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(57) ABSTRACT

A tracker architecture for Global Positioning System (GPS)
receivers 1s disclosed. A typical tracker comprises an RF
front end and GPS architecture. The architecture comprises
a bus structure, a Central Processing Unit (CPU) core, cache,
RAM, and ROM memories, and a GPS engine that com-
prises a receiving, tracking, and demodulating engine for
GPS and Wide Area Augmentation Service (WAAS) signals.
The GPS architecture can couple to at least two different
protocol interfaces via the bus structure, where the protocol
interfaces are commonly used 1n different applications.
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TRACKER ARCHITECTURE FOR GPS SYSTEMS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C.
119(e) of U.S. Provisional Patent Application No. 60/306,

620, filed Jul. 18, 2001, entitled “TRACKER ARCHITEC-
TURE FOR GPS SYSTEMS,” by Nicolas Vantalon et al.,

which application 1s incorporated by reference herein.

[0002] This application is also related to U.S. Pat. No.
5,901,171, by Samja1 Kohli et al., entitled “TRIPLE MUTI-
PLEXING SPREAD SPECITRUM RECEIVER,” and
related to U.S. Pat. No. 6,278,403, by Leon Kuo-Liang Peng,
et al, entitled “AUTONOMOUS HARDWIRED TRACK-
ING LOOP COPROCESSOR FOR GPS AND WAAS
RECEIVER,” both of which applications are hereby incor-
porated by reference herein.

BACKGROUND OF THE INVENTION
1. Field of the Invention

10003]

0004] The present invention relates in general to Global
Satellite System (GSS) receivers, and 1n particular to a
tracker architecture for Global Positioning System (GPS)
systems.

0005] 2. Description of the Related Art

0006] Currently, there are many GPS systems available
that can acquire, track, and navigate using GPS signals.
However, the navigation and tracking architectures for these
systems vary widely. Many of these systems are not opti-
mized for tracking or navigation, and are designed to work
with only one type of GPS system.

SUMMARY OF THE PRESENT INVENTION

[0007] To minimize the limitations in the prior art
described above, and to minimize other limitations that will
become apparent upon reading and understanding the
present specification, the present invention discloses, a
tracker architecture for Global Positioning System (GPS)
receivers. An architecture 1n accordance with the present
invention comprises a bus structure, a Central Processing
Unit (CPU) core, cache, RAM, and ROM memories, and a
GPS engine that comprises a receiving, tracking, and
demodulating engine for GPS and Wide Area Augmentation
Service (WAAS) signals. The GPS architecture can couple
to at least two diflerent protocol interfaces via the bus
structure, where the protocol interfaces are commonly used
in different applications.

[0008] The present invention is a member of digital signal
processors used for a GPS navigation architecture. The
present invention 1s built on a state-oi-the-art, low power,
0.18 micron CMOS process. This highly integrated design
includes a compatible GPS/WAAS (wide area augmentation
signal) Digital Signal Processor (DSP) engine, Satellite
Signal Tracking Engine (SSTE), BEACON DSP, ARM
microprocessor, real time counter (RTC), dual UART, inter-
rupt controller, ROM, SRAM, on-chip ADC, Multiple serial
interfaces (including I12C, USB, CAN, J1850 and SPI),

two-way associate cache, and bus interface unit (BIU).

[0009] The present invention provides the architecture
flexibility to support all GPS market segments: Cellular
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Phone, Car Navigation, GPS Hand-helds, Consumer Elec-
tronics, PC accessory and others, because the present inven-
tion mtegrates the CPU core, memory, GPS engine and other
system peripherals. As a minimum system configuration, a
receiver can comprise an RF front-end, and the present
invention, which 1s used as a backend digital component.
The present invention also has extra computing power to run
applications other than GPS tracking and navigation. The
present invention 1s fully compatible with many types of
tracking and navigation software.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Referring now to the drawings in which like ref-
erence numbers represent corresponding parts throughout:

[0011] FIG. 1 illustrates an architecture in accordance with
the present ivention.

