
(12) STANDARD PATENT (11) Application No. AU 2009255492 B2
(19) AUSTRALIAN PATENT OFFICE

(54) Title
Internet hotspots localization using satellite systems

(51) International Patent Classification(s)
G01S 1/00 (2006.01) G01S5/14 (2006.01)

(21) Application No: 2009255492 (22) Date of Filing: 2009.05.11

(87) WIPO No: WO09/148767

(30) Priority Data

(31) Number (32) Date (33) Country
12/130,880 2008.05.30 US

(43) Publication Date: 2009.12.10
(44) Accepted Journal Date: 2015.04.02

(71) Applicant(s)
The Boeing Company

(72) Inventor(s)
Ferrell, Barton G.;Brumley, Robert W.;Gutt, Gregory M.;Whelan, David A.

(74) Agent / Attorney
Spruson & Ferguson, L 35 St Martins Tower 31 Market St, Sydney, NSW, 2000

(56) Related Art
US 6937187



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
10 December 2009 (10.12.2009) PCT

ιιιιιιιιιιιιιιιιιιιιιιιιιιιιιηιιιι
(10) International Publication Number

WO 2009/148767 Al

(51) International Patent Classification:
G01S1/00 (2006.01) G01S 5/14 (2006.01)

(21) International Application Number:
PCT/US2009/043463

(22) International Filing Date:
11 May 2009 (11.05.2009)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
12/130,880 30 May 2008 (30.05.2008) US

(71) Applicant (for all designated States except US): THE 
BOEING COMPANY [US/US]; 100 North Riverside 
Plaza, Chicago, IL 60606-2016 (US).

(72) Inventors; and
(75) Inventors/Applicants (for US only): WHELAN, David, 

A. [US/US]; 5 Via Emilia, Newport Beach, CA 92657 
(US). GUTT, Gregory, M. [US/US]; 42758 Conquest 
Circle, Ashburn, VA 20148 (US). FERRELL, Barton, 
G. [US/US]; 152 Oakland Dr, Troy, IL 62294 (US). 
BRUMLEY, Robert, W. [US/US]; 1435 Hagys Ford 
Road, Narberth, PA 19072 (US).

(74) Agents: RAD, Fariba, K et al.; The Boeing Company, 
P.O. Box 2515, MC 110-SD54, Seal Beach, CA 
90740-1515 (US).

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, 
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, 
EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, 
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, 
NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG, 
SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA, 
UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, 
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, 
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR), 
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, 
MR, NE, SN, TD, TG).

Published:
— with international search report (Art. 21(3))

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments (Rule 48.2(h))

W
O

 20
09

/1
48

76
7 

A
l

(57) Abstract: Systems and methods according to various embodiments provide for navigation in attenuated environments by in
tegrating satellite signals with Internet hotspot signals. In one embodiment, a receiver unit adapted to perform geolocation com
prises an antenna adapted to receive a precision time signal from a satellite and receive additional aiding information from a wire
fess network station, wherein the precision time signaf comprises a periodic repeating code. The receiver unit afso comprises a 
processor and a memory adapted to store a pfuraiity of computer readabie instructions which when executed by the processor are 
adapted to cause the receiver unit to: use the precision time signaf and the aiding information to determine a precise absoiute time, 
determine positioning information associated with the receiver unit, use the positioning information to request iocation informa
tion of the wireiess network station, and determine an absoiute geoiocation of the receiver unit using the positioning information 
and the iocation information.



WO 2009/148767 PCT/US2009/043463

5

10

15

20

25

30

Internet Hotspots Localization Using Satellite Systems

TECHNICAL FIELD

The present disclosure relates generally to navigation and, 

more particularly, to satellite-based navigation techniques.

BACKGROUND

Existing navigation and timing signals provided by various 

existing satellite navigation systems often do not provide 

satisfactory system performance. In particular, the signal 

power, bandwidth, and geometrical leverage of such navigation 

and timing signals are generally insufficient to meet the needs 

of many demanding usage scenarios.

Existing navigation and timing approaches based, for 

example, on Global Positioning System (GPS) signals may not be 

available to a navigation user in many instances. Typically, a 

GPS receiver must receive at least four simultaneous ranging 

sources to permit three dimensional positioning and accurate 

time transfer. However, GPS signals often provide insufficient, 

low-signal power or geometry to readily penetrate urban canyons 

or the walls of buildings. Other navigation approaches based, 

for example, on cellular telephone or television signals 

typically lack vertical navigation information.

Existing systems have attempted to address indoor 

navigation deficiencies by the use of various approaches, for 

example, inertial navigation systems, specialized beacons, and 

highly sensitive GPS systems. However, inertial navigation 

systems drift and are expensive. Beacons require specialized 

fixed assets that are expensive and not standardized thus having
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4 only specialized utility, and sensitive GPS systems often do not perform to user

expectations due to the weakness of the GPS signals in indoor environments.

SUMMARY

According to a first aspect of the present invention, there is provided a receiver 

unit adapted to perform geolocation comprising: an antenna adapted to receive a 

precision time signal from a satellite and receive additional aiding information from at 

least one wireless network station, wherein the precision time signal comprises a 

periodic repeating code, wherein the code alternates between a coarse timing code and a 

pseudorandom code; a processor; and a memory adapted to store a plurality of computer 

readable instructions which when executed by the processor are adapted to cause the 

receiver unit to: use the precision time signal and the aiding information to determine a 

precise absolute time, determine positioning information associated with the receiver 

unit, use the positioning information to request location information of the at least one 

wireless network station, and determine an absolute geolocation of the receiver unit 

using the positioning information and the location information.

