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Abstract— The problem of relative attitude estimation for

a formation of three mobile platforms is addressed in this

paper. In previous work by the authors rate gyro bias has

been considered for two of the three platforms. This paper

proposes an extended framework that includes rate gyro bias

estimation for all platforms. In order to do so, two additional

vector observations of constant inertial vectors are assumed

available, which may be distributed among the platforms.

Cascade observers are then proposed, where the first stage

acts as a bias observer and the second allows to filter attitude

estimates directly on the special orthogonal group. The first is

globally exponentially stable and the second is locally input-to-

state stable with respect to the errors of the first, with the region

of convergence for the initial attitude estimate better described

as semi-global. Lastly, simulation results are presented that

exemplify the performance of the proposed estimators in the

presence of sensor noise.

I. INTRODUCTION

Empowered by impressive, fast-paced technological and

theoretical advances, a trend shift is occurring to the use

of multiple agents as an alternative to individual robotic

systems. Indeed, multi-agent solutions are now recognized

as a superior answer to many problems, taking advantage of

important unique features such as flexible distributed sens-

ing and intervention abilities, complementary heterogeneity,

robustness to individual failures through redundancy, scala-

bility in time and space, smaller deployment times, reduced

operational costs, improved performance, and dispensable-

ness of cheap individuals in dangerous tasks. Operational

formations of such robotic platforms can tackle a wider range

of potential problems and a common requirement in most (if

not all) scenarios is that each robotic agent needs to obtain

estimates of its attitude and position, in absolute coordinates

or relative to other vehicles of the formation, in order to

perform the tasks at hand.

The topic of attitude estimation has attracted a lot of

interest in recent years, in spite of the fact that is has been
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extensively studied for some decades now. The solution of

the Wahba’s problem [1] provides an algebraic estimate of

the rotation between two coordinate frames given two sets of

corresponding vectors expressed in each of the frames. How-

ever, it does not incorporate any filtering effect, which can be

achieved by using information of other sensors such as rate

gyros. The extended Kalman filter (EKF) has been proposed

as an alternative to this algebraic solution for the problem of

pose estimation, see e.g. [2] and [3]. More recently, several

alternative solutions that avoid the drawbacks and limitations

of the EKF have been proposed in [4], [5], [6], [7], [8],

[9], and [10], formulated resorting to differential geometry

tools and exploiting the manifold properties, namely SO(3)
and/or SE(3). Previous work by the authors on the subject

of attitude estimation includes [11], [12], and [13], where

globally asymptotically or exponentially stable observers and

filters have been proposed.

The problem of relative attitude determination for for-

mations of three spacecrafts was addressed in [14] based

on line of sight measurements. Deterministic solutions were

proposed and the covariance of the error was analysed.

Solutions for the same problem, in a stochastic setting, were

also proposed by some of the authors of the previous paper

in [15], resorting to an EKF, leading to a solution where

quaternions were used to express the relative attitude. A

related approach can also be found in [16], where multiple

constraints were incorporated.

In [17] the authors addressed the problem of relative

attitude estimation for a formation of three platforms based

on direction and rate gyro measurements. In particular, each

platform measures the direction to the other two in its own

coordinate frame and two of the platforms also explicitly take

into account the rate gyro bias, while a third is assumed

to measure bias-free angular velocities. The solution that

was proposed avoids the limitations and drawbacks of EKFs

and it was shown that the estimation error converges to

zero for all initial states under appropriate conditions on the

observer gains. The greatest drawback of that approach is

the fact that one of the platforms must have access to bias-

free angular velocities. This paper proposes a novel solution,

which includes additional measurements, that allows for the

estimation of rate gyro bias on all three platforms.

