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Enhanced UWB and GNSS Position Measurement System

Introduction

The present invention relates to a method and apparatus for real time measurement of

the position of one or more device and in particular, but not exclusively, to the

measurement of the position and movement of individuals participating in an activity

such as a team sport.

Background to the Invention

A common method of determining the positioning of one device in outdoor environment

is using a Global Navigation Satellite System (GNSS). Many such systems are used

around the world including: GPS, a US GNSS system; BEIDOU, a Chinese GNSS

system, GALILEO, an EU GNSS system and GLONASS a Russian GNSS system)..

GNSS is a space-based navigation system that provides location and time information

in all weather conditions, anywhere on or near the Earth where there is an unobstructed

line of sight to four or more GNSS satellites. This technology enables the device to

determine its own latitude, longitude, altitude, velocity and heading, together with some

other positional characteristics, and accurate time information. The GNSS systems are

using a version of triangulation to locate the device, involving the information received

from a number of satellites. The information received from the satellites contains

precisely time coded data, transmitted at precise moments. Using this information, and

pre-stored information about the exact position of the satellites, any receiver in the

coverage area can calculate its own position.



Accurate position detection indoors requires an alternative approach because the

satellites have no direct line of sight. An alternative to GNSS, which may be used

indoors uses local beacons that have been precisely placed and need to have very high

precision clocks to provide the required level of positional accuracy. In some cases,

expensive time-of-flight based devices, using extremely precise timing circuits are used.

However, these are hard to maintain and difficult to operate.

The alternatives to GNSS for indoor environments based on mapping and surveying

techniques for wireless signals (Skyhook4, Wifarer 5, Google6), Ultra-Wide Band

(UWB) networks based on time-of-flight (ToF) and time-difference-of-arrival (TDoA)

techniques (Decawave, StatSports). The Decawave7 system uses wireless sensors

networks in ultra-wide-band radio frequency range and needs to maintain the network

mesh at all times.

Dead-reckoning involves using a previously determined position or fix and calculating

the current position using information on speed and direction of travel such as would be

provided using accelerometers and gyroscopes, optical techniques such as the use of

Light Emitting Diodes (Bytelight).

The Bytelight, system is a retail solution which works by locating shoppers and offering

up timely info on the back of an awareness of their proximity to the beacon; such

systems require a perfect line of sight for their successful operation.

Other environments are characterised by sporadic or intermittent availability of

a GNSS signal. These are known as mixed environments, for example urban

areas with "urban canyons" between high buildings, or semi-closed areas like

stadiums. Mixed environments can make GNSS unreliable, as the line of sight

to some of the satellites is obstructed.



There are many situations where the real time precise measurement of the position of

objects or persons is needed, such as in team and individual sports, inventory location,

construction sites, security, surveying, and many others. In team sports, for example,

the position and movement of individual players in the context of the team and the

opposing team can provide valuable information on player and team performance.

Other data such as player speed, distance covered, acceleration and player position is

also very valuable. Obtaining this data requires the creation of highly accurate and

reliable systems for measuring player position and movement.

Summary of the Invention

One object of the invention is to provided a system and method which uses indoor

technologies in order to complement and compensate for the inaccuracies of GNSS in

order to get more precise positioning information.

Another object of the invention is to provide a system and method uses GNSS and

UWB technologies in order to complement and compensate for the inaccuracies of

GNSS in order to get more precise positioning information.

In another aspect of the invention a kinematic technique is used to complement and

compensate for the inaccuracies of GNSS in order to get more precise positioning

information.

In accordance with a first aspect of the invention there is provided a system for

measuring the position of one or more object in an area of interest, the system

comprising:

an ultra wideband position measurement system comprising

a plurality of beacons which are each located in separate fixed positions with

respect to the area of interest; and



one or more portable tag which is attachable to the object; and

a Global Navigation Satellite System (GNSS);

wherein the portable tag comprises:

an ultrawideband receiver which receives UWB data for determining the UWB

position of the portable tag with reference to the primary and secondary beacons;

a GNSS receiver which receives GNSS data for determining the GNSS position

of the portable tag with reference to GNSS system satellites;

a kinematics module which creates kinematic data to determine movement of the

tag based upon kinematic changes in the tag

a processor which comprises, a data augmentation module which calculates

position data which represents the most accurate position for the portable tag

based upon the UWB position, the GNSS position and the movement of the tag

as calculated by the kinematics module.

