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A personal satellite link (20) including a memory
that stores a user identifier. The user identifier provides
an index into a database (56) that contains a set of user
information corresponding to the user of the personal
satellite link. The personal satellite link (20) includes
a transmitter (40) having circuitry that generates a radio
frequency uplink signal that carries the user identifier,
which is relayed through a satellite system (22) to
a ground station signal processing facility (26) which
indexes the database (56). The location of the user is
determined by the satellite (22) and is forwarded to search
and rescue forces, along with the personal information.
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WO 96/42021

PERSONAL SATELLITE LINK WITH USER IDENTIFIER

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention pertains to the field of
satellite communication systems. More particularly,
this invention relates to a small personal satellite
link that can be worn on the person and that includes
an uplink world-wide personal locating and access to a
user database.

Art Background

One existing satellite system designed to assist
in search and rescue operations is known as the COSPAS
(space system for the search of vessels in distress) -
SARSAT (search and rescue satellite aided tracking)
system. The COSPAS-SARSAT system is an international
satellite system for search and rescue established and
operated by Canada, France, Russia, and the U.S.A. The
COSPAS-SARSAT system was initially set up for the
detection and location of an aircraft crash or of a
maritime distress.

The COSPAS-SARSAT system includes a set of COSPAS
spacecraft and a set of SARSAT spacecraft that orbit
the earth in a relatively low polar orbit. The COSPAS-
SARSAT system employs distress beacons to provide alert
and location data to the proper rescue coordination

centers based upon the position on land or water of the
distress beacon.

Unlike the Global Position Satellite (GPS) system
discussed below, the COSPAS-SARSAT system determines
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global location by measuring the Doppler shift in a

distress signal emitted by a distress beacon. The
Doppler shift indicates the relative motion between an
individual spacecraft and the distress beacon. The

Doppler shift information along with an identifier code
emitted by the distress beacon and time stamp
information is transmitted by the individual spacecraft
to a ground station. The ground station uses the
information to determine the global location of the
distress beacon. Typically, the ground station uses
the global location of the distress beacon to contact
the appropriate local authorities to undertake a search
and rescue mission.

The COSPAS-SARSAT system has. the advantage of
relatively low cost because the information carried by
the distress signal emitted by the distress beacon
contains .only a brief bitstream for relay by the
satellites to ground stations. For example, distress
beacons contained on maritime vessels typically
transmit only the name of the vessel along with a home
port for the vessel.

Such a limited information bitstream simplifies
the electronics contained within the distress beacons
and the electronics carried aboard the spacecraft,
which thereby reduces the overall cost and complexity
of the system. Unfortunately, such a limited amount of
information available in the bit stream necessarily
limits the information available for undertaking an
appropriate rescue mission.

Another satellite system that enables world-wide
location is known as the Global Positioning Satellite
(GPS) system. Unfortunately, the GPS system requires
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that complex electronics be contained in an earth
station transceiver because a GPS receiver must be
capable of accessing numerous orbital GPS satellites
simultaneously. Such a complex transceiver is usually
expensive and cumbersome, and is therefore unsuitable
for activities such as backpacking or skiing.

SUMMARY AND OBJECTS OF THE INVENTION
One object of the present invention is to provide
a personal satellite link.

Another object of the present invention is to
provide a personal satellite link that enables system
operators to access a user pre-defined database to
accommodate emergency operations.

A further object of the present invention is to
provide a personal satellite link that enables world-
wide locating.

Another object of the present invention is to
provide a lightweight direct transmission link to an
orbital satellite wherein the satellite 1link can be
worn as conveniently as a wristwatch or carried
inconspicuously by the user.

These and other objects are provided by a personal
satellite link which includes a memory that stores a
user identifier code for the personal satellite link.
The user identifier code provides an index into a
database that contains a set of user information
corresponding to the personal satellite link. The
personal satellite link includes a transmitter having
circuitry that generates a radio frequency uplink
signal that carries the user identifier. The user
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WO 96/42021

10

15

20

25

30

35

PCT/US96/09186

- 4 -

identifier is relayed through a satellite system to a
ground facility that provides access to the data base
according to the user identification.

