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(57) ABSTRACT 

Method and apparatus for processing satellite signals in an 
SPS receiver is described. In one example, the satellite signals 
are correlated against pseudorandom reference codes to pro 
duce correlation results. A determination is made Whether the 
SPS receiver is in a motion condition or a stationary condi 
tion. The correlation results are coherently integrated in 
accordance With a coherent integration period. The coherent 
integration period is a value that depends upon the motion 
condition of the SPS receiver. 
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METHOD AND APPARATUS FOR PROCESSING 
SATELLITE SIGNALS AT A SATELLITE 
POSITIONING SYSTEM RECEIVER 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] The present invention generally relates to satellite 
position location systems and, more particularly, to a method 
and apparatus for processing satellite signals at a satellite 
positioning system receiver. 

[0003] 2. Description of the Related Art 

[0004] Satellite Positioning System (SPS) receivers use 
measurements from several satellites to compute position. 
SPS receivers normally determine their position by comput 
ing time delays betWeen transmission and reception of signals 
transmitted from satellites and received by the receiver on or 
near the surface of the earth. The time delays multiplied by the 
speed of light provide the distance from the receiver to each of 
the satellites that are in vieW of the receiver. Exemplary sat 
ellite positioning systems include the Global Positioning Sys 
tem (GPS), the European GALILEO system, and the Russian 
GLONASS system. 

[0005] In GPS, each signal available for commercial use 
utiliZes a direct sequence spreading signal de?ned by a 
unique pseudo-random noise (PN) code (referred to as the 
coarse acquisition (C/A) code) having a 1.023 MHZ spread 
rate. Each PN code bi-phase modulates a 1575.42 MHZ car 
rier signal (referred to as the L1 carrier) and uniquely identi 
?es a particular satellite. The PN code sequence length is 
1023 chips, corresponding to a one millisecond time period. 
One cycle of 1023 chips is called a PN frame or epoch. 

1. Field of the Invention 

[0006] The process of measuring GPS signal begins With a 
procedure to search for the GPS signal in the presence of 
noise by attempting a series of correlations of the incoming 
signal against a PN reference code. The search process can be 
lengthy, as both the exact frequency of the signal and the 
time-of-arrival delay are unknown. To ?nd the signal, receiv 
ers traditionally conduct a tWo dimensional search, checking 
each delay possibility at every possible frequency. To test for 
the presence of a signal at a particular frequency and delay, 
the receiver is tuned to the frequency, and the incoming signal 
is correlated With the knoWn PRN code delayed by an amount 
corresponding to the time of arrival. If no signal is detected, 
the search continues to the next delay possibility, and after all 
delay possibilities are checked, continues to the next fre 
quency possibility. Each individual correlation is performed 
over one or more milliseconds in order to alloW suf?cient 

signal averaging to distinguish the signal from the noise. This 
process is referred to as integration, Which may include both 
coherent integration and non-coherent integration (magni 
tude integration). 

[0007] The time delays are used to determine “sub-milli 
second pseudoranges,” since they are knoWn modulo the 1 
millisecond PN frame boundaries. By resolving the integer 
number of milliseconds associated With each delay to each 
satellite, then one has true, unambiguous, pseudoranges.A set 
of four pseudoranges together With knoWledge of absolute 
times of transmission of the GPS signals and satellite posi 
tions in relation to these absolute times is su?icient to solve 
for the position of the GPS receiver. The absolute times of 
transmission (or reception) are needed in order to determine 
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the positions of the GPS satellites at the times of transmission 
and hence to compute the position of the GPS receiver. 

