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(57) ABSTRACT 

Systems and methods for a high-precision time of arrival 
ultra-wideband positioning system are provided. In one 
embodiment, a method for generating precision localizer 
messages for an ultra-wideband time-of-arrival positioning 
system is provided. The method comprises receiving a signal 
from an atomically accurate reference, generating a timing 
signal based on the atomically accurate reference signal, 
correcting a system time based on the timing signal when an 
error is detected, and transmitting an ultra-wideband signal 
having a localization message based on the system time. 
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310 

receiving a signal from an atomically accurate reference 

320 generating a timing signal based on the atomically 
accurate reference signal 

330 correcting a system time based 
on the timing signal 

340 transmitting a UWB signal including 
a localization message 

FIG. 3 
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SYSTEMIS AND METHODS FOR A 
HGH-PRECISION TIME OF ARRIVAL 

ULTRA-WIDEBAND POSITONING SYSTEM 

BACKGROUND 

0001 Current Ultra-Wideband (UWB) positioning sys 
tems typically generate range information using either a time 
of arrival (TOA) method or a time difference of arrival 
(TDOA) method. The TDOA method requires a mobile unit 
needing ranging information to contact one or more refer 
ence units, and receive a response from one or more refer 
ence units. The mobile unit then calculates each range 
measurement to generate its own position based on the 
round trip time required to send a request and receive a 
response. TDOA can obtain a high degree of accuracy, but 
has the disadvantage of requiring the mobile unit to possess 
a transmitter of sufficient power to contact the reference 
units in addition to being Susceptible to severe accuracy 
latencies during the round trip. The disadvantage of TDOA 
is that the transmitter adds to the complexity, the weight, 
size, and power requirements of the mobile unit. 
0002 TOA methods calculate position based only on the 
elapsed time required for a signal having a time tag to travel 
from the one or more reference units to the mobile unit. 
Thus, TOA methods eliminate the need for a transmitter in 
the mobile unit, allowing the mobile unit to be a purely 
passive receiving device. TOA methods considerably reduce 
the complexity, the weight, size, and power requirements of 
the mobile unit. To achieve a high degree of accuracy in 
arriving at a position solution, a mobile unit employing TOA 
methods is dependent upon the reference units’ ability to 
accurately generate the time tag information which is trans 
mitted to the mobile unit. High precision oscillators. Such as 
atomic clocks, are expensive and thus not practical for 
installations deploying a significant number of reference 
units. Thus, other means must be implemented to mitigate 
this problem. 

0003 For the reasons stated above and for other reasons 
stated below which will become apparent to those skilled in 
the art upon reading and understanding the specification, 
there is a need in the art for methods and systems for 
realizing affordable, high accuracy TOA based UWB posi 
tioning systems. 

SUMMARY 

0004 The Embodiments of the present invention provide 
methods and systems for methods and systems for realizing 
affordable TOA based UWB positioning systems and will be 
understood by reading and studying the following specifi 
cation. 

0005. In one embodiment, a method for generating pre 
cision localizer messages for an ultra-wideband time-of 
arrival positioning system is provided. The method com 
prises receiving a signal from an atomically accurate 
reference; generating a timing signal based on the atomically 
accurate reference signal; correcting a system time based on 
the timing signal; and transmitting an ultra-wideband signal 
having a localization message based on the system time. 
0006. In another embodiment, a positioning system is 
provided. The system comprises one or more reference units 
each adapted to receive a time signal from at least one 
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atomically accurate reference and maintain a system time 
based on the time signal, wherein each reference unit is 
further adapted to transmit a localizer message via an 
ultra-wideband signal, the localizer message including loca 
tion information for the reference unit and time information 
indicating the system time when the localizer message was 
transmitted; and a mobile receiver unit adapted to calculate 
a distance to a first reference unit of the one or more 
reference units based on a first localizer message received 
from the first reference unit. 

