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ABSTRACT

It is well known that the accident of vehicles carrying hazardous materials incurs huge losses economically and socially.
To detect and respond rapidly against the accident of a vehicle carrying hazardous materials, it is essential to estimate the
relative navigation information between the forward tractor module and the backward trailer module of the vehicle reliably
and accurately. In this paper, a precise relative positioning system based on GPS is designed, implemented, and evaluated as
a prerequisite to design an effective relative navigation system for the vehicle carrying hazardous materials. An experiment
using field-collected 10 Hz real GPS measurements showed that the designed relative positioning system achieves 22 cm
accuracy within 15 epochs by float solutions. Also, it was found that cm-level integer solutions can be generated reliably after

the quick convergence of float solutions.
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1. INTRODUCTION

The accident of vehicles carrying hazardous materials
occurring in downtown area has a possibility of secondary
damage due to the hazardous material spill even after the
primary damage of accident, and therefore incurs huge
losses in economic and social aspects considering the extent
and spread of damage. For minimizing the loss incurred
by the accident of vehicles carrying hazardous materials,
it is necessary to quickly detect and take action against the
accident of vehicles carrying hazardous materials.

A large vehicle carrying hazardous materials consists of
tractor and trailer. To effectively and promptly detect the
accident occurrence, the precise relative position, relative
velocity, and attitude information between the tractor
and trailer are required. In general, the GPS and INS are
mainly used to obtain the position information and attitude
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information, and they complement each other by the
integration of two different technologies (Hong et al. 2004)
(Hong et al. 2005). The GPS has a disadvantage that the
accuracy is degraded due to the effect of the error from the
radio environment such as multipath or cycle slip, and has
a limit in high-speed estimation of the state of tractor and
trailer because it only provides the information of relatively
low period. On the other hand, the INS has an advantage
that it provides the information of high period and is almost
not affected by the external environment, which improves
the continuity of vehicle state estimation.

The GPS/INS integration technique improves the high-
speed state estimation of vehicles or the continuity, but the
accuracy of positioning largely depends on the performance
of designed GPS positioning filter. Therefore, the precise
absolute/relative positions of tractor and trailer become
the basic technology for estimating the precise attitude
information, and a GPS positioning technique which has
high accuracy is required for this purpose. As for the GPS
point positioning, the positioning accuracy is generally
degraded due to the tropospheric delay, ionospheric delay,
and satellite/receiver clock bias. The differential GPS (DGPS)
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was developed to effectively eliminate the error sources
and improve the position accuracy, and when the DGPS is
utilized, the satellite clock bias, tropospheric/ionospheric
delay bias, and receiver clock bias can be effectively
reduced or removed. As the DGPS, which only uses code
measurements, has a measurement error of several meters,
the Real-Time Kinematic (RTK) which simultaneously uses
carrier phase measurements is frequently used for precise
and accurate positioning. As for the RTK, the positioning
accuracy of dozens of centimeters can be obtained even
when it is in motion, and the accuracy of several centimeters
can be achieved when the integer ambiguity is resolved
(Hwang & Brown 1990, Hwang et al. 1999).

Fig. 1 shows the schematic diagram of the system for
estimating the state and attitude of vehicles carrying
hazardous materials. In Fig. 1, the wireless data link is used
to exchange the accident and state information, and the
front payload estimates precise state and detects accident
by receiving the GPS measurements from the rear payload.

In this study, the configuration of the system for
estimating the precise absolute/relative positions of vehicles
carrying hazardous materials is designed, and the relevant
element algorithm is implemented. For generating a precise
position, the integer ambiguity resolution is essential, and
this is based on the performance of the filter for effectively
estimating the float solution. In order to estimate the
precise absolute/relative positions, a typical precise relative
positioning method based on fixed reference station and a
relative positioning technique based on moving reference
station where the reference station is not fixed are required,
and the position domain filter based on moving reference
station is implemented for this purpose.