[0008] Accordingly, each of the GPS satellites broadcasts a 
model of satellite orbit and clock data knoWn as the satellite 
navigation message. The satellite navigation message is a 50 
bit-per-second (bps) data stream that is modulo-2 added to the 
PN code With bit boundaries aligned With the beginning of a 
PN frame. There are exactly 20 PN frames per data bit period 
(20 milliseconds). The satellite navigation message includes 
satellite-positioning data, knoWn as “ephemeris” data, Which 
identi?es the satellites and their orbits, as Well as absolute 
time information (also referred to herein as “GPS system 
time”) associated With the satellite signal. The GPS system 
time information is in the form of a second of the Week signal, 
referred to as time-of-Week (TOW). This absolute time signal 
alloWs the receiver to unambiguously determine a time tag for 
When each received signal Was transmitted by each satellite. 

[0009] In some GPS applications, the signal strengths of the 
satellite signals are so loW that it is desirable to increase the 
length of the coherent integration period during signal mea 
surement. HoWever, the frequency response of the coherent 
integration process narroWs as the coherent integration period 
is increased. As such, the effectiveness of lengthening the 
coherent integration period is limited by the degree to Which 
the frequency is unknoWn. Accordingly, there exists a need in 
the art for a method and apparatus for processing satellite 
signals at an SPS receiver capable of dynamically adjusting 
the coherent integration period. 

SUMMARY OF THE INVENTION 

[0010] Method and apparatus for processing satellite sig 
nals in an SPS receiver is described. In one embodiment, the 
satellite signals are correlated against pseudorandom refer 
ence codes to produce correlation results. A determination is 
made Whether the SPS receiver is in a motion condition or a 
stationary condition. The correlation results are coherently 
integrated in accordance With a coherent integration period. 
The coherent integration period has a value that depends upon 
a motion condition of the SPS receiver. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] So that the manner in Which the above recited fea 
tures of the present invention can be understood in detail, a 
more particular description of the invention, brie?y summa 
riZed above, may be had by reference to embodiments, some 
of Which are illustrated in the appended draWings. It is to be 
noted, hoWever, that the appended draWings illustrate only 
typical embodiments of this invention and are therefore not to 
be considered limiting of its scope, for the invention may 
admit to other equally effective embodiments. 

[0012] FIG. 1 is a block diagram depicting an exemplary 
embodiment of a position location system; 

[0013] FIG. 2 is a block diagram depicting an exemplary 
embodiment of a satellite signal receiver of FIG. 1; 

[0014] FIG. 3 depicts a graph shoWing exemplary fre 
quency response Waveforms for various coherent integration 
periods; and 

[0015] FIG. 4 is a How diagram depicting an exemplary 
embodiment of a method of processing satellite signals in 
accordance With one or more aspects of the invention. 
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[0016] To facilitate understanding, identical reference 
numerals have been used, Wherever possible, to designate 
identical elements that are common to the ?gures. 

DETAILED DESCRIPTION OF THE INVENTION 

[0017] A method and apparatus for processing satellite 
positioning system (SPS) signals is described. Those skilled 
in the art Will appreciate that the invention may be used With 
various types of mobile or Wireless devices that are “location 
enabled,” such as cellular telephones, pagers, laptop comput 
ers, personal digital assistants (PDAs), and like type Wireless 
devices knoWn in the art. Generally, a location-enabled 
mobile device is facilitated by including in the device the 
capability of processing SPS satellite signals. 

[0018] FIG. 1 is a block diagram depicting an exemplary 
embodiment of a position location system 100. The system 
100 comprises a remote receiver 102 and a server 108. The 
remote receiver 102 is con?gured to receive satellite signals 
from a plurality of satellites 112 in a constellation of satel 
lites. The remote receiver 102 processes the received signals 
to produce satellite measurement data (e.g., pseudoranges, 
range-rate measurements) With respect to the satellites 1 12. In 
one embodiment, the remote receiver 102 receives assistance 
data from the server 108. The remote receiver 102 may com 
municate With the server 108 via a Wireless netWork 110, a 
Wired netWork 111, or both. Notably, the remote receiver 102 
may be con?gured for direct communication With the Wired 
netWork 111 or for indirect communication through a com 
puter 113. The Wireless netWork 110 may comprise any type 
of Wireless netWork knoWn in the art, such as a cellular tele 
phone netWork. The Wired netWork 111 may comprise any 
type of Wired netWork knoWn in the art, such as the Internet. 

