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ABSTRACT

station, positioned outside the enclosed area, to receive sat
ellite signals transmitted by a constellation of satellites and to
determine time synchronization information relative to the
transmitted signals; b) at least one local transmitting station,
positioned within the enclosed area, to transmit a local signal
compatible with the transmitted satellite signals; and c) a
communication channel to communicate self-alignment
information between each station and at least one other sta
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tion; wherein each local transmitting station uses the self
alignment information to generate the local signal; and
wherein the at least one local signal provides navigation
information useable by a satellite navigation receiver.

Patent Application Publication

Jan. 12, 2012 Sheet 1 of 11

st

Pseudo Range = Range - clockbias

(x-x, - (-) (z-z-CdT
A (y - A) + (Y -y) + (Z- 2. - CT
p if (x-x); + (Y-y) (z-z-Car

p, = (x-x, - (y-y, (z-zy-car
f G. B PROR ART

US 2012/0007776 A1

Patent Application Publication

Jan. 12, 2012 Sheet 2 of 11

US 2012/0007776 A1

Patent Application Publication

Jan. 12, 2012 Sheet 3 of 11

US 2012/0007776 A1

Patent Application Publication

Jan. 12, 2012 Sheet 4 of 11

US 2012/0007776 A1

Patent Application Publication

Jan. 12, 2012 Sheet 5 of 11

US 2012/0007776 A1

Patent Application Publication

Jan. 12, 2012 Sheet 6 of 11

US 2012/0007776 A1

Patent Application Publication

Jan. 12, 2012 Sheet 7 of 11

US 2012/0007776A1

SELF-ALIGNMENT VETHOD 'A'

(send cumulative timing on communication channel 22)

Detect GNss signal from adjacent MS

42

calculate time offset dT1 to adjacent MS

44

Receive from adjacent MS on communication channel: 46
- cumulative timing din to adjacent MS
- system time
- satellite selection of adjacent MS

- power level of adjacent MS (optional)
- ephemerides of all satellites in view

48

Determine cumulative time offset from satellite clock
dTnew a T1 + dTn

Select satellites (different from adjacent MS)

50

Determine power level (dbm) and timing

52

for local GNSS signal transmission

Determine position (location) of Ms

53

Transmit local GNSS signal for selected channels 54
Send to next MS on communication channel:

- new cumulative timing dTnew
- system time
satellite selection of local GNSS signal
- power level of local GNSS signal (optional)

- ephemerides of all satellites in view

Return to start and repeat

F67A

58

56

Patent Application Publication

Jan. 12, 2012 Sheet 8 of 11

US 2012/0007776 A1

SELF-ALGNMENT METHOD 'B'

(using CIA codes for comm'n channel 22)

Detect GNSS signal from adjacent Ms

60

Calculate system time from adjacent MS

62

Receive from adjacent MS on communication channel: 64
satellite selection of adjacent MS
- power level of adjacent MS (optional)
- ephemerides of all satellites in view

Calculate delta time from adjacent MS

66

Select satellites (different from adjacent MS)

68

Determine power level (dbm) and timing

70

for local GNSS signal transmission
Determine position (location) of MS

72

Transmit local GNSS signal for selected satellites
Send to next MS on communication channed:

- satellite selection of local GNSS signal
- power level of local GNSS signal (optional)
- ephemerides of all satellites in view

Return to Start and repeat
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INDOORSATELLITE NAVIGATION SYSTEM
BACKGROUND

0001 1. Technical Field
0002 Embodiments of the present invention relate gener
ally to global navigation satellite systems (GNSS) and, more
particularly, but not exclusively, to a system and method that
extends navigation capability to enclosed areas that are Sub
stantially blocked from receiving satellite signals, such as the
indoor area of buildings.
0003 2. Description of Related Art
0004. A global navigation satellite system (GNSS) con
sists of a network or constellation of satellites in orbit around

the Earth, in which the satellites transmit signals that are used
by terrestrial receivers for purposes such as navigation. The
most established and widely used GNSS system at this time is
the GPS system operated by the United States of America.
Other GNSS systems include the GLONASS system oper
ated by Russia, and the forthcoming
0005 European Galileo and Chinese Compass navigation
systems. The present invention is described herein in terms of
the GPS system, but it will be clear to those skilled in the art
that the principles of the present invention may be used in the
context of other GNSS systems.
0006. The GPS system includes between 24 and 32 satel
lites in medium Earth orbit. Each satellite continuously trans
mits a navigation message that is modulated by its own unique
PseudoRandom binary Code (PRN) that is orthogonal to all
the other PRN codes from the other satellites. The GPS rang
ing code that is available for public use is the “Clear Acqui
sition” (C/A) code, which is a PRN code of 1,023 bits. The
navigation message includes such information as its time of
transmission, an ephemeris (plural: ephemerides), which pre
cisely describes the satellite's orbit, and an almanac, which
contains coarse orbit and status information for all the satel

lites in the network. The ephemeris is updated every two
hours and is generally valid for four hours.
0007. At the receiving end, the GPS receiver generates its
own copies of the C/A codes, nominally synchronized with
the satellite transmissions. When the receiver receives the

C/A codes of the currently visible satellites (typically 8-12
satellites in open terrain), the receiver cross-correlates its
copies of the C/A code with the received C/A codes to identify
the satellites whose transmissions have been received. The

ranges to the satellites may be determined by Subtracting the
time of transmission from the time received (to get transit
time), and dividing by the speed of light. Knowing the eph
emerides, the receiver can compute the locations of the sat
ellites at the times of the transmissions.

0008 If the receiver's clock were perfectly synchronized
with the satellites, then signals from three satellites would
Suffice to triangulate the position (horizontal coordinates X
and y, and elevation z) of the receiver. Because clocks that
could be synchronized that well with the atomic clocks used
by the satellites are far too expensive for routine use, signals
from four or more satellites are used to determine x, y, Z and
the time offset dt of the receiver's clock from the GPS clocks.

If only the horizontal coordinates are needed for navigation
then signals from three satellites suffice.
0009 FIGS. 1A and 1B illustrate the above process by
which conventional GNSS receivers obtain position informa
tion from GNSS satellite signals. In FIG. 1A four satellites,
Sat-1 to Sat-4, transmit navigation messages at times t to ta.
The four signals are received by a GNSS receiver, shown
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being held by a user. The receiver identifies the four satellites
from each satellite's unique C/A code. The range “p' (greek:
“row') to each satellite is determined, as noted above, by
subtracting transmitted time (t to ta) from the received time
and dividing by the speed of light “C”. From the ephemeris,
the coordinate position of each satellite at the time of trans
mission may be determined, i.e. position of Sat-1 (x, y, z),
Sat-2 (x, y, z), etc. FIG. 1B shows how the range and
position values may be plugged into the four equations to
determine the coordinate position (X, Y, Z) of the GNSS
receiver, and the time offset"dT of the receiver relative to the
satellite clocks.