According to a second aspect of the present invention, there is provided a 

method for performing geolocation comprises: receiving a precision timing signal from 

a satellite; receiving aiding information from at least one wireless network station; using 

the precision timing signal and the aiding information to determine a precise absolute 

time; aligning system correlators of a receiver unit using the precise absolute time to 

determine positioning information associated with the receiver unit; using the 

positioning information, requesting location information of the wireless network station; 

receiving the location information from the wireless network station; and using the 

positioning information and the location information to perform absolute geolocation.

Also described is a method for performing geolocation comprises: receiving a 

precision timing signal from a satellite; receiving aiding information from at least one 

wireless network station; using the precision timing signal and the aiding information to 

determine a precise absolute time; aligning system correlators of a receiver unit using 

the precise absolute time to determine positioning information associated with the 

receiver unit; measuring ranging code for multiple satellites over time; combining the 

ranging code with the aiding information; computing positioning information; surveying

2
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receiving the location information that is transmitted on a wireless network station

ranging code; and combining the positioning information and the wireless network

station ranging code to perform absolute geolocation.

Also described is a receiver unit adapted to perform geolocation comprises: an 

antenna adapted to receive a precision time signal from a satellite and receive additional 

aiding information from at least one wireless network station, wherein the precision 

time signal comprises a periodic repeating code; a processor; and a memory adapted to 

store a plurality of computer readable instructions which when executed by the 

processor are adapted to cause the receiver unit to: receive the precision time signal 

from the satellite; receive the aiding information from the at least one wireless network 

station; use the precision time signal code and the aiding information to determine a 

precise absolute time; align system correlators of the receiver unit using the precise 

absolute time to determine positioning information associated with the receiver unit; 

measure ranging code for multiple satellites over time; combine the ranging code with 

the aiding information; compute positioning information; survey location information of 

the at least one wireless network station using the positioning

3
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transmitted on a wireless network station ranging code; and

combine the positioning information and the wireless network

station ranging code to perform absolute geolocation.

The scope of the invention is defined by the claims, which 

are incorporated into this section by reference. A more 

complete understanding of embodiments of the present invention 

will be afforded to those skilled in the art, as well as a 

realization of additional advantages thereof, by a consideration 

of the following detailed description of one or more 

embodiments. Reference will be made to the appended sheets of 

drawings that will first be described briefly.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 provides an overview of a navigation system that is 

able to perform in occluded or jammed environments according to 

an embodiment of the present invention.

Fig. 1A shows a functional block diagram of receiver unit 

302 according to an embodiment of the disclosure.

Fig. 2 provides a flow diagram illustrating a method of 

obtaining precise absolute time transfer from a satellite 

according to an embodiment of the present invention.

Fig. 3 illustrates a time transfer structure signal of a 

low earth orbit (LEO) satellite according to an embodiment of 

the present invention.

Fig. 3A shows a flow diagram of a method for determining 

the code phase of a received satellite signal according to an 

embodiment.

Fig. 3B provides a flow diagram illustrating a method of 

performing time transfer and navigation in attenuated or jammed

4
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environments according to an embodiment of the present 

invention.

Fig. 4 illustrates a self forming navigation system that 

uses satellites to provide wireless network station localization 

according to an embodiment of the present invention.

Fig. 5 provides a flow diagram illustrating a method for 

performing geolocation by integrating satellite signals and 

wireless network signals according to an embodiment of the 

present invention.

Fig. 6 provides a flow diagram illustrating a method for 

performing geolocation by integrating satellite signals and 

wireless network signals according to another embodiment of the 

present invention.

Embodiments of the present invention and their advantages 

are best understood by referring to the detailed description 

that follows. It should be appreciated that like reference 

numerals are used to identify like elements illustrated in one 

or more of the figures.

DETAILED DESCRIPTION

In accordance with various embodiments discussed herein, a 

system employing satellites, for example, low earth orbit (LEO) 

satellites, may be used to augment receiver units, for example, 

cell phones or other compact devices, so that they may function 

even in heavily attenuated, occluded or jammed environments. 

Navigation systems according to one or more embodiments herein 

may address current problems of receiver units that are due to 

fundamentally weak signals received from existing sources such 

as Global Positioning System (GPS) satellites.

Signals from certain satellites, for example, communication 

satellites, are generally more powerful than signals from other 

5
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existing positioning systems such as GPS. One such satellite is 

the Low Earth Orbiting Satellite (LEO) constellation Iridium. 

In an example, a receiver unit configured to work with signals 

received from a LEO satellite, for example an Iridium satellite, 

may work with signal levels of less than about 45 dB of 

attenuation at the receiver unit's antenna, whereas GPS- 

configured receiver units typically will not work at such 

levels. By leveraging Iridium satellite signals, the Iridium- 

configured receiver unit may operate at about 15-20 db below 

where a typical GPS-configured receiver unit would stop working.

According to various embodiments, such powerful signals, 

which include precision time signals from the satellite system, 

may be used to determine a precise absolute time to an accuracy 

of, for example, approximately 1-10 microseconds. Also, such 

powerful signals may be transferred to a receiver unit along 

with information from other ground based infrastructure, such as 

a cellular network, an internet network, or WiFi. According to 

one or more embodiments, the precise absolute time derived from 

the satellite signals is sufficiently accurate to facilitate 

aligning system correlators in a receiver unit to focus in very 

narrow periods of time. When multiple system correlators are 

used without the benefit of a precise time reference in occluded 

or jammed environments, the correlation process is 

computationally burdened by searching over large time periods 

and the receiver unit may not be able to perform under such 

conditions. However, with the transfer of precise absolute time 

(e.g., having an accuracy within approximately 10 microseconds) 

a receiver unit (or user) may better receive and track 

navigation signals from a positioning system such as GPS by 

aligning the receiver unit's system correlators even in highly 

attenuated or jammed environments. Thus, embodiments of the 

present invention may aid GPS or any other positioning satellite 

system in heavily attenuated or jammed environments. It should

6
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be appreciated that precise absolute time transfer may also be

used in other applications such as network synchronization.

