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Abstract. In this paper, we present the new carrier-phase-based Precise Point Posi-
tioning (PPP) algorithm based on GR models (GNSS Regression models) by using mul-
tiple antennas. Previously, we introduced GR equations such that a PPP algorithm was
derived. In the single frequency case, the derived PPP algorithm achieved a positioning
accuracy at the decimeter error level without any external information, such as from
wide area augmentation system (WAAS). After showing the GR models which contain
the so-called receiver’s and satellite’s hardware biases, we extend our PPP algorithm for
using multiple antennas and present a new positioning method called Very Precise Point
Positioning (VPPP). VPPP algorithms are derived by using two or more PPP antennas
with common clock errors and known distances among antennas. We formulate estima-
tion algorithms with the constraints of the distances among antennas so that the recursive
VPPP algorithms are derived. Finally, we show the experimental results of the present
VPPP algorithms using real receiver data collected in the static environments.
Keywords: Precise point positioning, GNSS regression models, Kalman filter, Multiple
antennas

1. Introduction. In this paper, we will introduce new carrier-phase-based Precise Point
Positioning (PPP) algorithms with multiple antennas based on GR models (: GNSS
Regression models), which have been developed in [1]-[6]. PPP is an ultimately desirable
technology in the GPS/GNSS positioning community [7]. In the single frequency case,
our derived positioning algorithm achieves the positioning accuracy in decimeter level [3]-
[5] without any external transmitted information, such as information from the WAAS.
Furthermore, in order to achieve rapid and accurate positioning, we extend our PPP
algorithms for using multiple antennas and developed a new positioning method called
Very Precise Point Positioning (VPPP).
According to [6], we present GR equations which contain the receiver’s and satellite’s

hardware biases such that VPPP algorithms are derived by using multiple antennas which
are disposed with solid geometrical distances and common receivers’ clock errors. The
measurement data is obtained from L1, L2 band carrier phases, as well as the pseudoranges
based on C/A and P(Y) codes, respectively. The regression matrix in a GR model is given
by computing the gradient vector of the geometric distance between the receiver, u, and
the satellite, s, with respect to the j-th estimated value û(j) and ŝ.
In this next section, we will show the GR models and use them to derive a PPP

algorithm. In section 3, the PPP algorithm is extended to VPPP using two or more
GNSS antennas with common clock errors and known distances among receivers [8]. We
then developed he algorithms for estimating the mid-position of the antennas with the
constraints of the distances among antennas, based on recursive Kalman filtering. Finally,
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