DETAILED DESCRIPTION OF THE DRAWINGS

[0012] In the following description of the preferred
embodiment, reference 1s made to the accompanying draw-
ings that form a part hereof, and in which 1s shown by way
of 1llustration a specific embodiment in which the mnvention
may be practiced. It 1s to be understood that other embodi-
ments may be utilized and structural changes may be made
without departing from the scope of the present invention.

Overview

[0013] When integrating GPS components and receivers
with other electronics, e.g., cellular telephones, automotive
systems, etc., the GPS components must be readily compat-
ible with such systems and still retain the ability to acquire
and track the GPS satellites under the conditions presented
by each of the environments that the GPS components will
be introduced into. The present mmvention combines the
systems typically present 1n a GPS baseband tracker archi-
tecture, and provides a single, multi-function interface that
1s compatible with several different protocols, such that a
baseband processor made using the tracker architecture of
the present invention can be used 1n several diflerent appli-
cations.

[0014] A baseband processor used in the tracker architec-
ture of the present invention typically 1s manufactured using,
a 0.18 micron low power CMOS process. This allows for
smaller die sizes, as well as low power consumption.

[0015] The present invention allows for different operat-
ing voltages, typically 3.3 volts, 2.5 volts, or 1.8 volts dc.
These voltages are used not only for the baseband processor,
but also for the Real Time Clock (RTC) and for the I/O
drivers used with the architecture of the present invention.
To conserve power, the internal core typically operates at 1.8
volts, so that the processor and other integrated portions of
the present invention use as little power as possible. Further,
the present mvention operates over a wide range of tem-
peratures, typically —40 to +85 degrees Centigrade, and also
meets the QS9000 standard for semiconductor circuit manu-
facture.

Block Diagram

[0016] FIG. 1 illustrates a block diagram of the present
invention. Appendix A illustrates some sample terms used
throughout this disclosure and in FIG. 1. Appendix B
illustrates the input/output description of the present mven-
tion.
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[0017] Architecture 100 of the present invention 1s shown
with several components described below.

ARM7TDMI

[0018] The ARM7TDMI 102 1s a member of the
Advanced RISC Machines (ARM) family of general pur-
pose 32-bit microprocessors, which offer high performance
for very low power consumption. Although described herein
as an ARM7 or an ARM7TDMI 102, it can be appreciated
by one knowledgeable 1n the art that other microprocessors
can be used mm lieu of or i conjunction with the
ARM7TDMI 102 without departing ifrom the scope of the
present mvention. The ARM7TDMI 102 1s intended to run
at the maximum speed of 50 MHz to deliver an approximate
maximum 40 Million Instructions per second (Mips).

Cache

[0019] A 9K byte RAM cache 104 is typically used for the
cache module. It can function as a local RAM for timing
critical code loops, or as a cache memory. When the cache
1s disabled, the 9 k byte of memory can be used as an on chip
memory 1i desired. In cache mode, a total of 8K bytes are
used as code/data cache 106 and 1 K byte i1s used as tag
memory 108. A two-way set associated cache can be acti-
vated, as shown with data cache 110 and tag cache 112, The
Cache 104 can be used for both instruction code and data. A
L.LRU and write through logic can also be activated 1f desired.

Processor Memory

[0020] The architecture 100 also incorporates an on-chip
low power 4Kx32 SRAM 114 for data and 16Kx32 Boot

ROM 116 for code. The ROM 116 1s typically programmed
in the prototype stages for supporting the tracker only code
and the other program code 1s typically contained 1n external
memory (not shown). The ROM 116 code can have several
versions, and may be changed depending on which version
of the architecture or which revision of the chip 1s used. The
BIU 118 can access the external memory as needed, and
supports byte, Hword, and word accesses to the external
memories. The architecture 100 1s able to boot from internal
or external memory regarding a power up configuration.