0007. In yet another embodiment, a reference unit for a 
positioning system is provided. The reference unit com 
prises means for receiving a time signal from an atomically 
accurate reference; means for generating a periodic timing 
signal based on the atomically accurate reference signal, the 
means for generating responsive to the means for receiving; 
means for maintaining a system time; means for transmitting 
an ultra-wideband signal having a localization message, 
wherein the localization message includes location informa 
tion for the reference unit and time information indicating 
the system time when the localization message is transmit 
ted; and means for correcting the system time based on a 
difference between the system time and a time embedded 
within the timing signal, the means for adjusting responsive 
to the means for generating a periodic timing signal and the 
means for maintaining a system time. 
0008. In still another embodiment, a computer-readable 
medium having computer-executable program instructions 
for a method for generating precision localizer messages for 
an ultra-wideband time-of-arrival positioning system is pro 
vided. The method comprises receiving a signal from an 
atomically accurate reference; generating a periodic timing 
signal based on the global atomically accurate reference 
signal, wherein the timing signal includes a time message 
that indicates the time the periodic timing is generated; 
correcting a system time based on a difference between the 
system time and the time message included within the 
timing signal; and transmitting an ultra-wideband signal 
having a localization message based on the system time. 

DRAWINGS 

0009 Embodiments of the present invention can be more 
easily understood and further advantages and uses thereof 
more readily apparent, when considered in view of the 
description of the preferred embodiments and the following 
figures in which: 
0010 FIG. 1 is a block diagram illustrating a UWB 
reference unit of one embodiment of the present invention; 
0011 FIGS. 2A and 2B are block diagrams illustrating a 
UWB positioning system of one embodiment of the present 
invention; and 
0012 FIG. 3 is a flow chart illustrating a method of one 
embodiment of the present invention. 
0013 In accordance with common practice, the various 
described features are not drawn to scale but are drawn to 
emphasize features relevant to the present invention. Ref 
erence characters denote like elements throughout figures 
and text. 

DETAILED DESCRIPTION 

0014. In the following detailed description, reference is 
made to the accompanying drawings that form a part hereof, 
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and in which is shown by way of specific illustrative 
embodiments in which the invention may be practiced. 
These embodiments are described in sufficient detail to 
enable those skilled in the art to practice the invention, and 
it is to be understood that other embodiments may be utilized 
and that logical, mechanical and electrical changes may be 
made without departing from the scope of the present 
invention. The following detailed description is, therefore, 
not to be taken in a limiting sense. 
0.015 UWB localizers possess the capability of produc 
ing centimeter (cm) accuracy positioning solution, however 
using the TOA method, accurate measurement of time is a 
necessity. Embodiments of the present invention mitigate 
the timing errors found in UWB reference units (commonly 
referred to as UWB localizers) that typically employ cheaper 
commercial grade oscillators or other low precision means 
of generating timing signals. 

0016 Embodiments of the present invention benefit the 
users of UWB positioning systems by providing accurate 
atomic time signals to the UWB reference units from one or 
more atomically accurate references, so that the a mobile 
unit can measure and calculate its own position with high 
accuracy. Embodiments of the present invention provide 
centimeter-positioning accuracy, at a low cost, benefiting 
applications such as, but not limited to, personal tracking/ 
positioning systems within buildings, unmanned vehicle 
localized positioning and automated vehicle guidance/posi 
tioning Solutions. Other designs reduce the necessity of 
utilizing a high accuracy time base because they implement 
the TDOA method, which measures the time it takes to go 
roundtrip from a UWB reference unit the receiver. TDOA 
methods however, require timing coordination between the 
transmitters and receivers, and are influenced by relative 
clock drifts and processing delays between them. 
0017 Embodiments of the present invention take advan 
tage of atomically accurate references that broadcast highly 
accurate atomic clock based time signals. Examples of Such 
atomically accurate references include global navigation 
satellite systems (GNSS), such as the Global Positioning 
System (GPS), for example. For example, the atomically 
accurate references provided by GPS satellites are achieved 
with a combination of cesium (Cs) and rubidium (Rb) 
atomic clocks. GPS satellites provide civilian access to these 
atomically accurate references through the GPS Standard 
Positioning Service (SPS), which maintains time transfer 
signals with an accuracy to coordinated universal time 
(UTC) within 340 nanoseconds. 
0018 FIG. 1 illustrates a UWB reference unit 100 of one 
embodiment of the present invention. UWB reference unit 
100 comprises a UWB-TOA localizer 110 and a UWB 
antenna 114, a GNSS receiver 120 and GNSS antenna 125, 
and a local clock 130. In one embodiment, GNSS receiver 
120 comprises a chip size GPS receiver. In one embodiment, 
local clock 130 comprises a low cost crystal oscillator. 
0019. In operation, GNSS receiver 120 generates an 
accurate timing signal based on signals received from at 
least one GNSS satellite 140, and outputs the timing signal 
to UWB-TOA localizer 110. In one embodiment, GNSS 
receiver 120 internally utilizes the timing signal from the 
GNSS satellites to accurately synchronize its internal time 
reference with the atomic clock based time signals provided 
by the GNSS. The timing signal from the GNSS satellite140 
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provides the current time based on the GNSS satellite 140's 
atomic clock. In one embodiment, the timing signal output 
from GNSS receiver 120 comprises both a periodic timing 
pulse and a time message that provides the current time. In 
one embodiment, the periodic timing pulse is a 1 pulse-per 
second signal. Although GNSS receiver 120 can generate a 
timing signal based on a signal received from a single GNSS 
satellite 140, in other embodiment, the accuracy of the 
timing signal is increased based on signals from additional 
GNSS satellites. For example, in one embodiment, where 
the at least one GNSS satellite 140 includes GPS satellites, 
an increased accuracy timing signal is generated by GNSS 
receiver 120 by receiving signals from four or more GPS 
satellites. As would be appreciated by one skilled in the art, 
by receiving signals from four or more GPS satellites, GNSS 
receiver 120 can accurately solve for its own position in 
three-dimensions and solve for a more accurate time solu 
tion than it can based on a signal from a single GPS satellite. 
0020. Although FIG. 1 illustrates utilizing a time signal 
from a GNSS satellite, in other embodiments, other sources 
for atomically accurate references are used. For example, in 
one embodiment a UWB reference unit 100 obtains a timing 
signal via shortwave radio. The National Institute of Stan 
dards and Technology (NIST) provides such an atomically 
accurate reference via shortwave radio that continually 
broadcasts time signals accurate to within less than 1 micro 
second of Coordinated Universal Time (UTC) at the trans 
mitter site. 

