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(57) ABSTRACT 

An apparatus for processing received spread spectrum sig 
nals modulated With a unique pseudo-random code is dis 
closed. In one embodiment, the apparatus comprises i) a 
plurality of channel modules each including a correlator, ii) 
a circuit con?gured to hierarchically chain a plurality of the 
channel modules in series, Wherein at least one of a code, 
control signals and carrier signals is passed from one chan 
nel module of the chain to the next, and iii) a selector 
con?gured to select the at least one of the code, control 
signals and carrier signals, to be transmitted to the neXt 
channel module in the chain With a delay or Without a delay. 
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METHOD AND APPARATUS FOR RECEIVING 
GPS/GLONASS SIGNALS 

RELATED APPLICATIONS 

[0001] This application is a divisional application Which 
claims priority under 35 U.S.C. §120, 121 from US. patent 
application Ser. No. 09/196,658, ?led Nov. 19, 1998, and 
Which is incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to an electronic sys 
tem and its components and to methods of operating the 
system and its components for receiving spread spectrum 
signals, for example, signals from a global positioning 
system such as Global Positioning System (GPS) and/or 
Global Orbiting Navigation Satellite System (GLONASS). 
Description of the Related Technology 

[0004] An increasing number of applications and systems 
for communicating information noWadays make use of the 
spread spectrum technique. The spread spectrum technique 
is a digital modulation technique in Which a digital signal is 
spread over a Wide frequency band so that it has a noise-like 
spectrum. This can be done by breaking up or “chopping” 
each data bit of the digital signal into multiple sub-bits 
(commonly called chips) that are then modulated and up 
converted to a carrier frequency. The chopping may be done 
by multiplying the digital information signal With a so-called 
pseudo-random code or PN code. By using orthogonal codes 
for different communication links, the same frequency band 
can be used for different simultaneous communication links. 

[0005] Using the same PN code as the transmitter, a 
receiver can correlate the received, spread signal and recon 
struct the data signal While other receivers that use other 
codes or other transmission techniques cannot. One of the 
advantages of using the spread spectrum communication 
technique is the robustness to narroW band interference 
signals. Because spread-spectrum receivers are rapidly 
being introduced in applications and systems meant for the 
consumer markets, the cost of the receiver system is a major 
determining factor in order to remain competitive. 

[0006] A speci?c class of spread spectrum systems are 
devices and receivers for position determination. Such 
devices are gaining importance for both the consumer mar 
ket and for high precision applications. Most of the existing 
systems are based on the American Global Positioning 
System (GPS). Because this is also a military system, a 
precise position determination can be made difficult by the 
satellite operator deliberately introducing errors (called 
“anti-spoo?ng”). Moreover, in many areas the number of 
visible satellites can be too limited to determine an accurate 
position. These tWo problems can be reduced by also using 
a second positioning system such as the Russian Global 
Orbiting Navigation Satellite System (GLONASS) system. 
[0007] Combined GPS and GLONASS receivers have 
been reported, e.g., S. Riley, N. HoWard, E. Aardoom, R. 
Daly, and P. Silvestrin, in “A combined GPS/GLONASS 
high precision receiver for space applications,” ION-GPS 
95, Palm Springs, USA, September 1995, or Japanese patent 
application JP 7128423-950519, “Receiver Common to GPS 
and GLONASS.” 
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[0008] A GPS receiver is disclosed in US. Pat. No. 
5,293,170 that can be used With P-code modulated signals, 
Which have been modulated With an unknoWn code. Imple 
mentations of this knoWn device require a lot of registers. 

[0009] US. Pat. No. 5,600,670 describes a GPS receiver 
that includes a hierarchical chain of channel modules Which 
includes slave modules and a master module. The knoWn 
system does not provide suf?cient ?exibility. 

SUMMARY OF CERTAIN INVENTIVE 
ASPECTS 

[0010] One aspect of the present invention provides a 
method and an apparatus for processing received spread 
spectrum signals, particularly signals from a global naviga 
tional system, Which alloWs an optimal ?exibility in pro 
cessing capabilities While reducing poWer consumption and 
manufacturing costs. 

[0011] Another aspect of the present invention provides a 
method and an apparatus for processing received spread 
spectrum signals, in particular signals from a global navi 
gational system, Which is suitable for implementation of at 
least one sub-system as an ASIC While maintaining an 
optimal ?exibility in processing capabilities and reducing 
poWer consumption and chip area. 