- Other objects, features, and advantages of the
present invention will be apparent from the detailed
description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention is described with respect to
particular embodiments thereof and references
accordingly made to the drawings in which:

Fig. 1 illustrates a pair of COSPAS-SARSAT
satellites and a personal satellite link; :

Fig. 2 illustrates the personal satellite link for
use in a search and rescue (SAR) application;

Fig. 3 illustrates communication between the
personal satellite 1link, a COSPAS-SARSAT satellite
spacecraft, and a signal processing facility;

Fig. 4 illustrates the radio frequency uplink
signal generated by the personal satellite link;

Fig. 5 is a block diagram of the personal
satellite link;

Fig. 6 illustrates the microprocessor in the
personal satellite link that provides a unique user
identifier for the personal satellite link;

Fig. 7 illustrates the modulator of the personal
satellite link;
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Fig. 8 illustrates the frequency synthesizer of
the personal satellite link;

Fig. 9 illustrates the power amplifier of the
personal satellite link;

Fig. 10 illustrates the battery subsystem of the
personal satellite link;

Fig. 11 illustrates the data encoding employed by
the personal satellite link;

Figs. 12 and 13 illustrate two possible form
factors for the personal satellite 1link which show
relative configurations for the antenna, ‘the
electronics, and the battery. .

DETAILED DESCRIPTION

A personal satellite 1link is disclosed that
functions as a satellite earth station with an uplink
capability to provide world-wide location and access to
a user database. The personal satellite link provides
a lightweight direct 1link to orbital satellites
permitting the transmission of digital messages. The
personal satellite link can be worn as conveniently as
a wristwatch or incorporated with other equipment. - One
application of the personal satellite link, namely life
saving, uses the uplink capability as described below.

Fig. 1 1illustrates a pair of COSPAS-SARSAT
satellites 22 and 24 and a personal satellite link 20.
The personal satellite link 20 may also be referred to
as a personal satellite earth station or ground
station. The personal satellite link 20 is shown
positioned at a point on the earth and the COSPAS-
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SARSAT satellites 22 and 24 orbit the earth in a polar
orbit of approximately 850 km in altitude. Each of the
COSPAS-SARSAT satellites 22 and 24 orbit the earth in
approximately 44 minutes.

The personal satellite 1link 20 transmits a
relatively stable uplink signal that includes a digital
message. The COSPAS-SARSAT satellites 22 and 24
measure the Doppler shift in the uplink signal and
recover the encoded digital message. The recovered
information is transmitted through a downlink to a
ground station that is provided for processing signals
from the personal satellite 1link 20. The ground-
station uses the encoded digital message including a 
user identification code to access a user pre-defined_~
data base.

Fig. 2 illustrates the personal satellite link 20
for use in a search and rescue (SAR) application. 1In
such an application, a user in distress (not shown)
activates the personal satellite link 20 which emits a
radio frequency signal uplink signal that includes a
digital message generated by the personal satellite
link 20.

The radio frequency uplink signal is received by
the satellite 22 which is in view of the personal
satellite link 20 in this example. The satellite 22
measures the Doppler shift of the radio frequency
uplink signal. The satellite 22 also recovers the
digital message contained in the radio frequency uplink
signal. The satellite 22 internally stores the
recovered digital message along with a time tag and the
measured Doppler shift of the uplink signal generated -
by the personal satellite link 20.
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The satellite 22 has the capability to immediately
transmit the Doppler shift, time tag, and recovered
digital message to a ground station such as a ground
station 23. Alternatively, the satellite 22 stores the
information until an appropriate ground station such as
the ground station 23 is in view and then transmits the
stored Doppler shift, time tag, and digital message to
the ground station 23 through a downlink.