Preferably, the data augmentation module comprises an algorithm which:

receives GNSS data, UWB data or no data,

checks the data integrity and

validates the GNSS Data using UWB data and kinematics data or

validates the UWB data using Kinematics data

and where no data is received, uses previous valid position data and kinematic data

such that in each case, position data which represents the most accurate position of the

portable tag is calculated.

Preferably, the data integrity check comprises one or more of

checks against integrated error correction checksum,

validity and credibility checks against the previously validated data extrapolated with the

dead-reckoning data computed using the kinematics sensor information.

Preferably, the data augmentation module receives UWB or GNSS data



Preferably, the processor which has the data augmentation module is a microcontroller

which calculates the UWB position of the portable tag.

Optionally, the processor which has the data augmentation module is a microcontroller

which calculates the GNSS position of the portable tag.

Optionally, the processor which has the data augmentation module comprises a

microcontroller which calculates the UWB position of the portable tag and which

calculates the GNSS position of the portable tag.

Preferably, the position data is communicated in binary or ASCII form to a host system

represented by a device that uses the position data

and auxiliary data provided by the data augmentation module.

Preferably the host provides management and supply to the data augmentation module.

Preferably, the management and supply comprises functions such as start, stop, reset,

and the power supply functions, such as standard power during functioning, backup

power during stand-by.

Preferably, the host comprises, a micro-controller, a computer, or a storage system.

In some embodiments the position data can be transmitted as NEMA sentences,

identical to the sentences generated by a GNSS module, such as the device can

directly replace a GNSS module but provide more accurate and reliable data.

Preferably, the ultra wideband position measurement system comprising a primary

beacon located at a first fixed position in or near the area of interest



two or more secondary beacons located at different fixed positions in or near the area of

interest.

Preferably, the kinematics module provides kinematics data that defines the short term

position of the device.

Preferably, the kinematics module comprises a combination of 3 axes accelerometer, 3

axes gyroscope, and 3 axes magnetometer.

Advantageously, the present invention uses both GNSS and UWB positioning

technologies, in order to achieve better performance and reliability for the positioning

system.

In accordance with a second aspect of the invention there is provided a method for

measuring the position of one or more object in an area of interest, the object being

attached to a portable tag, the method comprising the steps of:

Creating UWB position data which is a measure of the position of the portable tag using

an ultra wideband position measurement system

Creating GNSS data which is a measure of the position of the portable tag using a

global navigation satellite system;

Creating kinematic data which is a measure of the change in position of the portable tag

calculating position data which represents the most accurate position for the portable

tag based upon the UWB position data, the GNSS position data and the kinematic data.

Preferably, the step of calculating position data comprises:

receiving GNSS data, UWB data or no data,

checking the data integrity and

validating the GNSS Data using UWB data and kinematics data or

validating the UWB data using Kinematics data



and where no data is received, uses previous valid position data and kinematic

data such that in each case, position data which represents the most accurate

position of the portable tag is calculated.

Preferably, the data integrity check comprises one or more of

checks against integrated error correction checksum,

validity and credibility checks against the previously validated data extrapolated with the

dead-reckoning data computed using the kinematics sensor information.

Preferably, the data augmentation module receives UWB or GNSS data

Preferably, the processor which has the data augmentation module is a microcontroller

which calculates the UWB position of the portable tag.

Optionally, the processor which has the data augmentation module is a microcontroller

which calculates the GNSS position of the portable tag.

Optionally, the processor which has the data augmentation module comprises a

microcontroller which calculates the UWB position of the portable tag and which

calculates the GNSS position of the portable tag.