The framework that is proposed to tackle this problem

considers a small modification: two additional observations

of constant inertial vectors are available. These vector obser-

vations may be spread over the formation, i.e., both vectors

may be measured by a single platform or by two distinct
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platforms, each one measuring one of the vectors. The

estimation solution is also different from the one proposed

in [17]. Firstly, a cascade approach is considered, where

the first block acts as a bias observer, while the second

fuses all the measurements to obtain filtered estimates of

the attitude. Moreover, while the solution proposed in [17]

considers topological relaxations in order to achieve strong

stability results, but providing estimates that are not directly

obtained on the special orthogonal group SO(3), the attitude

observers herein proposed are built directly on SO(3). In-

terestingly enough, the stability analysis reveals a different

condition on the observer gains for convergence, which is

best characterized as semi-global in this case.

A. Notation

Throughout the paper the symbol 0 denotes a matrix of ze-

ros and I an identity matrix, both of appropriate dimensions.

For x ∈ R
3 and y ∈ R

3, x ·y and x×y represent the inner

and the cross product, respectively. The set of unit vectors

in R
3 is denoted by S(2) :=

{

x ∈ R
3 : ‖x‖ = 1

}

and the

Special Orthogonal Group of order 3 is denoted by SO(3) :=
{

X ∈ R
3×3 : XXT = XTX = I ∧ det (X) = 1

}

. The as-

sociated Lie algebra is the set of skew-symmetric matrices

so(3) :=
{

S ∈ R
3×3 : S = −ST

}

. For convenience, we

define the operators S (.) : R3 → so(3) as

S (x) =





0 −x3 x2

x3 0 −x1

−x2 x1 0



 , x =





x1

x2

x3



 ,

and vex (.) : so(3) → R
3 as

vex (S (x)) = x, x ∈ R
3.

II. PROBLEM STATEMENT

Consider three mobile platforms with 3 body-fixed frames

associated to each one of them, as depicted in Fig. 1.

Each platform measures the directions to the other two,

expressed in its own coordinates. Additionally, all platforms

have angular velocity measurements provided by rate gyros.

Finally, two vector observations of constant inertial vectors

are assumed available to the formation. Notice that these two

vectors may be either measured by a single platform or two

platforms may measure each one of the vectors. The latter

situation is depicted in Fig. 1. The problem considered here

is that of obtaining filtered estimates of the relative attitudes

between the platforms and the rate gyro biases.

In order to properly set the problem framework, let {I}
denote an inertial reference frame and {Bi} denote the body-

fixed frame associated with the i-th platform, i = 0, 1, 2.

The rotation matrix R
j
i (t) ∈ SO(3) represents the rotation

from {Bi} to {Bj}, i, j = 0, 1, 2, whereas RI
i (t) ∈ SO(3)

denotes the rotation matrix from {Bi} to {I}, i = 0, 1, 2.

The angular velocity of {Bi} with respect to {I} and

expressed in {Bi} is denoted by ωi(t), i = 0, 1, 2, and

hence

Ṙ
I

i (t) = RI
i (t)S (ωi(t)) , i = 0, 1, 2. (1)

As previously mentioned, each platform measures, in its

own reference frame, the directions to the other two. Let

{B0}

{B2}

{B1}

d0/1
d0/2

d1/0 d1/2

d2/0

d2/1

d1

d2

Fig. 1. Formation of three platforms: body-fixed frames and direction
measurements

di/j(t) ∈ S(2) denote the direction from the i-th platform

to the j-th platform, expressed in {Bi}, i.e.,

di/j(t) =
[

RI
i (t)

]T pj(t)− pi(t)

‖pj(t)− pi(t)‖
, i, j = 0, 1, 2,

where pi(t) is the inertial position of the i-th platform. Two

additional vector measurements of inertial constant vectors

are also available. Without loss of generality, it is here

assumed that one of these measurements is done by platform

1 in its own coordinate frame and platform 2 measures the

second vector in its own coordinate frame, i.e.,

di(t) =
[

RI
i (t)

]T Idi, i = 1, 2, (2)

where Idi and di(t), i = 1, 2, are the inertial and vector

measurements, respectively. The case where both measure-

ments are measured by the same platform is discussed in

detail when required. Finally, let the rate gyro measurements

be given by

ωim(t) = ωi(t) + bi(t), i = 0, 1, 2,

where bi(t) corresponds to the rate gyro bias, which is

assumed constant, i.e.

