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Alessio De Angelis ∗, Peter Händel ∗, Jouni Rantakokko † ∗

∗ ACCESS Linnaeus Centre, Signal Processing Lab, KTH Royal Institute of Technology,

Stockholm, Sweden, { ales, ph } @kth.se
† FOI Swedish Defence Research Agency, Linköping, Sweden, jouni.rantakokko@foi.se

I. INTRODUCTION

Presently, numerous applications in the industrial, health care, defense and public safety areas require,

or would greatly benefit from, accurate and reliable localization of mobile users in indoor environments.

Particularly, indoor positioning and navigation are of considerable relevance for personnel localization,

such as the case of teams of first responders operating in a large building complex without sufficient

coverage of Global Navigation Satellite Systems. The basic challenge in such applications is to develop

robust infrastructure-free localization methods which rely on fusion of information from multiple sensors

and on cooperative information exchange between users. An overview of the main sensor categories and

navigation approaches for these applications is provided by [1], while a survey of the mission-specific

requirements for different professional users can be found in [2].

Among the categories of location sensors, radio distance measurement systems, and especially Ultra-

Wideband (UWB) radio technologies, have been the object of considerable research interest in recent

years [3][4]. This is mainly due to UWB’s fine time resolution, robustness to multipath and the possibility

of a complementary, adaptive and opportunistic integration with other sensors such as inertial navigation

systems, by providing a bounded error, see e.g. [5].

In this context, there is a need for defining and developing test methodologies for assessing the

performance of localization systems in controlled experimental environments. This report describes a

measurement activity aimed at characterizing an example of such a controlled environment equipped
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with a reference system. Detailed descriptions of the measurement campaign and characterization results

are presented in the following sections.

II. MEASUREMENT CAMPAIGN DESCRIPTION

The purpose of the measurement campaign described in this report was to validate the accuracy

performance of a commercial Ubisense, [6], Ultra Wideband (UWB) positioning system installed at KTH

in the R1 experimental space. The KTH R1 experimental space is a 12 x 25 x 10 m underground old

reactor hall1, where one part of the hall consists of three stories of office modules providing opportunity

to run full scale experiments in three dimensions in a fully controllable RF environment. The UWB

positioning system is intended to be used as a reference tool for the evaluation of the performance of

research prototypes for pedestrian indoor navigation devices such as other radio-based systems [5] [7],

foot-mounted inertial navigation [8] and vision-based solutions [9]. Also, it enables scenario-based testing

of navigation solutions for user-specific applications, such as first-responder scenarios. Finally, it provides

a way to experimentally validate the accuracy requirements of such specific applications through joint

tests with prospective end-users..

In the measurement setup, the position measurements performed by a total station were used as a

ground truth reference. In other words they were considered to be the ”true” position, against which

the error of the Ubisense system was compared. Two types of measurements were performed: static and

mobile. In the following sections, details of the measurements sessions are presented, and results are

provided.

III. STATIC MEASUREMENTS

A. Static measurements in the main hall

The Topcon QS3A laser total station, [10], was placed in a fixed position roughly in the middle of

the main reactor hall, and it was calibrated so that it used the same coordinate system as the Ubisense.

This calibration was done by measuring the distance and direction to 2 points, labeled KTH1 and KTH2,

which are the same two points that were used for the Ubisense installation procedure. The coordinates

of the points KTH1 and KTH2 were obtained by measuring their distances to the walls with a hand-held

laser distance measuring device.

1More information about the experimental space can be found at http://www.r1.kth.se



3
 

 
 

Prism 

UWB tag 

Total station 

Fig. 1. Left: Total station placed in the center of the R1 hall. Right: Topcon reference measurement prism and UWB tag

(white). Photo: Peter Johansson, FOI.

Once calibrated, the total station was able to track, by using robotic motors and maintaining line-of-

sight, the position of a prism. The prism was placed on top of a 1.56 m long pole (leveled so that it was

approximately perpendicular to the floor). The laser total station provided the position of the bottom end

of the pole (the point in which it touches the floor). An Ubisense tag was placed on top of the prism,

as shown in Fig. 1. For each static position, 2 minutes of data were acquired. The accuracy of the total

station in this measurement campaign can be assumed to be on the order of 1 cm or better.

The P points are those marked on the ground floor during the Ubisense intallation, while the Q1-

Q10 points were chosen to be the corners of the wooden octagon-shape on the floor, around the reactor

hole. The results are shown in Table I and in Fig. 2 - 3. Point P8 and P9 are below the balcony area,

where the line-of-sight to most UWB sensors is obstructed; therefore, the error is quite high at point P8.

Furthermore, in point P9 there is no coverage at all from the Ubisense system.

B. Static measurements on the balconies

The measurements were taken by placing a 1.56 m pole on the first and second balconies in front of

the doors (which were closed), in the middle of the doorways and middle of the balcony. The positions

were not marked on the floor but were chosen to be easily recognizable. There was a maximum error of

5 cm in measuring by hand with tape measure the middle of the door position (because the pole is not

perfectly leveled). These measured points are labeled Q11-Q17, starting from the leftmost door of the

lower balcony.
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Fig. 2. Static results in 2D. Overlayed on a floorplan of the rector hall. The circles indicate the reference positions measured

by the total station. The asterisks are the individual raw measurements from the Ubisense system, while the crosses are the

averages of the Ubisense measurement in each data set.

IV. MOBILE MEASUREMENTS

The prism was mounted on a pole, attached on a cart, and moved by hand slowly at an approximately

constant speed (intended order of magnitude of speed: 0.2 m/s). The height of the prism was 1.92 m,

above head level, to avoid line-of-sight obstruction caused by the head of the person moving the cart.