Preferably, the position data is communicated in binary or ASCII form to a host system

represented by a device that needs the position data

and auxiliary data provided by the data augmentation module.

Preferably the host provides management and supply to the data augmentation module.



Preferably, the management and supply comprises functions such as start, stop, reset,

and the power supply functions, such as standard power during functioning, backup

power during stand-by.

Preferably, the host comprises, a micro-controller, a computer, or a storage system.

In some embodiments the position data can be transmitted as NEMA sentences,

identical to the sentences generated by a GNSS module, such as the device can

directly replace a GNSS module but provide more accurate and reliable data.

Preferably, the kinematics data defines the short term position of the device.

Advantageously, the present invention uses both GNSS and UWB positioning

technologies, in order to achieve better performance and reliability for the positioning

system.

In accordance with a third aspect of the invention there is provided a computer program

having program instructions for carrying out the method of the second aspect of the

invention.

In accordance with a fourth aspect of the invention there is provided a portable tag for

use in the system of the first aspect of the present invention and as defined therein.

Brief Description of the Drawings

The present invention will now be described with reference to the accompanying

drawings in which:



Figure 1 is a schematic diagram of a first embodiment of a device in accordance with

the present invention.;

Figure 2 is a schematic diagram of a UWB positioning system which may be used in a

system in accordance with the present invention; and

Figure 3 is a flow diagram which illustrates an example of a method in accordance with

the present invention.

Detailed Description of the Drawings

The present application describes a device that uses both GNSS and UWB (Ultra-Wide

Band) positioning technologies, in order to achieve better performance and reliability for

the positioning system. The UWB positioning system used in the following embodiment

of the invention is described in patent application GB1 6051 86.4. That UWB system may

be replaced with any other UWB indoor positioning system.

The system and method of the present invention are designed to improve the accuracy

of UWB and GNSS position measurements.

The process used to achieve the improvements claimed in the present invention is

known as data augmentation. In this case, it represents the correction of the positional

data using both positional GNSS and UWB systems, in order to obtain higher accuracy

and reliability for the positional data. The data received from the GNSS receiver is

compared to the data received previously from the GNSS system data, with the

positional data from the UWB positioning system, and with the inertial data from the

kinematics module, and the best position candidate is calculated as shown in figure 3 .



The data is then communicated in binary or ASCII form to the host system represented

by a device that needs the positional and auxiliary data provided by the augmentation

device, and preferably provides the management and supply functions needed by the

augmentation device. The host can be, but not limited to, a micro-controller, a computer,

or a storage system. In some embodiments the augmented data can be transmitted as

NEMA sentences, identical to the sentences generated by a GNSS module, such as the

device can directly replace a GNSS module but provide more accurate and reliable

data.

The device described in this patent application is depicted in figure 1. Item No. 1 is the

GNSS module, together with the GNSS antenna.

Item No. 2 is the UWB positioning portable tag, as described in patent application no.

GB1605186.4 of StatSports International.

Item No. 3 is the devices microcontroller that performs the calculations for augmenting

the GNSS data with the UWB data.

Item No. 4 is a kinematics device, like a 9DoF sensor (combination of 3 axes

accelerometer, 3 axes gyroscope, and 3 axes magnetometer), providing kinematics

data that helps in defining the short term position of the device as "dead reckoning"

when other positioning data is not available, or it serves as a short term verification for

the data received from other sources.

Item No. 5 is the host system, in the form of but not limited to, a micro-controller, micro-

processor, computer, or data storage system. The host system preferably provides the

management functions like start, stop, reset, and the power supply functions, like

standard power during functioning, backup power during stand-by, etc.



In some embodiments, the microcontroller of the UWB positioning tag can provide the

functions needed for the augmentation of the data.

In some embodiments, the microcontroller of the GNSS module can provide the

functions needed for the augmentation of the data.

In some embodiments, there could be a single microcontroller providing all the

computing functions on the device, including the augmentation of the data.