[0012] Another aspect of the present invention provides a 
method and an apparatus for processing received signals 
from a global navigational system in Which the processing of 
signals modulated With an unknoWn code is more efficient. 

[0013] Another aspect of the present invention provides an 
apparatus for processing received spread spectrum signals 
modulated With a unique pseudo-random code, comprising: 
a plurality of channel modules each including a correlator; 
means for hierarchically chaining a plurality of the channel 
modules in series, the means including a selector for select 
ing one channel module from at least tWo candidate channel 
modules for the next channel module of the chain. 

[0014] Another aspect of the present invention provides an 
apparatus for processing received spread spectrum signals 
modulated With a unique pseudo-random code, comprising: 
a plurality of channel modules each including a correlator; 
means for hierarchically chaining a plurality of the channel 
modules in series, code and/or control signals and/or carrier 
signals being passed from one channel module of the chain 
to the next; and a selector for selecting to transmit the code 
and/or control signals and/or carrier signals to the next 
channel module in the chain With a delay or Without a delay. 

[0015] Another aspect of the present invention provides a 
method of processing received spread spectrum signals 
using a plurality of channel modules each including a 
correlator, the method comprising: selecting one of tWo 
further modules to include Within a chain of a plurality of 
channel modules; selecting to transmit code and/or control 
and/or carrier signals to the next channel module in a chain 
of a plurality of channel modules With or Without delay. 

[0016] Another aspect of the present invention provides an 
apparatus for tracking received spread spectrum signals 
modulated With a unique pseudo-random code and for 
obtaining a correlation pro?le, comprising: a generator for 
generating a ?rst replica of the pseudo-random code; a ?rst 
demodulator for sequentially demodulating the received 
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spread spectrum signals With the replica of the pseudo 
random code at regular time intervals; a ?rst integrator for 
integrating the output of the ?rst demodulator; a second 
generator for generating a plurality of second versions of the 
?rst locally generated replica of the pseudo-random code, 
each second version having, in any one time interval, a 
selectably different timing compared With the timing of the 
?rst replica; a second demodulator for sequentially demodu 
lating the received spread spectrum signal at regular inte 
gration time intervals With different ones of the second 
versions of the ?rst replica and outputting the results; and a 
second single integrator for integrating each output of the 
second demodulator separately. 

[0017] Another aspect of the present invention provides a 
method for tracking received spread spectrum signals modu 
lated With a unique pseudo-random code to obtain a corre 
lation pro?le, comprising: generating a ?rst locally gener 
ated replica of the pseudo-random code; sequentially 
demodulating the received spread spectrum signals With the 
?rst locally generated replica of the pseudo-random code at 
regular time intervals and integrating the result of each 
demodulation in a ?rst integration using a ?rst integrator; 
generating a plurality of second versions of the ?rst locally 
generated replica of the pseudo-random code, each second 
version having a selectably different timing compared With 
the timing of the ?rst replica in any one time interval; 
sequentially demodulating the received spread spectrum 
signal With different ones of the second versions of the ?rst 
replica at regular time intervals and integrating each 
demodulation result separately in second integrating steps 
using a single second integrator. 

[0018] In one embodiment, the apparatus or method 
described in [0012]-[0014 ] may be used in combination 
With the apparatus or method described in [0015]-[0016]. In 
particular, the apparatus or method described in [0012] 
[0014] may be useful in both rapid acquisition and ef?cient 
tracking of spread spectrum signals, Whereas the apparatus 
or method described in [0015]-[0016] may be useful in 
obtaining a correlation pro?le during tracking of the signals. 

[0019] Another aspect of the present invention provides an 
apparatus for despreading received spread spectrum signals, 
at least a part of the received signals being modulated With 
a ?rst unique coarse acquisition pseudo-random code and a 
second precision unique pseudo-random code; comprising: a 
?rst plurality of correlators, a second plurality of correlators; 
and a sWitching device for sWitching any one of the ?rst 
plurality of correlators to correlate the received spread 
spectrum signals With respect to one of the ?rst and second 
unique pseudo-random codes. 

[0020] Another aspect of the present invention provides a 
method of despreading received spread spectrum signals, at 
least a part of the received signals being modulated With a 
?rst unique coarse acquisition pseudo-random code and a 
second precision unique pseudo-random code using a ?rst 
plurality of correlators and a second plurality of correlators, 
the method comprising: selecting for any one of the ?rst 
plurality of correlators so that this correlator correlates the 
received spread spectrum signals With respect to one of the 
?rst and second unique pseudo-random codes. 