In one embodiment, the downlink from the satellite
23 to the ground station 23 is a direct transmitter-
receiver arrangement. In another embodiment, the
downlink includes a transmission path between the
satellite 22 and another satellite (not shown) which is
positioned in a geosynchronous equatorial orbit of the
earth. In this embodiment, the geosynchronous
satellite relays the Doppler shift, time tag, and
digital message from the satellite 22 to the ground
station 23.

In one embodiment, the ground station 23 includes
a signal processing facility 26 on-site. In another
embodiment, the ground station 23 transfers the Doppler
shift, time tag, and digital message received via the
downlink to a signal processing facility 26 managed by
system operations for the personal satellite link 20 in
a remote location. 1In such an embodiment, the Doppler
shift, time tag, and digital message may be transferred
to the remote signal processing facility 26 via a wide
variety of communication channels including common-
carrier links such as telephone or data links which may
include land-line, microwave, or other satellite links.

The signal processing facility 26 employs the user
identifier contained in the digital message transmitted

PCT/US96/09186
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by the personal satellite link 20 to access a database
that contains pre-defined user information for the
distressed user of the personal satellite link 20. In
a search and rescue application, the pre-defined user
information may include, for example, the user’s blood
type and medical history, as well as information that
specifies particular authorities or persons to contact
upon activation of the personal satellite link 20.

In other embodiments, the personal satellite link
20 can track a stolen car or locate a lost child. The
personal satellite 1link 20 can be combined with -
addressability to provide world-wide point to point
communication such as paging and other messaging
services. |

The signal processing facility 26 uses the Doppler
shift information in conjunction with the time tag
information from the satellite 22 to determine the
global position of the personal satellite link 20. A
discussion of the conversion of doppler time shift and
time tag information into global position is found in
COSPAS-SARSAT publications including C/S T.002,
entitled "COSPAS-SARSAT Local User Terminal Performance
Specification and Design Guidelines," September 1993
and C/S T.005, entitled "COSPAS-SARSAT - LUT
Commissioning Standard," December 1993, which are
incorporated herein by reference.

The signal processing facility 26 transfers the
global position of the personal satellite link 20 along
with the user-defined information from data base to a
search and rescue communication center 28. The search
and rescue communication center 28 then dispatches the
appropriate search and rescue forces to the distressed
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user of the personal satellite link 20.

Fig. 3 illustrates communication between the
personal satellite link 20, the satellite spacecraft
22, and the signal processing facility 26 of the ground
station 23. The personal satellite link 20 contains a
406 megahertz transmitter 40. The transmitter 40
generates a relatively stable radio frequency uplink
signal that contains a digitally encoded user
identifier that identifies the user of the personal
satellite 1link 20. Table 1 describes the
characteristics of the transmitter 40.
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Table 1:
Parameter
Value
RF Signal:
Carrier frequency 406.025 +0.005 MHz
Frequency stability:
*Short term < 2 x 107 /100 ms
*Medium term
-Mean Slope < 1 x 107 /minute
-Residual freq.
yariation <3 x10 °
Power output . 5 W +2 dB
Data encoding Bi-phase L
Modulation Phase modulation of
+(1.1) radians peak
Failure mode Continuous transmission
of

carrier not to exceed 45 s

Digital Message:

Repetition Period 50 s +5%
Transmission Time 440 ms (short
message)
520 ms (long
message)
160 ms
CW Preamble
Digital Message
*short message 112 bits (280 ms)
*long message 144 bits (360 ms)
Bit Rate 400 bps
Operating Temperature Range: .

*Class 1 -40°C to 55°C
*Class 2 -20°C to 55°C
Thermal shock -30C temperature

difference
Operating Life Time: At least 24 hours at

minimum temperature
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The satellite spacecraft 22 includes a 406 MHz
receiver 42, a 406 MHz receiver-processor 44, a
satellite memory 48, and a 1544.5 MHz transmitter 46.
The receiver-processor 44 receives the radio frequency
uplink signal from the transmitter 40 and recovers the
encoded digital data including the user identifier of
the personal satellite link 20. The receiver-processor
44 also measures the Doppler shift in the radio
frequency uplink signal from the personal satellite
link 20 and generates a time tag.