0021 UWB-TOA localizer 110 maintains a system time 
that is based on local clock 130. GNSS receiver 120 pro 
vides the timing signal to UWB-TOA localizer 110, which in 
turn “trims' out system time errors caused by local clock 
130. As a result, degradation in the precision of local clock 
130 becomes negligible because errors are removed with 
each precise pulse from the timing signal. For example, 
when the timing signal provides 1 pulse-per-second, clock 
drift errors in local clock 130 would be removed with each 
pulse, every second. Thus the error in local clock 130 is 
limited to the error that can accumulate in the time between 
periodic timing pulses. 

0022. In one embodiment, when the timing signal is 
received by the UWB-TOA localizer 110 from GNSS 
receiver 120, it causes an interrupt which generates a time 
tag record at a corresponding system time. For the next 
second (assuming a 1 pulse-per-second timing signal, for 
example purposes only), the system time increments at Some 
predefined clock resolution as required by a specific appli 
cation. At each interrupt, UWB-TOA localizer 110 trims any 
accumulated error in the signal from local clock 130 by 
Subtracting from (or adding to) the system time the differ 
ence between the time provided by the timing signal and the 
system time of the time tag record. Based on the system 
time, UWB-TOA localizer 110 broadcasts a localizer mes 
sage comprising the position (e.g., the coordinates of) ref 
erence unit 100 and the system time when the localizer 
message was transmitted. UWB-TOA localizer 110 includes 
the functionalities required to format the localizer message 
for transmission via a UWB radio frequency (RF) signal and 
to wirelessly transmit the localizer message via UWB 
antenna 114. Upon receipt of the localizer message, a mobile 
unit 145 can calculate its distance from the UWB reference 
unit 100 based on the time it takes for the localizer message 
transmitted by UWB reference unit 100 to reach the mobile 
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unit 145, using TOA methods. This time is readily deter 
mined by subtracting the system time embedded within the 
localizer massage from the time at the mobile unit when the 
localizer message was received. 

0023 FIG. 2A illustrates a UWB positioning system 200 
of one embodiment of the present invention. System 200 
comprises a UWB mobile unit 210, three or more UWB 
reference units (such as reference units 220, 222, 224) and 
at least one GNSS satellite 230. UWB reference units 220, 
222 and 224 include the functionality of UWB reference unit 
100 described above with respect to FIG. 1. 