Referring now to the figures wherein the showings are for 

purposes of illustrating embodiments of the present invention 

only, and not for purposes of limiting the same, Fig. 1 provides 

an overview of a navigation system 300 that is able to perform 

in occluded or jammed environments according to an embodiment of 

the present invention.

As shown in the embodiment of Fig. 1, in navigation system 

300, a receiver unit 302 (e.g., a cellular telephone), is 

configured to receive signal 309 from a satellite 306, which may 

include a global positioning system (GPS) signal (e.g., 

protected and/or unprotected GPS signal) from conventional 

navigation satellites. In addition, receiver unit 302 is 

configured to receive signal 305 from a satellite 304, which may 

be a low earth orbit (LEO) satellite. Furthermore, receiver 

unit 302 is configured to receive signal 307 from a network 308, 

which may include, for example, a cellular network, an Internet 

network, a WiFi network, and/or other networks. Signal 305 

received from satellite 304 comprises a precision time signal 

coded on satellite 304. Signal 307 received through network 308 

may include additional aiding information such as, for example, 

orbit information associated with satellite 304, an approximate 

location of receiver unit 302, an approximate range between 

satellite 304 and receiver unit 302 (e.g., within approximately 

3000 m), approximate time information (e.g., approximate time 

within about 5 seconds), timing bias information associated with 

satellite 304 (e.g., satellite clock offsets), and/or other 

information.

According to one or more embodiments, satellite 306 may be 

a part of an integrated high-performance navigation and 

communication system such as an iGPS system. Satellite 306 may

7
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also be a part of any other positioning system satellite,

including for example, the Global Orbiting Navigation System

(Glonass).

In one example, satellite 304 may be a LEO satellite, which 

may be implemented by a satellite of an existing communication 

system (e.g., Iridium or Globalstar satellite systems). In one 

example where an Iridium satellite is used to implement 

satellite 304, flight computers of the Iridium satellite may be 

reprogrammed with appropriate software to facilitate the 

handling of navigation signals. In another example where a 

Globalstar communication satellite is used to implement 

satellite 304, the satellite bent pipe architecture permits 

ground equipment to be upgraded to support a variety of new 

signal formats.

In embodiments where satellite 304 is implemented as a LEO 

communication satellite, the LEO communication satellite may be 

configured to support communication signals as well as 

navigation signals. In this regard, such navigation signals may 

be implemented to account for various factors such as multipath 

rejection, ranging accuracy, cross-correlation, resistance to 

jamming and interference, and security, including selective 

access, anti-spoofing, and low probability of interception.

Receiver unit 302 may be implemented with appropriate 

hardware and/or software to receive and decode signals from a 

variety of space and terrestrial ranging sources to perform 

navigation. Such signals may include, for example, satellite 

broadcasts from GPS (or any other positioning system (e.g., 

Glonass), LEO (e.g., Iridium or Globalstar satellite systems), 

Wide Area Augmentation System (WAAS), European Geostationary 

Navigation Overlay Service (EGNOS), Multi-functional Satellite 

Augmentation System (MSAS), Galileo, Quasi-Zenith Satellite 

System (QZSS), and/or Mobile Satellite Ventures (MSV)

8
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satellites. Such signals may also include terrestrial 

broadcasts from network 308, which may include cellular 

networks, TV networks, Internet networks, WiFi, WiMAX, National 

Vehicle Infrastructure Integration (VII) nodes, and other 

appropriate sources. Receiver unit 302 may be implemented in 

accordance with various embodiments set forth in U.S. Patent 

Application No. 11/268,317 filed on November 7, 2005 which is 

incorporated herein by reference.

Receiver unit 302 may be further configured to receive and 

perform navigation using broadcasted signals of other space and 

terrestrial ranging sources as may be desired in particular 

embodiments. In addition, receiver unit 302 may be configured 

with an inertial measurement unit (IMU) implemented, for 

example, as a microelectromechanical system (MEMS) device to 

provide jamming protection.

Receiver unit 302 may also be implemented in any desired 

configuration as may be appropriate for particular applications. 

For example, in various embodiments, receiver unit 302 may be 

implemented as a cellular telephone, an iGPS receiver, a 

handheld navigation device, a vehicle-based navigation device, 

an aircraft-based navigation device, or other type of device. 

In an embodiment, the position of receiver unit 302 may 

correspond to the position of a user.

Referring to Fig. 1A, a functional block diagram of 

receiver unit 302 is shown according to an embodiment of the 

disclosure. Receiver unit 302 includes a multi - frequency 

antenna 3020 adapted to receive satellite signals 3010 from one 

or more satellites. Antenna 3020 may also be adapted to receive 

signals from network 308 of Fig. 1, for example. Antenna 3020 

is coupled to one or more pre-select filters 3030, an amplifier 

3040 and an A/D converter 3050. Synthesizer 3070 receives a 

signal from temperature controlled crystal oscillator (TCXO) 

9
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3080, and is coupled to A/D converter 3050, inertial 3085 and 

computer 3060, which comprises a memory and a processor (not 

shown). System correlators may be implemented by the processor. 

Computer 3060 receives raw measurements from inertial 3085 as 

well as input from synthesizer 3070 and A/D converter 3050 to 

produce an output of position, altitude, and time 3090. The 

sampling rate of A/D converter 3050 may be appropriately 

determined such that receiver unit 302 may downconvert to 

baseband all bands of interest.