[0019] The remote receiver 102 may use the assistance data 
to aid in acquisition of the satellite signals and/or to compute 
position. The assistance data may include satellite position 
information (e.g., ephemeris data or other type of satellite 
orbit model), expected code phase, expected Doppler, a pseu 
dorange model, and like type assistance data knoWn in the art, 
as Well as any combination of such data. In one embodiment, 
the remote receiver 102 computes its oWn position using the 
satellite measurement data and the assistance data. Such a 
con?guration is similar to the industry standard “Mobile Sta 
tion Based” mode. In another embodiment, the remote 
receiver 102 sends the satellite measurement data to the 
server 108 and the server 108 computes position of the remote 
receiver. Such a con?guration is similar to the industry stan 
dard “Mobile Station Assisted” mode. 

[0020] Although the position location system 100 is shoWn 
as anAssisted GPS (A-GPS) system having a server, it is to be 
understood that the remote receiver 102 may operate autono 
mously Without receiving assistance data from the server 108. 
That is, in another embodiment, there is no communication 
betWeen the remote receiver 102 and the server 108 and the 
remote receiver 102 does not receive assistance data. Instead, 
the remote receiver 102 receives satellite position informa 
tion by decoding the satellite signals to recover satellite navi 
gation data using a Well knoWn decoding process. The remote 
receiver 1 02 then computes its oWn position using the satellite 
measurement data and the satellite navigation data. 

[0021] In one embodiment, the remote receiver 102 com 
prises a satellite signal receiver 104, a Wireless transceiver 
106, a processor 122, support circuits 124, a communications 

Dec. 24, 2009 

transceiver 107, and a memory 120. The satellite signal 
receiver 104 receives satellite signals from the satellites 112 
using an antenna 116. The satellite signal receiver 104 may 
comprise a conventional A-GPS receiver. An exemplary GPS 
receiver is described beloW With respect to FIG. 2. The Wire 
less transceiver 106 receives Wireless signals from the Wire 
less communication netWork 110 via an antenna 118. The 
communications transceiver 107 may comprise a modem or 
the like for direct communication With the Wired netWork 
111, or may comprise a serial transceiver or the like for 
communicating With the computer 113. 

[0022] Although the remote receiver 102 is shoWn as hav 
ing both a Wireless transceiver and a communications trans 
ceiver, those skilled in the art Will appreciate that the remote 
receiver 102 may be con?gured With only the Wireless trans 
ceiver 106 or only the communications transceiver 107. The 
satellite signal receiver 104, the Wireless transceiver 106, and 
the communications transceiver 107 may be controlled by the 
processor 122. For purposes of clarity by example, the remote 
receiver 102 is shoWn as an assisted-SPS receiver. Those 
skilled in the art Will appreciate, hoWever, that the invention 
described herein may be used in a conventional autonomous 
SPS receiver (e. g., a receiver Without a Wireless transceiver or 
a communications transceiver). 

[0023] The processor 122 may comprise a microprocessor, 
instruction-set processor (e.g., a microcontroller), or like type 
processing element knoWn in the art. The processor 122 is 
coupled to the memory 120 and the support circuits 124. The 
memory 120 may be random access memory, read only 
memory, removable storage, hard disc storage, or any com 
bination of such memory devices. Various processes and 
methods described herein may be implemented via softWare 
stored in the memory 120 for execution by the processor 122. 
Alternatively, such processes and methods may be imple 
mented using dedicated hardWare, such as an application 
speci?c integrated circuit (ASIC), or a combination of hard 
Ware and softWare. The support circuits 124 include conven 
tional cache, poWer supplies, clock circuits, data registers, I/O 
circuitry, and the like to facilitate operation of the remote 
receiver 102. 