The simulation and actual vehicle onboard experiment
were conducted to analyze the performance of the designed
system. The performance of implemented filter is analyzed
in terms of accuracy, and the performance of ambiguity
resolution is analyzed with the Time To Ambiguity Fix
(TTAF) (Feng & Wang 2008).

2. A SYSTEM FOR ESTIMATING THE STATE
OF VEHICLES CARRYING HAZARDOUS
MATERIALS

For detecting the accident occurrence of vehicles carrying
hazardous materials, the absolute position of vehicle and
the precise relative position, relative velocity, and attitude
information between the tractor and trailer are required.
To estimate the precise absolute/relative positions, relative
velocity, and attitude information, the navigation technique
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which only uses the GPS and the navigation technique
which uses the GPS and INS are typically utilized.

Fig. 2 shows the schematic diagram of the front/rear
payloads of vehicles carrying hazardous materials. The
GNSS receiver and INS transfer the measured data to the
processor. The data link uses the Ethernet or RF modem,
and is used for transmitting the data link between the
front and rear payloads and the estimated vehicle state
information to the control center. The processor estimates
the relative position/velocity between the front and rear and
the attitude using the data received from the GNSS and INS.

In general, the steady-state position accuracy of GPS/
INS integrated navigation system largely depends on
the GPS position accuracy which is used as the auxiliary
measurement. Though the navigation technique which
only uses the GPS has a disadvantage of providing only the
information of relatively slow output rate, it is an essential
technological element for estimating the precise absolute/
relative positions which are the basis of state estimation.
Therefore, for the final development of GPS/INS relative
navigation system shown in Fig. 2, as the preliminary
research, the relative positioning system which only uses
the GPS needs to be designed and the accuracy of the
system needs to be analyzed. For this purpose, a system
for estimating the precise relative position was designed
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in this study as shown in Fig. 3 by installing GPS receivers -
ey &0 5 . =ty X X, J+w
at the fixed position and the tractor and trailer of vehicle ~ ‘ v
carrying hazardous materials, respectively. In Fig. 3, the ¢ =ler) [X, - Xw} AN+, (1)

reference and front GPS data are integrated by the DGPS
module, and select the valid satellites through the processes
of measurement differencing, malfunction detection, and
satellite position calculation. The selected measurement is
used for generating the absolute position of tractor in the
fixed reference based RTK-GPS module.

The rear GPS data is integrated by the front GPS data and
DGPS module, and is used as the input of moving reference
based RTK-GPS module through the valid satellites
selection process. The fixed/moving reference based RTK-
GPS modules perform the integer ambiguity search based
on the float solution generated from the implemented filter,
and estimate the precise absolute/relative positions.

3. IMPLEMENTATION OF CORE
TECHNOLOGY

3.1 Double difference position domain Hatch filter

The signal precision of GPS is degraded due to various
error sources. These error sources include the satellite clock
bias, tropospheric/ionospheric delay bias, and receiver
clock bias, and they can be reduced or removed by the
single/double differencing technique (Parkinson & Axelad
1996). This study uses double differenced measurements,
and when the distance between the two receivers is
assumed to be less than several kilometers, the code/carrier
phase measurement equation can be modeled as Eq. (1).

where ¢f is the line-of-sight angle vector, X, and X,x are
the positions of reference and rover, respectively, v and
nf° are the measurement errors of code and carrier phase,
respectively, A is the wavelength, and ~? is the integer
ambiguity. Also, in Eq. (1), the subscript k indicates the
observation epoch, and r and u indicate the reference and
rover, respectively. The superscript j and o indicate the
satellite number, and o indicates the reference satellite.

An efficient navigation filter should provide the accuracy
of estimated position information and the relevant index
sufficiently. In this regard, most navigation filters calculate
the error covariance matrix which represents the statistical
characteristics of estimation error, along with the position
estimates. The validity of error covariance matrix that
the filter calculates with respect to the navigation error
that actually occurred has a large effect on the navigation
performance (Lee 2005).