ḃi(t) = 0, i = 0, 1, 2.

The following assumptions are considered throughout the

paper.

Assumption 1: All angular velocities are bounded.

Assumption 2: The positions of the three platforms define

a plane and the inertial vectors Idi, i = 1, 2, are non-

collinear.

The first is a common technical assumption that is evi-

dently verified for all systems in practice, as one cannot have

arbitrarily large angular velocities [9]. The second ensures

that it is possible to determine the relative attitudes between

the platforms with the set of measurements that is here

considered, as well as the rate gyro bias of all platforms.

The problem addressed in the paper is that of designing

observers with stability and convergence guarantees for the

relative rotation matrices R0

1
(t), R0

2
(t), and R2

1
(t), as well
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as for the rate gyro biases b0(t), b1(t), and b2(t), based on

the rate gyro measurements ωi(t), i = 0, 1, 2, the relative

direction measurements di/j(t), i, j = 0, 1, 2, i 6= j, and

di(t), i = 1, 2. Notice that the actual inertial vectors Idi are

not required.

III. OBSERVER DESIGN

The first step in the design proposed in this paper is

to recognize that, given the available measurements in the

framework proposed in Section II, it is possible to determine

the relative attitude between all platforms, as briefly detailed

in Section III-A. However, this estimate is solely algebraic

and does not incorporate and filtering effect. Next, a bias

observer is proposed that makes use of the relative attitudes

computed directly from the direction measurements, as well

as the vector observations of inertial measurements. This will

be detailed in Section III-B. Making use of the bias estimates,

as well as all other information, an observer for the relative

attitude of the platforms is proposed in Section III-C and its

stability analyzed considering the cascade structure of the

proposed solution.

A. Deterministic solution for the relative attitude

The problem of deterministic determination of the rela-

tive attitude for three platforms can be solved resorting to

the algorithm proposed in [18], where the relative attitude

between two platforms is computed based on measurements

from each platform to the other, as well as measurements of

both platforms to a third common object. In the scenario

envisioned in Section II, when determining the relative

attitude between two of the platforms, the thirds acts as the

common object to which both platforms also measure the

direction. As this has been previously studied in detail, only

a brief summary is here presented.

Consider Fig. 2, where two reference frames are depicted,

{V} and {W}, and a third object is also included, visible

from both reference frames. Denote by RW
V ∈ SO(3)

the rotation matrix from {V} to {W}. In the figure, w1

corresponds to the direction from {W} to {V}, expressed

in {W}, whereas v1 corresponds to the same direction but

expressed in {V}, i.e., w1 = RW
V v1. The direction w2, from

{W} to the third object, is expressed in {W}, whereas the

direction v2, from {V} to the third object, is expressed in

{V}. Then, the rotation matrix from {V} to {W} can be

v1

v2

w1

w2
θ1θ2

θ3

{V}{W}

Fig. 2. Geometry for deterministic determination of the relative attitude
between two platforms

obtained from RW
V = R2R1, where

R1 :=
(w1 + v1) (w1 + v1)

T

1 + vT
1
w1

− I

and

R2 := cos (γ) I+ [1 + cos (γ)]w1w
T
1
− sin (γ)S (w1) ,

with

γ := atan2
(

w2S (w1)R1v2,w2S (w1)
2

R1v2

)

+ π,

where atan2 denotes to the four-quadrant inverse of the

tangent function, see [18] for further details. Notice that

this solution is computationally inexpensive and, more im-

portantly, it has no ambiguities as long as the third object

defines, together with the origins of {V} and {W}, a plane.