[0021] In one embodiment, the apparatus or method 
described in [0018]-[0019] may be used in combination With 
at least one of the apparatuses and methods described in 
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[0012]-[0017]. This embodiment may provide the advantage 
of ?exibility of selecting correlators to correlate either 
CA-code or P-code signals of a GLONASS (Global Orbiting 
Navigation Satellite System) or GPS global positioning 
system. 

[0022] Another aspect of the present invention provides an 
apparatus for despreading received spread spectrum signals 
at least a part of the received signals being modulated With 
a ?rst unique coarse acquisition pseudo-random code and a 
second precision unique pseudo-random code; comprising: a 
demodulator for demodulating the received spread spectrum 
signals With a replica of the ?rst pseudo-random code; a ?rst 
integrator for integrating the result from the demodulator 
and for dumping the integrated value at the chip rate of the 
?rst pseudo-random code or a multiple thereof; a second 
integrator for integrating the results from the ?rst integrator 
over a time period longer than the integration period of the 
?rst integrator. 

[0023] Another aspect of the present invention provides a 
method of despreading received spread spectrum signals at 
least a part of the received signals being modulated With a 
?rst unique coarse acquisition pseudo-random code and a 
second precision unique pseudo-random code, the method 
comprising: demodulating the received spread spectrum 
signals With a replica of the ?rst pseudo-random code; 
integrating the result of the demodulation, the integrating 
including: integrating the result from the demodulator in a 
?rst integrator and dumping the integrated value at the chip 
rate of the ?rst pseudo-random code or a multiple thereof to 
a second integrator; and integrating the results from the ?rst 
integrator in a second integrator over a time period longer 
than the integration period of the ?rst integrator. 

[0024] In one embodiment, the apparatus or method 
described in [0021]-[0022] may be used in combination With 
at least one of the apparatuses and methods described in 
[0012]-[0020]. This embodiment may provide the advantage 
of a very poWer saving implementation of a CA-code 
correlator in a GLONASS or GPS receiver. 

[0025] Another aspect of the present invention provides an 
apparatus for processing L1 and L2 spread spectrum signals 
received from at least one satellite of a global positioning 
system, Wherein each of the spread spectrum signals 
includes a unique frequency carrier With a knoWn pseudo 
random code modulated thereon, comprising: a generator for 
generating a single replica of the knoWn code; a delay line 
connected to the generator, the delay line having a plurality 
of taps Wherefrom the knoWn code replica is available at 
different relative phases thereof; a ?rst demodulator con 
nected to the generator for demodulating one of the received 
L1 and L2 signals With the single replica of the knoWn code 
Without any substantial delay; a second demodulator select 
ably connectable to any one of the taps of the delay line for 
demodulating the other of the received L1 and L2 signals 
With a delayed replica of the knoWn code, and a sWitch for 
selectably sWitching the other of the received L1 and L2 
signals for demodulation by the ?rst, and to sWitch the one 
of the received L1 and L2 signals for demodulation by the 
second demodulator. 

[0026] Another aspect of the invention provides a method 
of processing L1 and L2 spread spectrum signals received 
from at least one satellite of a global positioning system, 
Wherein each of the signals includes a unique frequency 
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carrier With a known pseudo-random code modulated 
thereon, comprising: locally generating a single replica of 
the knoWn code; applying the single replica of the knoWn 
code to a delay line having a plurality of taps Wherefrom the 
code replica is available at different relative phases thereof; 
demodulating one of the received L1 and L2 signals With the 
single replica of the knoWn code Without any substantial 
delay; demodulating the other of the received L1 and L2 
signals With the generated replica of the knoWn code from 
one of the taps of the delay line, and sWitching the demodu 
lation using the not substantially delayed single replica of 
the knoWn code to the other of the received L1 and L2 
signals and demodulating the one of the received L1 and L2 
signals With a generated replica of the knoWn code from one 
of the taps of the delay line. 

[0027] In one embodiment, the apparatus or method 
described in [0024]-[0025] may be used in combination With 
at least one of the apparatuses and methods described in 
[0012]-[0023]. This embodiment may provide the advantage 
of the use of short delay lines in despreading L1 and L2 
signals from a GLONASS or GPS global positioning sys 
tem. 