Internal ROM

[0021] The architecture 100 of the present invention
includes mternal ROM 116 code that provides at least two
primary functions and one or more secondary functions. The
primary functions include a boot loader program to load user
code into the mternal memory 114 and/or cache 104 of the
architecture 100 and a receiver mterface program to control
the SSTE and WAAS channel demodulator. This receiver
interface program will report data and provide control to the
user via one of the built 1n serial interfaces. The receiver
interface program also optionally includes an autonomous
mode, which enables the architecture 100, along with
autonomous code stored in the ROM 116, when coupled to
a RF front end, to acquire, and track the GPS signal without
any external intervention by the user. The user can selec-
tively choose the use of the autonomous mode, and the
autonomous code stored in the ROM 116, either automati-
cally or manually. The secondary functions include built-in-
test functions, and functions to allow i1nsertion of new code
into the internal RAM 114 and/or cache 104. The inserted
code can mcorporate itself into and expand the functions of
the recerver interface function. Additional optional second-
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ary Tunctions include a program to perform automatic detec-
tion of externally interfaced memory chips to allow expan-

s1on or replacement of the computer instructions resident 1n
the ROM 116.

ADC

10022] The Analog-to-Digital Converter (ADC) module
117 1s typically a 14 bit module that comprises a sinc3 filter
and the filter’s interface to the CPU 102. The Sinc3 filter

processes the single bit over-sampled output from the sigma-
delta modulator, and outputs the 16-bit wide data, at a 50 Hz
sample rate, to four separate registers corresponding to the
input channels.

Peripheral Bridge

10023] An internal peripheral bridge 120 is used as the
bridge between the ARM7TDMI 102, CPU bus 122, and the
IP bus (Also called the SiRF IP Bus, or SIPB). The SIPB
provides an adaptive connection to various types of periph-
erals for ease of future system expansion. The SIPB protocol
1s synchronous to the CPU clock. The fundamentals of the
protocol take a mimimum of three clock cycles to access all
the peripherals. The bridge 120 also adds the wait state
insertion capability for the DSP engine and other peripher-

als, which may take more clock cycles to access. Two
bridges 120 are designed into the present invention, and both
bridges can be either 32-bit or 16-bit. One bridge 120 1s
AMBAI1D compatible and the other 1s AMBAIE compat-
ible.

GPS/WAAS Engine

[0024] The present invention incorporates a GPS/WAAS
engine 124 that tracks, receives, and demodulates both GPS
and WAAS satellite signals. To accelerate the 1nitial acqui-
sition, the engine 124 uses a multiple frequency bin corr-
clator, which performs a correlation on the 4 coherently
integrated samples for each of 240 taps, and generates 8
frequency bins as an output. Multiple frequency bin corr-
clator outputs are non-coherently integrated and the final
result will be peak detected to locate the two largest values.
The coherent and non-coherent integration counters are
independently programmable in the resolution of segment.
The coherent mtegration and non-coherent integration start
point can be set at a user time ms boundary and at a half ms
boundary for WASS data. The multi-path mitigation and
carly-late hardware runs 1n parallel with the tracking chan-
nels. When using the multi-path mitigation and neatly-late
modes, the tape of the multi-path correlator provides an
improved restoring force for the code tracking. To support
the WAAS channel demodulation, the convolution decoder
1s added for WAAS channel demodulated data. All the
satellite channels are Conﬁgurable tor either CPU or SSTE.
The shared memory micro-architecture also provides a low
power solution, as well as providing a low gate count.

SSTE

[0025] In initial acquisition mode, the tracker (also called
the SSTE) 125 autonomously steps through the code, fre-
quency search windows, and histogram to perform strong
side lobe rejection and sync verification.