The robotic total station tracked the position of the prism with an update rate of 1 Hz. A Ubisense tag
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Fig. 3. Static results in 3D. The circles indicate the reference positions measured by the total station. The asterisks are the

individual raw measurements from the Ubisense system, while the crosses are the averages of the Ubisense measurement in

each data set.

was placed on top of the prism, and measured at an update rate of 10 Hz. There were some obstructions

(tables, chairs, metal racks) along the walls, that did not allow to perform measurements in some corners

and sides of the hall. A detailed description of the mobile measurement datasets is provided in Appendix

A.

The mobile measurement data sets have been synchronized off-line with the laser total station readings

by means of a least-squares procedure. The trajectory measured by the Ubisense system, without any

on-line filtering or post-processing applied, is shown in Fig. 4. Subsequently, the errors of the unfiltered

mobile measurements have been interpolated to build an ”accuracy map” of the hall, shown in Fig. 5.

This accuracy map shows that the error is less than 30 cm for a large portion of the considered area.

The errors are greater in some positions, where the sensor geometry configuration is not optimal, the

line-of sight propagation condition is absent or some reflections and disturbances by nearby structures

are present in the environment.

Finally, another dataset has been obtained by applying a dynamic filtering algorithm (of the ”default



6

static fixed height” type provided by Ubisense [6]) to the raw mobile measurement data. The accuracy

map obtained by interpolating the errors of the filtered dataset is shown in Fig. 6. This map is useful

for providing insight on the attainable accuracy performance in particular conditions, namely when the

mobile unit moves only in the horizontal plane at a fixed height above the floor. These conditions are

realistic assumptions in a number of practical scenarios.
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Fig. 4. Mobile measurements, 2D trajectory. The red dashed line is the ground truth trajectory measured by the laser total

station. The blue solid line is the unfiltered position measured by the Ubisense system.
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Fig. 5. 2D accuracy map, built by interpolating the raw mobile measurements on the ground floor. The error is encoded in the

color bar, and a floorplan of the reactor hall is overlayed on the map.

V. CONCLUSION

The results of the presented measurement campaign show that the UWB system is able to provide an

acceptable accuracy below 30 cm for the intended purpose in large portions of the considered experimental

space, even though the indoor radio propagation environment is particularly difficult. Furthermore, from

the measurement results, a coverage and accuracy map of the UWB system in the considered area has

been generated, which is a useful reference for the performance assessment of other positioning systems.

Finally, applying a filtering algorithm using a fixed height approximation improves the position accuracy,

providing meter-level accuracy in most areas on the ground floor.

APPENDIX

The following is a detailed description of the mobile measurement data sets:
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Fig. 6. 2D accuracy map, built by interpolating the filtered mobile measurements taken on the ground floor.

m1 ”lawnmower” trajectory in the left area (seen from the entrance).

m1000 area at entrance of hall below the concrete roof.

m2000 octagon around the central hole, two clockwise laps starting from q1. During the first lap, 5 sec

stops at each corner. The first lap follows closely the wooden edge on the floor (5 to 10 cm accuracy

while moving the cart). The second lap is inside wooden area but at upper right corner there is an

obstruction, without stopping at corners.

m3000 lawnmower in the right area (seen from the entrance), then near the far wall, then in the area niche

on the far side (the coverage is limited, because the number of sighted sensors is low).

m5000 walking while holding a pole on the first balcony, then down the spiral staircase. First close to the

rail then to the wall.

m6000 inside the control room, close to the window and until the desk. Two static measurements (second
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one is attached to the window), then walking. The coverage is limited but in the area near the

window it is satisfactory.
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bias 2D st. dev. 2D rmse 2D bias 3D st. dev. 3D rmse 3D

KTH1 0.00 0.00 0.00 0.00 0.00 0.00

KTH2 0.00 0.00 0.00 0.00 0.00 0.00

P5 0.36 0.04 0.36 1.02 0.09 1.03

T1 0.00 0.00 0.00 0.00 0.00 0.00

P4 0.19 0.03 0.20 1.16 0.10 1.17

Q1 0.28 0.03 0.28 1.23 0.10 1.24

Q2 0.18 0.09 0.20 2.31 0.12 2.32

P2 0.29 0.05 0.29 1.79 0.07 1.79

P1 0.10 0.03 0.10 2.08 0.12 2.08

Q3 0.20 0.10 0.23 2.19 0.21 2.20

Q4 0.70 2.91 2.99 1.77 2.75 3.27

Q5 0.20 0.02 0.20 2.01 0.05 2.01

Q6 0.49 0.03 0.49 1.76 0.06 1.77

Q7 0.28 0.08 0.29 2.30 0.11 2.30

Q8 0.30 0.02 0.30 1.35 0.04 1.36

P16 0.29 0.05 0.29 1.71 0.12 1.71

P7 0.11 0.07 0.13 1.49 0.12 1.49

P8 6.70 6.44 9.30 6.89 6.39 9.40

P9 0.00 0.00 0.00 0.00 0.00 0.00

P11 0.37 0.12 0.39 2.73 0.12 2.73

P10 0.26 0.13 0.29 1.60 0.27 1.62

P6 0.54 0.22 0.59 1.79 0.12 1.79

Q10 1.17 4.96 5.10 2.23 4.77 5.27

Q11 0.17 0.08 0.19 1.42 0.50 1.50

Q12 0.42 0.07 0.43 2.63 0.25 2.65

Q13 0.34 0.12 0.36 1.24 0.19 1.25

Q14 0.13 0.08 0.15 1.23 0.14 1.24

Q15 1.45 3.47 3.76 3.36 3.18 4.63

Q16 0.28 0.09 0.30 2.50 0.33 2.52

Q17 13.44 12.80 18.58 14.19 12.63 19.02

TABLE I

STATIC MEASUREMENTS ERROR STATISTICS [M].