The recovered digital data, the Doppler shift
data, and the time tag are stored in satellite memory -
48 for subsequent transm1531on to a ground station such,‘
as the ground station 23. Once the ground station 23.~
is within appropriate range and view of the satellite
spacecraft 22, the transmitter 46 transmits the stored
user identifier, Doppler shift, and time tag
information from the satellite memory 48 to the signal
processing facility 26 through a downlink provided by
the ground station 23.

The signal processing facility 26 includes a
1544.5 MHz receiver 50, a processor 52, a communication
interface 54, and a database 56. The receiver 50
provides a 1544.5 MHz downlink from the transmitter 46
on the satellite spacecraft 22. The processor 52 uses
the time tag and Doppler shift information received
from the satellite spacecraft 22 to determine the
global position for the personal satellite link 20.
The techniques used to determine the global position of
the personal satellite link 20 are further described
in COSPAS-SARSAT documents including C/S T.001 entitled
"Specification for COSPAS-SARSAT 406 MHz Distress
Beacons, " September 1994, and C/S G.003 entitled

PCT/US96/09186
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"Introduction to the COSPAS-SARSAT system," December
1994, which are both incorporated herein by reference.

The processor 52 uses the user identifier of the
personal satellite link 20 relayed by the satellite
spacecraft 22 to index the database 56 which contains
user pre-defined data. The signal processing facility
26 includes the appropriate computer hardware and
software for enabling information access to the
database 56. The user pre-defined data from the
database 56 along with the global location information
determined for the personal satellite link 20 are then
available for transfer to the search and rescué
communication center 28 via the communication interfacé
54. The communication interface 54 may also enable
communication with COSPAS-SARSAT Mission Control
Centres as described in C/S A.002 entitled "COSPAS-
SARSAT Mission Control Centres Standard Interface
Description," September 1994, C/S A.005 entitled
"COSPAS-SARSAT Mission Control Centre (MCC) Performance
Specification and Design Guidelines," December 1993,
and C/S A.006 entitled "COSPAS-SARSAT Mission Control
Centre Commissioning Standard," September 1993, which
are incorporated herein by reference.

The transmitter 40 generates an approximately 5
watt radio frequency wuplink signal ©burst of
approximately 0.5 seconds duration every 50 seconds.
The carrier frequency of the uplink signal from the
transmitter 40 is stable and the uplink signal pulse is
phase-modulated with a digital message that includes
the user identifier. The frequency stability of the
transmitter 40 enables the Doppler shift measurement by
the receiver-processor 44. 1In addition, the relatively
high peak power of 5 watts increases the probability of
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detection of the wuplink signal by the satellite
spacecraft 22. The peak power of the transmitter 40
can be increased or decreased in other embodiments.

Fig. 4 illustrates the radio frequency uplink
signal generated by the personal satellite link 20 for
one embodiment. The uplink signal includes a carrier
portion of 160 milliseconds duration. The carrier
portion consists of an unmodulated 406.025 + .005 MHz
carrier signal from the transmitter 40. The bit sync
portion of the uplink signal consists of 15 consecutive
"1" bits. The frame sync portion of the uplink signal
is a 9-bit pattern of 000101111. The uplink signal
includes a payload 1length flag that indicates the
length of a message payload in the uplink signal. The
message payload may be either 87 bits or 119 bits
according to the payload length flag. '

Fig, 5 is a block diagram that illustrates the
personal satellite link 20. The personal satellite
link 20 includes a microprocessor 60, a modulator 62,
and a power amplifier 64 that drives an antenna 90.
The personal satellite link 20 also includes a battery
subsystem 68 and a frequency synthesizer 66.