[0026] In track mode, the SSTE 125 executes pull-in,

narrow track, and bit sync, data demodulation. Functional
blocks include code/Costas lock detect, Costas/AFC loop
filter, code loop filter, bit sync histogram, sample normal-
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1zation, SNR measurement, bit demodulation. When code
lock 1s lost, reacquisition executes resume normal, stay
modes, 10 Hz track status and demodulated data output to
software include code, carrier, bitsync status, demodulated
data bits, accumulated |I|, |Q|, code, carrier phase. The SSTE
125 handles all mode transitions autonomously with soft-

ware override capability.

Beacon Processor

[10027] The beacon processor 126 uses the frequency dis-
criminator approach chosen over coherent QPSK demodu-
lation or FSK non-coherent demodulation as the best trade
ofl between performance and implementation complexity.
The signal interface 1s via a 10 bit external A/D on the
synchronous serial interface. The hardware performs down-
conversion, decimation, filtering, discriminator calculation,
bit sync, and data demodulation. The software programs the
data rate and downconversion Irequency. The hardware
outputs the data at a HW/SW 1nterface at 50 Hz rate. The
ADC peak clipping scheme 1s used to combat strong pulse
jamming. A 3-pole cascaded Butterworth low pass filter 1s
used before the frequency discriminator.

Power Management

10028] The power management block 128 provides the
controlling software, and optimizes the power for all the
major blocks in the design of the present invention. The
wake-up interrupt logic 1n the interrupt controller facilitates

the wake-up on any interrupt as selected by the controlling
software. The minimum power configuration of the chip 1s
used to apply the power to the RTC module 130, and battery
back-up RAM 1s typically then active. The rest of circuit 1s
in a power down mode. The target power consumption of the
power down 1s around 5 uA. During the standby, the chip
typically uses less than 100 vA.

RF Interface

[10029] As part of the standard interface for the architecture
100, connections to the RF portion of the GPS receiver are
required. Signal wires of PWM 132 AGC protocol are
implemented for a 1 kHz automatic gain control (AGC)
interface. A single ended PECL physical interface 1s used for

two GPS clock lines and two GPS/WAAS data lines. UART

[0030] Both the transmit and receive sides of each UART
port 134 contain a 16-byte deep FIFO with a selectable bit
rate from 1200 to 115.2 Kbps. The parity, data bits and stop
bits are also configurable. Each receive resister also provides
error signals for frame error, parity error, overrun error, and
break interrupt.

Timer

[0031] The present invention incorporates a timer function
136 whereby a free-running counter may be used to raise
interrupts when the count value reaches programmable
thresholds. The clock for this timer function 136 block may
be sourced from either the 49.107 MHz clock, the 38.192
MHz clock, an external user-defined clock as shown in FIG.
1, or from the 32 KHz input (default), with the source
selection programmable by software. Furthermore, 1, 8, 32,
128 or 2048 may divide the selected source clock for this
block.
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Watch-Dog

[0032] The present invention provides a watchdog func-
tion 138 whereby a free-running counter requires a regular
service by the controlling software; otherwise a watchdog

reset 1s 1ssued which 1 turn causes a full system reset to the
device excluding the RTC 130.

RITC

[0033] The RTC 130 is used to maintain seconds, minutes,
hours and days for the architecture 100 while requiring
extremely low power. It has a separated power mput so that
the rest of core logic can be shut down but time maintained
at the RTC 130 for the next power on. This RTC 130 enables
a low power state, and other power management features, to
significantly reduce power consumption during normal
operation. The RTC 130 of the present invention contains a
1024x16 memory backup RAM for the critical information.
The RTC 130 of the present invention 1s typically clocked by
a 32.784 KHz signal with an on-chip oscillator.