[0024] The remote receiver 102 is con?gured With a motion 
detection module. The motion detection module detects 
Whether the remote receiver 102 is in a motion condition or a 
stationary condition. As discussed beloW, the coherent inte 
gration period used by the satellite signal receiver 1 04 may be 
adjusted based on Whether the remote receiver 1 02 is moving, 
i.e., in a motion condition or a stationary condition. 

[0025] In one embodiment, the motion detection module is 
implemented using motion detection softWare 130 stored in 
the memory 120. Notably, the motion detection softWare 130 
is con?gured to detect motion of the remote receiver 102 
using information from a Wireless signal received by the 
Wireless transceiver 106, such as timing advance values, as 
discussed beloW. 

[0026] In one embodiment, the Wireless communication 
netWork 110 may be a time division multiple access (TDMA) 
netWork, such as a global systems for mobile communica 
tions (GSM) netWorks, universal mobile telecommunications 
system (UMTS) netWorks, Nor‘thAmerican TDMA netWorks 
(e.g., IS-136), and personal digital cellular (PDC) netWorks. 
The remote receiver 102 may determine its state of motion 
using timing advance data provided by a base station 107 of 
the netWork 110. 
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[0027] Notably, TDMA communication systems compen 
sate for the effect of propagation delays by synchronizing the 
arrival of transmissions from variously located mobile receiv 
ers to the slotted frame structures used by base stations. In 
order to synchroniZe transmissions from mobile receivers 
located in a base station service area, the base station typically 
transmits a timing advance (TA) value to each mobile 
receiver. A given mobile receiver advances its transmissions 
to the base station according to the TA value to compensate 
for the propagation delay betWeen the mobile receiver and the 
base station. Typically, the TA values instruct the mobile 
receivers to advance their uplink transmissions such that the 
transmissions from all the mobile receivers served by a base 
station arrive at the base station in synchronism With a com 
mon receive frame structure. 

[0028] For example, TDMA systems may utiliZe a random 
access channel (RACH) to receive an access request burst 
from an unsynchroniZed mobile receiver and use propagation 
delay gained from the receive RACH burst to determine an 
appropriate TA value for the mobile receiver. Upon start-up, 
or handoff to a neW base station, an unsynchroniZed mobile 
receiver searches for and receives a control channel (e.g., 
common control channel (CCCH) in a GSM system) from the 
base station that provides an initial timing reference. To ini 
tiate use of the base station, the mobile receiver then transmits 
a RACH burst at a predetermined time in relation to the 
control channel timing reference. Upon receipt of the RACH 
burst, the base station can determine round-trip time delay 
based on the delay betWeen transmission of the control chan 
nel timing reference and receipt of the RACH burst. The base 
station uses this round-trip time delay to determine an appro 
priate TA value for the remote receiver. 

[0029] For example, in a GSM system, once a connection 
has been established betWeen a remote receiver and a base 
station, the base station continues to measure the time offset 
betWeen its oWn burst schedule and bursts received from the 
mobile receiver. Based on these measurements, the base sta 
tion periodically provides the remote receiver With timing 
advance information in the form of a 6-bit TA value transmit 
ted on the sloW associated control channel (SACCH) at a rate 
of tWice per second. The base station estimates round-trip 
delay on the RACH, and uses this estimated round-trip delay 
to determine the appropriate TA value to send to the mobile 
receiver. Typically the TA value sent by the base station 
corresponds to the absolute delay betWeen the base station 
and the mobile receiver in terms of the number of bit periods. 
In GSM, the 6-bit TA value provides a range of from 0 bit 
periods to 63 bit periods of advance, With a resolution of 1 bit 
period. Timing advance mechanisms for other types of 
TDMA systems (e. g., IS-136, PDC, and UMTS) are similar to 
that of GSM and are Well-knoWn in the art. 