The microprocessor 60 generates the digital
message contained in the radio frequency uplink signal
including the user identifier. The microprocessor 60
stores the user identifier or transmitter identifier
for the personal satellite 1link 20 in an internal
electrically alterable read-only memory within the
microprocessor 60. The digital message including user
identifier is transferred via a set of modulation
signals 80 to the modulator 62.
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The microprocessor 60 also generates control
signals 86 and 88 that control the power duty cycles of
the various elements of the personal satellite link 20.

The microprocessor 60 programs the frequency
synthesizer 66 which generates a stable uplink carrier
or transmit frequency for the modulator 62 via a signal
84. The modulator 62 uses the modulation signals 80 to
modulate the uplink carrier frequency 84.

The modulator 62 generates a radio frequency
uplink signal 82 by modulating the uplink carrier
frequency 84 with the modulation signals 80. The radio
frequency uplink signal 82 is transferred to the power
amplifier 64 for transmission via the antenna 90.

Fig. 6 illustrates the microprocessor 60 for one
embodiment. The microprocessor 60 pfovides the
modulation signals 80 according to the pre-programmed
contents of an internal electrically alterable read-
only memory. The preprogrammed contents in the
microprocessor 60 include a unique user identifier or
transmitter identifier for the personal satellite link
20. Alternatively, the unique user identifier may be
stored in a read-only memory separate from the
microprocessor 60 or in a separate register.

The microprocessor 60 also provides the control
signal 86 that controls the power duty cycles supplied
by the battery subsystem 68, and provides the control
signal 88 that controls operation of the frequency
synthesizer 66.

Fig. 7 illustrates the modulator 62 for one
embodiment. The modulator 62 includes a set of
transistors Q1 through Q4 that shape and level shift
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the modulation signals 80 from the microprocessor 60.
The level shifted modulation signals are coupled to a
radio frequency modulator U1l. The radio frequency
modulator Ul is a quadrature modulator. The radio
frequency modulator Ul modulates the uplink carrier
frequency 84. The radio frequency uplink signal 82 is

provided to the power amplifier 64 through an amplifier
U9.

Fig. 8 illustrates the frequency synthesizer 66

for one embodiment. The frequency synthesizer 66
implements an oscillator including a field-effect
transistor (FET) Q5. The transistor Q5 provides a

406.025 MHz signal to a prescaler US which divides down-
the 406.025 MHz signal. The divided-down signal is
transferred to a frequency synthesizer U4. An
oscillator U3 generates a 12.8 MHz reference signal for
the synthesizer U4. The 12.8 MHz reference signal
provides a stable reference frequency for the FET
oscillator Q5. A phase-locked loop which includes an
operational amplifier U6A provides feed-back to control

~the frequency of the FET oscillator Q5. As a

consequence, the FET oscillator Q5 provides the
relatively stable uplink carrier signal 84 for the
modulator 62.

Fig. 9 illustrates the power amplifier 64 for one
embodiment. The power amplifier 64 receives the radio
frequency uplink signal 82 from the modulator 62 and
amplifies the signal through a set of power transistors
Q6 and Q7. The power amplifier 64 also includes a set
of appropriate matching networks for driving the
antenna 90.

Fig. 10 illustrates the battery subsystem 68 for

PCT/US96/09186
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one embodiment. The battery subsystem 68 is controlled
by the microprocessor 60 to provide the appropriate
power duty cycles to the modulator 62, the power
amplifier 64 and the frequency synthesizer 66. The
microprocessor 60 contains a timer that determines the
duty cycle for all the elements of the personal
satellite link 20, except the microprocessor 60 which
remains powered-up all the time.

If the personal satellite link 20 is activated,
the microprocessor 60 performs a power-on transmit
sequence when the duty cycle timer in the
microprocessor 60 expires. The power-on transmit
sequence generates the required transmit pulse for
detection by the COSPAS-SARSAT system. The
microprocessor 60 performs the power-on transmit
sequence by initially switching on the frequency
synthesizer 66 including U4, U5, U3, and the transistor
Q5, and then allowing the frequency synthesizer 66 to
settle on a stable frequency. The microprocessor 60
then switches on the power amplifier 64 including the
transistors Q6 through Q7 and Ul and U9 of the
modulator 62.