The relative attitude between the platforms, expressed

by the rotation matrices R0

1
(t), R0

2
(t), and R2

1
(t), can be

readily obtained using this deterministic solution based on

the direction measurements di/j(t), i, j = 0, 1, 2, i 6= j.

As an example, to obtain R0

1
one considers {V} = {B1},

{W} = {B0}, v1 = −d1/0, v2 = d1/2, w1 = d0/1, and

w2 = d0/2. The other two relative rotation matrices are

computed in a similar way and hence the details are omitted.

B. Bias observer

The design of rate gyro bias observers for all three

platforms is presented in this section. In short, vector obser-

vations in body-fixed coordinates of inertial constant inertial

vectors are shown to exist. Afterwards, a rate gyro bias

observer previously developed by the authors is applied,

yielding globally exponentially stable error dynamics.

Consider first the scenario depicted in Fig. 1. In this

situation, platform 1 measures, in its own coordinate frame,

d1(t), which corresponds to an inertial vector Id1. On the

other hand, platform 2 measures d2(t), which corresponds

to an inertial vector Id2. In order to determine the rate

gyro bias of platform 0, notice that with the relative attitude

matrices computed in the previous section one may express

both vectors in {B0} by computing

0d1(t) = R0

1
(t)d1(t) (3)

and
0d2(t) = R0

2
(t)d2(t), (4)

where 0d1(t) and 0d2(t) correspond to d1(t) and d2(t)
expressed in {B0}, respectively. Now, notice that 0d1(t)
and 0d2(t) correspond to vector observations, available for

feedback purposes, expressed in {B0}, of constant inertial

vectors. Indeed, substituting (2) in (3) and (4) gives

0d1(t) = R0

1
(t)
[

RI
1
(t)
]T Id1 =

[

RI
0
(t)
]T Id1

and

0d2(t) = R0

2
(t)
[

RI
2
(t)
]T Id2 =

[

RI
0
(t)
]T Id2,

respectively. The same reasoning can be done for the other

two platforms, only in that case only one of the vector

measurements needs to be rotated. As an example, for

platform 1, one has, in addition to (2) for i = 1,

1d2(t) = R1

2
(t)d2(t) = R1

2
(t)
[

RI
2
(t)
]T Id2 =

[

RI
1
(t)
]T Id2.
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In the scenario depicted in Fig. 1 the two vector observations

di(t), i = 1, 2, are spread over the formation. Evidently, the

reasoning just described also applies if both inertial vectors

are measured by a single platform, instead of being measured

by two different platforms. Hence, in any case, one may

obtain two vector observations expressed in each of the body-

frames of constant inertial vectors.

Once two vector observations of constant inertial vec-

tors are available, a number of rate gyro bias observers

is available in the literature to estimate the bias of the

rate gyros installed in each platform. Here, the observer

proposed in [12] by the authors is considered. For the sake of

completeness, it is here summarized for the case of platform

0. The others follow in a similar fashion.

The observer has essentially a Luenberger-like structure

and is given by














0 ˙̂d1(t)=−S (ωm0(t))
0d̂1(t)− S

(

0d1(t)
)

b̂0(t) + a1
0d̃1(t)

0 ˙̂d2(t)=−S (ωm0(t))
0d̂2(t)− S

(

0d2(t)
)

b̂0(t) + a2
0d̃2(t)

˙̂
b0(t) = b1S

(

0d1(t)
)

0d̃1(t) + b2S
(

0d2(t)
)

0d̃2(t)

,

where 0d̂1(t),
0d̂2(t), and b̂0(t) are the estimates of 0d1(t),

0d2(t), and b0(t), respectively, ai > 0 and bi > 0, i = 1, 2,

are positive observer gains, and 0d̃1(t) := 0d1(t) − 0d̂1(t),
0d̃2(t) := 0d2(t) − 0d̂2(t), b̃0(t) := b0(t) − b̂0(t) are the

observer errors. Notice that the first two are available for

feedback purposes. Under Assumptions 1 and 2, the origin

of the rate gyro bias observer error dynamics is a globally

exponentially stable equilibrium point [12, Theorem 1].