In operation, according to one or more embodiments, in 

locations where receiver unit 302 is occluded or jammed and 

cannot receive signal 309 (e.g., GPS signal) from satellite 306, 

receiver unit 302 may send a message to network 308 requesting 

assistance. Network 308 then determines additional aiding 

information. Receiver unit 302 then uses signal 307, which 

comprises the additional aiding information obtained through 

network 308 in combination with signal 305 received from 

satellite 304, which comprises a precision time signal, to align 

its system correlators to improve reception of signal 309 (e.g. 

GPS signal) from satellite 306 and therefore be able to perform 

navigation even in occluded or jammed environments.

Referring now to Fig. 2, a flow diagram is provided that 

illustrates a method of obtaining precise absolute time transfer 

from a satellite according to an embodiment of the present 

invention. In an embodiment, Fig. 2 may be implemented for use 

with navigation system 300 of Fig. 1, but it may also be 

implemented for use with other systems or applications, such as 

network synchronization. Signal 305 received from satellite 304 

(as shown in Fig. 1) permits localization when combined with 

signal 307, which comprises additional aiding information. The 

additional aiding information may be delivered to receiver unit 

302 through network 308.

10
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In block 350, receiver unit 302 receives signal 305, which 

comprises a precision time signal, from satellite 304. The 

precision time signal is received as a well-defined code that 

repeats periodically from satellite 304. It will be appreciated 

that a well-defined code may include any number of codes, for 

example, a pseudorandom code. In an example, an Iridium 

satellite may broadcast a pseudorandom code that repeats 

approximately every 23 seconds. Other implementations may 

include an alternating code structure. For example, in one such 

implementation, a coarse timing code may be followed by a 

pseudorandom code. In this implementation, the coarse timing 

code may comprise a repeating segment of pure carrier frequency 

which may be easily detected by receiver unit 302 for use with 

various operations, such as determining Doppler shift. The 

pseudorandom code in this implementation may be used to 

determine absolute time to high accuracy, but may be more 

difficult for receiver unit 302 to detect than the coarse timing 

code. In this regard, the coarse timing code may be used by 

receiver unit 302 to efficiently determine the approximate times 

at which the pseudorandom code is expected to be received.

In various embodiments, signal 305 received from satellite 

304 is not required to include detailed navigation information 

and only one broadcast of signal 305 from a single one of 

satellites 304 may be used to initiate the aiding technique. 

Furthermore, the timing accuracy of signal 305 may be 

sufficiently degraded from typical GPS satellite performance, 

but accuracy on the order of 10 microseconds is sufficient. In 

one example, receiver unit 302 may operate in an attenuated or 

occluded environment (e.g., indoors) where the receiver unit 302 

is able to receive signal 305 from satellite 304, but unable to 

receive signal 309 from satellite 306 due to the lower power of 

signal 309 and the attenuation of the environment. For Iridium 

satellites, for example, the structure of the repeatable 
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pseudorandom code allows the receiver unit 302 to lock onto the 

pseudorandom code even in heavily attenuated environments up to 

about 45 dB attenuation at the antenna, that is, about 15 dB 

beyond where most GPS receivers fail to receive. Receiver unit 

302 may also operate, for example, in environments where signal 

309 is potentially jammed by a competing signal in a commercial 

scenario, or where signal 309 is intentionally jammed by an 

enemy in, for example, a military scenario.

In block 352, the relative timing phase of the code (also 

referred to as "n" or "code phase" below) of signal 305 from 

satellite 304 is determined by receiver unit 302 using low data 

rate correlation. For example, receiver unit 302 may be used to 

lock onto the code of the high power non-GPS precision time 

signal provided by signal 305 and determine the timing phase to 

within less than about 3 microseconds.

In block 354, receiver unit 302 receives signal 307, which 

includes additional aiding information through network 308. 

Alternatively, the additional aiding information may be received 

from satellite 304 in the case where, for example, receiver unit 

302 is moving in and out of attenuated environments. In 

general, the update rate of the additional aiding information is 

rather low and could in principle be stored for 24 hours or 

longer. In one embodiment, the additional aiding information 

may comprise: the starting time of the code broadcasts, the 

expected frequency of the timing transmissions, a model of the 

non-GPS satellite orbits, and time bias correction information 

that may improve the fidelity of the precision time signal 

received from satellite 304 as described in block 350. 

Additionally, approximate time (e.g., within several seconds of 

accuracy) may be provided through network 308 or by a local 

clock of receiver unit 302.

12
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In block 356, the timing phase of the code is converted to 

precise absolute time by combining the timing phase of the code 

with the additional aiding information that may be received 

through network 308 according to, for example equation 406 that 

will be described below with respect to Fig. 3.

Referring now to Fig. 3, a time transfer structure signal 

of a low earth orbit (LEO) satellite is illustrated according to 

an embodiment of the present invention. The time transfer 

structure of Fig. 3 may be implemented for use in navigation 

system 300 of Fig. 1 according to an embodiment, but it may also 

be used in other systems or applications such as network 

synchronization. In this embodiment, satellite 304 is 

implemented with an Iridium satellite. It will be appreciated 

that although the time transfer signal for an Iridium satellite 

is illustrated, the description herein may be modified as 

appropriate for other satellite systems. In the example of Fig. 

3, signal 305 may comprise 10K buffer cycles 402 that are 

repeatedly broadcasted by each satellite 304. Each 10K buffer 

cycle may be equal to 9984 bytes, or 72872 bits, or 256 

messages, or 46.08 seconds. There are 1875 buffer cycles per 

day. A message frame 404 (also referred to as a message) is 

also illustrated, which may be equal to 312 bits or 8.28 

milliseconds per burst. Other bits may be predefined by 

satellite 304. The 312 bits of message frame 404 are generally 

payload bits where communications, for example, telephone calls, 

occur with a voice update every 90 milliseconds. Each frame 

repeats every 0.18 seconds and all bits may be used to detect 

the edge of message frame 404. A burst may be offset by a 

specified "time slot" within the message frame 404.