[0030] TA data received from the base station 107 may be 
used to determine Whether the remote receiver 102 is in a 
motion condition or a stationary condition. For example, by 
monitoring TA values received from the base station 107 over 
the time period, a determination may be made as to Whether 
the remote receiver 102 is in a stationary condition. If the 
change in the TA values over the time period is beloW a 
prede?ned threshold, the remote receiver 102 is deemed to be 
in a stationary condition. For example, the difference betWeen 
the maximum TA value and the minimum TA value received 
over the time period may be compared to a pre-de?ned thresh 
old around Zero to determine Whether or not the remote 
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receiver 102 is in the stationary condition. In a GSM system, 
for example, the threshold may be de?ned With respect to a 
particular number of bit-periods (e.g., :x bit-periods of 
change betWeen the maximum and minimum TA values). If 
the remote receiver 102 is not in the stationary condition, the 
remote receiver 102 is deemed to be in the motion condition. 

[0031] In another embodiment, the motion detection mod 
ule comprises a motion measurement device 150. The motion 
measurement device 150 may comprise an accelerometer, a 
speedometer, and like-type motion measurement and motion 
detection devices knoWn in the art. In such embodiments, a 
threshold may be established to delineate Whether the remote 
receiver 102 is in a stationary condition or motion condition 
in accordance With a given metric associated With the motion 
measurement device 150. 

[0032] Satellite navigation data, such as ephemeris for at 
least the satellites 112, may be collected by a netWork of 
tracking stations (“reference netWork 114”). The reference 
netWork 114 may include several tracking stations that collect 
satellite navigation data from all the satellites in the constel 
lation, or a feW tracking stations, or a single tracking station 
that only collects satellite navigation data for a particular 
region of the World. An exemplary system for collecting and 
distributing ephemeris is described in commonly-assigned 
U.S. Pat.No. 6,411,892, issued Jun. 25, 2002, Which is incor 
porated by reference herein in its entirety. The reference 
netWork 114 may provide the collected satellite navigation 
data to the server 108. 

[0033] FIG. 2 is a block diagram depicting an exemplary 
embodiment of the satellite signal receiver 104 of FIG. 1. The 
satellite signal receiver 104 illustratively comprises a front 
end 202, an analog-to-digital converter 204, a receiver inter 
face 205, and a set of processing channels 2061 through 206N 
(collectively referred to as processing channels 206), Where N 
is an integer. For purposes of clarity by example, only the 
processing channel 2061 is shoWn in detail. Those skilled in 
the art Will appreciate that the processing channels 2062 
through 206N are identical to the processing channel 2061. 

[0034] GPS signals are received by an antenna 201. The 
front end 202 ?lters, ampli?es, and frequency shifts the GPS 
signals in a Well-knoWn manner for digitiZation by the A/D 
converter 204. Outputs of the AND converter 204 are respec 
tively coupled to each of the processing channels 206. The 
receiver interface 205 includes a bus con?gured to commu 
nicate With external circuitry (e.g., the processor 122), and a 
bus con?gured to communicate With each of the processing 
channels 206. 

[0035] Each of the processing channels 206 comprises a 
tuner 208, a carrier numerically controlled oscillator (NCO) 
210, a decimation circuit 212, a code NCO 214, a correlator 
216, a PN code generator 218, accumulation circuitry 220, 
correlation results memory 222, control logic 224, and chan 
nel interface logic 226. The accumulation circuitry 200 and 
the correlation results memory 222 comprise integration cir 
cuits for the receiver 104. Each of the processing channels 
206 may be used to process a signal from a particular satellite. 
The tuner 208 is driven by the carrier NCO 210 to digitally 
tune a particular satellite signal. The tuner 208 may serve tWo 
purposes. First, the tuner 208 may remove any intermediate 
frequency component remaining after processing by the front 
end 202. Second, the tuner 208 may compensate for any 
frequency shift resulting from satellite motion, user motion, 



US 2009/0315770 A9 

and reference frequency errors. The tuner 208 outputs base 
band signal data comprises an in-phase component (I) and a 
quadrature component (Q). 