0010. An aspect of GNSS based navigation is that naviga
tion generally cannot be performed indoors, since building
walls and roofs act as barriers that block or diminish the

satellite signals. Similar problems occur in Some outdoor
areas Such as natural canyons, urban areas lined with tall
buildings (“urban canyons'), and deep mountain Valleys. In
these environments the satellite transmissions are either

unavailable or have power levels that are very low, such as
below the background noise power level, so as to be unusable
by a standard, unmodified GPS receiver.
0011. This is a problem since an estimated 80% of daily
activity occurs in indoor environments, such as homes,
offices, shopping areas, and elevators. Further, continuity of
service is disrupted when, for example, a person walks from
the Street into a shopping mall or building, or drives into an
underground parking lot or through a tunnel.
0012. A number of attempts have been made to resolve
this problem. In one approach, networks of physical sensors,
Such as infrared, ultrasound, or pressure sensors, are distrib
uted throughout a building or enclosed area. A problem with
physical sensors however is the need for a wide deployment
of infrastructure.

0013 Another approach makes use of a different type of
sensor that allows positioning at the user end using autono
mous means. These include odometer, accelerometer, gyro
Scope, and magnetometer type sensors. The principle of this
approach is to use GNSS signals when available, and to
switch to the other sensor when GNSS signals are not avail
able. This approach however requires very accurate modeling
of the user's movements to be effective.

0014. Other approaches use modem telecommunication
technology rather than physical sensors. For example, one
method uses mobile telecommunication networks such as

GSM and UMTS, implemented by techniques such as TDOA,
E-TDOA, and “Angle of Arrival”.
0015 This approach is considered impractical due to the
requirement that for positioning, a minimum of three base
stations have to be seen from the mobile terminal. The

approach also suffers from positioning inaccuracy caused
from signal multipath.
0016. Another telecommunication approach makes use of
free or publicly available infrastructure used for other pur
poses, such as mobile Internet access or WiFi. In this case,
GNSS calculations are based on time measurements. How

ever, time information supplied by non-GNSS sources is gen
erally not accurate, causing a rough and jumpy effect on the
resulting navigation outputs. For accurate implementation the
time reference needs to be seriously upgraded as compared to
current WLAN time capabilities. Yet another location calcu
lation technique is based on the Received Signal Strength
0017 Information (RSSI). This however requires the sys
tem to increase the number of Access Points to a level that is
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much greater than the number required for telecommunica
tion purposes. These techniques also suffer from positioning
inaccuracy caused from signal multipath.
0018. Some approaches to the indoor navigation problem
are GNSS-based. For example, one technique uses “pseudo
satellites’ or “pseudolites”, which creates a local terrestrial
constellation of a few satellites (generators for instance). A
problem with this approach however is in achieving synchro
nization between pseudolites. Additionally, this technique
Suffers from positioning inaccuracy caused from signal mul
tipath.
0019. Another GNSS-based technique involves placing
GNSS repeaters in the indoor area. The repeaters however
merely transmit information of an outside location. As a
result, this technique does not really provide indoor naviga
tion information.

0020. Accordingly, current indoor coverage technologies
generally provide only limited and inaccurate navigation in
building indoors and other confined or blocked spaces. Fur
ther, many of these technologies require Some type of modi
fication of the ONSS receiver to enable it to recognize and use
aided or augmented information. This is inconvenient,
increases the cost of the receiver, and is useful only in areas
that happen to have the particular technology installed.
BRIEF SUMMARY

0021. According to an aspect of the present invention,
there is provided a navigation system for an enclosed area, the
navigation system comprising:
0022 a) at least one satellite signal receiving station, posi
tioned outside the enclosed area, to receive satellite signals
transmitted by a constellation of satellites and to determine
time synchronization information relative to the transmitted
signals:
0023 b) at least one local transmitting station, positioned
within the enclosed area, to transmit a local signal compatible
with the transmitted satellite signals; and
0024 c) a communication channel to communicate self
alignment information between each station and at least one
other station;

0025 wherein each local transmitting station uses the self
alignment information to generate the local signal;
0026 and wherein the at least one local signal provides
navigation information useable by a satellite navigation
receiver.

0027. The navigation system wherein the satellite signal
receiving station further includes a transmitter to transmit a
local signal compatible with the transmitted satellite signals.
0028. The navigation system wherein the self-alignment
information includes information about local signal power
levels.

0029. The navigation system wherein the local signal
comprises a simulation of at least three transmitted satellite
signals.
0030 The navigation system wherein the local signal
comprises a simulation of four transmitted satellite signals.
0031. The navigation system wherein the self-alignment
information further communicates an identity of the multiple
transmitted satellite signals.
0032. The navigation system further comprising a plural
ity of said local transmitting stations, and wherein each sta
tion is operative to select channels different than the channels
transmitted by adjacent stations.
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0033. The navigation system wherein each pair of adja
cent stations are positioned apart by a respective separation
distance, and wherein the transmission range of the local
signals is greater than half the separation distance and less
than the separation distance.
0034. The navigation system wherein the local signal
transmission range is approximately 0.7 of the separation
distance.

0035. The navigation system wherein the system com
prises two satellite signal receiving stations positioned out
side the enclosed area, and wherein the self-alignment infor
mation includes time synchronization information from two
stations to each local transmitting station;
0036 wherein the local signal transmitted by each local
transmitting station provides Substantially accurate position
ing information for a two dimensional area.
0037. The navigation system wherein the system com
prises three satellite signal receiving stations positioned out
side the enclosed area, and wherein the self-alignment infor
mation includes time synchronization information from three
stations to each local transmitting station;
0038 wherein the local signal transmitted by each local
transmitting station provides Substantially accurate position
ing information for a three dimensional space.
0039. The navigation system wherein each at least one
satellite signal receiving station comprises a receiving
antenna to receive satellite navigation signals, a transmitting
antenna to transmit the local signal, and a processor to per
form self-alignment algorithms.
0040. The navigation system wherein the communication
channel is wireless.

0041. The navigation system wherein the communication
channel comprises unused satellite navigation channels.
0042. The navigation system wherein the communication
channel comprises a wired connection between adjacent sta
tions.

0043. According to an aspect of the present invention,
there is provided a method of providing satellite signal infor
mation in an enclosed area, the method comprising:
0044) a) deploying a plurality of local transmitters in the
enclosed area; and

0045 b) transmitting local signals compatible with trans
mitted satellite signals;
0046 wherein the local signals provide navigation infor
mation useable by a satellite navigation receiver.
0047. The method of providing satellite signal informa
tion further including exchanging self-alignment information
with the local transmitters.