The range domain Hatch filter prevents the deterioration
of position accuracy due to the inaccurate kinematic
model by sufficiently utilizing the diversity of receiver
measurement, and is used for various applications of
geodetic survey and aviation fields by various combinations
of dual-frequency measurement (Hatch 1982).

For the range domain Hatch filter, there is a risk that
the losses of position accuracy and error covariance data
become large when the number of visible/valid satellites
changes. To overcome the performance degradation of
range domain Hatch filter depending on the change of
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Table1. Double difference position domain Hatch filter.
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The terms in Table 1 are as follows.

X, a priori state estimate

86X, a priori estimation error

P, a priori error covariance matrix

X, a posteriori state estimate

8X,: a posteriori estimation error

/5,(: a posteriori €Iror covariance matrix
H,: observation matrix

Ao Ayt Measurement error covariance

I,: channel selection matrix

satellite combination, the position domain Hatch filter has
been introduced and shown that stable generation of float
solution and error covariance data is possible despite the
change of satellite combination (Lee & Rizos 2008, Kim &
Lee 2008).

The double difference position domain Hatch filter
is robust to satellite slip or the change in the number
of satellites, and improves the reliable performance of
ambiguity resolution through the generation of consistent
and realistic error covariance data. Also, it is advantageous
for the high-speed relative positioning by minimizing the
estimation errors. Thus, the double difference position
domain Hatch filter is used in this study to estimate the
absolute/relative positions of vehicles carrying hazardous
materials. Table 1 shows the double difference position
domain Hatch filter.

The channel selection matrix I', selects only the valid
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satellite channels at each epoch, and is used to consider the
change of satellite combination and the change of reference
satellite between the previous and current epochs. The
indirect measurements <4 and @1, which are used for time
propagation and measurement update, are shown in Egs. (2)
and (3), respectively.

Z,=HX, -,
=H,8X, +v, 2)
Q. =-DHX, — (@, -®,) ®3)

3.2 Relative positioning technique based on moving
reference

For a typical RTK-GPS technique, the reference position
X, is located at a fixed, known position. Using this reference,
a rover can estimate the absolute position by generating
or receiving the correction data. However, for the moving
reference based RTK-GPS technique, the reference position
moves along with the position of rover, and the baseline
vector between the two rovers is estimated using a direct
differencing method rather than a method generating the
correction data. Also, in Eq. (1), the term for the reference
station X; is changed to X, «.

In terms of time synchronization, the fixed reference
based RTK-GPS can maintain accuracy for a certain
period of time even when there is a loss of reference
data. However, the moving reference based RTK-GPS can
accurately estimate the baseline only when accurate time
synchronization is achieved between the two receivers.
Fig. 4 shows the error sources which can be caused by
asynchronous time in the moving reference based RTK-GPS.
The moving reference based RTK-GPS estimates the relative
receiver position in relation to the reference receiver, and
when the time synchronization is not accurately achieved,
the error occurs in the baseline vector estimation between
the two rovers which have different movements. This error
becomes larger as the two rovers move faster. Therefore, to
reduce the error caused by the asynchronous time between

Front Payload Rear Payload

/’ B '.\
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hY A =
7 X K = (K+1) epoch
> -
‘>‘ L
A} -

(K+1)-th epoch had

Fig. 4. RTK-GPS error caused by asynchronous clock in moving reference
based RTK-GPS.
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Fig. 5. Effects of data loss on solution output in fixed/moving reference based RTK-GPS.

the two receivers, the time between the two receivers needs
to be matched using the 1PPS signal in terms of hardware,
and the data set received from the two receivers needs to
be matched or preparation for the data loss is required in
terms of software. Fig. 5 shows the effect of the data loss
of fixed/moving reference based RTK-GPS on the output
of navigation solution. For the fixed reference based RTK-
GPS, the generation of navigation solution is possible using
the reference receiver data of previous epoch even when
there is a data loss in the reference receiver data. However,
for the moving reference based RTK-GPS, the generation of
navigation solution is not possible when there is a data loss
in either of the two receivers.

