation results are also presented in those references. In
this paper, we verify its performance using actual field data.

2. Field Test Results

2.1 Test Environment and Equipments

The tests were performed on the top of the
Engineering building at Ajou university, Suwon,
Korea. In the static test, the antennas of the
reference and the control point receivers were
mounted with ground plane to minimize the effect of
multipath error. In the kinematic test, a dom type
antenna was used in the control point receiver. The
GPS measurement data was obtained and stored by
using two sets of precise survey purpose commercial
GPS  receivers, Trimble 4000ssi of Trimble
Navigation Ltd.[6). The reference receiver-computer
set and antenna with ground plane are depicted in
Figure 1 and 2, respectively, and the
reference-control sites configurations are shown in
Figure 3. The test environment and equipments are
summarized in Table 1.

Table 1. Test environment and equipments

April 13th 2000, PM 4:00-6:00 (static)
April 1Sth 2000, PM 1:00-5:00 (kinematic)
the roof of the engineering building,

date/time

place . . .
Ajou University, Suwon, Korea
- GPS receiver (Trimble 4000ssi) 2 set
- GPS antenna (ground plane/dom) 2 set
~-data update rate : 15 sec
test set -data types : Cl, P1, P2, L1, L2, D1, and D2"

- reference station desktop computer
(pentium, 200MHz) 1 set
- rover notebook computer (pentium) 1 set
*C : C/A code. P : P code, L : carrier, D : doppler

For each of the antenna configurations, there are
four baselines that were accurately determined by
relative positioning with the commercial
post-processing software package, GPSurvey™ of
Trimble. The true ECEF coordinates of the each
control point from this package are listed in Table 2.
This control points were used as independent
benchmarks to veryfiy the quality of both static and
kinematic solutions. The reference site is assumed to
be at the origin of ENU coordinates, (0,0,0)(Table
2). In order to simulate a low cost, single frequency,
C/A code GPS receiver, only the C/A code range(C1)

-2436-



and the L) frequency carrier phase(L1) are used in
the algorithm among the seven measurement data,
Cl. P1, P2, L1, L2, D1, and D2, from the Trimble
4000ssi receiver. The accuracy level of the
pseudorange from the reciever is m-level which is
similar to that of conventional low cost C/A code
receiver. Typical conventional C/A code receivers
exhibit pseudorange measurement accuracy of a few
meters(2 to 3 m) without S/A(The S/A operation has
been removed since May 2000).

Table 2. The coordinates of reference and control points

ECEF coordinates ENU_coordinates
X Y z E N U
reference! —3060929.808 4055654.110 3842493.107;  0.000 0000  0.000
site A | -3060948.489 4055641.012 38424923371  2.280 -1.097  0.694
site B | ~3060953.952 4055647.386 3842481.044; 23.322 -15157 -0.005
site C | -3060993.728 4055615957 3842482601 74.004 -13.237 -0.044
site D | -3060988.060 4055609.407 3842493.526! 73343 0690  -0.215
unit : meters

2.2 Static Tests

Figure 4 shows the a static test result at the
control point D. It is shown in the figure that the
number of the visible satellites is varied during the
test run. The OTF based on the least-squares failed
to resolve the correct integer ambiguity set because
the search range from m-level pseudorange of
conventional C/A code receiver is too large to search
in a reasonable time span. It outputs the float
solutions with m-level variance characteristics. In
Kalman filter case, it continues to reduce the search
range efficiently through prediction-correction
procedure as time goes on and generates steady
small variance float solution. The root-mean-squared
errors of both algorithms at each control points are
listed in Table 3. As shown in the table, the
accuracy of Kalman filter is less than 30 cm. Figure
5 depicts the two dimensional positioning results of
static test at each control points.

Table 3. Comparison of position error from the
least-squares method and the Kalman filter in static test

Least Squares Kalman Filter

Site A 152 0.299

Site B 1.05 0.153

Site C 2.03 0.201

Site D 2.55 0.133
unit : m

2.3 Kinematic Tests

In the kinematic test, the rover moved around the
pre-surveyed control sites(A—B—C—D). Figure 6
shows the roving receiver mounted on the back of a
person who walks along the test path.

Figure 7 depicts the field test results in the
kinematic case. The number of the visible satellites
during the test run varied from 7 to 8. The result
shows that the performance of the proposed filter is
superior to the least-square mehtod.

3. Conclusions

In this paper, a new real-time precise GPS
positioning algorithm based on the reconfiguration
Kalman filter has been tested and verified by
processing the actual field data both in static and
kinematic environment. All the double difference
phase ambiguity estimates were identified in less
than 2 minutes using the filter in all cases. The

result indicates that the state reconfiguration scheme
performs efficiently in the situation where the
number of visible satellites varies. It was verified
that the new algorithm performs satisfactorily with
noisy pseudorange data from conventional C/A code
GPS reciever.
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Fig. 2. Reference antenna with ground plane at the roof of
engineering building at Ajou university, Suwon, Korea.
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Fig. 3. Geometric configuration between reference and
roving receiver sites

(d)
Fig. 4. Static field test result at site D

(a) The variation of the number of the visible satellites
(b) The comparison of the three dimensional positioning
errors of the least-squares and Kalman filter

(¢) Two dimensional positioning output of least-squares
(d) Two dimensional positioning output of Kalman filter
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Fig. 5. Static field test results

Fig. 6. Kinematic field test

(c)
Fig. 7. Kinematic field test results

(a) The variation of the number of the visible satellites
(b) Two dimensional positioning output of least-squares
(¢c) Two dimensional positioning output of Kalman filter
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