0048. The method of providing satellite signal informa
tion wherein the local signals provide information from a
plurality of satellites.
0049. These, additional, and/or other aspects and/or
advantages of the present invention are: set forth in the
detailed description which follows; possibly inferable from
the detailed description; and/or learnable by practice of the
present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

0050. The present invention will be further understood and
appreciated from the following detailed description taken in
conjunction with the drawings in which:
0051 FIG. 1A is a graphical representation of a satellite
navigation system of the prior art showing four satellites and
a user holding a GNSS receiver;
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0052 FIG. 1B is an illustration of mathematical equations
used in a satellite navigation system of the prior art;
0053 FIG. 2A is a block diagram of an indoor satellite
navigation system consistent with an embodiment of the
present invention, showing the system in use in an enclosed
area and having a live connection with satellites overhead;
0054 FIG. 2B is a block diagram of an indoor satellite
navigation system consistent with an embodiment of the
present invention, showing the system in use in an enclosed
area that is stand-alone;
0.055 FIG. 3 is an illustration of an indoor satellite navi

gation system consistent with an embodiment of the present
invention, showing the system in use in a tunnel;
0056 FIG. 4 is an illustration of an indoor satellite navi
gation system consistent with an embodiment of the present
invention, showing the system in use in a single story indoor
environment;
0057 FIG. 5 is an illustration of an indoor satellite navi

gation system consistent with an embodiment of the present
invention, showing the system in use in a multi-story indoor
environment;

0058 FIG. 6 is a block diagram of a portion of an indoor
satellite navigation system consistent with an embodiment of
the present invention, showing three micro simulators and
certain relationships between them;
0059 FIG. 7A is a flow chart of one type of self-alignment
algorithms performed by the micro simulators, consistent
with an embodiment of the present invention;
0060 FIG. 7B is a flow chart of another type of self
alignment algorithms performed by the micro simulators,
consistent with an embodiment of the present invention;
0061 FIG. 8 is a block diagram of micro simulator “O'” of
FIG. 6, illustrating how the invention is used to provide GNSS
signals to a nearby receiver,
0062 FIG. 9A is a block diagram showing calculation of
timing offset dT between a micro simulator and a single
reference micro simulator, consistent with an embodiment of

the present invention;
0063 FIG.9B is a block diagram showing calculation of
timing offset dT between a micro simulator and two reference

Jan. 12, 2012

shows five satellites 12 that are part of a global navigation
satellite system (GNSS). The satellites 12 are in space orbit,
and transmit GNSS signals 14 towards the ground. As shown,
there is located on the ground a building or location 16 which
contains an enclosed area 17. The satellite GNSS signals 14
are unable to enter enclosed area 17 due to the barrier of the

building roof and walls. Accordingly, a GNSS or GPS
receiver 18 located inside the building, in enclosed area 17, is
unable to obtain the information needed to operate and to
provide position information.
0069. For further clarity, the term “enclosed area” or
"enclosed area 17 refers to any completely or partially
enclosed space, area, or environment from which GNSS sig
nals are completely, Substantially, or partially blocked from
entering, so that GNSS signal strength is too low for use or
completely unavailable. A wide variety of enclosed areas are
comprehended, including for example inner building floors
and locations, shopping malls, underground parking lots and
garages, elevators, hidden mountain roads, streets of urban
canyons where high rises block GNSS signal reception, tun
nelled roads, vessels, and airplanes. Similarly, the term “out
door area' refers to space, areas, or environments that are not
enclosed areas, i.e. where typical GNSS signals are received
by GNSS receivers and which retain sufficient power so that
they can be processed to determine positioning results.
0070 According to some embodiments, system 10 of the
present invention includes at least two stations or “micro
simulators' (MS) 20 which are installed at the site of building
16 and enclosed area 17. A micro simulator is a device that has

a multichannel GNSS transmitter, a GNSS receiver, and addi

tional processing and communication components that
enable it to transmit and imitate GNSS satellite signals, and to
exchange information with other micro simulators.
0071 Micro simulators may be characterized by whether
their transmitter (Tx) and receiver (RX) operate inside
enclosed area 17, i.e. “In or indoor, or outside enclosed area
17, i.e"Out' or outdoor. An "outdoor micro simulator” is one

micro simulators, consistent with an embodiment of the

for which either the TX or RX operate outdoors, and the other
antenna component operates indoors. An “indoor micro
simulator is one for which both the Tx and RX operate
indoors. Accordingly, there are three types of MS: an “RX

ence micro simulators, consistent with an embodiment of the

and an indoor MS, which is always “RX-In-Tx-In.
(0072 An outdoor MS of the type “RX-Out-Tx-In' has a

present invention;
0064 FIG.9C is a block diagram showing calculation of
timing offset dT between a micro simulator and three refer
present invention;
0065 FIG. 10A is a block diagram of an exterior or out
door micro simulator for use in an indoor satellite navigation
system consistent with an embodiment of the present inven
tion; and

0066 FIG. 10B is a block diagram of an interior or indoor
micro simulator for use in an indoor satellite navigation sys
tem consistent with an embodiment of the present invention.
DETAILED DESCRIPTION

0067. Reference will now be made in detail to embodi
ment(s) of the present invention, examples of which are illus
trated in the accompanying drawings, wherein like reference
numerals refer to the like elements throughout. The embodi
ment(s) is/are described below to explain the present inven
tion by referring to the figures.
0068 Referring now to FIG. 2A, there is shown a block
diagram of an indoor satellite navigation system 10 consistent
with an embodiment of the present invention. The figure

Out-Tx-In' outdoor MS, an “RX-In-Tx-Out' outdoor MS,
receiver that is located outdoor and that can receive GNSS

satellite signals 14 directly from satellites 12, similar to a
GNSS receiver. The outdoor MS of the type “RX-In-Tx-Out'
has a transmitter that is capable of providing outside cover
age. This type of MS may optionally be used to provide
additional coverage in certain situations. In many applica
tions there will be relatively large numbers of indoor micro
simulators, as this type of MS is used to span and provide
continuous navigation coverage within enclosed area 17.
0073 Turning to FIG. 2A, it may be seen that in this
example system 10 has three micro simulators: outdoor MS
20A, and indoor micro simulators 20B and 20G. Outdoor MS
20A has a receiver 24 that is outdoors and that can receive

satellite signals 14, and a transmitter 25 which transmits
indoors, i.e in enclosed area 17. Indoor micro simulators 208
and 20G both receive and transmit within enclosed area 17.