[0028] Another aspect of the present invention provides an 
apparatus for processing L1 and L2 spread spectrum signals 
received from at least one satellite of a global positioning 
system, Wherein each of the spread spectrum signals 
includes a unique frequency carrier With a knoWn pseudo 
random P-code and an unknoWn code modulated thereon, 
comprising: a generator of replicas of the knoWn P-code; a 
?rst demodulator connected to the generator for demodulat 
ing one of the received L1 and L2 signals With a replica of 
the P-code; a second demodulator for demodulating the 
other of the received L1 and L2 signals With a replica of the 
P-code; a ?rst integrator for repetitively and separately 
integrating the demodulated one of the L1 and L2 signals 
over time periods related to the unknoWn code; a second 
integrator for repetitively and separately integrating the 
demodulated other of the L1 and L2 signals over time 
periods related to the unknown code; a correlator for cor 
relating a result of the integration step from each of the tWo 
L1 and L2 signal paths With the integrated signal of the other 
of the L1 and L2 signal paths; and a phase adjuster for 
adjusting the phases of the locally generated P-code replicas 
relative to the incoming L1 and L2 signals in order to 
maXimiZe the poWer of the correlated L1 and L2 signals, 
Wherein the correlator includes: a comparator for comparing 
the absolute value of the integrated demodulated L1 and L2 
signals; a combiner for individually combining the values of 
the integrated demodulated L1 and L2 signals With a unitary 
value having the sign of the integrated demodulated L1 and 
L2 signals having the largest value as output by the com 
parator; and a ?rst accumulator for accumulating individu 
ally and separately the outputs of the combiner for the 
demodulated one of the L1 and L2 signals; and a second 
accumulator for accumulating individually and separately 
the outputs of the combiner for the demodulated other of the 
L1 and L2 signals. The combiner may be a multiplier. 

[0029] Another aspect of the invention provides a method 
of processing L1 and L2 spread spectrum signals, the 
received signals being received from at least one satellite of 
a global positioning system, Wherein each of the signals 
includes a unique frequency carrier With a knoWn pseudo 
random P-code and an unknoWn code modulated thereon, 

Dec. 15, 2005 

comprising: locally generating replicas of the knoWn 
P-code; demodulating the received L1 and L2 signals With 
replicas of the P-code; repetitively and separately integrating 
the demodulated L1 and L2 signals over time periods related 
to the unknoWn code; correlating a result of the integration 
from each of the tWo L1 and L2 signal paths With the 
integrated signal of the other of the L1 and L2 signal paths; 
and adjusting the phases of the locally generated P-code 
replicas relative to the incoming L1 and L2 signals in order 
to maXimiZe the poWer of the correlated L1 and L2 signals, 
Whereby the resulting locally generated P-code phases are 
useable to determine information of the location of the 
receiving position With high accuracy, Wherein the correlat 
ing step includes: comparing the absolute value of the 
integrated demodulated L1 and L2 signals; individually 
combining the values of the integrated demodulated L1 and 
L2 signals With a unitary value having the sign of the 
integrated demodulated L1 and L2 signals having the largest 
value as determined in the comparing; and accumulating 
individually and separately the results of the combining step. 
The combining may include multiplying. 

[0030] In one embodiment, the apparatus or method 
described in [0027]-[0028] may be used in combination With 
at least one of the apparatuses and methods described in 
[0012]-[0026]. This embodiment may provide the advantage 
of alloWing acquisition and tracking of spread spectrum 
signals modulated With an unknoWn spreading code. 

[0031] In one embodiment, demodulating comprises 
despreading of a spread spectrum signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1 is a schematic block diagram shoWing the 
major components of a spread spectrum receiver according 
to one embodiment of the present invention. 

[0033] FIG. 2 illustrates a schematic representation of a 
part of the correlator unit in accordance With one embodi 
ment of the present invention. 

[0034] FIG. 3 illustrates a schematic representation of a 
channel matriX in accordance With an embodiment of the 
present invention. 

[0035] FIG. 4 illustrates a schematic representation of a 
CA-channel module in accordance With an embodiment of 
the present invention. 

[0036] FIG. 5 illustrates a schematic representation of a 
hierarchical chain of CA-channel modules in accordance 
With an embodiment of the present invention. 

[0037] FIG. 6 illustrates a schematic representation of a 
dual frequency channel in accordance With an embodiment 
of the present invention. 

[0038] FIGS. 7a and 7b illustrate schematic representa 
tions of slaving control circuits for a CA-channel module 
and a CaP-channel module, respectively, in accordance With 
an embodiment of the present invention. 