The device is working in an environment marked by a system of UWB beacons, as

described in patent application GB1 6051 86.4 from StatSports International, and

depicted in figure 2 . The described device is item no 6 , while the environment beacons

are marked 7 for the main beacon and 8 for the secondary beacons. Other beaconing

systems can be used.

The data augmentation process is performed in the described device as per the process

described in the flow diagram 2 1 of figure 3. The system waits for a time tick to pass 23

in an idle state, usually for a fraction of a second, corresponding to the time division

necessary to obtain a desired data refresh rate, usually 10, 15, 18, 20 25 or 50 times

per second, so the time tick is 1/10, 1/15, 1/18, 1/20, 1/25, or, respectively 1/50 of a

second. Then, it checks if any data was received from the GNSS device 25, 27, 29, and

if that data is correct via integrity checks against integrated error correction checksum

3 1 , 33, validity and credibility checks against the previously validated data extrapolated

with the dead-reckoning data 35 computed using the kinematics sensor information. If

the positional data is validated this way, it is presented to the host system, and the

device returns to the idle state. The positional data validated this way will be used for

validation in the next cycle of position acquiring.

In case the GNSS positional information is not valid, the UWB position information is

checked 37 and used in a similar manner: integrity checks against integrated error

correction checksum, validity and credibility checks against the previously validated



data extrapolated with the dead-reckoning data computed using the kinematics sensor

information 39. If the positional data is validated this way, it is presented to the host

system, and the device returns to the idle state, to wait for a new cycle. The positional

data validated this way will be used for validation in the next cycle of position acquiring.

In case both GNSS information and UWB information are not valid, dead-reckoning data

is computed using the kinematics sensor information 4 1, it is presented to the host

system, and the device returns to the idle state, to wait for a new cycle. The positional

data validated this way will be used for validation in the next cycle of position acquiring.

The augmentation system uses the GNSS data for the calibration of the pitch

or the data communicated on the data channel from the beacons, in order to calibrate

and align the relative UWB positional data with the GNSS data.

A simple set of translation and rotational matrixes can be used for the calculation, as the

deviation from the plane is minimal for the dimensions over the system will work (on

average 100x100m). The device constructed on the basis of these assumptions needs

to be small enough and enough power efficient in order to replace a GNSS module. The

dimensions will be bigger than the included GNSS module, but the added accuracy and

reliability of the data will fully justify the increased dimensions and power necessity.

Improvements and modifications may be incorporated herein without deviating from the

scope of the invention.



Claims

. A system for measuring the position of one or more object in an area of interest,

the system comprising:

an ultrawideband (UWB) position measurement system comprising

a plurality of beacons which are each located in separate fixed positions with

respect to the area of interest; and

one or more portable tag which is attachable to the object; and

a Global Navigation Satellite System (GNSS);

wherein the portable tag comprises:

an ultrawideband receiver which receives UWB data for determining the UWB

position of the portable tag with reference to the primary and secondary beacons;

a GNSS receiver which receives GNSS data for determining the GNSS position

of the portable tag with reference to GNSS system satellites;

a kinematics module which creates kinematic data to determine movement of the

tag based upon kinematic changes in the tag

a processor which comprises a data augmentation module which calculates

position data which represents the most accurate position for the portable tag

based upon the UWB position, the GNSS position and the movement of the tag

as calculated by the kinematics module.

2.. A system as claimed in claim 1 wherein, the data augmentation module

comprises an algorithm which:

receives GNSS data, UWB data or no data,

checks the data integrity and

validates the GNSS Data using UWB data and kinematics data or

validates the UWB data using Kinematics data

and where no data is received, uses previous valid position data and kinematic

data



such that in each case, position data which represents the most accurate position

of the portable tag is calculated.

3. A system as claimed in claim 1 or claim 2 wherein, the data integrity check

comprises one or more of

checks against integrated error correction checksum,

validity and credibility checks against the previously validated data extrapolated with the

dead-reckoning data computed using the kinematics sensor information.