For greater clarity, in the figures outdoor micro simulators are
shown shaded and indoor micro simulators are shown
unshaded.
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0074 System 10 also includes a means of communication
between micro simulators to enable transmission and

exchange of certain information. This is represented in FIG.
2A by line 22. As will be discussed in greater detail below,
communication line 22 may be implemented by a variety of
embodiments, including for example wired or wireless tech
niques, and accordingly may or may not involve actual addi
tional physical hardware.
0075. At least one MS acts as a synchronization master
MS (or just “master MS’’), which an MS that knows its posi
tion. A master MS may be an outdoor MS that has a receiving
antenna RX that can receive GNSS signals 14 from satellites,
and from that determine its position. An indoor MS can also
be a master MS, even though it can't receive a GNSS signal
from a satellite, as long as it is provided with its position by a
system administrator. For example, a Survey may be per
formed to determine its position, and this value entered into
the processor of the indoor MS.
0076 Information flows sequentially through each MS in
system 10, beginning with a master MS. For example, in FIG.
2A information flows from outdoor MS20A (assuming it is a
master MS) to indoor MS 20B, and from indoor MS 20B to
indoor MS20C. The embodiment of FIG. 2A may be called a
“live connection' type since it has an outdoor MS which
maintains a live connection to active GNSS satellites and can

actively obtain its position.
0077. Each MS 20 in FIG. 2A transmits a local GNSS
signal 26 which contains the signals that would be received
from four or more (typically four) of the GNSS satellites at a
nominal location, if those satellites were visible from that

location. The local GNSS signal 26 may be described as a
simulated satellite signal produced by MS 20. The nominal
location is typically the MS location, but it may also be a
different location that is related to or offset from the MS

location. Accordingly, in FIG. 2A, GNSS receiver 18 may
move about enclosed area 17 and obtain relevant location

readings.
0078. Another embodiment of system 10 is shown in FIG.
2B. In this embodiment the enclosed area is totally under
ground, for example a mine. Accordingly all of the MS's are
indoor micro simulators. Since there are no outdoor MS’s and

no live connection to satellites 12, this type of system is called
“stand alone'. In this embodiment one or more of the MS’s

are master MS’s who are supplied with their position. It may
be noted that the position supplied does not have to be the true
position. It could be arbitrary, and the system will work
because all of the other MS's will be synchronized and in a
consistent relationship to the master MS. The stand alone
system shown will work with stored or historical satellite data
that is provided to the units.
0079. In practice, GNSS systems are always in motion,
since each satellite in view delivers a continuous stream of

navigation messages while in motion, and individual satel
lites are constantly coming in and going out of view. As will
be described in greater detail below, system 10 of the present
invention is able to adapt or self-align to these and other
changes, so that it is able to maintain full and continuous
navigation coverage in enclosed area 17. These adaptations
include, for example, adjusting any or all of the timing, sat
ellite selection, and power of local GNSS signals 26, and
providing updated ephemerides of visible satellites.
0080 Accordingly, it is to be appreciated that system 10,
according to some embodiments of the present invention,
adds practical navigation signals and Supports full, continu
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ous navigation coverage by GNSS receivers in environments
where GNSS signals are absent or for practical purposes do
not exist.

I0081 FIGS. 3-5 are provided to illustrate example con
figurations or applications of system 10 of the present inven
tion.

I0082 FIG.3 shows a side view of a tunnel 28 having a roof
29 and a road surface 30 for transport of pedestrians and
vehicles such as automobiles 31. Satellite navigation would
ordinarily not be possible in enclosed area 17 inside tunnel 28
due to the blocking of satellite signals 14 by roof 29. As
shown, system 10 may include two outdoor micro simulators
20, positioned outside the tunnel at either end, and a group of
indoor micro simulators 20 inside the tunnel. While three

indoor micro simulators 20 are shown, it may be appreciated
that as many indoor micro simulators 20 may be installed as
necessary to provide continuous coverage over the length of
the tunnel.

0083. Two outdoor micro simulators 20 are used in this
example, positioned at the entrance and exit at opposite ends
of the tunnel. In configuring system 10 of the present inven
tion, either one of the outdoor micro simulators would have an

outdoor RX (i.e. Out-RX-In-Tx) and the other one could have
an outdoor Tx (i.e In-RX-Out-Tx). The Out-RX MS would
receive satellite signals 14 from overhead satellites 12 and be
the master MS. Communication would proceed from that MS
through the indoor micro simulators, until termination at the
Out-Tx outdoor MS20. While the terminating outdoor MS is
not used to receive satellite signals 14, its outdoor location is
still useful to ensure that GNSS reception during travel into or
out of the tunnel is Smooth and uninterrupted.
0084. In FIG. 3 the indoor micro simulators are shown
attached to roof 29 of the tunnel. Since the users of the tunnel

are pedestrians and drivers who will be closer to the road
surface 30, in this situation it would be useful to configure
local GNSS signal 26 so that it provides a nominal location on
the road, below and offset from the actual roof location of MS
20.

I0085 FIG. 4 shows a perspective view of a single story
building 32, or of a floor in a building. In this configuration
there are two outdoor micro simulators 20, and a group of
indoor micro simulators 20 that span enclosed area 17. In this
example both outdoor micro simulators 20 may have an out
side Rx and receive satellite signals 14.
I0086. In another example, FIG. 5 shows a side view of a
multi-story building 33. This setup could represent an office
or condominium tower, a shopping center, or parking garage,
among others. As shown, system 10 could be configured with
three outdoor micro simulators 20 of RX-Out-Tx-In type on
the roof. Each floor could have a group of indoor micro
simulators 20 that span the interior, similar to that shown in
the example of FIG. 4. In general, it is useful to place micro
simulators at each entrance and/or exit of a building, and next
to specific stores in the case of a shopping mall, for example.
If there are obstacles such as pillars or posts then additional
micro simulators may be needed to provide continuous cov
erage.

I0087 FIG. 6 is a graphical representation of a portion of
system 10 that may be used to illustrate some of the principles
of operation of the invention. As indicated, the figure shows
three micro simulators, which presumably are part of a much
larger network of micro simulators from an installation of
system 10. The three MS's are designated by the letters “P”,
“Q, and “R”, or equivalently by MS 20P, MS 20O, and MS
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20R. MS 20O is an indoor MS, and MS 20P and MS 20R may
be either outdoor or indoor MSs. For the purposes of analy
sis, MS 20P and MS 20R are assumed to be indoor MSs.

0088. The figure also shows information communication
lines 22pq and 22qr, to represent the information flow or
communication channel between adjacent MS’s P and Q, and
Q and R, respectively. Other communication lines 22 are
shown that connect MS's P and R to other MS’s not in the

figure. The information flow or sequence is presumed to be
from left to right, i.e. from an outside MS to MS 20P, then
from MS 20P to MS 20O, then from MS 20O to MS 20R, and
then from MS 20R to an outside MS.

0089. In order to view these three micro simulators, which
form only a portion of system 10, in context, FIG. 6 also
shows a constellation of twelve satellites overhead, which are

identified by numbers 1 to 12. There is also shown a barrier 34
which represents any type of signal block, such as a roof of a
building or a land mass forming the upper portion of a tunnel,
for example. As a result, all of the area in FIG. 6 below barrier
34 is blocked enclosed area 17.