If, for example, a pseudorandom code is 312 bits, there is 

a full buffer with 256 messages. In this example, each message 

has its own pseudorandom code such that it is not confused with 

other codes. The pseudorandom code may repeat approximately 
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every 20-40 seconds. A known, simple pseudorandom code (or 

other code) may be employed to distinguish between the 256 

messages and provide significant processing gain. In one 

embodiment, alternating between a coarse simple code (e.g., that 

promotes the detection of the carrier frequency) and a more 

precise pseudorandom code (e.g., that permits more accurate time 

alignment) may be performed.

In one example, receiver unit 302 may be used to determine 

what time it is. A buffer is loaded and broadcasting starts. 

The receiver unit 302 tunes into the right frequency and finds 

bits in the L band frame. The receiver unit 302 finds a code 

that matches an nth message of the buffer. However, this does 

not tell what time it is, only that it is the nth message (or 

the "code phase" of the repeating code).

The timing phase information and the additional aiding 

information as described in blocks 352 and 354 of Fig. 2 may be 

combined as set forth in block 356 of Fig. 2 to form an equation 

to obtain precise absolute time as in the following example with 

respect to the embodiment of Fig. 3, where equation 406 is used 

to determine time. In equation 406, it is assumed that 256 

unique messages repeat every 46.08 seconds:

Time = 12:00am start time + (N-l)*46.08 sec + (n-l)*0.18

sec + Time Bias + Range/C(speed of light)

Here, a known start time of the satellite 304 buffer 

playback, which may be delivered via data link, may be 12:00am 

at a defined date, as illustrated in equation 406 of Fig. 3. 

"N" (also referred to as "current buffer cycle") is the number 

of times the pseudorandom code block of 256 messages has 

repeated since the start time. In one embodiment, "N" may be 

determined by a local clock of receiver unit 302 with accuracy 

of about less than 10 seconds. If the message broadcasts at
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12:00am, for example, and receiver unit 302 has a clock 

synchronized to network 308, receiver unit 302 may determine the 

current buffer cycle "N". That is, the receiver unit 302 helps 

resolve the number "N" based on certain known variables.

"n" is the code phase within the repeating sequence. In 

the example of equation 406, a time message plays every 0.18 

seconds and comprises 256 unique pseudorandom messages. 

Afterwards, the pseudorandom code repeats from the beginning. 

Therefore "n" is a number between 1 and 256. "n" is measured

from satellite 304 using, for example, the pseudorandom code, 

and it is accurate to less than 10 microseconds.

If receiver unit 302 knows which message is received, then 

the code phase "n" may be determined. Receiver unit 302 may 

perform a correlation to determine which message was received 

even in the presence of noise. For example, if noise is 

present, random bits may be received, then the message, then 

random bits again. Thus, the message may be corrupted by noise 

and may include corrupted bit values. Assuming that a long 

message is sent, for example, a 1000 bit message, the bits may 

be compared to the bits received. If, for example 980 bits are 

correct, then the next 1000 bits are compared and so on until a 

peak is reached. A peak is reached when the number of correct 

bits is greater than the average number. In the example of 

sending a message of 1000 bits, if the peak is, for example, 

600, then it is determined that that is the correct message. 

Thus, the message is received and statistically determined in 

the presence of noise at a particular time. A method for 

determining the code phase "n" of a received satellite signal 

will be described in Fig. 3A below according to an embodiment.

"Time Bias" may represent any timing bias in system 300, 

for example, and may compensate for measured errors in the clock 

of satellite 304 and/or known time slot changes in the 
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transmission sequence. Time slots may be provided by satellite 

304, or they may be measured by a reference station, or they may 

be fixed or predictable as part of the service. In the example 

of Fig. 3, Iridium's message frame of 90 milliseconds may be 

broken up into time slots. As shown in Fig. 3, bursts may occur 

and may be offset by a specified time slot within the message 

frame. Receiver unit 302 may know which time slot to use 

through network 308. Network 308 provides basic information 

such as the frequency of transmission, that is, the sub band of 

the transmission, which changes frequently depending on, for 

example, the frequency of broadcasting and/or other factors.

"Range" represents the distance between satellite 304 and 

receiver unit 302, and is computed using an orbit model for 

satellite 304 that may be delivered via data link, suitably 

accurate knowledge of the position of receiver unit 302, and 

approximate time (as an input to a satellite orbit model). In 

one embodiment, to obtain an accuracy within about 10 

microseconds, the range estimate must be accurate to about 3000 

m, which may equate to about 20,000 m of horizontal accuracy on 

the ground. This level of positioning may be easily achieved, 

for example, via cell network techniques. Additionally, simple 

beam coverage methods may be employed to determine the position 

of receiver unit 302 based on the knowledge of which non-GPS 

satellite beam the user is presently located in and the recent 

beam time history. Numerous other methods of coarse positioning 

may also be suitably employed. In one embodiment, satellite 

orbit information (ephemeris) for satellite 304 includes 

information such as the location of satellite 304 within a 

constellation of satellites at various points in time and other 

information that can be used by receiver unit 302 to accurately 

obtain clock values from satellite 304. In this embodiment, 

network 308 may easily determine the location of receiver unit 

302 (or the user) within less than one kilometer. The range may
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4 be accurate to about 3 kilometers. The approximate time of receiver unit 302 may be

used with the orbit information to determine the location of satellite 304. After the

range of satellite 304 is determined, it is then divided by the speed of light (also referred

to as "C").