Interrupt Controller

[0034] The interrupt controller manages all possible

sources of 1terrupts from within the Peripheral Bus. These
include the GPS/WAAS engine, SSTE, Beacon, DSP,
UART, CAN, USB, SPI, J1850 and up to three external user

interrupts.
Bus Interface Unait

[0035] The Bus Interface Unit (BIU) 118 provides simple

and direct memory-mapped access to the external peripher-
als. The present invention memory interface block allows
direct connection to a variety of 8-bit, 16-bit RAMs or
ROMs on the system interface. The chip of the present
invention generates the needed control signals for external
RAMs and ROMs. The programmable wait state control
registers set by the software to support wide range of speed
of the external memory. It also supports the wait state
insertion protocol to add the additional wait states. The BIU
118 also can support the parallel interface protocol to allow
the external host CPU to access the internal memorys 114,
104, and 116, and other registers of the present mnvention.

Timer/PWM

[0036] The present invention also provides a Pulse Width
Modulated (PWM output signal via the PWM block 132.
The frequency and duty cycle 1s programmable. In addition,
the present imnvention optionally provides a timer function
whereby a free-running counter may be used to raise inter-
rupts when the count value reaches a programmable thresh-
old. Similarly, the present mvention provides a watchdog
function whereby a free-running counter requires a regular
service by the controlling software.

Programmable Interface of the Present Invention

[0037] The architecture of the present invention comprises
a multiple-protocol interface that can be connected to sev-
cral diflerent types of standard interfaces. For example, 12C,
SPI, CAN, USB, J1850, MOST, Parallel, and Address/Data
Bus interfaces can connect to the architecture 100 via a
single input as described below. The architecture can either
be programmed a priori to accept a given mput, e.g., USB
inputs, or can automatically detect a specific type of signal
or the presence of a signal on a given signal line, and
self-program to accept and transmit data using that protocol.
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Several types of interfaces compatible with the architecture
100 of the present invention are as follows:

[2C

[0038] The present invention 12C interface 140 is capable
of both master and slave modes of operation 1n the multi-
master environment as defined in the 12C standard protocol
that 1s incorporated by reference herein. There are two pin
bi-directional signals 1n the 12C interface 140.

SPI

10039] The SPI block 142 1s a standard 4-pin serial periph-

eral interface for inter-1C control communication. It contains
a 10 wordx24-bit recerve buller for message builering 1n
order to reduce the frequency of iterrupt of the ARM
processor 102.

CAN

[0040] The CAN 2.0 144 interface is compatible with both
class A (11-bit identifier) and class B (29-bit identifier)
interfaces. The data/message rate for FMEA (position fix
data) 1s about 4 Kbit/sec including 5-6 FMEA messages of

approximately 60 Bytes each. The rate for Dead Reckoning
(DR) would need about 50-100 Kbit/sec. The CAN 144

supports both 10 Kbit/sec and 1 Mbit/sec message rates. The
physical transceiver iterface 1s typically outside of the chip.

USB

[0041] The device of the present interface contains a high
speed USB interface 146 including an on-chip physical
transceiver. The USB interface 146 1s compliant with revi-
sion 1.1 of the USB standard, giving an interface transier
rate of 12 Mbits™". The USB interface 146 supports a control
channel endpoint and 2 interrupt-type endpoints, each with
a minimum of 16 bytes of local storage. It also supports 2
bulk transier points with 64 bytes each of local storage.

J18350.

[0042] The present invention also comprises data link and
protocol layers that support the J1850 Class II VPW protocol

interface 148 for Chrysler, Toyota, and GM J1850 networks.
The physical link 1s a single wire and single ended at 7V. The

speed 1s 10.4 Kbps with CRC & message filtering 1n
soltware and hardware.

GPIO

10043] The device of the present invention provides a
number of general purpose Input/Outputs (GPIO) at inter-
tace 150, accessible by the embedded processor. The status
of the general purpose inputs way be determined by polling.