0090 According to some embodiments of the invention,
the three micro simulators shown, P, Q, and R, along with the
other micro simulators in the system, are positioned so that
they are separated from each other by a substantially equal
distance, designated “S”. Accordingly, it is to be appreciated
that the number of micro simulators needed to adequately
span a given space may be determined by dividing the length
of the space by separation distance “S”. More particularly,
while the micro simulators may be placed at any separation
distance that is convenient, it is advantageous to keep the
separation distance fairly uniform, for reasons that are dis
cussed further below. In FIG. 6, for ease of illustration, the

communication lines 22pg and 22gr may also be used to
represent the separation distance between MS’s. Accordingly,
line 22pq may be said to represent a separation distance “S”
between MS 20P and MS 20O, and line 22gr similarly rep
resents a separation distance “S” between MS 20O and MS
2OR

0091. Each MS is transmitting on its transmitter Tx its own
local GNSS signal 26. Each MS is also receiving on its receiv
ing antenna RX the local GNSS signal 26 of its neighboring
MS that precedes it in the information flow sequence. Spe
cifically, MS 20P receives or detects the local GNSS signal
from an MS to its “left that is not shown in the figure, MS
20O receives local GNSS signal 26 transmitted by MS 20P.
and MS 20R receives local GNSS signal 26 transmitted by
MS 20O. The use to which these received signals are put will
be described further below.

0092. It may be noted that since the local GNSS signals 26
are transmitted at very low power, in order to detect these
signals the micro simulators are configured to have, accord
ing to some embodiments of the invention, receivers RX hav
ing a very high level of sensitivity.
0093. As noted, communication of synchronization infor
mation between micro simulators, as represented in the fig
ures by line 22, may be implemented in a variety of ways.
According to Some embodiments, communication may be
through a dedicated wired local area network. This may
include, for example, optical fiber or copper wire based net
works.

0094. Another approach is to employ wireless communi
cation techniques. This has the advantage of using hardware
that is already present, so that costs and components may be
kept to a minimum. There are several ways that information
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may be transmitted on unlicensed frequency bands outside of
the GNSS frequency bands, to keep the information signals
from interfering with the navigation signals. One way is to use
frequency division multiple access, which is analogous to the
use of a WiFi wireless LAN. Another way is to use separate
directional transmitting and receiving antennas on the micro
simulators. A third, less preferred way is to use time division
multiple access. In this technique, the transmission of the
simulated satellite signals 26 is occasionally paused to allow
the exchange of information.
0.095 Another way of keeping the synchronization signals
from interfering with the navigation signals takes advantage
of the fact that the GPS system uses only 36 of the 1023
possible GPS C/A codes. Since seven C/A codes are reserved
for satellite-based augmentation systems, there remain 980
C/A codes available for use by system 10 for transmitting
other information. Because the C/A codes are mutually
orthogonal, the GPS receiver will ignore the C/A codes that
are used for transmitting the synchronization signals.
0096. The transmitters and receivers provided in the micro
simulators may be adapted for use with whichever method is
selected to communicate synchronization information.
0097. According to some embodiments of the invention,
in order to provide effective and continuous GNSS signal
coverage for enclosed area 17, the micro simulators need to
maintain certain conditions in the system relating to the
power of transmission, selection of satellites transmitted, and
synchronization or timing of the local GNSS signals. Addi
tionally, updated ephemeris information for satellites in view
by outdoor micro simulator needs to be provided. The par
ticulars of these conditions and the procedures used to main
tain them will now be discussed.

0098. Beginning with the power requirements, according
to some embodiments of the invention, where the separation
distance between adjacent micro simulators is 's', the effec
tive range of transmission of each micro simulator's local
GNSS signal 26 should be approximately 1.4 times the half
way point, or about 0.7 of the separation distance “s”.
0099. This aspect of system 10 of the present invention is
shown in FIG. 6. The halfway point between micro simulators
20P and 20O, and between 200 and 20R, is shown as “s/2”.
The range of transmission “r” of each micro simulator is
illustrated for each MS by an arrow “r” and a dashed circle 36.
It can be seen that the range of transmission, as represented by
the circles 36, extends past the halfway point S/2 of separation

lines 22, and 22 (note that the figure is not drawn to

scale). FIG. 6 also shows how adjacent circles 36 intersect, so
that an overlap area 37 is defined in the transmission range
between adjacent micro simulators.
0100. The effect of this signal power configuration may
now be reviewed. When GNSS receiver 18 is located within

the transmission ranger of a micro simulator but not in an
overlap area, the predominant signal received will be local
GNSS signal 26 from that micro simulator. For example, a
receiver 18 located at point T1 in FIG. 6 will receive a strong
local GNSS signal 26 from MS 20P since it is within the
transmission range of MS 20P. The local GNSS signal 26
from MS 20O will be relatively very weak since point T1 is
beyond the transmission range of MS 20O. Similarly, at
points T2 and T3 the receiver will predominantly receive local
GNSS signals 26 from MS 20O and MS 20R, respectively.
Accordingly, at points T1, T2, and T3, GNSS receiver 18 will
compute and return locations corresponding to the locations
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of MS 20P, MS 20O, and MS 20R, respectively (or nominal
locations related to these locations).
0101. When GNSS receiver 18 is located in overlap area
37, such as at points T4 and T5 in FIG. 6, the receiver will
receive two local GNSS signals 26. In that situation the GNSS
receiver will compute its location as an average of the two, or
at about the halfway point S/2. Accordingly, it may be appre
ciated that the resolution of system 10 of the present invention
is about half the spacing between adjacent micro simulators,
or about S/2. For example, if the separation distance “s'
between micro simulators in a particular installation is 50
meters, then the position resolution will be 25 meters. It may
also be appreciated that this configuration enables position
values to transition relatively smoothly by steps of S/2 instead
of steps of length “s'
0102) Another aspect of system 10 of the present invention
is the selection of satellites to be transmitted as simulated

GNSS signals by each MS. As noted, in the example configu
ration of FIG. 6 there are twelve satellites, Sat-1 to Sat-12,

that are generally visible or overhead, above barrier 34, at a
particular time. These satellites are known to the system
through direct reception of the satellite signal 14 by one or
more associated outdoor micro simulators, and/or from infor

mation provided by the almanac, which is carried by all
satellites. According to some embodiments of the invention,
the almanac and ephemerides may also be received by the
system through other means than by satellite signals, such as
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the adjacent micro simulator. For example, MS 20P commu
nicates to MS 20O that MS 20P is using satellites 2.5.7., and
12. The self-alignment algorithms of MS 20O use this infor
mation to select a distinct set of four satellites, such as 14.8,
and 9.

0107. It may also be noted that in cases where only hori
Zontal navigation is needed, for example inside a tunnel as
shown in FIG. 3, then each micro simulator would only need
to simulate the signals of three satellites instead of four sat
ellites.