0024. In one embodiment, in operation, each of UWB 
reference units 220 (shown as R1), 222 (shown as R2) and 
224 (shown as R3) receive a timing signal from GNSS 
satellite 230 and each transmits localizer messages that 
indicate their locations and a system time. In one embodi 
ment, UWB reference units 220, 222 and 224 synchronize 
operations so that localizer message signals are transmitted 
by each UWB reference unit at the same instant. In other 
embodiments, UWB reference units 220, 222 and 224 
transmit localizer message signals asynchronously. Certain 
localizer message signals, each moving at the speed of light, 
will take longer to arrive at a mobile unit 210 because their 
transmitting reference units are farther away from mobile 
unit 210 than others. Mobile unit 210 includes the function 
alities required to receive the UWB radio frequency signals 
transmitted by UWB reference units 220, 222 and 224 and 
extract the position and system time information from each 
localizer message received. Mobile unit 210 calculates the 
distance to each of reference units 220, 222 and 224 by 
determining the amount of time it takes for their localizer 
message signals to reach mobile unit 210, using TOA 
methods. Signals from three UWB reference units are 
required for mobile unit 210 to calculate a two-dimensional 
position and Velocity solutions (such as a longitude and 
latitude, for example). When mobile unit 210 can receive 
localizer messages and determine distance to at least four 
UWB reference units, it can calculate its position and 
Velocity in three dimensions. 

0.025 For example, by determining its distance (d1) from 
UWB reference unit 220, mobile unit 210 can determine that 
its position is located somewhere on the Surface of a sphere 
240 (shown as a circle for illustrative purposes). Similarly, 
when mobile unit 210 can determine its distance (d2) from 
UWB reference unit 222 and (d3) from UWB reference unit 
224, it can calculate spheres 242 and 244, respectively. 
Mobile unit 210 can then calculate its own position based on 
the point of intersection of spheres 240, 242 and 244. 
Because distances d1,d2 and d3 are calculated as a function 
of the time it takes for a localizer message to travel from 
UWB reference units 220, 222, and 224, the accuracy of 
these distances relies on the accuracy of the system times 
embedded within each localizer message. Embodiments of 
the present invention enable a UWB mobile unit to provide 
highly accurate positioning solutions by reducing the errors 
and uncertainties associated with the accuracy of the system 
times. As previously discussed, in other embodiments, UWB 
reference units 220, 222 and 224 receive signals from 
multiple GNSS satellites. In one embodiment, this enables 
UWB reference units 220, 222 and 224 to maintain system 
times with even a higher accuracy than based on signals 
from a single GNSS satellite. 
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0026. As would be readily appreciated by one skilled in 
the art, GNSS satellite signals are best suited for line-of 
sight reception and the available signal quality quickly 
degrades inside buildings and other enclosed or underground 
facilities. One advantage of embodiments of the present 
invention is that only one GNSS antenna capable of receiv 
ing GNSS signals is necessary to provide those signals to 
one or more UWB reference units of the present invention. 
For example, as illustrated in FIG. 2B with one GNSS 
antenna 250 (located on the roof of a building, for example), 
the GNSS signal received by GNSS antenna 250 is split and 
routed to multiple UWB reference units as desired (such as 
UWB reference units 220, 222, and 224 distributed through 
out the building, for example). As would be appreciated by 
a person of ordinary skill in the art upon reading this 
specification, the distribution of the GNSS signal from 
GNSS antenna 250 to UWB reference units 220, 222, and 
224 can be readily configured to avoid introduction of errors 
due to signal propagation times or other factors. Other 
applications of embodiments of the present invention 
include, but are not limited to navigation aids for persons 
walking through buildings or cities, tracking persons or 
property within buildings or other installations, autonomous 
vehicles, tracking cargo in shipyards, or a high accuracy 
landing alternative to differential GPS. 
0027 FIG. 3 is a block diagram illustrating a method for 
generating precision localizer messages for an ultra-wide 
band time-of-arrival (UWB-TOA) positioning system. In 
one embodiment, the method of FIG. 3 is implemented using 
the UWB reference unit described with respect to FIG. 1. In 
other embodiments, other UWB reference units are used. 
The method begins at 310 with receiving a signal from an 
atomically accurate reference. As would be appreciated by 
one skilled in the art upon reading this specification, atomi 
cally accurate references such as GNSS satellites utilize 
highly accurate atomic clocks. Each satellite broadcasts 
signals that include a time stamp, allowing receivers that 
decode the signals access to the atomic clock for a timing 
reference. In one embodiment, the signal is a GPS signal 
from a GPS satellite. In one embodiment, the signal is a 
signal from European Galileo GNSS satellite. Embodiments 
of the present invention are not limited to receiving signals 
from GPS and Galileo satellites. To the contrary, utilization 
of time signals from any current or future deployed satellite 
positioning system, ground based positioning system, or any 
other atomically accurate reference that broadcasts highly 
accurate timing signals, is contemplates as within the scope 
of the present invention. 
0028. The method proceeds to 320 with generating a 
timing signal based on the GNSS signal. The timing signal 
includes a periodic timing pulse and a time tag message that 
indicates the time the pulse is valid. In one embodiment, the 
periodic timing pulse is an integral part of the timing 
message (for example, the first word of the timing message). 
In one embodiment, the periodic timing pulse is a 1 pulse 
per-second discrete signal. 
0029. The method proceeds to 330 with correcting a 
system time based on the timing signal. In one embodiment, 
a UWB reference unit maintains the system time based on a 
local clock, Such as, but not limited to a crystal oscillator. 
Because of imprecisions associated with the local clock, 
maintaining the system time based only on the local clock 
would result in the continued accumulation of error which 
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will cause an increasing inaccuracy in the system time. 
Adjusting the system time each time that a timing signal is 
generated limits the accumulation of error to that which can 
occur between timing signals. In the case where the timing 
signal is generated once per second, the system time is 
adjusted to agree with the time embedded within the timing 
signal every second. Thus the inaccuracy of the system time 
due to the imprecision of the local clock is limited to the 
error which can accumulate within one second of its own 
internal clock 130. 