[0039] FIG. 8 illustrates a schematic representation of a 
code delay line unit in accordance With an embodiment of 
the present invention. 

[0040] FIGS. 9a and 9b illustrate tWo examples of three 
channel modules With slaved code delay lines in accordance 
With an embodiment of the present invention. 
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[0041] FIG. 10 illustrates a schematic representation of a 
correlator unit in accordance With an embodiment of the 
present invention. 

[0042] FIG. 11 illustrates a schematic representation of a 
CA-code integrator module in accordance With an embodi 
ment of the present invention. 

[0043] FIG. 12 illustrates a schematic representation of a 
CaP-code integrator module in accordance With an embodi 
ment of the present invention. 

[0044] FIG. 13 illustrates a schematic representation of a 
CaP-code integrator module including a Y-code estimator in 
accordance With an embodiment of the present invention. 

[0045] FIG. 14 illustrates a schematic representation of a 
Y-code estimator in accordance With an embodiment of the 
present invention. 

[0046] FIG. 15 illustrates schematic representation of a 
P-code unit in accordance With an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF CERTAIN 
INVENTIVE EMBODIMENTS 

[0047] De?nitions 

[0048] Channel: The functionality or hardWare required to 
track one pseudo-noise code on a single frequency, e.g., a 
navigation code such as CA on L1 of SV3 or P on L2 of 
SV19. For example, not all channels of the Advanced 
GPS/GLONASS receiver (AGGR) need be identical in 
functionality. For instance, some may only be able to track 
the CA-code, others also the P-code. Some can operate as a 
master in a master-slave con?guration, and some not. 

[0049] Dual-frequency channel: The functionality and 
hardWare needed to track all three ranging signals transmit 
ted by one GPS or GLONASS satellite are placed on one 
carrier (L1) and the same P-code is placed on a second 
carrier (P on L2). A dual-frequency channel is formed by 
grouping three single-frequency channels. 

[0050] Observables: Information read from the AGGR, 
eXcept the correlation values (i.e. carrier frequency cycle 
counter, phase and code carrier frequency cycle counter and 
phase for each channel). 

[0051] Pseudorange measurements: Synonym for code 
phase measurements. 

[0052] RF conditioning input: The input to Which the 
antenna is connected. 

[0053] Measurement epoch signal: Periodic strobe signal 
Which controls updating of observables, common to all 
channels. 

[0054] Integration epoch signal: Periodic strobe signal 
Which controls updating of frequency and/or phase of inter 
nal code and carrier replica signals, individual for each 
channel. This signal also updates correlator output registers. 

[0055] Antenna sWitch epoch signal: Strobe signal Which 
controls updating of correlator output registers. 

[0056] Code epoch signal: Periodic strobe signal Which 
indicates a unique pattern (corresponding to the all-ones 
state of the code generator shift register) in the generated or 
received pseudo-random noise code. 
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[0057] GNSS signals: Combination of GPS, GLONASS 
and various augmentation signals, e.g., EGNOS, WAAS, 
MTSAT. 

[0058] Complex signal: A signal split into in-phase (I) and 
quadrature (Q) components. 
[0059] Interchannel bias: Mean error betWeen tWo chan 
nels tracking the same satellite signal. 

[0060] Bit numbering and naming conventions: Bussed 
signals are indeXed from the least signi?cant (LSB) to the 
most signi?cant bit (MSB). The LSB has indeX 0 While the 
MSB of a vector of length N has indeX N-1. A suf?X of “N” 
to a signal name indicates that a signal is active loW. For 
eXample, ResetN is an active loW signal. 

[0061] List of abbreviations: 

[0062] ADC: Analogue to Digital Converter 

[0063] ADSP21020: Analog Devices Digital Signal 
Processor 21020 

[0064] AGC: Automatic Gain Control 

[0065] AGGR: Advanced GPS/GLONASS receiver 

[0066] AGGA: Advanced GPS/GLONASS ASIC 

[0067] AOCS: Attitude and Orbit Control System 

[0068] AS: Anti-Spoo?ng, technique by Which the GPS 
P-code is encrypted 

[0069] ASIC: Application Speci?c Integrated Circuit 

[0070] CA-code: Coarse Acquisition code 

[0071] CaP-channel: Channel that can process CA- and 
P-codes 

[0072] CDMA: Code Division Multiple Access 

[0073] DAC: Digital to Analogue Converter 

[0074] DSP: Digital Signal Processing 

[0075] E: Early correlation 

[0076] EGNOS: European Geostationary Navigation 
Overlay System 

[0077] EOW: End of Week 

[0078] ERC32: Embedded Real-time Core, 32-bit Sparc 
microprocessor 

[0079] GLONASS: Global Orbiting Navigation Satel 
lite System 

[0080] GNSS: Global Navigation Satellite Systems 

[0081] GPS: Global Positioning System 

[0082] I: In-phase 

[0083] IF: Intermediate Frequency 

[0084] IO: Input-Output 

[0085] L: Late correlation 

[0086] L1: Carrier frequency (1575.42 MHZ for GPS, 
1602.0+9/16* ch MHZ for GLONASS) 

