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In-building object tracking and tracing using ultra-wideband
technology and temporal distance scaling methods

Abstract. This thesis describes the implementation of the author's ultra-wideband (UWB) marker system in terms of its use in large-scale
warehousing, asset management and as an in-building navigation system. The work encompasses both the hardware solution and the software and
algorithmic part.

Streszczenie. Niniejsza praca opisuje implementacje autorskiego 4systemu znacznikéw ultra-szerokopasmowych (UWB) w ujeciu zastosowania
w magazynach wielkopowierzchniowych, przy zarzgdzaniu $rodkami trwatymi oraz jako system nawigacji wewngtrzbudynkowej. Praca obejmuje
sobg zaréwno rozwigzania sprzetowe jak i cze$¢ programowsg oraz algorytmiczng (Sledzenie i namierzanie obiektéw w budynku przy uzyciu

technologii ultraszerokopasmowej i metod czasowego skalowania odlegfosci).

Keywords: Ultra-wideband technology, Radiolocation, Asset management systems, In-building navigation system
Stowa kluczowe: Technologia ultraszerokopasmowa, Radio-lokalizacja, Systemy zarzadzania $rodkami trwatymi, System nawigacji

wewnatrzbudynkowej

Wstep

In-building location solutions are increasingly sought
after in service and warehouse buildings, as well as in
public institutions for the rapid localisation of assets and
people [1-5]. Ultra-wideband technology offers fast
localisation in two- and three-dimensional space with high
precision [6-9]. The appropriate selection of numerical
algorithms allows for the visualization of the solution [10-
20].

This paper presents the hardware solution and
computational algorithms for an ultra-wideband (UWB)-
based building localisation system. The embedded software
solution how the tag and anchor control algorithm works, is
also presented. The measurement results, accuracy, data
transmission method, and how the measurement
uncertainty is calculated will also be presented.

Hardware solution

In the hardware solution, two devices can be
distinguished, namely the marker and the anchor. Both
devices use 6.5 GHz (the third channel of the high band) for
communication. The marker is a battery-powered device
whose position is determined by the system. The marker is
equipped with environmental sensors such as temperature
and humidity and pressure and temperature sensors. In
order to reduce the tag's energy consumption as much as
possible, it is equipped with an accelerometer to wake the
device from deep sleep mode.

Fig. 1. General wiring diagram of the UWB marker

Figure 1 shows the general wiring diagram of the
device. The central part is the nRF52832 microcontroller,
which manages the device. The SPIl bus is used to
communicate with the DWM1000(UWB) module, while the
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sensors are connected using the 12C bus. Figure 2 shows
the PCB mosaic. When placing the components on the
board, attention had to be paid to the lengths of the paths
and the ability of some components to influence others. The
PCB's top (red) and bottom (green) layers are shown.
Based on the mosaic, a board was made on FR4 laminate.

Fig. 2. PCB mosaic top layer (red) and bottom layer (green)

Figure 3 shows the finished soldered PCB with
components. The soldering process was done automatically
with limited human intervention.

Fig. 3. The actual marker layout

The anchor module is more complicated as it had to be
able to communicate with an external server via the
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internet. In order to save on the number of cables, the PoE
(Power over Ethernet) standard was used for the power
supply, which enables data and power devices to be
transmitted via a single twisted pair cable. The following is a
simplified electrical diagram of the anchor.
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Fig. 4. Simplified electrical diagram of the anchor

Correctly making the connections in the anchor was
very important due to the use of an Ethernet connection.
The paths associated with the symmetrical signals should
have the same impedance, which requires them to be made
in such a way that they have the same length. Therefore,
microwaves were used to adjust the path impedance.

Fig. 5. PCB mosaic top layer (red) bottom layer (green) first layer
inside (yellow) second layer inside (violet)

Fig. 6. The actual anchor module layout
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Embedded software

The embedded software is an integral part of the system
as it manages the operation of the measurement devices.
Writing optimised embedded software allows the devices to
work quickly. It is also possible to define device rules.
Figure 7 shows the anchor and marker algorithm. The
embedded system's operating algorithm works as follows.
The marker is the device that initialises the distance
measurement. The measurement starts by including the
marker by an external interrupt from the accelerometer or
environmental sensors.
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Fig. 7. Algorithm of system operation on the embedded software
side

A distance measurement is taken once the marker has
communicated with the anchor. The marker, together with
the transmission of the time stamp, transmits the
parameters of the environmental conditions. After
calculating the distance between the marker and the
anchor, the anchor sends the data to an external server
using an Ethernet connection.

Algorithms

A time of flight (ToF) method was used to measure the
distance, which is characterized by high accuracy and low
measurement uncertainty. The operation of this method is
based on determining the time of flight of a frame between
the transmitting and receiving devices. Knowing the time of
transmission and the speed at which radio waves travel
(speed of light), it is possible to determine the distance
accurately. This method allows multiple objects to be
tracked simultaneously and makes it possible to locate
them with an accuracy of several tens of centimeters.
Figure 8 shows how the in-building location system under
development works.
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Fig. 8. Method of measuring distance by measuring the response
time

The following formula shows how to calculate the
distance between the anchor and the transmitter:
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where: t1 - initialisation time, t2 - data reception time, clk -
clock offset, tof — time of fly, ¢ - speed of light.

Results

The results of the research and development work on
the measurement accuracy and performance of the
embedded system implemented in the tags and anchors are
presented below. The following figure shows the
displacement of the marker relative to the anchor, the slight
variations in distance at measurement numbers 25 to 40
are due to the marker antenna being covered by the hand.
This is because the electromagnetic wave velocity in air
differs significantly from that in liquids.
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Fig. 10. Measuring the stability of the measurement system

Measurment number

Fig. 11. Measurement error chart

Figure 10 shows the measurement of signal stability for
4 anchors simultaneously. The measurement was
performed as follows: a marker was placed at one fixed
location, and then the distance between this marker and the
four anchors was measured.
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The measurement error seen in Figure 11 can be
eliminated by averaging the values and discarding outliers.
The error values were measured with the marker statically
aligned to the anchor, i.e. the marker was at the same
distance from the anchor. The distance between the two
was measured using a laser rangefinder. The measured
distance between the marker and the anchor was 410.2 cm.
The average standard deviation was calculated using the
formula below and was 3.1. Improving accuracy and speed
mainly involves changes to the embedded software. On the
other hand, improvements in energy efficiency largely
depend on the hardware and software layers, i.e., putting
the device to sleep when it is not moving and waking it up
when it moves.

Z.:'l_n(xi_ x)*?
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where: xi - consecutive values of a given random variable
in a sample, x - arithmetic mean of the sample, n - number
of elements in the sample.
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