Unlike the fixed reference based RTK-GPS, the major
characteristic of moving reference based RTK-GPS is that the
baseline between the two receivers fixed at adjacent rovers
is several meters to dozens of meters, which is very short.
In the relative position determination, when compared to
the fixed reference based RTK-GPS, the moving reference
based RTK-GPS technique can more effectively eliminate
the atmospheric error component such as tropospheric/
ionospheric delay bias depending on baseline length, which
is considerably advantageous for the generation of precise
float solution and the ambiguity resolution.

The variables related with the data processing for stable
float solution and ambiguity resolution are as follows.

i) Elevation mask: 10 degree

ii) Positioning mode: Moving

iii) Measurements used: L1 pseudorange/carrier phase

iv) Use the Doppler data

v) Threshold (ratio test): 3

For prompt generation of integer solution, the float
solution is first estimated by the double difference position
domain Hatch filter, and based on this, the integer solution

is generated by an ambiguity resolution module. The Least
square AMBiguity Decorrelation Adjustment (LAMBDA)
technique is used for the generation of integer solution
(Teunissen 1994). The LAMBDA technique has an advantage
of shortening unnecessary search time by decorrelating the
generated float solution and error covariance data, which is
suitable for the high-speed precise absolute/relative position
estimation. The validity of generated integer ambiguity is
judged by the integer solution generation module. The ratio
test and residual test methods are used for this purpose, and
the generated integer ambiguity is regarded as the reliable
integer ambiguity only when it passes both of the tests.

3.3 Front/Rear payload and data transfer protocol

Fig. 6 shows the exterior of front/rear payload, and
the interior of the equipment is loaded with the NovAtel
ProPak-V3 GPS dual-frequency receiver, NovAtel UIMU-H58
IMU equipment, and NovAtel GPS-703-GGG antenna.
The payload was designed so that it can be linked with a
simulator, and the front/rear payload can transmit/receive
the data through Ethernet.

The data processor receives the channelwise-
measurements and navigation data for each satellite from
the GPS receiver by the protocol of NovAtel Company
(NovAtel 2010). The channelwise-measurements include

Fig.6. Front/Rear Payload.
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Table 2. Comparison of data size w.r.t NovAtel and RTCM 3.0 protocols.

. NovAtel RTCM v3.0
(number of satellites: 10) ID: Range ID: 1004
Data Size (Bytes) 470 164

various measurements such as pseudorange, carrier phase,
Doppler, and signal strength, and the navigation data
includes the parameters for determining the orbit of each
satellite.

The measurement received from the rear payload is
transferred to the front payload for processing. As for the
measurement outputted at slow rate, the data delay is not a
big problem though the NovAtel protocol is used. However,
if the output of measurement is at a high rate of more than
10 Hz, a problem arises in transmitting the data to the front
payload using the NovAtel protocol. The data delay not only
causes the delay of data processing, but also increases the
possibility of data loss. Therefore, a more efficient message
protocol is required which has a smaller data size and
includes the measurements necessary for generating the
navigation solution. The standardized message protocols
such as RTCM and CMR are widely used for the real-time
GPS/GNSS data transfer, and in this study, the measurement
from the rear payload is transferred to the front payload
using the 1004 messages among the RTCM v3.0 (RTCM
2006).

Table 2 compares the sizes of L1/L2 measurements for
10 satellites between the RANGE data among the NovAtel
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Fig. 7. (a) Simulator for generating vehicle trajectory, (b) GPS signal
generator.

protocol and the RTCM v3.0 1004 data. As shown in Table
2, when the RTCM v3.0 protocol is used, the data size is
reduced by about one-fourth.