[0036] The decimation circuit 212 processes the I and Q 
data from the tuner 208 to produce a series of complex signal 
samples With I and Q components in accordance With a sam 
pling rate determined by the code NCO 214. In general, the 
sampling rate of the decimation circuit 212 may be selected to 
produce m samples per chip of the satellite signal PN code, 
Where m is an integer greater than Zero. In this manner, the 
satellite signal receiver 104 may operate in multiple modes of 
resolution. For example, in a standard resolution mode, the 
decimation circuit 212 may produce digital signal samples 
have tWo samples per PN code chip (i.e., the samples are 
spaced at 1/2 of a PN code chip). In a high-resolution mode, the 
decimation circuit 212 may produce digital signal samples 
having ?ve samples per PN code chip (i.e., the samples are 
spaced at 1/s of a PN code chip). Those skilled in the art Will 
appreciate that other values for the sample spacing may be 
employed and that the GPS receiver 104 may operate in more 
than tWo modes of resolution. 

[0037] The correlator 216 processes the I and Q samples 
from the decimation circuit 212. The correlator 21 6 correlates 
the I and Q signals With an appropriate PN code generated by 
the PN code generator 218 for the particular satellite signal. 
The I and Q correlation results are accumulated With other I 
and Q correlation results by the accumulation circuitry 220 
and are stored in the correlation results memory 222. The 
accumulation process is referred to as signal integration and is 
used to improve signal-to-noise ratio of the correlation 
results. Notably, the accumulation circuitry 220 may accu 
mulate I and Q correlation results for a time period associated 
With one or more epochs of the PN code. For example, the I 
and Q correlation results may be accumulated over a one 
millisecond interval (i.e., one PN code epoch) or over a mul 
tiple millisecond interval (e. g., 10 PN code epochs or 10 
milliseconds). This process is referred to as coherent integra 
tion and the associated time period is referred to as a coherent 
integration interval. 

[0038] The carrier NCO 210, the code NCO 214, the corr 
elator 216, and the accumulation circuitry 220 are controlled 
by the control logic 224. Notably, the control logic 224 may 
implement the desired mode of resolution (e.g., standard 
resolution mode or high-resolution mode) through control of 
the code NCO 214, as Well as set the coherent integration 
period. The control logic 224 may receive con?guration data 
for the processing channel 2061 from the channel interface 
226. The channel interface 226 may receive the con?guration 
data from the receiver interface 205. In addition, the channel 
interface 226 provides an interface for the processing channel 
2061 to the correlation results memory 222. For a detailed 
understanding of the GPS receiver 104 and the components 
discussed above, the reader is referred to commonly-assigned 
U.S. Pat. No. 6,704,348, issued Mar. 9, 2004, Which is incor 
porated by reference herein in its entirety. 

[0039] FIG. 3 depicts a graph 300 shoWing exemplary fre 
quency response Waveforms for various coherent integration 
periods. The graph 300 includes an axis 302 representing the 
deviation of frequency in the received signals from an 
expected frequency, and an axis 3 04 representing the normal 
iZed sensitivity of the correlation and coherent integration 
process. In general, the frequency response is a sinc function 
having a ?rst null (?rst Zero) at a frequency of 1/T, Where T is 
the coherent integration period. Frequency responses for 
coherent integration periods of 1 millisecond, 2 milliseconds, 
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and 4 milliseconds are depicted by Waveforms 306, 308, and 
310, respectively. As is apparent from the Waveforms 306, 
308, and 310, the frequency response of the correlation and 
coherent integration process narroWs as the coherent integra 
tion period is increased. 