Remark 1: Notice that, for the purpose of the design of the

bias observers, the inertial vectors need not to be known, one

only needs the vector observations in body-fixed coordinates.

They are not needed later to estimate the relative attitude

either. In fact, they would only be needed if one wanted

to estimate, in addition to the relative attitudes, the attitude

relative to the inertial frame.

C. Relative Attitude Observers

This section presents the design of observers for the

relative attitude between the platforms. These observers

build on the relative attitude algebraic estimates obtained as

described in Section III-A and the rate gyro bias as provided

by the observers detailed in Section III-B, in addition to the

rate gyro measurements. First, the kinematics of the relative

attitudes are briefly derived.

The rotation matrix R
j
i (t) can be written as

R
j
i (t) =

[

RI
j (t)

]T
RI

i (t), (5)

i, j = 0, 1, 2. Taking the time derivative of (5) and using

(1) and (5), as well as the fact that S (.) is a skew-symmetric

matrix, gives

Ṙ
j

i (t) = −S (ωj(t))R
j
i (t) + R

j
i (t)S (ωi(t)) . (6)

Then, using the property

RS (x)RT = S (Rx) (7)

for all R ∈ SO(3), x ∈ R
3, allows to write the relative

attitude kinematics (6) as

Ṙ
j

i (t) = R
j
i (t)S

(

ωi(t)−
[

R
j
i (t)
]T

ωj(t)

)

. (8)

Next, an observer for R0

1
(t) is proposed and its stability

is analyzed. The design builds essentially on two premises:

i) the bias estimates obtained in the previous section are used

to cancel out the bias of rate gyro measurements, resulting in

a cascade structure; and ii) the observer structure is such that

the estimates belong, by construction, to SO(3), provided

that is also true for the initial estimate. The analysis builds

on common methods used in attitude estimation, resorting

to quaternions to express the estimation error, with two key

differences: i) an additional nonlinear term appears due to

the fact that the observer is for relative attitude estimates and

hence the angular velocity of the other platform also affects

the relative attitude kinematics; and ii) due to the cascade

structure of the observer, the effect of the errors of the bias

estimates must be considered in the stability analysis.

Let R̂
0

1
(t) ∈ SO(3) denote the observer estimate of R0

1
(t)

and define the error variable

R̃(t) := R0

1
(t)
[

R̂
0

1
(t)
]T

∈ SO(3). (9)

Consider the attitude observer given by

˙̂
R0

1
(t) = R̂

0

1
(t)S (ωobs(t)) , (10)

with

ωobs(t) = ω1m(t)− b̂1(t)−
[

R̂
0

1
(t)
]T[

ω0m(t)− b̂0(t)
]

+
[

R0

1
(t)
]T

K(t)vex

(

R̃(t)− R̃
T
(t)

2

)

,

where K(t) ≻ 0 is a possibly time varying positive definite

observer gain and b̂0(t) and b̂1(t) are bias estimates obtained

from the observers proposed in the previous section. Notice

that, to compute the feedback term, the algebraic solution

for R0

1
(t) described in Section III-A can be used to compute

the feedback error R̃(t). Then, the observer error dynamics

can be written as

˙̃
R(t) = −S (ωf (t) + ω̃f (t)) R̃(t), (11)

with

ωf (t) = K(t)vex

(

R̃(t)− R̃
T
(t)

2

)

+
[

I− R̃(t)
]

ω0(t)

(12)

and

ω̃f (t) = R0

1
(t)b̃1(t)− R̃(t)b̃0(t).