0108. In local GNSS signals 26, each satellite transmis
sion includes a time of transmission “t'. This time forms part
of the information used by GNSS receiver 18 to compute
location, i.e. the transmitting MS or nominal location offset
from the transmitting MS. In order to provide accurate and
Smooth navigation, the micro simulators in system 10 need to
be synchronized with one another. As noted, in the case where
there is a live connection, the MS’s would also be synchro
nized with the clock of satellites 12. According to some
embodiments of the invention, synchronization may be
achieved by selecting outdoor MS 20 as the synchronization
master. Outdoor MS 20 is an Out-RX-In-Tx type, and so
receives GNSS satellite signals 14 directly, and calculates its
time offset dT with the satellite clock. Outdoor MS20 trans

mits its own set of four or more simulated satellite signals,
either by repeating the signals received from the satellites or
by simulating the signals in the manner of indoor micro

from the Internet or from another external source.

simulators 20. Outdoor MS 20 also uses the communication

0103. According to some embodiments of the present
invention, system 10 is preferably configured so that each
micro simulator transmits signals of a different set of satel
lites than the satellites transmitted by adjacent micro simula
tors. As shown in FIG. 6, local GNSS signal 26 of MS 20P
transmits signals corresponding to satellites 2, 5, 7, and 12.
MS 20O transmits signals from satellites numbered 1, 4, 8,
and 9, and MS 20R transmits signals from satellites numbered
2, 6, 7, and 11. Accordingly, there are no satellite signals in
common between adjacent micro simulators MS 20P and MS
20O (i.e 2.5.7.12 and 14.8,9), and between MS 20O and MS
20R (i.e 14,8.9 and 2,6,7,11). While satellites 2 and 7 are
both used in MS 20P and MS 20R, this is acceptable because
MS 20P and MS 20R are not adjacent.
0104. An advantage of transmitting different sets of satel
lites from adjacent micro simulators is that it reduces the risk
of error by the GNSS receiver. For example, suppose that the
satellites of MS 20O were 1.5.8.9 instead of 14.8.9, so that
satellite 5 was now in common with MS 20P. A receiver at
point T4 in overlap area 37, for example, would pick up
satellite 5 from two local GNSS signals, that of MS 20P and
MS 20O. Since each satellite 5 emanates from a different
Source, it may cause inaccuracies and possible multipath error
at the receiver. Errors may also occur even outside of the
overlap area, for example at T1 or T2, where the receiver
would receive a strong satellite 5 and a weaker satellite 5 from
a different path. This risk may be avoided through selection of
distinct satellite selections by adjacent micro simulators.
0105. According to some embodiments of the invention, if
adjacent micro simulators were to have a satellite in common,
for any particular reason, the MS could be configured to lower
the power of the channel carrying the satellite in common,
thereby reducing the risk of inaccuracy or error described

channel 22 to relay its time offset from the GPS satellite clock
to adjacent indoor MS 20.

above.

0106. In order to ensure appropriate satellite assignment,
each micro simulator communicates its selected satellites to

0109 Indoor MS 20 receives at its receiver Rx the simu
lated satellite signals from outdoor MS 20, and uses the signal
information to compute a location. The computed location is
only the location of outdoor MS 20, but a by-product of the
computation is the time offset between the clock of outdoor
MS 20 and indoor MS 20.

0110. The process continues sequentially, with every other
indoor MS 20 receiving the local GNSS signals 26 from its
adjacent indoor MS20 (such as from the MS immediately to
its left as drawn in FIG. 1), and uses those signals to compute
its time offset from the adjacent indoor MS 20. Each indoor
MS20 then sends, on communication line 22, the cumulative

time offset, i.e the total time offset from outdoor MS20 up to
that point, to the next adjacent MS 20 in sequence (i.e the one
to the “right'). In the example of FIG. 6, MS20Odetects local
GNSS signal 26 from MS 20P and uses this information to
determine its time offset to MS 20P. In this manner, all indoor

MS's 20 eventually obtain their respective time offsets from
master outdoor MS 20 and so become synchronized to the
satellite GPS clock.

0111. As noted, any micro simulator 20 could be used as
the synchronization master, to make the timing of system 10
internally consistent. A UPS receiver 18 that is inside
enclosed area 17 navigates according to time as kept by
system 10, not according to GPS satellite time. Nevertheless,
it is preferable to synchronize system 10 to the GPS satellite
clock as described above, by using outdoor MS 20 as the
synchronization master, in order to provide Smooth handoff
of the UPS receiver 18 upon entering and exiting enclosed
area 17. Systems 10 that are synchronized to a master MS that
is not synchronized to the satellite clock will likely cause GPS
receivers to lose location information, at least for a short time,

upon entering and exiting enclosed area 17. It may also be
noted that in principle, indoor micro simulators 20 could be
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individually or collectively synchronized by cable connec
tions to a common clock that is in turn is synchronized to the
GPS satellite clock, though this is less preferable than syn
chronizing from outdoor MS 20 as described above.
0112. In order for an indoor MS20 to transmit the simu
lated satellite signals 26 associated with the nominal location,
the MS must know the ephemerides of the satellites whose
signals are being simulated. These ephemerides values could
be obtained from the Internet or a telecommunications con

nection. Alternatively the ephemerides may be obtained from
outdoor MS 20, which can receive the ephemerides of all
satellites in view through its reception of GNSS satellite
transmission signals 14, and then transmit these values on
communication channel 22 to the indoor MS’s in the system.
In this way, by periodically transmitting the ephemerides,
outdoor MS20 both updates the ephemerides used by indoor
MS's 20 and ensures that the indoor MS's simulate only
satellites that are currently visible.
0113. The operation of the present invention, according to
some embodiments, may now be reviewed. Master outdoor
MS 20 begins by receiving GNSS satellite transmission sig
nals 14, and uses that to acquire the time offset dT to the GPS
satellite clock and the ephemerides of visible satellites.
Optionally the almanac may be obtained, to assist the MS in
anticipating which other satellites may be coming into view.
The outdoor MS selects four satellites and a power level for
transmitting indoors, and communicates to adjacent indoor
MS 20 the satellite time offset dT, the ephemerides of all
satellites 1-12, the satellites it selected, and its power trans
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MS calculates what time “t” to apply to each channel, so that,
using ephemerides, the GNSS signal gives a position that it
wants the receiver to have. i.e. the location coordinates of the

MS, or a nominal position related to the MS position.
0116. In module 56 the indoor MS sends to the next MS in
sequence information of cumulative timing offset dTnew, the
system time, the satellites it selected, optionally its power
level, and the ephemerides of all satellites. Control then
returns to start module from module 58, and the cycle repeats.
The same procedure is followed by all the other micro simu
lators in system 10.
0117. According to some embodiments of the invention,
there is a type of self-alignment called method “B” for con
Venience. In this method communication channel 22 uses the