Fig. 3A shows a flow diagram of a method for determining the code phase of a 

received satellite signal according to an embodiment. Fig. 3A is an example wherein 

satellite 304 comprises an Iridium satellite. In block 2010, a signal comprising data may 

be received from an Iridium satellite and collected over the entire Iridium frequency 

band with a receiver unit having an appropriate antenna, an amplifier and a 

downconverter (as shown in Fig. 1A). In block 2020, the received data may be down 

converted, for example, by 1606 MHz, and the data may be sampled, for example, at 50 

Msamples per second.

In block 2030, the sampled data may be captured and stored in memory in 

appropriate blocks, for example, in blocks of one second segments.

In block 2040, a coarse acquisition search of the sampled data is performed. In 

this example, approximately 9 ms of data may be selected for detailed processing. 

Doppler of the captured data may be estimated using a known orbit model and an 

estimated time. The data may be digitally demodulated with sine and cosine functions 

based on a known (or estimated) frequency sub-band and access. Demodulation also 

includes the estimated Doppler frequency. The data may then be decimated by a factor 

of, for example, approximately 111. A Fast Fourier Transform (FFT) may be used on 

the decimated data to determine the highest peak and associated frequency. It should be 

noted that the associated frequency may be used to further improve demodulation in the 

next iteration. Demodulation in general would yield a DC result, however, imperfect 

Doppler estimates generally generate a low frequency component. Next, the following 

1 millisecond block of sampled data may be considered and the process may be 

repeated.

In block 2050, the processed data is screened for peaks performing consistency 

checks. For example, peaks should be separated by "n"*90 milliseconds.
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4 In block 2060, once peaks are screened, fine acquisition may be performed at the 

location of the coarse peak + 180 milliseconds - 0.5*window. The window represents 

the range in time where the code is expected to be found. For example, the received 

data may be correlated against the 128 non-zero messages in the code; the highest 

correlation peak may then be recorded; and the time step may be incremented by a 

certain number of microseconds. This process may then be repeated for the duration of 

the window.

In block 2070, the code phase may be determined by the receiver unit when the 

data was captured by knowing which message generated the best peak and knowing the 

relative time.

Once the code phase is determined, precise absolute time may be determined as 

described above with respect to equation 406 of Fig. 3.

After precise absolute time is computed according to the techniques described 

above according to one or more embodiments, the precise absolute time may be used in 

numerous applications such as network synchronization or as an aid to a positioning 

system such as GPS.

In the positioning aiding embodiment, the precise absolute time determined as 

described above may be employed to "focus" or align correlators of receiver unit 302, 

for example a GPS
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receiver. In this case, a GPS receiver may have numerous 

parallel positioning system correlators which, when sufficiently 

time-aligned (e.g., using the techniques described herein), may 

be able to lock on to signal 309, for example a GPS signal, from 

satellite 306, for example a GPS satellite, even in a jammed or 

attenuated environment.

Receiver unit 302 may also compensate for Doppler shift, 

which refers to a change in frequency of emitted waves produced 

by motion of an emitting source relative to an observer. As a 

satellite moves through the sky, the transmission frequency of 

the satellite signals changes. By using its knowledge of time, 

receiver unit 302 may predict and compensate for Doppler shift 

such that the correct frequency may be acquired. In one 

embodiment, Doppler shift may be calculated by the following 

equation:

Doppler = range rate + C x normal frequency of transmission

As discussed above, the range to satellite 304 is the 

distance between the locations of receiver unit 302 and 

satellite 304. The range rate is a function of range and time 

not unlike for example, the measurement of velocity based on the 

distance travelled between two different points in time. 

Finally, in the Doppler equation above, the nominal frequency of 

transmission for an Iridium satellite, for example, may be on 

the order of 1.6 GHz. "C" refers to the speed of light.

Network 308 provides satellite information as well as pre

tuning information for signals such that as Doppler shift 

occurs, the signals change to stay in tune accordingly.

The Doppler profile of satellite 304 may also aid in 

determining timing information. Receiver unit 302 may monitor 

various signals 305 received from satellite 304 over time. By 

determining the Doppler shift that occurs as satellite 304 moves
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overhead, receiver unit 302 may obtain a precise determination

of the position of receiver unit 302 and timing information.

Thus, with reference again to equation 406 in Fig. 3, the

estimate of the location of receiver unit 302 may be performed

by referring to the Doppler profile of satellite 304.

Thus, in the embodiments described above, precise absolute 

time according to equation 406 may be conveyed to receiver unit 

302 where there is a ground network (e.g., network 308) to 

support a space network (e.g., one or more of satellites 304 

and/or 306).

In another embodiment, which will be described in more 

detail with respect to Fig. 3B below, precise absolute time may 

be achieved in the absence of additional aiding information 

provided as described above by using, for example, the native L 

band burst structure signal of an Iridium satellite. In various 

embodiments, satellite 304 may be a LEO satellite such as 

Iridium and satellite 306 may be a GPS satellite. In such 

embodiments, it is known that an Iridium satellite uses 

frequencies according to an L band structure from 1610 MHz to 

1625 MHz. GPS carriers are also in the L band, centered at 

1176.45 MHz (L5), 1227.60 MHz (L2), 1381.05 MHz (L3), and 

1575.42 MHz (LI) frequencies. Because of the proximity between 

the Iridium and GPS frequencies, receiver unit 302 is capable of 

receiving signals together from both satellite systems, Iridium 

and GPS satellite systems, without the need for an extra 

antenna.

Each Iridium satellite maintains an internal clock that is 

monitored and maintained to an accuracy of within 10 

microseconds with respect to Coordinated Universal Time (UTC, 

Fr. Temps Universel Coordonne, also known as Greenwich Mean Time 

or Zulu time) without clock drift. Thus, L band signals 

provided by Iridium satellites may be accurately tied to UTC
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time within approximately 10 microseconds. The L band Iridium 

satellite signals are structured with 90 millisecond frames. 