When the attitude estimate is identical to the true attitude,

the error rotation matrix R̃ corresponds to the identity. To

show the convergence results it is somehow simpler to

introduce the equivalent attitude error in terms of quaternions

[19]. Let ((s̃(t), r̃(t)) denote the unit quaternion correspond-

ing to the rotation error R̃(t), where s̃(t) and r̃(t) are the

so-called scalar and vector parts. Then,

R̃(t) = I+ 2s̃(t)S (r̃(t)) + 2 [S (r̃(t))]
2

(13)
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and the quaternion dynamics are given by
{

˙̃s(t) = 1

2
[ωf (t) + ω̃f (t)] · r̃(t)

˙̃r(t) = − 1

2
[s̃(t)I− S (r̃(t))] [ωf (t) + ω̃f (t)]

.

In the form of a quaternion, the attitude estimation error is

zero when r̃ is also zero.

The following theorem is the main result of the paper.

Theorem 1: Suppose that Assumptions 1 and 2 hold and

consider the observer given by (10), where K(t) is a positive

definite matrix whose minimum eigenvalue satisfies

λmin (K(t)) ≥ λ > 0. (14)

Define the parameterized set

R(ǫ) :=
{

R̃ (s̃, r̃) ∈ SO(3) : |r̃|2 ≤ 1− ǫ
}

,

fix 0 < ǫ < 1, 0 < θ < 1, and define ru := ǫλθ
√
1− ǫ.

Then, the error dynamics (11) are locally input-to-state stable

with respect to ũ(t) :=
[

b̃T
0
(t) b̃T

1
(t)
]T

, with the domain of

attraction characterized by R̃ (t0) ∈ R(ǫ) and ‖ũ(t)‖ < ru.

The proof is omitted due to space limitations.

Remark 2: Notice that, in the definition of the region of

convergence R(ǫ) in Theorem 1, ǫ can be chosen as an

arbitrarily small positive constant, which is equivalent to say

that the initial error rotation angle must be smaller than

π by an arbitrarily small positive margin. Therefore, the

stability result is best characterized as semi-global in what

concerns the initial attitude error. On the other hand, the

error dynamics of the rate gyro bias observers are globally

exponentially stable. Hence, there exists a certain time instant

tc after which ũ(t) is within the region of convergence

expressed in Theorem 1, i.e., ‖ũ(t)‖ ≤ ru for t ≥ tc.

The structure of the dynamics of R0

2
(t) is identical to that

of R0

1
(t), hence a similar observer can be employed. The

same could be done for R2

1
(t) or, alternatively, an estimate

of R2

1
(t) could be readily given by

R̂
2

1
(t) =

[

R̂
0

2
(t)
]T

R̂0

1
(t). (15)

IV. SIMULATION RESULTS

Numerical simulations are presented in this section. The

platforms are assumed, without loss of generality, to be

positioned in the plane z = 0, in the inertial frame. The

evolution of the positions of the three platforms, in the xOy
plane, is depicted in Fig. 3, where the starting positions are

marked with a cross. In short, the position of platform 0

is constant, while platforms 1 and 2 move along straight

paths with constant velocity. The initial inertial attitude of

all platforms was set to the identity matrix, i.e., RI
0
(0) =

RI
1
(0) = RI

2
(0) = I, and the angular velocities of the

platforms with respect to the inertial frame follow

ω0(t) =
π

180





15 sin
(

2π
60
t
)

sin
(

2π
180

t
)

−5 sin
(

2π
300

t
)



 (rad/s) ,

ω1(t) =
π

180





2 sin
(

2π
60
t
)

10 sin
(

2π
180

t
)

−5 sin
(

2π
300

t
)



 (rad/s) ,

−200 −100 0 100 200 300
−100

0

100

200

300

400

500

x (m)

y 
(m

)

 

 

Platform 0

Platform 1

Platform 2

Fig. 3. Trajectories of the formation of three platforms

and

ω2(t) =
π

180





5 sin
(

2π
60
t
)

10 sin
(

2π
180

t
)

−2 sin
(

2π
300

t
)



 (rad/s) .