GPSC/A codes as described above. The local GNSS signal 26
synchronizes the system time and communication channel 22
is used to measure time delay or distance between MS sta
tions. Like method'A', in this case the system needs as many
master MS’s as there are dimensions of the system, i.e one
station per dimension, and each MS should be connected to as
many adjacent MS's as there are dimensions of the system.
0118 Turning to the flow chart of FIG. 7B, at module 60
the MS detects local GNSS signal 26 from adjacent MS. At
module 62 the MS calculates the system time from the adja
cent MS. At module 64 the MS receives from adjacent MS on
the communication channel: the satellite selection of adjacent
MS, optionally the power level of adjacent MS, and the eph
emerides of all the satellites in view. At module 66 MS cal

culates the delta time from adjacent M.S. At module 68 MS

mission level.

selects satellites for transmission. At module 70 MS deter

0114. According to some embodiments of the invention,
there is a method of self-alignment, designated method “A”
for convenience, that is described by the flow chart of FIG.
7A. In this method an external (wired or wireless) communi
cation channel 22 is used to synchronize time between micro
simulators. The local GNSS signal 26 measures the time
delay between the MS's and can be used to measure MS
location. This system needs as many synchronization masters
as there are dimensions of the system (i.e one station per
dimension) and each MS should be connected to as many
adjacent MS’s as there are dimensions of the system. The flow
chart of FIG. 7A illustrates self-alignment method A, accord
ing to Some embodiments of the invention. After startup, in
module 42 the MS detects local GNSS signal 26 from the
adjacent MS. From this, in module 44 the MS calculates its
time offset dT1 to the adjacent MS. In module 46 indoor MS
receives information from the adjacent MS containing cumu
lative timing dTn, system time, satellite selection, optionally
the power level, and ephemerides of all satellites 1-12. The
system time is simply the synchronized time of the system
provided by the master MS. In module 48 the indoor MS

mines the power leveland timing for local GNSS signal 26. At
module 72 MS determines its position. At module 74 the MS
transmits local GNSS signal 26 for the selected satellites. At

determines the time offset relative to the GPS satellite clock,

0.120. It may be appreciated that in this way, the self
alignment algorithms calculate, control, and generate the
power levels and timing of the transmitted local GNSS signals
26, and select the satellites to be transmitted. Accordingly,
each micro simulatoris dynamically controlled by these algo

dTnew=dT1+dTn. In module 50 the MS Selects four satellites

for local transmission, where those satellites are different

from those used by the adjacent MS. In module 52 the MS
determines the power level (dbm) and timing of transmission
of local GNSS signal 26. In module 53 the MS determines its
position or location using the above information.
0115. In module 54 MS transmits local GNSS signal 26
for the selected satellites, using dTnew to obtain an appropri
ate time of transmission, and using the determined power
level. The signal includes timing information and the eph
emerides of the four selected satellites. More particularly, the
MS calculates the parameters of local GNSS signal 26. The

module 76 the MS sends to the next MS on the communica

tion channel: its satellite selection, optionally the power level,
and the ephemerides of all the satellites in view. At module 58
it returns to start and repeats.
0119) Another aspect of the power alignment of the system
10 of the present invention is that if the power of transmission
of a particular MS is too large, the adjacent MS may detect
this and communicate a message to reduce power. For
example, in FIG. 6, if the transmission power of MS 20O
becomes too large, as represented by circle 36O getting larger
and getting too close to MS 20P and MS 20R, then MS 20P
and/or MS 20R may communicate with MS 20O, on channel
22, to reduce transmission power. According to Some embodi
ments of the invention, the detection of power may be done by
the reception of the local GNSS signal 26. According to other
embodiments of the invention, the detection of power may be
done through the power level being communicated on com
munication channel 22.

rithms.

I0121 FIG. 8 illustrates the effect of system 10 of the
present invention, with respect to representative micro simu
lator MS20G of FIG. 6. As indicated, the effect is as if barrier
34 has been removed and is no longer there, so that selected
satellites 1, 4, 8, and 9 are free to transmit and have their

signals 14 received at MS 20O. These signals, which contain
C/A codes and time of transmission't' for each channel, and
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their ephemerides, are re-transmitted or simulated at a lower
power level, shown by dashed arrow 38, so that GNSS
receiver 18 within range of transmission of local signal 26 of
MS 20O receives the signal as if it were located at position Q
(“posQ'). The local signal 26 is accordingly compatible with
transmitted satellite signals 14.
0122. In FIG. 2A the layout of MS’s is linear, or one
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be, for example, the three outdoor micro simulators. Synchro
nization may proceed as follows: indoor MS 20d1 synchro
nizes from the three outdoor micro simulators. Then indoor

MS 20d2 synchronizes from two of the outdoor micro simu
lators and from indoor micro simulator 20d1. Then indoor

MS 20d3 synchronizes from one of the outdoor micro simu
lators and from indoor micro simulators 20d1 and 20a2. Then

dimensional. In cases of two-dimensional or three-dimen

indoor MS 20d4 synchronizes from three indoor MS’s 20d1,

sional arrays of MS’s, more master MS's are provided. Spe
cifically, at least two master MS’s are provided for two
dimensional arrays and at least three master MS's for three
dimensional arrays. In these cases the locations of MS’s are
obtained by triangulation based on round-trip signal travel
times among the micro simulators. The process starts with
round-trip signal travel times between the outdoor MSs and
the adjacent indoor MS’s, and takes into account the fixed and
known delays within micro simulators in responding to
received triangulation signals. By contrast, the locations of
micro simulators of a linear layout such as the layout of FIG.
2A are obtained by conventional Surveying methods.
0123 Triangulation may be further explained using FIGS.
9A-C and the examples of FIGS. 3-5. FIG.9A shows MS 20
obtaining time offset dT with respect to a single adjacent

20d2, and 20d3.

reference micro simulator. The distance from the reference

micro simulator to MS 20 is indicated by arrow “w”. It can be
seen that MS 20 can move along an arc 39 having a radius
“w”. However, at any position along the arc the distance from
the reference MS is the same, so the time offset dT will be the
same. The time offset will remain the same even as MS 20

I0129 Block diagrams of outdoor and indoor micro simu
lators, according to some embodiments of the invention, are
shown in FIGS. 10A and 10B, respectively.
0.130. As indicated, outdoor MS has a single receiver RX to
receive the GNSS signals from GNSS satellites. This infor
mation is processed by a self alignment processing and con
trol module and Subsequently by an out-in control module,
before being transmitted as a local GNSS signal from trans
mitter Tx.