Thus, by determining the edges of L band frames of Iridium 

satellite signals, accurate timing information may be obtained.

Referring now to Fig. 3B, a flow diagram illustrating a 

method of performing time transfer and navigation in attenuated 

or jammed environments according to an embodiment of the present 

invention is provided. The method illustrated in Fig. 3B may be 

implemented with the navigation system of Fig. 1, except that in 

this embodiment, additional aiding information provided via 

network 308 is unavailable.

In block 502, the broadcasted frame structure of signal 305 

(e.g., when implemented by L band Iridium satellite signals) 

from satellite 304 is detected by receiver unit 302. Even 

without a well-defined or refined code, it is possible for 

receiver unit 302 to detect the L Band frame of the Iridium 

transmission signals. Because in this embodiment it is assumed 

that additional aiding information is unavailable from network 

308, receiver unit 302 prepares successive guesses or estimates 

of absolute time. With sufficient prior knowledge the number of 

time estimates may often be bound to a reasonable number. For 

example, within 100 frames of the Iridium frame structure there 

is a GPS second that lines up. Thus, the number of time 

estimates or guesses may be reduced to 100 times.

In block 504, once successive estimates are produced, a 

local clock of receiver unit 302 is aligned to the frame 

structure of signal 305 of satellite 304.

In block 506, multiple time estimates that are respectively 

separated according to the frame structure signals are generated 

wherein at least one time estimate is aligned to signal 309 of 

satellite 306.
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In block 508, the time estimates may be provided to

parallel correlators of receiver unit 302. The parallel

correlators are then aligned according to the time estimates.

In block 510, the time estimate that is aligned to signal 

309 of satellite 306 is identified and provides aiding 

information to receiver unit 302. This aiding information 

significantly improves the ability of receiver unit 302 to 

efficiently detect signal 309 of satellite 306. That is, as 

discussed above according to an embodiment where an Iridium 

satellite is used to implement satellite 304, it is possible to 

leverage numerous parallel phone calls, for example, to 

determine the frame edge of the satellite signal frame 

structure. In this example, Iridium has a frame structure of 90 

milliseconds. Within every 100 frames, there is a corresponding 

GPS second that lines up therewith. Therefore, by simply 

knowing the frame edge, GPS processing is significantly improved 

as it is easier to obtain aiding information by trying 100 

frames than by trying an infinite number of estimates.

The systems and methods described above with respect to 

Figs. 1-3B for obtaining a precise absolute time according to 

one or more embodiments may be used to facilitate indoor 

navigation by instantaneously initializing a survey of a 

wireless network station (e.g., a WiFi transceiver, a WiFi

compatible device, 802.11-compatible device, or other wireless 

device). According to one or more embodiments, by using the 

precise absolute time described above, wireless network stations 

(e.g., Internet hotspots and/or other types of wireless network 

stations) may act as positioning beacons (with a surveyed 

location) for receiver unit 302. As a result, a roaming user of 

receiver unit 302 may navigate in indoor environments.

Fig. 4 provides a self forming navigation system 300a that 

uses satellites to permit wireless network station localization
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according to an embodiment of the present invention. In Fig. 4, 

a receiver unit 302a may be configured to receive ranging 

signals 701, 703, and 705, which may comprise aiding information 

from wireless network stations 702, 704, and 706. Each wireless 

network station 702, 704, and 706 is in signal communication 

with network 708 and also receives precision time and ranging 

signals 710 from satellite 304a. In one embodiment, the 

position of a receiver unit 302a may correspond to the position 

of a roaming user.

It will be appreciated that wireless network stations 702, 

704 and 706 may include WiFi transceivers as well as other 

wireless network station devices, configurations, and/or 

networks. In addition, network 708 may include the Internet or 

other appropriate networks such as cellular networks or TV 

networks .

Referring to Fig. 5, a flow diagram illustrating a method 

for performing geolocation by integrating satellite signals and 

wireless network station signals is provided according to an 

embodiment of the present invention. The flow diagram of Fig. 5 

may be implemented for use in the navigation system of Fig. 4. 

In this embodiment, satellite signals from, for example, Iridium 

satellites and GPS satellites may be integrated with WiFi or 

802.11 type signals.

In block 802, receiver unit 302a receives precise absolute 

timing code signals 710 in the form of a repeatable code such as 

a pseudorandom code broadcasted from satellite 304a, for example 

a LEO satellite (as described above according to one or more 

embodiments with respect to Figs. 1-3B).

In block 804, receiver unit 302a receives aiding 

information via wireless network station 702, 704, and/or 706.
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In block 806, the precise absolute timing code signals 710 

are used with the aiding information from wireless network 

station 702, 704, and/or 706 to determine precise absolute time 

to within several microseconds accuracy.

In block 808, system correlators of receiver unit 302a, for 

example, GPS correlators, are aligned using the precise absolute 

time to facilitate positioning, for example GPS positioning, in 

occluded environments.

In block 810, receiver unit 302a surveys the locations of 

wireless network stations 702, 704, and 706 using the 

positioning information determined by using the precise absolute 

time .

In block 812, receiver unit 302a receives location 

information of wireless network stations 702, 704, and 706, 

which is transmitted on a ranging code.

In block 814, receiver unit 302a performs absolute 

geolocation by combining positioning information and ranging 

information from one or more of wireless network stations 702, 

704, and 706.

In one embodiment, a roaming user's position (e.g., a 

position of receiver unit 302a), if desired, may be reported 

through wireless network stations 702, 704, and 706 and 

therefore facilitate user tracking.