[0040] The frequency of the received signals may deviate 
from the expected frequency due to: (a) Doppler associated 
With the satellites, Which is typically less than :4 kHZ; (b) 
Doppler associated With the motion of the remote receiver 
102, Which is typically less than several hundred HZ; and (c) 
frequency errors associated With the reference oscillator of 
the remote receiver 102, Which can range from hundreds of 
HZ to tens of kHZ, depending on the quality of the reference 
oscillator employed in the receiver 100. In an assisted SPS 
system, aiding data may be supplied to the remote receiver 
102 that provides an accurate estimate of the Doppler in the 
received signal. As such, a-priori knowledge of the Doppler is 
knoWn, longer coherent integration periods may be used 
Without a loss in sensitivity due to the roll-off of the frequency 
response. That is, the remote receiver 102 compensates for 
the Doppler in the received signal, Which results in the signal 
frequency remaining near the peak of the frequency response. 

[0041] In some cases, the remote receiver 102 may not have 
a-priori knoWledge of the Doppler in the received signal. For 
example, the remote receiver 102 may be operating in an 
autonomous mode, Where no aiding information is provided 
to the remote receiver 102. Uncompensated Doppler in the 
received signal limits the duration for coherent integration 
due to the frequency roll-off described above. This is apparent 
from the Waveforms 306, 308, and 310, Which shoW that the 
sensitivity of the correlation and coherent integration process 
is substantially reduced as the frequency error increases. For 
example, given a coherent integration period of 4 ms (the 
Waveform 308), the sensitivity is reduced by one half When 
there is a frequency error of approximately 150 HZ. 

[0042] In accordance With one aspect of the invention, if the 
remote receiver 102 is in a motion condition, the coherent 
integration period is reduced to compensate for the potential 
error in frequency. FIG. 4 is a How diagram depicting an 
exemplary embodiment 400 of a method of processing satel 
lite signals in accordance With one or more aspects of the 
invention. The method 400 begins at step 402. At step 404, 
received satellite signals are correlated against pseudoran 
dom reference codes to produce correlation results. At step 
406, a determination is made Whether the remote receiver is in 
a stationary condition or a motion condition. Detection of the 
motion condition or the stationary condition may be 
employed using TA values from the Wireless netWork 110, or 
information from the motion measurement device 150. 

[0043] If the remote receiver is in the stationary condition, 
the method 400 proceeds to step 408. At step 408, the corre 
lation results are coherently integrated using a nominal coher 
ent integration period. In one embodiment, the nominal 
coherent integration period is more than one epoch of the GPS 
signal. For example, the correlation results may be coherently 
integrated betWeen 10 and 20 milliseconds. 

[0044] If the remote receiver is in the motion condition, the 
method 400 proceeds to step 410. At step 410, the correlation 
results are coherently integrated using a coherent integration 
period less than the nominal period. In one embodiment, the 
decreased coherent integration period is less than one epoch 
of the GPS signal (“sub-epoch” coherent integration). An 
exemplary process for sub-epoch coherent integration is 
described in commonly-assigned U.S. published patent 
application no. 2003/ 0219066, published Nov. 27, 2003, 
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Which is incorporated by reference herein in its entirety. In 
one embodiment, the value of the decreased coherent integra 
tion period may be determined dynamically based on the 
motion condition. For example, the decreased coherent inte 
gration period may be selected from several different values 
based on the speed of the remote receiver 102. The method 
400 ends at step 412. 

[0045] In the preceding discussion, the invention has been 
described With reference to application upon the United 
States Global Positioning System (GPS). It should be evident, 
hoWever, that these methods are equally applicable to similar 
satellite systems, and in particular, the Russian GLONASS 
system, the European GALILEO system, combinations of 
these systems With one another, and combinations of these 
systems and other satellites providing similar signals, such as 
the Wide area augmentation system (WAAS) and SBAS that 
provide GPS-like signals. The term “GPS” used herein 
includes such alternative satellite positioning systems, 
including the Russian GLONASS system, the European 
GALILEO system, the WAAS system, and the SBAS system. 

[0046] While the foregoing is directed to illustrative 
embodiments of the present invention, other and further 
embodiments of the invention may be devised Without depart 
ing from the basic scope thereof, and the scope thereof is 
determined by the claims that folloW. 

