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Abstract

The aim of this work is to design an e⌃cient algorithm for at-
titude determination using data from non-dedicated GPS re-
ceivers. So, we compare two di⌅erent methods. They use L1
carrier phase-double di⌅erences obtained from real GPS signals.
The first one provides an instantaneous estimation of the atti-
tude reducing the ambiguity search space. However, it is very
sensitive to experimental errors. The second one exploits the re-
dundancy of the information and thus, provides more accurate
solutions. But, on the other hand, it needs a more amount of in-
formation. We also present some experimental results. They are
obtained from a device consisting of four GPS single frecuency
receivers where only carrier phase data are measured.

The ambiguity problem

GPS receivers can only measure a fraction of carrier phase cycle,
that is, �⇤ to ⇤ in radians or ��/2 to �/2 in range. Therefore,
the number of cycles is unknown. However, this information is
needed for attitude determination. The ambiguity problem
consists in finding these integer values.

Instantaneous Method [1],[2]

This is a method for instantaneous ambiguity resolution, that
is, it only uses one epoch for each attitude measure. The
method uses double-phase di�erences for removing the
o⌅set error in measurements. The base line geometry infor-
mation is used for reducing the ambiguity search to a two-
dimensional search.

Mathematical Approach
We start from:

• {si : i = 1, . . . , 4}: unit vectors from master antenna to GPS
satellites,

• {bj : j = 1, . . . , 3}: base lines,

• rij: projection of si over bj. Using the integer ambiguities,
these projections can be written as:

rij

�
= rij + nij, �1/2 < rij < 1/2, nij ⌅ Z.

Let us suppose that {s1 � s2, s2 � s3, s3 � s4} are linearly
independent. These vectors can be orthogonalized using Gram
-Schimidt method to obtain the set {vj : j = 1, . . . , 3}.

Each base line bj can be written as bj =
⇤3

i=1 µivi. We can
estimate the coe⌃cients µi as follows:

• µ̂1 = f1(�r1, �n1),

• µ̂2 = f2(�r1, �r2, �n1, �n2),

• µ̂3 = f3(lj, µ̂1, µ̂2).

Since lj = �bj� is known (base line lenght), �n3 =
g(µ̂3, �n1, �n2). So, the search space can be reduced to a two-
dimensional space, with |�nj| ⇤ lj/�, j = 1, 2. Each base
line can be estimated as:

b̂j =
µ̂1

�v1�
v1 +

µ̂2

�v2�
v2 +

µ̂3

�v3�
v3.

The goodness of fit against the base line is measured with:

⌃ = µ̂2
1/�v1� + µ̂2

2/�v2� + µ̂2
3/�v3� � l2.

All base lines estimations are ordered by increasing ⌃. Now, the
best solutions are combined. The goodness of fit is measured
with:

⌃tot =
⌅

�b̂ki �
2 +

⌅
��b̂km

ij �
2 �

⌅
�li�2 �

⌅
��lij�2,

The combination with the least ⌃tot is chosen as the solution
of the problem.

LAMBDA Method [3]

We use LAMBDA for ambiguity resolution starting from double-
phase di⌅erences:

�⇤ij
AB(t) = ⌅ij

AB(t) + �Nij
AB.

By linearization we obtain:

�⇤ij
AB(t) = A(t)b + ⇥N. (1)

This system equation contains base lines, b, and ambiguities, N ,
as unknowns. Its resolution has three steps:

1. Float Solution: It is the least-squares solution of the sys-
tem (1). Since there are no restrictions, the ambiguities are
real numbers. We obtain the estimations b̂ and N̂ , and the
covariance matrix

Q =

�
Q

b̂
Q

b̂N̂
Q

N̂b̂
Q

N̂

⇥
.

Notice that, since we only have data for a unique carrier phase,
we must consider more than one epoch to obtain the least-
squares solution.

2. Integer Estimation: Consists on

min
N
�N̂ �N�2

Q�1
N̂

,

with N ⌅ Zn. This minimization yields the integer least-
squares estimate for the ambiguities: Ň .

3. Fixed Solution: The final solution with the integer esti-
mates of ambiguities is

b̌ = b̂�Q
b̂N̂

Q�1
N̂

(N̂ � Ň).

Attitude Determination [4]

Once we obtain all base lines, attitude is now found by mini-
mizing the following function [5]:

L(C) =
1

2

⌅

i

ai|bi � Cri|,

where the sum is taken over all baselines. {bi} is a set of the
baselines measured in the body frame system and ri are the
corresponding unit vectors in a reference frame. The weights
ai are non-negative and are chosen to be inverse variances ⇧�1

i .
The matrix C is orthogonal and gives the attitude of the system.
It is found using Davenport’s Q-method.

Experimental Device

The experimental device consists of four GPS receivers. The
master antenna is labeled with 1. The length of the base lines
1� 2 and 1� 3 is 0.958 m, while for the base line 1� 4 is 1.355
m. The coordinates of the receivers 2, 3, 4 are:

Receiver Position
2 (0,�0.958, 0)
3 (�0.958, 0, 0)
4 (�0.958,�0.958, 0)

All coordinates are referred to the body frame reference system
with origin in 1.

Experimental Results

Figure 1: Instantaneous Figure 2: LAMBDA

These figures show the behaviour of the solutions given by the
two methods. The real values of roll, pitch and yaw angles
are 0, 0 and 170 degrees, respectively. For LAMBDA method,
data are received from 6 satellites and the number of epochs is
120, that is, each point of Figure 2 results from a measure of
about 2 minutes. All calculations were made with MATLAB.
LAMBDA implementation was provided by the Delft Geodetic
Computing Centre.

It is clear that, with real data, there is a lack of accuracy in the
solutions proposed by the instantaneous method. LAMBDA
method needs a more amount of information, but it finds more
accurate solutions. Moreover, it provides a more robust algo-
rithm for ambiguity resolution.

Conclusions

In this work, we have presented two di⌅erent algorithms for
ambiguity resolution. We can conclude that:

• the instantaneous method needs a little ammount of infor-
mation for resolving ambiguities but, on the other hand, it is
very sensitive to experimental errors.

• LAMBDA method exploits the redundancy of the measure-
ments, and so, provides solutions less sensitive to experimen-
tal errors. However, with data of a unique frequency, it needs
to work with measurements obtained during longer intervals
of time.
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X = (h + n) cos ⇥ cos �

Y = (h + n) cos ⇥ sin �

Z = (h + n(1� e2)) sin⇥
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