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MULTIPLE MEASUREMENTS PER POSITION FIX 
IMPROVEMENTS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The ?eld of the present invention relates generally 
to determining the location of a device. More particularly, 
the invention relates to methods and apparatus for providing 
an improved (i.e., more accurate) estimate of the location of 
the device based on processing pseudo range values from 
transmitting sources, particularly GPS satellites. 

[0003] 2. Background of the Invention 

[0004] The desire to determine accurately the location of 
Wireless devices is being driven in part by regulatory forces. 
In June 1996, the Federal Communications Commission 
(FCC) mandated support for enhanced 911 (E-911) service 
With planned phased implementations by the ?rst decade of 
the 21st century. 

[0005] A common method of locating a device is to 
determine the amount of time it takes for signals transmitted 
by knoWn sources to reach the receiver of the device to be 
located. One such source of transmitted signals is knoWn as 
the Global Positioning Satellite (GPS) system as shoWn in 
FIG. 1. The GPS system relies on a constellation of 24 
satellites (plus other spare satellites) circling the earth every 
12 hours at an altitude of 20,200 km. Each GPS satellite 
transmits a unique message Which identi?es its position at a 
particular time. In addition, each GPS satellite transmits 
unique binary ranging codes Which alloW the GPS receiver 
to discriminate the various satellites in vieW and to obtain 
the apparent range (“pseudo range”) betWeen each satellite 
and the receiver. Multiple GPS signals at any particular time 
can serve as reference points to determine the location of a 
device. By measuring the distance from at least four GPS 
satellites, the GPS receiver Within a device can triangulate 
its position anyWhere on the earth. The device’s location is 
calculated by measuring the time required for the GPS 
signals to travel from the GPS satellites to the device. 
Typically, four pseudo range measurements from four GPS 
satellites are suf?cient to determine the location of the 
device. Additional pseudo range measurements may be 
needed depending on the GPS receiver’s time alignment 
accuracy. Each pseudo range measurement contains partial 
position information for calculating the device location. 

[0006] One conventional method estimates a position for 
a particular time using M pseudo range values determined 
from M GPS satellites at that particular time. For a station 
ary device, this estimation is repeated at N sequential time 
intervals to derive N position estimates over the N time 
intervals. The N position estimates are then processed to 
determine the estimated position ?X of a device. The pro 
cessing technique can incorporate Kalman ?ltering, maXi 
mum likelihood estimation, Weighted averaging, 
unWeighted averaging, and variations of the above-men 
tioned processing techniques knoWn to one skilled in the art. 
HoWever, since each of these processing techniques uses 
computed position estimates to determine a ?ltered position, 
there is an inherent dif?culty With outlier removal Which can 
result in a less accurate (i.e., more erroneous) position 
determination estimate. It Would be easier to ?lter out 
outliers if pseudo range values Were processed directly prior 
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to position determination since in the “raW” pseudo range 
format, outliers are more apparent. An outlier is an aberrant 
measurement Which is statistically inconsistent With other 
measurements. For eXample, the GPS receiver is susceptible 
to occasional measurement outliers. 

[0007] In addition, When position estimates are processed 
to determine position, accurate signals from at least four 
GPS satellites are needed to fully determine position. In the 
event there are more than at least four in-vieW GPS satellites 

(i.e., the measurement is over-determined), then measure 
ment integrity monitoring can be performed. Measurement 
integrity monitoring is the process of ensuring the validity of 
a set of GPS measurements, Which may be achieved by 
checking the validity of each particular range measurement 
(taking measurement values in turns) against the position 
computed based on the remainder of the measurements (i.e., 
the set excluding the chosen measurement). HoWever, if 
there are not enough GPS measurements to give an over 
determined solution of position determination, then mea 
surement integrity monitoring cannot be performed easily to 
determine Which measurement is inaccurate. 