[0087] L2: Carrier frequency (1227.6 MHZ for GPS, 
1246.0+7/16* ch MHZ for GLONASS) 

[0088] LFSR: Linear Feedback Shift Register 
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[0089] LSB: Least Signi?cant Bit 

[0090] MSB: Most Signi?cant Bit 

[0091] MSPS: Mega Samples Per Second 

[0092] MTSAT: Mobile Transport Satellite system 

[0093] NCO: Numerically Controlled Oscillator 

[0094] P: Punctual correlation 

[0095] PCB: Printed Circuit Board 

[0096] P-code: Precision code 

[0097] PLL: Phase-Locked Loop 

[0098] PN-code: Pseudo-Noise code 

[0099] POD: Precise Orbit Determination 

[0100] PRN: Pseudo-Random Noise 

[0101] Q: Quadrature 

[0102] RF: Radio-Frequency 

[0103] SA: Selective Availability 

[0104] SM: Sign/Magnitude 

[0105] SNR: Signal-to-Noise Ratio 

[0106] SV: Space Vehicle 

[0107] W-code: Code used to encrypt the GPS P-code to 
form the Y-code 

[0108] WAAS: Wide Area Augmentation System 

[0109] Y-code: Encrypted GPS P-code 

DESCRIPTION OF CERTAIN EMBODIMENTS 

[0110] The present invention Will be described With ref 
erence to speci?c embodiments and With reference to certain 
draWings but the invention is not limited thereto but only by 
the claims. Further, the present invention Will mainly be 
described With reference to global positioning and naviga 
tion systems such as GLONASS or GPS but the present 
invention is not limited thereto but only by the claims. In 
particular, the present invention may ?nd application With 
spread spectrum communications systems generally, in par 
ticular With direct sequence CDMA (DS-CDMA) systems. 
In particular, the functional speci?cation for the design of an 
advanced GPS and/or GLONASS receiver (AGGR) is dis 
closed. The AGGR is preferably fabricated including at least 
one sub-system implemented as an application speci?c 
integrated circuit (ASIC). The ASIC implementation of the 
AGGR Will be referred to as the AGGA. The AGGR and 
particularly the ASIC (AGGA) may be used in a variety of 
combined GPS/GLONASS receivers for a multitude of 
applications including, as a non-limiting list, synchroniZa 
tion of mobile telephone systems, personal location devices, 
high precision scienti?c instruments and satellite attitude 
and orbit control systems. 

[0111] The main functional units of an AGGR 100 in 
accordance With an embodiment of the present invention are 
shoWn schematically in FIG. 1. The AGGR 100 may com 
prise a linear arrangement of a microprocessor 101, a digital 
correlator 102, an analog front-end 103 and an antenna or 
antennae, e.g., an antenna array, 104. The microprocessor 
101 runs the applications softWare and controls the operation 
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of the AGGR 100. The correlator 102 comprises a number 
of channels or channel modules Which can acquire and/or 
track spread spectrum signals, e.g., those received from a 
global positioning satellite. The correlator 102 may have the 
capability of multipath mitigation and/or calibration and/or 
fast acquisition. The front-end 103 converts the RF signals 
captured by the antenna 104 into time-discrete digital signals 
Which can be used by the correlator 102. Asuitable front-end 
unit 103 is knoWn from co-pending European Patent Appli 
cation No. 978701647 “Method and Apparatus for receiving 
a converting spread spectrum signals” Which is incorporated 
hereby by reference. 