1. A method of processing satellite signals in a satellite 
positioning system (SPS) receiver, comprising: 

correlating the satellite signals against pseudorandom ref 
erence codes to produce correlation results; 

detecting Whether the SPS receiver is in a motion condition 
or a stationary condition; and 

coherently integrating the correlation results in accordance 
With a coherent integration period, Where a value of the 
coherent integration period depends on the movement of 
the SPS receiver. 

2. The method of claim 1 Wherein the coherent integration 
period being a ?rst value if the SPS receiver is in the station 
ary condition, or a second value if the SPS receiver is in the 
motion condition, the second value being less than the ?rst 
value. 

3. The method of claim 1, Wherein the detecting step com 
prises: 

monitoring information received from a Wireless commu 
nication network at the SPS receiver. 

4. The method of claim 3, Wherein the information com 
prises a plurality of timing advance values obtained at a 
respective plurality of times. 

5. The method of claim 4, Wherein the monitoring step 
comprises: 

computing a difference betWeen a maximum of the plural 
ity of timing advance values and a minimum of the 
plurality of timing advance values; 

Where the stationary condition is detected in response to 
the difference being Within a threshold of Zero, and the 
motion condition is detected in response to the differ 
ence being outside the threshold. 
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6. The method of claim 1, Wherein the detecting step com 
prises: 

monitoring information generated by a motion measure 
ment device. 

7. The method of claim 1, Wherein the satellite signals are 
global positioning system (GPS) signals, and Wherein the ?rst 
value of the coherent integration period is greater than an 
epoch of a pseudorandom code. 

8. The method of claim 7, Wherein the second value of the 
coherent integration period is less than the epoch of the pseu 
dorandom code. 

9. The method of claim 1, Wherein the second value is 
selected from a plurality of values based on a magnitude of 
the motion condition. 

10. Apparatus for processing satellite signals in a satellite 
positioning system (SPS) receiver, comprising: 

a correlator for correlating the satellite signals against 
pseudorandom reference codes to produce correlation 
results; 

a motion detection module for detecting Whether the SPS 
receiver is in a motion condition or a stationary condi 
tion; 

integration circuits for coherently integrating the correla 
tion results in accordance With a coherent integration 
period; and 

control logic for setting the coherent integration period to a 
value that depends on the movement of the SPS receiver. 

11. The apparatus of claim 10 Wherein the coherent inte 
gration period value comprises: 

a ?rst value if the SPS receiver is in the stationary condi 
tion, or a second value if the SPS receiver is in the motion 
condition, the second value being less than the ?rst 
value. 

12. The apparatus of claim 10, further comprising: 
a Wireless transceiver for receiving a Wireless signal from a 

Wireless communication network; 
Wherein the motion detection module is con?gured to 

monitor information in the Wireless signal. 
13. The apparatus of claim 11, Wherein the information 

comprises a plurality of timing advance values obtained at a 
respective plurality of times. 

14. The apparatus of claim 11, Wherein the motion detec 
tion module is con?gured to compute a difference betWeen a 
maximum of the plurality of timing advance values and a 
minimum of the plurality of timing advance values, Where the 
stationary condition is detected in response to the difference 
being Within a threshold of Zero, and the motion condition is 
detected in response to the difference being outside the 
threshold. 

15. The apparatus of claim 10, Wherein the motion detec 
tion module comprises a motion measurement device. 

16. The apparatus of claim 11, Wherein the satellite signals 
are global positioning system (GPS) signals, and Wherein the 
?rst value of the coherent integration period is greater than an 
epoch of a pseudorandom code. 

17. The apparatus of claim 16, Wherein the second value of 
the coherent integration period is less than the epoch of the 
pseudorandom code. 

18. The apparatus of claim 11, Wherein the control logic 
selects the second value from a plurality of values based on a 
magnitude of the motion condition. 

* * * * * 