4. SIMULATION & EXPERIMENT

A simulation was performed to investigate whether the
designed system can precisely estimate the relative position
of vehicles carrying hazardous materials, and an actual
vehicle experiment was performed to analyze the estimation
performance for the absolute/relative positions of vehicle.

The vehicle simulator and GPS signal generator (Spirent)
shown in Fig. 7 were used to generate the simulation data.
The vehicle simulator generates the trajectory of vehicle,

Vertical Trajectory(m)

i
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Fig. 8. Horizontal and vertical trajectories of vehicle in simulation.
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Fig.9. Results of float solution (baseline vector).

and the signal generator generates the GPS signal using the
vehicle trajectory.

The simulation was designed to be similar to the actual
condition, and the baseline of front and rear vehicles was
made to be 4.145 m. The GPS signal is generated with a
frequency of 10 Hz. When the generated signal is transferred
to the front and rear payloads, the rear payload transmits the
received GPS data to the front payload in real time, and the

Baseline Error (m)
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Error (m)
=

-0.05

-03?456 3458 3.46 3.462

GPS Time (sec)

3.464
x10°

3.466

Helght (m)

data processor at the front payload generates the navigation
solution in real time.

Fig. 8 shows the simulation horizontal and vertical
trajectories generated from the simulator, and it completes
the trajectory of figure of eight three and a half times.

Fig. 9 shows the error tendency relative to reference
trajectory for the float solution generated from the designed
system. As shown in Fig. 9, the float solution is generated
with an error value of less than 10 cm relative to reference
trajectory. Fig. 10 shows the baseline estimation error of
float solution (a) and the baseline estimation result relative
to reference trajectory (b). In the entire experiment section,
the error was found to be less than 5 cm.

Figs. 11 and 12 show the baseline vector estimation error
tendency of integer solution and the baseline estimation
error of integer solution, respectively. The integer solution
based on the float solution was generated simultaneously
with the initiation of filter, and the NED direction and
baseline estimation errors were found to be less than 5 mm,
which is very precise. The positioning performance of float
and integer solution is summarized in Table 3.

As the simulation cannot perfectly consider the actual
condition, an experiment in the actual environment is
required to analyze the performance of the designed
system. A large vehicle which consists of tractor and semi-
trailer was used for the experiment, and the payload of Fig.
6 was installed at the front and the rear. In order to evaluate
the positioning performance of fixed reference based RTK-
GPS, unlike the simulation, the experiment was performed

Table 3. Performance of float and integer solution w.rt. simulation.

Float Integer
2D RMS error (m) 0.037 0.0015
3D RMS error (m) 0.057 0.0027
Baseline (m)
+ Proposed
* Reference
4.2
i
415 3
™
¢
4.1
3.456 3.458 3.46 3.462 3.464 3.466
GPS Time (sec) : 105

Fig. 10. Results of float solution (baseline).
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Fig. 11. Results of integer solution (baseline vector).

by installing a reference station in the vicinity of the
experiment area.

The NovAtel DL-V3 was used as the reference receiver,
which is capable of dual-frequency reception and multiple-
GNSS signal reception. The data rate of vehicle onboard
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0.01

0.005

Error (m)
[=]
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3464
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receiver and reference receiver was made to be 5 Hz, and
the experiment was conducted for about 16 minutes.

The experiment was performed at the Korea Automobile
Testing & Research Institute of Korea Transportation Safety
Authority which is located in Hwaseong, Gyeonggi Province,
and the baseline of the installed reference station and the
vehicle experiment area is 40~300 m. Figs. 13 and 14 show
the configuration of experiment and the experiment area,
respectively.

Prior to processing the experiment data, the coordinate
of the installed reference station needs to be determined.
The reference station coordinate was determined using the
reference receiver and the Suwon reference station data
from the National Geographic Information Institute. The
determined reference station coordinate is as follows.