[0112] In accordance With one embodiment of the present 
invention, the correlator 102 may include an AGGA 10 but 
the present invention is not limited thereto and other forms 
of circuits may be used, e.g., PCB’s. Aschematic functional 
block diagram of an AGGA 10 in accordance With one 
embodiment of the present invention is shoWn in FIG. 2. 
The AGGA 10 comprises eight main functional blocks: a 
front-end interface 2 Which interfaces With the front end 103, 
a channel matrix 3, a time base generator 4, a clock 
generator 5, and a microprocessor interface 6 Which inter 
faces With the receiver microprocessor 101, an interrupt 
controller 7, a general purpose IO port 8 and an antenna 
sWitch controller 9. The ResetN input signal is distributed to 
all modules 1-9. The modules 1-9 may be connected 
together via an internal bus I. 

[0113] In the folloWing description reference may be made 
to registers. These registers are not shoWn in the draWings 
but may be located on-chip, i.e., on the same chip as the 
AGGA 10 ASIC. Amemory map may be provided so that the 
address location of each register may be knoWn to the 
microprocessor 101 independent of the speci?c design of 
this microprocessor 101. 

[0114] The front-end interface 2 accepts digitiZed Inter 
mediate Frequency (IF) input signals ADCIn0-7 from the 
analog front-end 103. The IF signal, for instance, can be real 
or complex. When real, the signal may be transformed into 
an In-Phase (I) and a Quadrature (Q) value and doWn 
converted by a ?xed frequency equal to a quarter of the 
sampling frequency. When the input IF signal is complex, it 
is represented as an In-Phase (I) and Quadrature (Q) value 
on tWo adjacent inputs. The doWn-conversion stage is then 
bypassed. AGGA 10 may be adapted to support a multitude 
of input formats, e.g., sign/magnitude, unsigned, tWo’s 
complement and three-level comparator output. Further 
more, an estimate of the input energy (signal-plus-noise) 
may be measured to be used for automatic gain control 
(AGC) purposes, for instance, a signal level detector (not 
shoWn) may estimate the signal-plus-noise poWer of the I or 
Q branch of a complex signal and may be time shared by all 
inputs. 

[0115] The channel matrix 3 contains a plurality (N) of 
independent channels, and may ?nd general use in despread 
ing spread-spectrum signals. In particular, in accordance 
With one embodiment of the present invention, each channel 
may be capable of L1 or L2 CA-code processing. These 
channels can also be con?gured into groups of three to form 
up to N/3 independent dual-frequency tracking channels 
capable of tracking CA-code on L1 or L2 and P-code on L1 
and L2. Furthermore, channels can be grouped in several 
other Ways to support functions such as fast acquisition, 
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attitude determination by means of interferometric carrier 
phase measurements and multipath mitigation. 

[0116] The number of channels N in an AGGA 10 is 
determined by hoW many can be integrated in the chosen 
technology. Each channel can be con?gured independently 
to track a GNSS signal. Dual-frequency channels support 
P-code and Y-code tracking. At the end of each measurement 
epoch, carrier and code phase values for all channels are 
latched into a set of observable registers (not shoWn). At the 
end of the integration epoch (individual for each channel) 
the code correlation values are latched into a set of corre 

lation registers (not shoWn). The correlation values are used 
by the receiver ?rmWare to close the tracking loops, includ 
ing carrier and code phase error computations, application of 
loop ?lters, and estimation of signal and noise amplitude. 
The observables are used by the receiver ?rmWare to derive 
the position, time, velocity and in some cases attitude. The 
measure epoch is provided by the time base generator 4 and 
is common for all channels. 

[0117] The time base generator 4 preferably produces 
three periodic strobe signals EpochClk, MEO and OnePPS 
for accurate receiver time-keeping and observable measure 
ments. The EpochClk output has a nominal frequency of 1 
kHZ and is the clock signal for the integration level epoch 
generation, the measurement epoch generation and the 
antenna sWitch controller. The measurement epoch output 
MEO is asserted to indicate the end of each measurement 
epoch. The measurement epoch input MEI accepts the MEO 
strobe from another AGGA 10 to enable synchroniZation of 
the observable measurements in con?gurations With more 
than one AGGA 10. The time base generator 4 also generates 
a one-pulse-per-second (OnePPS) signal to Which external 
equipment can be synchroniZed. 

[0118] The clock generator 5 produces one internal clock 
signal CoreClk and three external clock signals SampleClk, 
GenClk and ProcClk, all derived from an external clock. For 
instance, the AGGA 10 can generate clock signals for the 
ADC’s and the internal channel matrix 3, a GP2010 front 
end as made by GEC Plessey Semiconductors, UK and the 
receiver microprocessor 101. The different clock frequen 
cies can be programmed individually. Three dedicated inputs 
are provided to program the clock division ratio of the 
microprocessor clock. 