[0008] Accordingly, it Would be desirable to provide 
methods and apparatus for providing device position deter 
mination With improved outlier removal. Additionally, it 
Would be desirable to perform some form of measurement 
integrity monitoring even in the event When the GPS mea 
surements do not give an over-determined solution of posi 
tion determination. The methods and apparatus disclosed 
herein satisfy these needs. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides an improved (i.e., 
more accurate) estimate of the location of the device based 
on processing pseudo range values from transmitting 
sources at knoWn locations. 

[0010] According to one aspect of the invention, the 
method includes the folloWing steps: receive a plurality of 
pseudo range measurements from a transmitting source; 
adjust each of the plurality of pseudo range measurements 
for time correction and then arrange each of the plurality of 
pseudo range measurements in order of smallest value to 
largest value to form a pseudo range interval With the 
smallest value and the largest value as endpoints; divide the 
pseudo range interval into a plurality of increments With a 
plurality of grid points; align a sliding pseudo range WindoW 
With a grid point and count the number of pseudo range 
measurements Within that sliding pseudo range WindoW. 
Repeat for each of the other grid points Within the pseudo 
range interval and select a best WindoW based on the 
maXimal number of pseudo range measurements Within a 
sliding pseudo range WindoW. Compare that maXimal num 
ber With an incidence threshold. Based on the comparison, 
determine an average pseudo range value. In a preferred 
embodiment, assign an average SNR and an average RMSE 
(root-mean-square error) estimate to the average pseudo 
range value. 

[0011] In another aspect of the invention, the method 
includes the folloWing steps: receive a plurality of pseudo 
range measurements from a transmitting source; adjust each 
of the plurality of pseudo range measurements for time 
correction and then arrange each of the plurality of pseudo 
range measurements in order of smallest value to largest 
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value to form a pseudo range interval With the smallest value 
and the largest value as endpoints. Divide the pseudo range 
interval into a plurality of increments having a plurality of 
grid points; align a sliding pseudo range WindoW With the 
?rst grid point, count the number of pseudo range measure 
ments Within the sliding pseudo range WindoW and repeat 
for each of the other grid points Within the pseudo range 
interval. Select a plurality of best WindoWs based on at least 
one predetermined criterion and determine a plurality of 
average pseudo range values such that each of the average 
pseudo range values corresponds to a best WindoW. 

[0012] In another aspect of the invention, the device for 
determining position includes a receiver for receiving a 
plurality of pseudo range measurements from a transmitting 
source, and a processor coupled to the receiver and con?g 
ured to accept the plurality of pseudo range measurements 
for processing by: i) adjusting each of the plurality of pseudo 
range measurements for time correction and then arranging 
each of the plurality of pseudo range measurements in order 
of smallest value to largest value to form a pseudo range 
interval With the smallest value and the largest value as 
endpoints; ii) dividing the pseudo range interval into a 
plurality of increments having a plurality of grid points; iii) 
aligning a sliding pseudo range WindoW With one of the grid 
points and counting the number of pseudo range measure 
ments Within the sliding pseudo range WindoW, and then 
repeating for each of the other grid points Within the pseudo 
range interval; iv) selecting a best WindoW based on the 
maximal number of pseudo range measurements Within the 
sliding pseudo range WindoW and comparing the maXimal 
number With an incidence threshold; and then based on the 
comparison, determining an average pseudo range value. 

[0013] Other and further objects and advantages of the 
present invention Will be further understood and appreciated 
by those skilled in the art by reference to the folloWing 
speci?cation, claims and draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 illustrates a system for position determina 
tion using transmitted signals from GPS satellites. 

[0015] FIG. 2 is a How diagram illustrating an algorithm 
for improved pseudo range estimation. 

[0016] FIG. 3 is an illustration of steps 245 and 250 of the 
How diagram of FIG. 2. 

[0017] FIG. 4 is a typical SNR distribution of the satellite 
measurements. 

[0018] FIG. 5 is an error distribution using a single point 
position measurement result. 