ECEF-X: -3042975.9547 ECEF-Y: 4072334.2079 ECEF-Z:
3839020.7211

Fig. 15 shows the architecture of GPS data processing.
The GPS data collected from the front/rear payloads and
reference station is inputted as the Receiver Independent
Exchange Format (RINEX). For the fixed reference based
RTK-GPS experiment, the precise position of vehicle is
estimated using the front/rear and reference GPS data.
For the moving reference based RTK-GPS experiment, the
baseline vector between the two receivers is estimated using
only the front/rear GPS data.

For a reliable integer solution generation, the integer
ambiguity which passed both the ratio test and residual
test for 5 epochs is considered to be the integer ambiguity
candidate, and when the integer ambiguity belongs to the
integer ambiguity candidate for 5 consecutive epochs, it is
regarded as the reliable integer ambiguity.

Fig. 16 shows the performance of ambiguity resolution
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Fig. 12. Results of integer solution (baseline).

http://dx.doi.org/10.11003/JKGS.2013.2.1.019



Hee Sung Kim et al, Relative Positioning of Vehicles Carrying Hazardous Materials 27

Fixed Reference
based RTK-GPS

Moving Reference
based RTK-GFPS

Trailer

" - ._ L

Fig. 13. Configuration of éxperiment.

Reference
Station

Experiment

— Section

750m
Fig. 14. Experiment area.

Fixed Reference »
based RTK-GPS 4
ant_GPS
Precise Moving Reference i
Absolute based RTK.GPS  [|—7| e
Position —_
Fixed Reference >
based RTK-GPS L
Rear GPS
Receiver
Rear GPS
Receiver
(a) (b)

Fig. 15. Data processing architectures for (a) fixed reference based RTK-GPS, (b) moving reference based RTK-GPS.

http://www.gnss.or.kr



28 J. Korean GNSS Society 2(1), 19-31 (2013)

Trailer: Trajectories in Vertical
32 T T T

——Float
— Integer

Height (m)
=4
o

Q

I
03 5.2461

x10°

I . I I
52457 52458 52459 5246

GPS Time (s)

(a)

I I
5.2455 52456

32.5

Height (m)

o
[
T

Tractor: Trajectories in Vertical

—=B—Float
— —lInteger

o e ———
315+ B
s s s s s ; s
52455 52456 52457 52458 52450 5246 52461
GPS Time (s) L

(b)

Fig. 16. Results of ambiguity resolution in the case of fixed reference based RTK-GPS (a) trailer, (b) tractor.

Tractor: Trajectories in Horizontal

o 7 ’\‘ 1
50 1
T =100 " 1
= (c)
H ;
= -150} i 1
200} 3 1
|
2501 m( d) 1
<100 -50 0 50 150 200 250
East(m)
()
Tractor: Trajectories in Horizontal
a2af T T T T
124}
126 k
__L“&__-ﬂ!_‘——'—‘——'_'r\k'_
§ 1adP 3 En . A
s 2!
1321 _\ b
134 ]
136 | —@— Float T
— —Integer
-138L " . L . ]
75 80 85 920
East (m)

(©)

North (m)

Tractor: Trajectories in Horizontal

——Float
— —Integer

42f

90
East (m)

(b)

Trajectories in Horizontal

T T T

\ —&—Float
— —Integer [

Tractor:

-280.1 1

-280.2 1

-280.3 1

-280.4 1

-280.5 1

-280.6

972

96.8 97
East (m)

(d)

96.4 96.6

Fig. 17. Horizontal results of tractor (fixed reference).

Table4. Performance of ambiguity resolution w.rt. experiment.

Trailer Tractor

TTAF 6.6 (sec): 17 epochs 4.2 (sec) : 21 epochs

for the fixed reference based RTK-GPS. Fig. 16a shows the
performance of ambiguity resolution for the trailer onboard
receiver data, and Fig. 16b shows the performance of
ambiguity resolution for the tractor onboard receiver data.

http://dx.doi.org/10.11003/JKGS.2013.2.1.019

As shown in Table 4, the ambiguity resolution was possible
within 20 epochs for both receivers. In Table 4, regarding the
trailer, the time needed for the initial ambiguity resolution is
different from the number of epochs of the data, and this is
thought to be caused by the data loss during data collection.
When the data is collected in 5 Hz, the data of total 33
epochs need to be received for 6.6 seconds, but the data of
only 17 epochs were processed due to the data loss.