0030 The method proceeds to 340 with transmitting a 
UWB signal including a localization message. In one 
embodiment, the localization message includes location 
information that describes the location of the UWB refer 
ence unit (for example, the longitude, latitude, and altitude 
of the UWB reference unit, or another reference frame) and 
time information that indicates the time when the localiza 
tion message was transmitted. This time information is 
based on the system time. Thus, using TOA methods, a 
receiver that receives the localization message can deter 
mine its own distance from the UWB reference unit by 
noting the difference in the time at which it received the 
localization message and the time information embedded 
within the localization message. When the receiver receives 
the localization message and determines its own distance 
from at least three different UWB reference units, the 
receiver can arrive at a positioning solution for its own 
location, based on the intersection of at least three imaginary 
spheres centered at the UWB reference units, and having 
radiuses equal to the distances determined by the receiver. 
Further, because the time information embedded within the 
UWB localization messages are ultimately based on highly 
accurate GNSS signals, the position solution arrived at 
obtains a high degree of accuracy. 
0031. In one embodiment, adjusting the system time 
based on the timing signal is accomplished by initiating an 
interrupt when the timing signal is received. The interrupt in 
turns generates a time tag record that is time stamped with 
the corresponding system time indicating when the interrupt 
occurred. The system time normally increments at Some 
predefined clock resolution (for example, once every micro 
second) as required by a specific application. A person of 
ordinary skill in the art, upon reading this specification, can 
readily determine the system time resolution required for a 
specific application. Upon the receipt of each interrupt, the 
UWB reference unit removes any accumulated error by 
either subtracting from (when the system time is ahead of 
timing signal time), or adding to (when the system time is 
behind the timing signal time) the system time the difference 
between the time provided by the timing signal and the 
system time of the time tag record. 
0032. As would be readily appreciated by one skilled in 
the art, GNSS satellite signals are best suited for line-of 
sight reception and signal quality available quickly degrades 
inside of buildings or other enclosed or underground facili 
ties. One advantage of embodiments of the present invention 
is that only one GNSS antenna capable of receiving GNSS 
signals is necessary to provide those signals to one or more 
UWB reference units of the present invention. For example, 
with one antenna on the roof of a building, the GNSS signal 
received by that antenna can be spit and routed to as many 
UWB reference units as desired, distributed throughout the 
building for example. In addition, only a signal from a single 
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GNSS satellite is required. Other applications of embodi 
ments of the present invention include, but are not limited to 
tracking persons or property within buildings or other instal 
lations, autonomous vehicles, tracking cargo in shipyards, or 
a high accuracy landing alternative to differential GPS. 
0033 Several means are available to implement embodi 
ments of the present invention. These means include, but are 
not limited to, digital computer systems, programmable 
controllers, or field programmable gate arrays. Therefore 
other embodiments of the present invention include program 
instructions resident on computer readable media that when 
implemented by such controllers, enable the controllers to 
implement embodiments of the present invention. Computer 
readable media include any form of computer memory, 
including but not limited to punch cards, magnetic disk or 
tape, any optical data storage system, flash read only 
memory (ROM), non-volatile ROM, programmable ROM 
(PROM), erasable-programmable ROM (E-PROM), ran 
dom access memory (RAM), or any other form of perma 
nent, semi-permanent, or temporary memory storage system 
or device. Program instructions include, but are not limited 
to computer-executable instructions executed by computer 
system processors and hardware description languages Such 
as Very High Speed Integrated Circuit (VHSIC) Hardware 
Description Language (VHDL). 
0034. Although specific embodiments have been illus 
trated and described herein, it will be appreciated by those 
of ordinary skill in the art that any arrangement, which is 
calculated to achieve the same purpose, may be substituted 
for the specific embodiment shown. This application is 
intended to cover any adaptations or variations of the present 
invention. Therefore, it is manifestly intended that this 
invention be limited only by the claims and the equivalents 
thereof. 