Fig. 11 illustrates the data encoding employed by
the modulator 62. The modulator 62 employs a bi-phase
NRZ encoding scheme.

Figs. 12 and 13 illustrate two possible form
factors for the personal satellite link 20 which show
relative = configurations for the antenna, the
electronics, and the battery. The battery is selected
to provide the necessary transmission characteristics
while minimizing size and weight. The antenna is
selected for lightweight properties as well as flexible
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properties.

The foregoing detailed description is provided for

the purposes of illustration and is not intended to be

5 exhaustive or to limit the invention to the precise
embodiment disclosed. Accordingly, the scope of the

present invention is to be defined by the appended
claims.
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Claimsg
What is claimed is:
1. A personal satellite link, comprising:

memory that stores a user identifier for the personal
satellite link, wherein the user identifier provides an
index into a database that contains a set of user
information corresponding to the personal satellite
link;

transmitter having circuitry that generates a

radio frequency uplink signal that carries the user
identifier.

2. The personal satellite link of claim 1;
wherein the memory is an electrically alterable read
only memory.

3. The personal satellite link of claim 1,
further comprising a microprocessor that contains the
memory that stores the user identifier.

4. The personal satellite 1link of claim 1,
wherein the user information includes a user blood
type.

5. The personal satellite 1link of claim 1,
wherein the user information includes a user medical
history.

6. The personal satellite 1link of claim 1,
wherein the radio frequency uplink signal is received
by a satellite spacecraft that includes circuitry for

measuring a Doppler shift of the radio frequency uplink
signal.

7. The personal satellite link of claim 6,
wherein the satellite spacecraft recovers the user
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_identifier from the radio frequency uplink signal and
relays the user identifier and the Doppler shift and a
time tag to a signal processing facility that includes
the database.

8. An emergency locating system, comprising:

personal satellite 1link that stores a user
identifier and having a transmitter that generates a
radio frequency uplink signal that carries the user
identifier;

signal processing facility that receives the user
identifier through a satellite downlink and that uses
the user identifier to access a database that contains
a set of user information corresponding to the persbﬁal
satellite link.

9. The emergency locating system of claim 8,
wherein the memory is an electrically alterable read
only memory.

10. The emergency locating system of claim 8,
wherein the personal satellite link further comprises
a microprocessor that contains the memory that stores
the user identifier.

11. The emergency locating system of claim 8,
wherein the user information includes a user blood

type.

12. The emergency locating system of claim 8,
wherein the user information includes a user medical
history.

13. The emergency locating system of claim 8,
wherein the radio frequency uplink signal is received
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by a satellite spacecraft that includes circuitry for
measuring a doppler shift of the radio frequency uplink
signal.

14. The emergency locating system of claim 13,
wherein the satellite spacecraft recovers the user
identifier from the radio frequency uplink signal and
relays the user identifier and the Doppler shift and a
time tag to the signal processing.

15. A system, comprising:

means for storing a wuser identifier that .
corresponds to a set of user information; ,

transmitter that generates a radio frequency
uplink signal that carries the user identifier;

datébase that contains the user information
corresponding to the user identifier; '

means for receiving the user identifier through a
satellite downlink and for accessing the database with
the user identifier.

16. The system of «claim 15, wherein the
transmitter includes a modulator that generates the
radio frequency uplink signal by modulating a carrier
signal with the user identifier.

17. The system of claim 15, wherein the means for
storing is contained in a microprocessor that supplies
the user identifier to the transmitter.

18. The system of claim 15, further comprising a
satellite spacecraft that measures a Doppler shift of
the radio frequency uplink signal and relays the
Doppler shift through the satellite downlink.
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19. The system of claim 18, wherein the satellite
spacecraft orbits the earth in a low polar orbit.

20. The system of claim 15, wherein the database
5 stores a set of medical information for a user
corresponding to the user identifier.
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