[0044] These general purpose 1/0Os 150 are multiplexed
with other functions where possible to increase the number
of GPIO pins without increasing the pin budget. The exact
number available depends upon which version of the die 1s

being bonded out.
MOST, and Other Supported Interfaces

10045] The interface of the present invention also com-
prises a MOST 1interface 152, a parallel port mterface 154,
and an address/data bus 1nterface 156. The MOST 1nterface
152 1s capable of carrying MPEG level data on an automo-
tive optical bus, and 1s used to control various peripherals in
an automotive environment. Parallel port iterface 154 1is
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typically used to connect the tracker architecture 100 to a
computer other than the ARM 102.

IO Specification

[10046] A typical Input/Output specification for the present
invention 1s shown 1n Appendix B.

Last Segment

[0047] Access to the memory RAMI1158, RAM2160,
RAM3162, and RAM4164, when the engine locked the
memory, typically generated an abort instruction to the CPU.
This ERROR generation has been removed for the present
invention and replace by a WAIT function. Every time the
CPU will access the engine RAM11358 through RAM4164
when the engine locked them the SBU bridge will keep
BWAIT High until the engine release the memory, and
execute the access to the memory.

Synchronous Memories

[0048] All internal memories 104, 114, 116, and 158-164
are synchronous. All DSP memories are connected to ENG-
CLK_N.

Operation of the Interface

[0049] The interface 166, which comprises all of the
protocols mentioned herein, allows the tracker architecture
100 of the present mnvention to connect to various input and
output signals that are present 1n the environments that the
architecture 100 will typically reside in. The interface 166
can be pre-programmed by the chip manufacturer, prior to
shipment to a specific customer, to accept a given protocol,
in essence, enabling one or more of the protocols, or
disabling one or more of the protocols, as desired. Further,
the architecture 100 can be auto-detecting 1n nature, where
the architecture senses the presence or absence of certain
signals, and through the detection or absence of certain
signals, determines which protocol the architecture 100 1s
connected to. The architecture then responds in the given
protocol.

[0050] As an example, and not meant to be a limitation of
the present invention, the architecture can be a priori pro-
grammed to accept only the J1850 nterface 148 inputs and
the GPIO 150 inputs, and reject inputs from an 12C interface
140. In an alternative of this example, again not by way of
limitation, once the architecture 100 1s connected to J1850
interface 148 1nput signals, the architecture 100 can auto-

matically detect which of the protocols 1s present and accept
the J1850 148 signals, and respond 1n kind.

[0051] Manual programming after delivery is also pos-
sible, as 1s changing of the protocol that interface 166 and
architecture 100 will accept.

Conclusion

[0052] This concludes the description of the preferred
embodiment of the invention. The following paragraphs
describe some alternative methods of accomplishing the
same objects. The present mmvention, although described
with respect to GPS systems, can be utilized with any
Satellite Positioning System (SATPS) without departing
from the scope of the present invention. Further, other CPU
processors can be used without departing from the scope of
the present invention.
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[0053] In summary, a tracker architecture for Global Posi-
tiomng System (GPS) receivers in accordance with the
present invention comprises a bus structure, a Central Pro-
cessing Unit (CPU) core, cache, RAM, and ROM memories,
and a GPS engine that comprises a recerving, tracking, and
demodulating engine for GPS and Wide Area Augmentation
Service (WAAS) signals. The GPS architecture can couple
to at least two diflerent protocol interfaces via the bus
structure, where the protocol interfaces are commonly used
in different applications.

[0054] The foregoing description of the preferred embodi-
ment of the invention has been presented for the purposes of
illustration and description. It 1s not intended to be exhaus-
tive or to limit the imvention to the precise form disclosed.
Many modifications and variations are possible 1n light of
the above teaching. It 1s intended that the scope of the

invention not be limited by this detailed description, but by
the claims appended hereto.