What is claimed is: 
1. A method for generating precision localizer messages 

for an ultra-wideband time-of-arrival positioning system, the 
method comprising: 

receiving a signal from an atomically accurate reference; 
generating a timing signal based on the atomically accu 

rate reference signal; 
correcting a system time based on the timing signal; and 

transmitting an ultra-wideband signal having a localiza 
tion message based on the system time. 

2. The method of claim 1, wherein receiving a signal from 
an atomically accurate reference comprises at least one of 

receiving a signal from a global positioning system sat 
ellite; and 

receiving a signal from a Galileo system satellite. 
3. The method of claim 1, wherein generating a timing 

signal based on the atomically accurate reference signal 
further comprises generating a timing signal that includes a 
periodic timing pulse and a time message that indicates the 
time the pulse occurs. 

4. The method of claim 3, wherein the periodic timing 
pulse is an integral part of the timing message. 

5. The method of claim 1, wherein correcting a system 
time based on the timing signal further comprises: 
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correcting the system time based on a difference between 
the system time and a time embedded within the timing 
signal. 

6. The method of claim 1, wherein adjusting a system time 
based on the timing signal further comprises: 

initiating an interrupt when the timing signal is received; 
generating a time tag record that is time stamped with the 

system time corresponding to when the interrupt 
occurred; and 

removing accumulated error from the system time by 
adjusting the system time based on the difference 
between a time provided by the timing signal and the 
time stamp of the time tag record. 

7. The method of claim 1, wherein transmitting an ultra 
wideband signal having a localization message further com 
prises: 

transmitting a localization message including location 
information and time information that indicates the 
time when the localization message was transmitted. 

8. A positioning system, the system comprising: 

one or more reference units each adapted to receive a time 
signal from at least one atomically accurate reference 
and maintain a system time based on the time signal, 
wherein each reference unit is further adapted to trans 
mit a localizer message via an ultra-wideband signal, 
the localizer message including location information 
for the reference unit and time information indicating 
the system time when the localizer message was trans 
mitted; and 

a mobile receiver unit adapted to calculate a distance to a 
first reference unit of the one or more reference units 
based on a first localizer message received from the 
first reference unit. 

9. The system of claim 8, each of the one the one or more 
reference units further comprising: 

an ultra-wideband localizer adapted to transmit the local 
izer message via an ultra-wideband signal; 

a clock coupled to the ultra-wideband localizer, wherein 
the ultra-wideband localizer is adapted to maintain the 
system time based on the clock; 

a receiver coupled to the ultra-wideband localizer and 
adapted to receive the time signals from the at least one 
atomically accurate reference and generate a periodic 
timing signal; 

wherein the ultra-wideband localizer is further adapted to 
adjust the system time based on the periodic timing 
signal. 

10. The system of claim 8, each of the one or more 
reference units further comprising: 

at least one antenna coupled to the one or more reference 
units and adapted to receive the time signals from the 
at least one atomically accurate reference. 

11. The system of claim 8, wherein each one the one or 
more reference units are further adapted to initiate an 
interrupt when the timing signal is received, generate a time 
tag record that is time stamped with the system time corre 
sponding to when the interrupt occurred, and remove accu 
mulated error from the system time by adjusting the system 
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time based on the difference between a time provided by the 
timing signal and the time stamp of the time tag record. 