I0131 Some of the advantages of system 10 of the present
invention may now be reviewed.
0.132. In a live connection, the system provides a live read
ing based on real satellites overhead. This provides a dynami
cally changing infrastructure that adapts itself and attributes
transmitted GNSS signals to the enclosed area environment.
Each micro simulator automatically measures its relative
location with respect to its neighbour, which are other self
aligned micro simulators, calibrates itself, and transmits the
required signal accordingly.
0.133 Since the system transmits GNSS satellite signals

moves in two-dimensional space. Accordingly, obtaining a

that contain the same information and are on the same fre

time offset from one reference is not sufficient to fix the

quency as signals transmitted by satellites, regular GNSS
receivers may be used. More particularly, no modifications

location of MS 20 in two-dimensional space.
0.124. This may be resolved by using two reference micro
simulators, as shown in FIG. 9B. The distance from each
reference is “w” and 'v'. In this case, as MS 20 moves in a

plane, at least one of the reference distances will also change,
i.e. there will be a unique'v' and “w” for each position of MS
20 in two-dimensional space. Similarly, by the same prin
ciple, in order to determine the location of MS 20 in three
dimensional space, three reference micro simulators should
be used, as shown in FIG.9C.

0.125 Turning now to the examples of FIGS. 3-5, it may be
seen that in the tunnel example of FIG. 3, the only significant
motion that occurs in the tunnel is progress along the straight
road 30. For this application therefore use of a single refer
ence MS should be sufficient.

0.126 Outdoor MS 20 on the left could be the master, and
adjacent indoor MS20m1 could synchronize with it, then MS
20m2 would synchronize with MS 20m 1, etc.
0127. In the floor or room example of FIG. 4, movement
will occur in two dimensions but likely not in three dimen
sions (i.e. not up and down). It is accordingly important to
obtain synchronization in two dimensions. The two outdoor
micro simulators could be masters, or one outdoor and one

indoor, to maintain a live connection. As an example, Syn
chronization may proceed as follows: indoor MS 20 k1 syn
chronizes from the two outdoor MSs. Then indoor MS 20 k2

synchronizes from one of the outdoor MS’s and from indoor
MS 20k1. Indoor MS 20k3 then synchronizes from indoor

need to be made to the hardware or firmware of the receivers.

Similarly, there are no special “modes' in which the receiver
needs to operate, or augmented information that the receiver
has to be configured to use.
I0134. When synchronization occurs with the satellite's
GPS clock, such as when an outdoor MS is used, system 10
enables users to enter or exit from enclosed areas 17 with no

discontinuity or disruption. Inside enclosed areas 17 system
10 full and continuous coverage is provided, whether syn
chronization is with the satellite's GPS clock or just between
the micro simulators of the system.
0.135 Since each local GNSS signal 26 carries simulated
signals of four satellites, multipath is not a problem because
all four satellite signals travel the same path to the receiver.
0.136 Full coverage can easily be provided in an enclosed
area 17 by providing sufficient number of micro simulators to
cover the area.

0.137 The invention enables continuous navigation in
areas that were previously unable to receive satellite signals,
or where the signals were too weak to be processed by con
ventional GNSS receivers. The invention distributes micro
simulators that combine GNSS receivers and GNSS transmit
ters to best cover the enclosed area.

0.138. The GNSS-like signals generated by the infrastruc
ture of this invention are controlled and processed by self
alignment algorithms that synchronize them with signals
from actual satellites.

MS's 20k1 and 20 k2, etc.

0.139. Although selected embodiment(s) of the present

0128. The process is the same for the multi-story example

invention has/have been shown and described, it is to be

of FIG. 5. Here movement is in all three dimensions, includ

understood that the present invention is not limited to the
described embodiment(s). Instead, it is to be appreciated that
changes may be made to this/these embodiment(s) without

ing up and down. Accordingly, three reference or master
micro simulators are needed for synchronization. These may
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departing from the principles and spirit of the invention, the
scope of which is defined by the claims and the equivalents
thereof.

1. A navigation system for an enclosed area, the navigation
system comprising:
a) at least one satellite signal receiving station, positioned
outside the enclosed area, to receive satellite signals
transmitted by a constellation of satellites and to deter
mine time synchronization information relative to the
transmitted signals;
b) at least one local transmitting station, positioned within
the enclosed area, to transmit a local signal compatible
with the transmitted satellite signals; and
c) a communication channel to communicate self-align
ment information between each station and at least one

other station;

wherein each local transmitting station uses the self-align
ment information to generate the local signal;
and wherein the at least one local signal provides naviga
tion information useable by a satellite navigation
receiver.

2. The navigation system according to claim 1, wherein the
satellite signal receiving station further includes a transmitter
to transmit a local signal compatible with the transmitted
satellite signals.
3. The navigation system according to claim 1, wherein the
self-alignment information includes information about local
signal power levels.
4. The navigation system according to claim 1, wherein the
local signal comprises a simulation of at least three transmit
ted satellite signals.
5. The navigation system according to claim 4, wherein the
local signal comprises a simulation of four transmitted satel
lite signals.
6. The navigation system according to claim 4, wherein the
self-alignment information further communicates an identity
of the multiple transmitted satellite signals.
7. The navigation system according to claim 6, further
comprising a plurality of said local transmitting stations, and
wherein each station is operative to select channels different
than the channels transmitted by adjacent stations.
8. The navigation system according to claim 7, wherein
each pair of adjacent stations are positioned apart by a respec
tive separation distance, and wherein the transmission range
of the local signals is greater than half the separation distance
and less than the separation distance.
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9. The navigation system according to claim 8, wherein the
local signal transmission range is approximately 0.7 of the
separation distance.
10. The navigation system according to claim 1, wherein
the system comprises two satellite signal receiving stations
positioned outside the enclosed area, and wherein the self
alignment information includes time synchronization infor
mation from two stations to each local transmitting station;
wherein the local signal transmitted by each local trans
mitting station provides Substantially accurate position
ing information for a two dimensional area.
11. The navigation system according to claim 1, wherein
the system comprises three satellite signal receiving stations
positioned outside the enclosed area, and wherein the self
alignment information includes time synchronization infor
mation from three stations to each local transmitting station;
wherein the local signal transmitted by each local trans
mitting station provides Substantially accurate position
ing information for a three dimensional space.
12. The navigation system according to claim 2, wherein
each at least one satellite signal receiving station comprises a
receiving antenna to receive satellite navigation signals, a
transmitting antenna to transmit the local signal, and a pro
cessor to perform self-alignment algorithms.
13. The navigation system according to claim 1, wherein
the communication channel is wireless.

14. The navigation system according to claim 13, wherein
the communication channel comprises unused satellite navi
gation channels.
15. The navigation system according to claim 1, wherein
the communication channel comprises a wired connection
between adjacent stations.
16. A method of providing satellite signal information in an
enclosed area, the method comprising:
a) deploying a plurality of local transmitters in the enclosed
area; and

b) transmitting local signals compatible with transmitted
satellite signals;
wherein the local signals provide navigation information
useable by a satellite navigation receiver.
17. The method of providing satellite signal information
according to claim 16, further including exchanging self
alignment information with the local transmitters.
18. The method of providing satellite signal information
according to claim 16, wherein the local signals provide infor
mation from a plurality of satellites.
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