Figs. 17 and 18 show the horizontal positioning results
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Trailer: Trajectories in Horizontal
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Fig. 18. Horizontal results of trailer (fixed reference).

Trailer: Trajectories in Vertical
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Fig. 19. Vertical results of (a) tractor, (b) trailer (fixed reference).

generated using the tractor and trailer data, respectively. In

Figs. 17 and 18, (a) shows the trajectory of vehicle, (b) and
(c) show the turning sections of vehicle, and (d) shows the
static section. Figs. 19a, b show the vertical trajectories of
tractor and trailer, respectively.

For the tractor, after the initial transient period, the
position was generated having the value that is within 10
cm of the result of integer solution. On the other hand, for
the trailer, the convergence time was rather long during
the initial transient period. This is thought to be the sub-
optimality problem which is caused by the use of smoothed
measurement. When the filter converged, the error was
found to be less than about 15 cm. Table 5 shows the
quantitative performance of float solution for the fixed
reference based RTK-GPS experiment.

Fig. 20 shows the result of baseline estimation for the
moving reference based RTK-GPS experiment. The data of
15 epochs was necessary for the initial ambiguity resolution
time, and the stable integer ambiguity was generated in the
entire experiment section. As shown in Table 6, the estimated
3D RMS error for the baseline vector of float solution with

http://www.gnss.or.kr
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Table 5. Performance of float and integer solution w.rt. simulation.

Tractor Trailer
2D RMS error (m) 0.14 0.20
3D RMS error (m) 0.14 0.30

Tractor - Trailer: baseline
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Fig. 20. Result of baseline estimation (moving reference).

Table 6. Results of baseline vector estimation (moving reference)

Static Section Kinematic Sector

3D RMS error (m) 0.35 0.22

respect to integer solution was 35.1 cm in the static section,
and the result of baseline vector estimation based on moving
reference also had a long convergence time of filter due to
the sub-optimality problem of filter. After the convergence,
the 3D RMS error of 22.2 cm was generated in the kinematic
section. Also, the baseline estimation RMS error of about 8
cm was generated, which is a very satisfactory result. When
the tractor and trailer stand in line, the maximum value of
baseline was about 12.1 m, and when the space between
the tractor and trailer decreases in the turning section, the
baseline decreased to a minimum of about 11.1 m.

5. CONCLUDING REMARKS

In this study, a system was designed which estimates
the precise absolute/relative position of vehicles carrying
hazardous materials using the GPS, and the element
technology was implemented using the double difference
position domain Hatch filter. A simulation and an
experiment using an actual large vehicle were performed
to analyze the performance of the implemented element
technology. In the simulation, the real-time positioning
performance of the implemented system was analyzed
using the reference trajectory, and the 3D RMS error of
about 6 cm was generated for the float solution and that of
about 3 mm was generated for the integer solution. In the
experiment, there is a difficulty in generating the reference

http://dx.doi.org/10.11003/JKGS.2013.2.1.019

trajectory, and for analyzing the accuracy of float solution,
the integer solution was generated with a post-processing
method, which was then used as a true value. Through the
experiment, the 3D RMS error of float solution with respect
to integer solution was found to be 10~30 cm for the fixed
reference based RTK-GPS, and the RMS error of float solution
was found to be less than 10 cm for the moving reference
based RTK-GPS. The performance of integer solution was
analyzed using the initial fixed time, and the data of 20
epochs based on fixed reference and the data of 15 epochs
based on moving reference were used for the generation of
initial integer solution. For the stable generation of precise
relative position, it is essential to utilize the integer solution
which can be generated after the ambiguity resolution.
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