The inertial vectors were set to Id1 = [100]T and Id2 =
[010]T .

The conditions of the simulations here presented are sim-

ilar to those of [17]. In particular, the measurements of the

directions are assumed to be corrupted by zero-mean white

Gaussian noise, with standard deviation of 0.01 on each axis.

Afterwards, the directions are normalized again so that they

correspond to unit vectors. The rate gyro measurements are

also corrupted by additive, zero-mean, white Gaussian noise,

with standard deviation of 0.1 °/s on each axis. The rate

gyro biases were set to b0 =
[

−0.1 0.3 0.7
]

(°/s),

b1 =
[

−0.5 1 2
]

(°/s), and b2 =
[

−1 0.5 −2
]

(°/s). A sampling frequency of 100 Hz was considered and

the fourth-order Runge-Kutta method was employed in the

simulations.

As in most nonlinear estimation problems, the observer

gains were tuned empirically. In particular, for the bias

observers, it was chosen a1 = a2 = 1 and b1 = b2 = 0.1,

whereas the attitude observer gain was set to the identity,

i.e., K(t) = I. The initial estimates were set to zero for the

bias observers and with an attitude angle error close to 180

degrees for the initial attitude estimates.

Expressing the rotation error R̃(t) = R(t)R̂
T
(t) with the

Euler angle-axis representation

R̃(t) = I cos
(

θ̃(t)
)

+
[

1− cos
(

θ̃(t)
)]

d̃(t)d̃T (t)

−S
(

d̃(t)
)

sin
(

θ̃(t)
)

,

where 0 ≤ θ̃(t) ≤ π and d̃(t) ∈ R
3,
∥

∥

∥
d̃(t)

∥

∥

∥
= 1, are the

angle and axis that represent the rotation errors, the evolution

of the attitude error can be inferred from the evolution of θ.

The initial convergence of the three relative attitude angle

errors is depicted in Fig. 4, where the estimate for R2

1
(t) was

obtained resorting to (15). In steady-state, the mean angle

error is below 0.13°. The plots are not shown due to the

lack of space. In comparison, the mean raw rotation errors,

computed based on the rotation matrices obtained directly
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from the direction measurements, are roughly 1.5°. Even

worse, the raw angle errors reach values up to 6°, which

compare to a maximum error of 0.4° with the proposed

solution. Therefore, one can conclude that the proposed

solutions effectively provided excellent filtered estimates of

the relative rotation matrices between the 3 platforms.

The initial evolution of the rate gyro bias estimation error

for platform 0 is shown in Fig. 5. The evolution for the other

two platforms is similar and hence it is ommitted. In steady-
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Fig. 5. Initial convergence of the errors b̃0(t)

state, the standard deviation of the rate gyro bias stays below

0.01 °/s. Its evolution is not shown due to the lack of space.

In all cases, it is possible to conclude that the errors converge

to a neighborhood of zero very fast. In the absence of noise,

the errors converge to zero, as expected.

V. CONCLUSIONS

In previous work by the authors a solution for relative

attitude estimation of formations of three platforms had

been proposed considering direction measurements between

the platforms and rate gyro bias in two of the platforms.

However, a third platform required bias-free angular velocity

measurements. This paper proposes an extended framework,

with two additional vector observations of constant inertial

vectors, which allows to estimate, in addition to the relative

attitudes, the rate gyro biases of all three platforms. The

observer has a cascade structure. The bias observers, which

build on previous work by the authors, exhibit globally

exponentially stable error dynamics. The error dynamics

of the attitude observer, which exhibits a typical observer

structure on SO(3) is shown to be locally input-to-state

stable with the bias estimation error as input. However, in

what concerns the initial attitude error, the convergence is

best characterized as semi-global. Finally, simulation results

were presented, in the presence of sensor noise that clearly

show the filtering effect of the proposed solutions.
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