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Abstract: The GPS/GLONASS dual navigation system increasestimber of visible satellites(there are at least 9
satellites visible, or an average of 14, up moamtk0 anywhere in the world), and make the geonggaphics of the
satellite better, then improve the positioning aacy and satellite navigation capabilities. Therefdhe
GPS/GLONASS integrated positioning will have a lora@plication prospects.
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1. Introduction

The so-called GPS/GLONASS Integrated technologies,

that is to use a receiver to receive and measute®BS

and GLONASS of two satellite signals, providing ngse
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And:

(i ,yi » Zj) is the coordinates of satellite @ge position

the performance that only GPS receiver or GLONASS IS known.

receiver can not get, in order to accurately measie
three-dimensional position, three-dimensional vigjoc

time and attitude parameters anywhere and any itime

the world.

(xu ,yu , zu) is the coordinates of receivert tisaun-
known.

tu is the system-deviation of the clock in teeaiver
that is unknown.

pj is the distance between satellite and receiver.

This paper describes the principle and mathematical it be o
model of the GPS and GLONASS single positioning 1N"€ geometric significance of pseudo-range equasion
system, on this basis proposes positioning mathieatat AS @ visible satellite to be the globe, and thengetoic
models of Galileo/GPS integrating systems based on distance from satel_hte to receiver to the radarsspheri-
pseudo-range, and the calculation methods of tiee tw C&l- The local receiver must be in the sphere, iieave
coordinates based on this model, and compare trenad by figure 1. Similarly, the receiver will also ba the

tages and disadvantages of the two methods by aimul sphere of anothgr 3.satellites._.The intersectiogpdxieri-
tion. cal of four satellites is the position of the reegion the

ground.
2. The Integrated Positioning Model of Dual

System

GPS uses the location principle of time of arriZ&DA)
to determine the position of users. This principéed to
measure the time of signals that from satelliteknmfwn
position to the receiver underground, then the agap
tion time of the signal multiplied by the signaksg (the
speed of light), that will be the distance from #agellite
to the receiver(As it contains such a distance ymred by
the amount of the corresponding deviations of theet
difference between the local clock and system glock
which is called the "pseudo”, and expressedohyhe
receiver measure the propagation time of sevegalats
that broadcast by satellites whose location is kncamd
then determine their position.

According to the conditions above, we can estaliligh
basic mathematical equations that determining the-p
tion of satellite as follows:

Figure 1. The Geometric Model of Single Satellite

In the equation above, there are four unknownsesd-
ing to be solved. Therefore, in a GPS or GLONASS si
gle system-receiver, it requires a minimum of sigrd
four satellites to measure the information of theation
of the user. However, in the GNSS integrated rereas
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there is the difference which is unknown betweenttto
systems, so it also needs one more satellite ticipate
in positioning, then solving for the unknowns. Téfere,
we at least need five satellites to fitting 5 sianeous
equations in the GNSS integrated receiver, the'suker
cation can be measured.

3. Position Calculation Methods

Usually, the dual integrated system makes the numwbe
visible s positioning satellites double, and thenber of
satellites can be used will be more than five gaherso
there will be more than 5 pseudo-range equatioilaava
ble, but solving the navigation solution requiresydive
pseudo-range equations. Here, this paper propeses t
kinds of processing algorithms:

3.1. Satellite Selection Algorithm

When the ranging error is certain, the geometrplgjcs
between five satellites involving in positioningdaaser
will directly affect the location error. Using stite se-
lection algorithm can help to select five satedlitghich

are in good positioning condition from the visitdatel-
lites. In positioning, the accuracy of single-popusi-
tioning is related to the size of the GDOP.

Therefore, when the accuracy of pseudo-range ofserv
tion is certain, the reduction of number of theuaacy
factor is an important way to improve the positi@ni
accuracy.

Under normal circumstances, when the angle from re-
ceiver to every satellite observed is large, theOBDval-

ue is small, or when the volume of the polyhedronsti-
tuted by receiver and satellites is the largest, GDOP
value is minimum. When the volume of the polyhedron
constituted by the selected five satellites reachasi-
mum, we can get the minimal geometric dilution cf-p
cision (GDOP). But this method needs to know the ap
proximate location of the site.

The specific steps of Satellite selection algoritisnfiol-
lowing:
1). First select the largest satellite elevatiorthas
first satellite.

2). Select the second satellite, the vector angle b
tween which and the first satellite is close to tlégrees.
3). Use the volume of polyhedral maximizing to be
the vector-side constraints to choose the thirellgat

4). Select another two satellites from the rettlis®s,
calculate the volume of polyhedron, and selectahgest
volume of that group to establish satellite to eobgua-
tions.

3.2. Least Squares Algorithm

When the multi-channel receiver can track to mbent
five or more satellites, and the number of equatibn
served is more than the number of unknown parasieter
to be solved, we can use mathematical methods tioefi
more than five pseudo-range equations as fivelt@ so

The linear matrix pseudo-range equation is:

GAx=Ap

Ax is the linear vector offset of the value of theen
location and the time-deviatio\p is the vector differ-
ence between the pseudo-range value associated with
location of the user and the pseudo-range value-ass
ciated with the linear points. The value/gf has compo-
nent the number of N . N is the number of the Eegsl
visible (N>5). G is a matrix of Nx5.

When the N is bigger than 5, that means the nuraber
the equation is greater than the number of unknowns
Generally speaking, this kind of equations is iitabe-
cause the error of the value ap will make any value of
the Ax be not the exact solutions to the equationshit t
time, we can use least squares algorithm to olpagir
tion of the user and the valuation of time offSetere-
fore, The essence of this method is to make thareqaf

the residual value of th&x smallest. Denote the square
of the residual as RSE, so:

Re (8%) = (GAX - Ap)?

After expanding, at last we get:

Ax=(G'G)'G'Ap

When is Nonsingular, it has a unique solution.

The specific steps and process are shown as follows

1). First fit an initial positioning coordinatescacding to
all the satellite coordinates information.

2). Fill the classic undifferentiated position niatwith it.

3). Calculate the pseudo-range residuals, and rditer
whether it diverges.

4). Do least-squares estimated computation to #ugim
of the equations and iterate for 5 times.

3.3. Comparison of Experimental Simulation

In order to compare the merits of the two methanls t
position resolution, we conducted following expegirh
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Figure 2. The Comparison of the two methods

At the same time, in the location of known geodetic
coordinates, we used the two methods above to sioéve
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position in two GNSS receivers, and set the positip flight path. Therefore, in engineering applicationge
frequency as 1 HZ. After 10 hours of continuousnpoi recommend to use the least squares algorithm with

pagers, analyzing the position error of the two svhy smaller computation and high solving high-frequency

the positioning data recorded, and we got the iposit

error shown in Figure 2. References
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