What 1s claimed 1s:

1. A Global Positioning System (GPS) architecture used
for tracking at least one GPS satellite, comprising:

a bus structure,

a Central Processing Unit (CPU) core comprising a
microprocessor, coupled to the bus structure;

a cache memory coupled to the bus structure for storing
software code;

a random access memory, coupled to the bus structure, for
storing data;

a read only memory, coupled to the bus structure, for
storing a boot program; and

a GPS engine, comprising;:

a recerving, tracking, and demodulating engine for GPS
and Wide Area Augmentation Service (WAAS) sig-
nals,

wherein the GPS architecture can couple to at least two
different protocol interfaces via the bus structure.

2. The GPS architecture of claim 1, wherein the cache
memory can be used as a local random access memory.

3. The GPS architecture of claim 2, wherein the CPU can
be used for running applications other than GPS tracking.

4. The GPS architecture of claim 3, wherein the GPS
engine further comprises a beacon processor.

5. The GPS architecture of claim 3, wherein the GPS
engine runs on a separate bus structure.

6. The GPS architecture of claim 5, wherein the GPS
engine further comprises mputs from a real time clock
external to the GPS engine.

7. The GPS architecture of claim 6, further comprising a
bus interface units.

8. The GPS architecture of claim 7, wherein the protocol

interfaces are selected from a group comprising 12C, CAN,
PWM, SPI, J1850, USB, GPIO, MOST, parallel, and an
address/data bus interface.
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9. The GPS architecture of claim 8, wherein the protocol
interface 1s selected a prior.

10. The GPS architecture of claim 8, wherein the protocol
interface 1s selected by the GPS architecture through sensing
a signal 1n the protocol interface.

11. A Global Positioning System (GPS) architecture used
for tracking at least one GPS satellite, comprising:

a bus structure,

a Central Processing Unit (CPU) core comprising a
microprocessor, coupled to the bus structure;

a cache memory coupled to the bus structure for storing
software code;

a random access memory, coupled to the bus structure, for
storing data and for storing autonomous code used for
tracking at least one GPS satellite;

a read only memory, coupled to the bus structure, for
storing a boot program; and

a GPS engine, comprising:

a recerving, tracking, and demodulating engine for GPS
and Wide Area Augmentation Service (WAAS) si1g-
nals,

wherein the GPS engine can selectively use the stored
autonomous code for tracking at least one GPS satel-
lite.

12. The GPS architecture of claim 11, wherein the archi-
tecture can couple, via the bus structure, to at least two
different protocol interfaces, selected from a group compris-
ing [2C, CAN, PWM, SPI, J1850, USB, GPIO, MOST,
parallel, and an address/data bus interface.

13. The GPS architecture of claim 12, wherein the cache
memory can be used as a local random access memory.

14. The GPS architecture of claim 13, wherein the CPU
can be used for runming applications other than GPS track-
ng.

15. The GPS architecture of claim 14, wherein the GPS
engine further comprises a beacon processor.

16. The GPS architecture of claim 14, wherein the GPS
engine runs on a separate bus structure.

17. The GPS architecture of claim 16, wherein the GPS

engine further comprises mputs from a real time clock
external to the GPS engine.

18. The GPS architecture of claim 17, further comprising
a bus interface unit.

19. The GPS architecture of claam 17, wherein the pro-
tocol interface 1s selected a priori.

20. The GPS architecture of claim 17, wherein the pro-
tocol interface 1s selected by the GPS architecture through
sensing a signal in the protocol interface.

21. A Global Positioning System (GPS) architecture used
for tracking at least one GPS satellite, comprising:

a bus structure,

a Central Processing Unit (CPU) core comprising a
microprocessor, coupled to the bus structure,

a cache memory coupled to the bus structure for storing
software code;

a random access memory, coupled to the bus structure, for
storing data;
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a read only memory, coupled to the bus structure, for wherein the GPS architecture can couple, via the bus

storing a boot program; and structure, to at least two diflerent protocol interfaces,
and wherein the protocol interface 1s selected by the
GPS architecture automatically.

a GPS engine, comprising;:

a receiving, tracking, and demodulating engine for GPS
and Wide Area Augmentation Service (WAAS) sig-

nals, % % % ok
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