4 . A system as claimed in any preceding claim wherein, the data augmentation

module receives UWB or GNSS data

5 . A system as claimed in any preceding claim wherein, the processor which has

the data augmentation module is a microcontroller which calculates the UWB position of

the portable tag.

6. A system as claimed in any preceding claim wherein, the processor which has

the data augmentation module is a microcontroller which calculates the GNSS position

of the portable tag.

7 . A system as claimed in any preceding claim wherein, the processor which has

the data augmentation module comprises a microcontroller which calculates the UWB

position of the portable tag and which calculates the GNSS position of the portable tag.

8 . A system as claimed in any preceding claim wherein, the position data is

communicated in binary or ASCII form to a host system represented by a device that

uses the position data and auxiliary data provided by the data augmentation module.



9 . A system as claimed in any preceding claim wherein the host provides

management and supply to the data augmentation module.

10. A system as claimed in claim 9 wherein, the management and supply comprises

functions such as start, stop, reset, and the power supply functions, such as standard

power during functioning, backup power during stand-by.

11. A system as claimed in claim 9 wherein, the host comprises, a micro-controller, a

computer, or a storage system.

1 . A system as claimed in any preceding claim wherein position data is transmitted

as NEMA sentences, identical to the sentences generated by a GNSS module, such

that the device can directly replace a GNSS module but provide more accurate and

reliable data.

13. A system as claimed in any preceding claim wherein, the ultrawideband position

measurement system comprising a primary beacon located at a first fixed position in or

near the area of interest

two or more secondary beacons located at different fixed positions in or near the area of

interest.

14. A system as claimed in any preceding claim wherein, the kinematics module

provides kinematics data that defines the short term position of the device.

1 . A system as claimed in any preceding claim wherein, the kinematics module

comprises a combination of 3 axes accelerometer, 3 axes gyroscope, and 3 axes

magnetometer.



16. A method for measuring the position of one or more object in an area of interest,

the object being attached to a portable tag, the method comprising the steps of:

creating UWB position data which is a measure of the position of the portable tag using

an ultra wideband position measurement system

creating GNSS data which is a measure of the position of the portable tag using a

global navigation satellite system;

creating kinematic data which is a measure of the change in position of the portable tag

calculating position data which represents the most accurate position for the portable

tag based upon the UWB position data, the GNSS position data and the kinematic data.

17. A method as claimed in claim 16 wherein, the step of calculating position data

comprises:

receiving GNSS data, UWB data or no data,

checking the data integrity and

validating the GNSS Data using UWB data and kinematics data or

validating the UWB data using Kinematics data

and where no data is received, uses previous valid position data and kinematic

data such that in each case, position data which represents the most accurate

position of the portable tag is calculated.

18. A method as claimed in claim 16 or claim 17 wherein, the data integrity check

comprises one or more of

checks against integrated error correction checksum,

validity and credibility checks against the previously validated data extrapolated with the

dead-reckoning data computed using the kinematics sensor information.

19. A method as claimed in claims 16 to 18 wherein, the data augmentation module

receives UWB or GNSS data.



20. A method as claimed in claims 16 to 9 wherein, position data is communicated

in binary or ASCII form to a host system represented by a device that needs the position

data and auxiliary data provided by the data augmentation module.

2 1. A method as claimed in claim 20 wherein the host provides management and

supply to the data augmentation module.

22. A method as claimed in claim 2 1 wherein, the management and supply

comprises functions such as start, stop, reset, and the power supply functions, such as

standard power during functioning, backup power during stand-by.

23. A method as claimed in claim 20 wherein position data can be transmitted as

NEMA sentences, identical to the sentences generated by a GNSS module, such as the

device can directly replace a GNSS module but provide more accurate and reliable

data.

24. A method as claimed in claims 16 to 23 wherein, the kinematics data defines the

short-term position of the device.

25. A computer program having program instructions for carrying out the method of

claims 16 to 24.

26. A portable tag for use in the system of claims 1 to 15.
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