12. The system of claim 8, wherein the receiver is further 
adapted to receive one or both of a signal from a global 
positioning system satellite and a signal from a Galileo 
system satellite. 

13. The system of claim 8, wherein the mobile unit is 
further adapted to calculate a location based on at least three 
distances to at least three reference units based on localizer 
messages received from the at least three reference units. 

14. A reference unit for a positioning system, the refer 
ence unit comprising: 
means for receiving a time signal from an atomically 

accurate reference; 
means for generating a periodic timing signal based on the 

atomically accurate reference signal, the means for 
generating responsive to the means for receiving; 

means for maintaining a system time; 
means for transmitting an ultra-wideband signal having a 

localization message, wherein the localization message 
includes location information for the reference unit and 
time information indicating the system time when the 
localization message is transmitted; and 

means for correcting the system time based on a differ 
ence between the system time and a time embedded 
within the timing signal, the means for adjusting 
responsive to the means for generating a periodic 
timing signal and the means for maintaining a system 
time. 

15. The reference unit of claim 14, wherein the means for 
generating a periodic timing signal is adapted to generate a 
timing signal that includes a periodic timing pulse and a time 
message that indicates the time the pulse occurs. 

16. The reference unit of claim 14, wherein the means for 
correcting the system time further comprises: 
means for initiating an interrupt when the timing signal is 

received; 

means for generating a time tag record that is time 
stamped with the system time corresponding to when 
the interrupt occurred; and 

means for removing accumulated error from the system 
time by adjusting the system time based on the differ 
ence between a time provided by the timing signal and 
the time stamp of the time tag record. 

17. A computer-readable medium having computer-ex 
ecutable program instructions for a method for generating 
precision localizer messages for an ultra-wideband time-of 
arrival positioning system, the method comprising: 

receiving a signal from an atomically accurate reference; 
generating a periodic timing signal based on the global 

atomically accurate reference signal, wherein the tim 
ing signal includes a time message that indicates the 
time the periodic timing is generated; 

correcting a system time based on a difference between 
the system time and the time message included within 
the timing signal; and 

transmitting an ultra-wideband signal having a localiza 
tion message based on the system time. 
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18. The computer-readable medium of claim 17, wherein 
the periodic timing pulse is an integral part of the timing 
message. 

19. The computer-readable medium of claim 17, the 
method further comprising: 

initiating an interrupt when the timing signal is received; 
generating a time tag record that is time stamped with the 

system time corresponding to when the interrupt 
occurred; and 

removing accumulated error from the system time by 
adjusting the system time based on a difference 
between a time provided by the timing signal and the 
time stamp of the time tag record. 

20. The computer-readable medium of claim 17, the 
method further comprising: 

transmitting an ultra-wideband signal having a localiza 
tion message including location information and time 
information that indicates the time when the localiza 
tion message is transmitted. 

21. A reference unit for a positioning system, the refer 
ence unit comprising: 

a receiver adapted to receive a time signal from at least 
one atomically accurate reference and generate a peri 
odic timing signal; 

an ultra-wideband localizer adapted to transmit a localizer 
message via an ultra-wideband signal, the localizer 
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message including location information for the refer 
ence unit and time information indicating the system 
time when the localizer message was transmitted; 

a clock coupled to the ultra-wideband localizer, wherein 
the ultra-wideband localizer is adapted to maintain the 
system time based on the clock; 

wherein the ultra-wideband localizer coupled to the 
receiver and is further adapted to correct the system 
time based on the periodic timing signal. 

22. The reference unit of claim 21 further comprising: 
at least one antenna coupled to the receiver and adapted 

to receive the time signals from the at least one atomi 
cally accurate reference. 

23. The reference unit of claim 21, wherein the ultra 
wideband localizer is further adapted to initiate an interrupt 
when the timing signal is received, generate a time tag 
record that is time stamped with the system time correspond 
ing to when the interrupt occurred, and remove accumulated 
error from the system time by adjusting the system time 
based on the difference between a time provided by the 
timing signal and the time stamp of the time tag record. 

24. The reference unit of claim 21, wherein the receiver 
is further adapted to receive one or both of a signal from a 
global positioning system satellite and a signal from a 
Galileo system satellite. 