[0119] A microprocessor 101 can access the AGGA 10 
through the microprocessor interface 6. The AGGA 10 may 
behave as a generic memory-mapped peripheral. An internal 
address decode (not shoWn) may be provided in the micro 
processor interface 6, Which alloWs the microprocessor 101 
to address up to 4AGGA’s 10 using only a single chip select 
line. TWo dedicated inputs are provided to select the valid 
address range of the AGGA 10. The interface 6 is preferably 
directly compatible With the Analog Devices ADSP21020 
and the ERC32 Spare chip set. It is 32-bit Wide and does not 
require Wait-states at the speci?ed processor clock frequen 
cies of 20 MHZ and 14 MHZ for the ADSP21020 and 
ERC32, respectively, under the condition that the CoreClk 
frequency of the AGGA 10 exceeds the microprocessor 
clock frequency. OtherWise, the microprocessor 101 must 
insert Wait-states to ensure that a read or Write operation 
exceeds the CoreClk cycle time. 

[0120] When various modules Within the AGGA 10 
require action by the microprocessor 101, this can be sig 
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naled through interrupt requests. The AGGA interrupt con 
troller 7 receives these interrupt requests, stores them in an 
interrupt status register (not shoWn) and generates an exter 
nal interrupt request. To connect multiple AGGA’s 10 With 
a single interrupt signal to the microprocessor 101 the 
interrupt controller 7 may have tWo external interrupt inputs, 
alloWing a number of AGGA’s 10 to be connected, e.g., as 
a binary tree. 

[0121] The parallel IO interface 8 supports functionality 
such as system monitoring and control functions, e.g., 
monitoring lock indicators of the external doWn-converter 
frequency synthesiZers, or poWer-doWn of external circuitry. 
The output port 8 can, for example, be used for controlling 
parallel DACs for the front-end AGC functions. All IO pins 
are preferably uni-directional to prevent accidental short 
circuits due to incorrect programming of the direction of IO 
drivers. 

[0122] The antenna sWitch controller 9 provides means to 
control antenna sWitching for up to four antenna units 104, 
for instance, in a hybrid parallel-multiplex attitude determi 
nation GNSS receiver 100. It also produces an antenna 
sWitch epoch strobe Which signals an antenna sWitch event 
and Which is used to store correlator readings of all channels 
con?gured as slave channels. In con?gurations With more 
than one AGGA 10 only the antenna sWitch controller 9 of 
one master AGGA 10 need be enabled, While all other slave 
AGGA’s 10 preferably use the Antenna SWitch Epoch 
Output (ASE) of the master AGGA 10 to control their 
respective correlators 102. 

[0123] A structure of the channel matrix 3 in accordance 
With one embodiment of the present invention is shoWn 
schematically in FIG. 3. The channel matrix 3 includes a 
plurality of processing channels 30 to 41. TWelve channels 
are shoWn but the invention is not limited thereto. All 
channels 30 to 41 preferably have identical functionality for 
CA-code tracking. Any channel 30-41 can also be con?g 
ured to process unmodulated input signals, a feature Which 
is provided for the calibration of RF front-end group delay 
variations. Channels 30, 33, 36, 39 Which can only track the 
CA-code are called CA-channels, While CaP-channels 31, 
32, 34, 35, 37, 38, 40, and 41 have additional functionality 
to enable them to track also P-code or Y-code modulated 
signals. A separate P-code unit 42-45 per dual-frequency 
channel generates the replica P-code for the pair of CaP 
channels, e.g., 37, 38, When one CA-channel 36 and tWo 
CaP-channels 37, 38 are grouped to form a dual-frequency 
channel (one column of the channel matrix 3 as shoWn). 

[0124] The channels 30-41 can be selectively slaved as 
indicated by the dashed or solid lines in FIG. 3. Slaving 
means at least that certain signals or signal parameters 
generated by the master channel (usually a CA-channel) are 
used by the next channel in the sequence or chain. Channels 
may be hierarchically chained together. For instance, for 
rapid acquisition all the CA-channels 30, 33, 36, 39 may be 
slaved together, the timing for the despreading operation 
used by one channel being passed on to the next channel in 
the sequence Which adds a delay, attempts a correlation With 
the received signal and passes the delayed timing to the next 
channel and so on. By slaving, unnecessary re-calculation of 
signal parameters already calculated or used in the channel 
before may be avoided. In particular the speed of acquisition 
can be increased. 
















