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Abstract—When localising an object in a confined environment
using an indoor positioning system (IPS) based on ultra-wideband
(UWB) technology and an asynchronous time difference of
arrival (TDoA) algorithm, systematic errors do occur. Theoretical
estimation of these errors can be very hard to make. This study
introduces a novel filtering algorithm for reducing the bias of
position estimations, therefore increasing their accuracy. The
problem is tackled for a two-dimensional IPS by formulating
a debiasing filter using statistics of real data. Generalisation to
the three-dimensional case should be straightforward.
Index Terms—indoor positioning system (IPS), accuracy, bias,
precision, time difference of arrival (TDoA), ultra-wideband
(UWB)

I. I NTRODUCTION
In robotics and autonomy, positioning systems constitute a
remarkably important technology. A variety of systems exist,
which are aimed at different applications and make use of
different algorithms (e.g. Time Difference of Arrival (TDoA)
or Two Way Ranging) and different forms of energy (e.g. electromagnetic or sound waves). For example, Global Navigation
Satellite Systems (GNSSs) are appropriate for efficient outdoor long-range positioning, while Indoor Positioning Systems
(IPS) based on ultra-wideband (UWB) technology present
crucial advantages in indoor spaces, namely high accuracy
and the ability to penetrate obstacles [3]. It is important to
emphasise that UWB positioning constitutes one of the most
accurate and promising technologies for IPSs, arguably the
best choice at present [3], [4]. A major drawback is given
by its susceptibility to interferences, which may be caused
by metallic materials and/or by systems working on similar
frequencies.
This work builds on a previous study on the signal and
geometrical properties of a general IPS [11]. In that study,
the unbiased Cramér–Rao Lower Bound (CRLB) analysis
for the reference IPS estimated that the precision inside the
convex hull defined by the anchors was within ±3 cm whereas
the bias could not be assessed theoretically. Furthermore, an
analysis based on [5]–[9] was performed in order to define the
localisation boundary – i.e. the bifurcation envelope. Using
the available IPS, this work aims to assess if the theoretical
prediction of precision in [11] is correct and to estimate the
order of magnitude of the bias. These data are subsequently
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used for the development of a debiasing filter aimed at
increasing the accuracy of the position estimations. The state
of the art of currently used IPS is the Extended Kalman Filter
(EKF) developed by Mueller et al. [1], [2]. However, there are
systematic errors that the EKF does not deal with, as observed
in the experiments and acknowledged in [1]. The proposed
debiasing filter is an attempt to find a solution to this problem.
II. D ESIGN OF EXPERIMENT ON IPS
The purpose of the IPS under study is to localise a moving
object based on a spatial distribution of transceivers (anchors)
using an asynchronous TDoA algorithm. The designed experiment aims to provide the precision and accuracy maps of the
position measurements obtained with an IPS. These maps will
be used by the subsequently introduced debiasing filter.
The IPS in question, which is depicted in Fig. 1, consists of
a drone to be localised and four transceiver anchors positioned
at the vertices and facing the centre of a square domain. All
the antennae are at a height of 20 cm from the floor. The drone
is on a moving stand equipped with a laser pointer, which is
aligned with the onboard UWB antenna in order to achieve
reference positioning of high precision (±1mm) and accuracy.
The equally spaced markers stuck to be floor are the sampling
positions, as shown in Fig. 2.

Fig. 1. Diagram of the setup of the studied 4 × 4 m2 IPS for 2D localisation:
(a) are the adjustable stands of the (A0-A3) transmitting anchors antennae, (b)
the measurement points regularly distributed every 50 cm in both directions,
and (c) the mobile stand for the object to be localised.
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Fig. 2. Precision mapping (±x σ) of the
x component of the position. The sampling
points are the magenta squares.

Fig. 3. Accuracy mapping (x b) of the x
component of the position. The sampling
points are the magenta squares.

In order to build the maps, a large number of measurements
(N = 700) are taken at a sampling frequency of 100 Hz
while keeping the drone still for at least 30 seconds on each
marker (Xij ). Then, the raw stream of data is post-processed
getting rid of the transients corresponding to the movement
between markers. The drone is kept aligned with the x axis
and parallel to the floor, as the effect of its direction is not
being investigated. Finally, the bias (b), standard deviation (σ)
and mean squared error (MSE) are computed. For instance,
their values in the x direction (superscript x ) are as follows:
PN
bij = N −1 k=1 x(k) − Xij
0.5
x
σij = x MSEij − x b2ij
2
P
N
x
MSEij = N −1 k=1 x(k) − Xij

Fig. 4. Debiasing surface (x β) for the x component
obtained by cubic spline interpolation of the estimated
scattered debiasing values (x βij ).

In this case, the debiasing value will be simply the raw bias
with opposite sign, i.e. x βij = −x bij .
T

X̄ij = Xij + [x bij , y bij ]

Hence, the obtained debiasing values are no longer functions
of the real position (which is unknown) but are function of the
measured position. As shown in (4) for the x direction, the
sampled debiasing discrete distributions βij in both directions
can be interpolated over a deformed grid [X̄ij ,Ȳij ], obtaining
debias surfaces that are functions of the measured positions.

x

(1)

where x(k) is the k th position measurement. The resulting
maps can be found in Fig. 2 and Fig. 3.

(3)


X̄ij
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For instance, in Fig. 4, x β(x) is described by a simple cubic
spline. Since the debiasing filter must be applied in real time,
a more efficient interpolation method will be considered in the
future. Finally, the debiasing values can be directly added to
the measured position obtaining the filtered estimation x̂:

III. F ORMULATION OF DEBIASING FILTER
The objective of the debiasing filter is to correct the raw
T
EKF estimation of the position (x = [x, y] ) so that the
filtered position (x̂) is approximately the same as the actual
T
real position (X = [X, Y ] ). The debiasing filter on the sample
points described in Section II should provide the real position.
From the definition of bias and variance in (1), the measurement on a reference point can be factorised into (2): the real
position, the bias, and a random fluctuation (R) which is a
function of the standard deviation. Note that both b and σ are
functions of the real position. For the proposed formulation,
R will be neglected even if this affects the quality of the filter.

xij = Xij + x bij + 
R
(x σ
ij )
x
x
bij = b(Xij , Yij )
x
σij = x σ(Xij , Yij )

(2)

Since the input of the filter is going to be the estimated
position, but the bias map in Fig. 3 is a function of the
real position, a change of domain is needed. As implicitly
suggested by (2), the change of domain is expressed as in (3).
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x̂ = x + x β(x)

ŷ = y + y β(x)

(5)

IV. C ONCLUSION AND FUTURE WORK
An experimental evaluation of the distribution of variance
and bias of positioning estimations was performed. The precision values are bounded by ±3cm as predicted by a previous
theoretical study of IPSs [11]. However, the accuracy level was
unsatisfactory. In order to increase it, a data-driven debiasing
filter was formulated. The debiasing surface obtained is a
function of only the biases measured on a discrete number of
points. At present, this work is being extended towards a more
comprehensive filtering procedure aimed at increasing both
precision and accuracy. The debiasing filter being developed
will also consider the variance. In addition, interpolating neural
networks will enable three dimensions. The experimental
platform will be further improved and employed for tests
and validation of these filters. Furthermore, the developed IPS
with high precision and accuracy will also be used for indoor
experiments to test multi-agent self-coordination and collisionavoidance algorithms – e.g. in [12].
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