Fig. 6 provides a flow diagram illustrating a method for 

performing geolocation by integrating satellite signals and 

wireless network signals according to another embodiment of the 

present invention. The flow diagram of Fig. 6 may be 

implemented for use in the navigation system of Fig. 4. In this 

embodiment, positioning of the wireless network stations acting 

as beacons may also be achieved by integrating, for example,
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(with longer integration times).

It will be appreciated that the method described above with 

respect to Figure 5 in blocks 802-806 may be used in this 

embodiment to determine precise absolute time to within several 

microseconds accuracy. Once absolute time is determined, in 

block 910 of Fig. 6, system correlators of receiver unit 302a 

are aligned by using the absolute time to facilitate positioning 

in occluded environments.

In block 912, receiver unit 302 measures a satellite 

ranging code (e.g., an Iridium iGPS ranging code) for multiple 

satellites over time.

In block 914, assuming wireless network stations 702, 704, 

and 706 are stationary, the ranging code is combined with 

satellite information such as orbit information and timing 

signals .

In block 916, receiver unit 302a computes positioning using 

multilateration by integrating multiple satellite (e.g. Iridium) 

passes iteratively.

In block 918, the locations of WiFi transceivers 702, 704, 

and 706 are surveyed by using the positioning information.

In block 920, receiver unit 302a receives the information 

on the locations of WiFi transceivers 702, 704, and 706, which 

is transmitted on a ranging code.

In block 922, receiver unit 302a performs absolute 

geolocation by combining positioning information and ranging 

information from one or more WiFi transceivers 702, 704, and 

706 .
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According to an embodiment, a roaming user's position (if

desired) may be reported through the wireless network and

therefore facilitate user tracking.

To determine ranging, for example, the differential time of 

arrival may be determined. The WiFi transceivers may send a 

message to receiver unit 302a, for example, a telephone or a 

computer, and as soon as it is received a message is sent back 

to the WiFi transceivers. The processing period of the computer 

or telephone is known. The WiFi transceivers know how long 

receiver unit 302a took to respond back to the WiFi 

transceivers. Thus, the differential time of arrival (DTOA) may 

be computed and would be equal to the processing period of the 

receiver unit plus the time it took for the message to get back 

to the WiFi transceivers.

Where applicable, various embodiments provided by the 

present disclosure can be implemented using hardware, software, 

or combinations of hardware and software. Also where 

applicable, the various hardware components and/or software 

components set forth herein can be combined into composite 

components comprising software, hardware, and/or both without 

departing from the spirit of the present disclosure. Where 

applicable, the various hardware components and/or software 

components set forth herein can be separated into sub-components 

comprising software, hardware, or both without departing from 

the spirit of the present disclosure. In addition, where 

applicable, it is contemplated that software components can be 

implemented as hardware components, and vice-versa.

Software in accordance with the present disclosure, such as 

program code and/or data, may be stored on one or more computer 

readable mediums. It is also contemplated that software 

identified herein can be implemented using one or more general 

purpose or specific purpose computers and/or computer systems,
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networked and/or otherwise. Where applicable, the ordering of

various steps described herein can be changed, combined into

composite steps, and/or separated into sub-steps to provide

features described herein.

5 Embodiments described above illustrate but do not limit the

invention. It should also be understood that numerous 

modifications and variations are possible in accordance with the 

principles of the present invention. Accordingly, the scope of 

the invention is defined only by the following claims.
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1. A receiver unit adapted to perform geolocation comprising:

an antenna adapted to receive a precision time signal from a satellite and receive 

additional aiding information from at least one wireless network station, wherein the 

precision time signal comprises a periodic repeating code, wherein the code alternates 

between a coarse timing code and a pseudorandom code;

a processor; and

a memory adapted to store a plurality of computer readable instructions which 

when executed by the processor are adapted to cause the receiver unit to:

use the precision time signal and the aiding information to determine a 

precise absolute time,

determine positioning information associated with the receiver unit, 

use the positioning information to request location information of the at 

least one wireless network station, and

determine an absolute geolocation of the receiver unit using the 

positioning information and the location information.

2. The receiver unit of claim 1, wherein the wireless network station is part of a 

WiFi network, a cellular network, or an Internet network.

3. The receiver unit of claim 1, wherein the satellite is a Low Earth Orbit (LEO) 

satellite.

4. The receiver unit of claim 3, wherein the satellite is an Iridium satellite or a 

Globalstar satellite.

5. The receiver unit of claim 1, wherein the aiding information comprises orbit 

information associated with the satellite, an approximate location of the receiver unit, or 

approximate time information.

6. The receiver unit of claim 1, wherein the satellite is a first satellite, wherein the 

receiver unit is adapted to perform geolocation using positioning signals from a second 

satellite in an attenuated or jammed environment.

7. The receiver unit of claim 6, wherein the second satellite is a Global 

Positioning System (GPS) satellite.
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5 8. The receiver unit of claim 1, wherein the receiver unit is a cellular 

telephone, an iGPS receiver, a handheld navigation device, a vehicle-based 

navigation device, or an aircraft-based navigation device.

9. The receiver unit of claim 1, wherein the processor is further adapted to 

cause the receiver unit to: receive the precision time signal from the satellite; and

receive the aiding information from the at least one wireless network 

station.

10. The receiver unit of claim 9, wherein the processor is adapted to determine 

positioning information associated with the receiver unit, comprises the processor 

adapted to:

align system correlators of the receiver unit using the precise absolute time to 

determine positioning information associated with the receiver unit;

measure ranging code for multiple satellites over time; 

combine the ranging code with the aiding information; and 

compute positioning information.

11. The receiver unit of claim 10, wherein the processor is adapted to use the 

positioning information to request location information of the at least one wireless 

network station, comprises the processor adapted to:

survey location information of the at least one wireless network station using the 

positioning information; and

receive the location information that is transmitted on a wireless network station 

ranging code.
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