[0019] FIG. 6 is an error distribution using ?ve point 
position averaging. 
[0020] FIG. 7 is an error distribution using ten point 
position averaging. 
[0021] FIG. 8 is an error distribution using ?ve point 
pseudo range averaging. 
[0022] FIG. 9 is an error distribution using ten point 
pseudo range averaging. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] FIG. 1 illustrates a system for position determina 
tion using transmitted signals from GPS satellites. A device 
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110, Whose position is to be determined, receives a plurality 
of transmitted signals from a plurality of GPS satellites 
120a-120m. The device 110 includes a receiver 112 (not 
shoWn) and a processor 116 (not shoWn). The implementa 
tion of the receiver 112 and the processor 116 Will be knoWn 
to one skilled in the art. The device 110 is any device capable 
of determining the arrival times of received signals With 
respect to a reference time. For example, the device 110 may 
be a mobile Wireless telephone, a portable computer termi 
nal With a Wireless modem, a stand-alone GPS terminal, or 
any other terminal capable of receiving and processing 
signals from reference transmitters at knoWn locations, such 
as GPS satellites, other radionavigational satellites (e.g., 
GLONASS, Galileo, etc.) or any other ground-based trans 
mitters. In one embodiment, the transmitting sources are 
GPS satellites as shoWn in FIG. 1. HoWever, in alternative 
embodiments, the transmitting sources could be any ground 
based transmitters, or a combination of GPS satellites, other 
radionavigation satellites and/or ground-based transmitters. 

[0024] FIG. 2 is a How diagram illustrating an algorithm 
for improved pseudo range estimation. This algorithm may 
be implemented on a conventional programmable processor. 
In step 205, N discrete pseudo range measurements are 
received from a single transmitting source, such as a GPS 
satellite, over N discrete time periods. 

[0025] The received GPS signal frequency is typically 
different from the nominal GPS carrier frequency, mostly 
due to the high velocity of the satellites. This difference 
(satellite Doppler) can be as high as :5 kHZ. The eXpected 
satellite Doppler can be computed even before any mea 
surements are made. This Doppler prediction computation is 
based on an approXimate user location estimate and the 
satellite orbital data. The predicted Doppler may be con 
veyed from a base station to the GPS receiver in order to 
help the receiver speed up searching for the satellite signal. 
After the search for a satellite signal is complete, the 
receiver determines a measured satellite Doppler. The 
receiver also determines the Doppler offset, Afd, Which is the 
difference betWeen the measured and the predicted Doppler 
values. A non-Zero Doppler offset may be due to any or all 
of the folloWing causes: 

[0026] Doppler measurement error 

[0027] The actual receiver location is not the same as 
the location assumed When calculating the Doppler 
prediction 

[0028] The receiver’s non-Zero velocity in the direc 
tion of the satellite 

[0029] The receiver’s frequency offset, in the case of 
a receiver employing a free running oscillator 

[0030] The receiver’s velocity relative to the base 
station, in the case of a CDMA receiver, When the 
receiver frequency is locked on the base station 
frequency, Which in turn is locked on GPS frequency 

[0031] In step 210, the Doppler offset, Afd, is compared 
With a predetermined Doppler error threshold (TDoppler). The 
threshold, TDoppler, should be chosen big enough so that the 
accumulated effect of the factors listed above Would not 
eXceed it. 

[0032] In step 215, if Afd is greater than TDoppler, that 
pseudo range measurement is ?ltered out in step 216 before 
proceeding to step 220. If Afd is not greater than TD 
proceed to step 220. 

opplev 
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[0033] In step 220, each of the remaining pseudo range 
measurements’ associated SNR is compared With a prede 
termined SNR threshold (TSNR). In step 225, if the measured 
satellite SNR is less than TSNR, that pseudo range measure 
ment is ?ltered out in step 226 before proceeding to step 230. 
If the measured satellite SNR is not less than TSNR, proceed 
to step 230. 

[0034] In step 230, the number of remaining pseudo range 
measurements are counted and compared With N*TN, Where 
TN is an appropriately selected ?ltering threshold, Which can 
be chosen, for example, to be TN=1/3. In step 235, if the 
number of remaining pseudo range measurements is less 
than N*TN, the transmitting source (e.g., the GPS satellite) 
is declared invisible in step 236. When this condition occurs, 
the average pseudo range value Will be reported, and the 
average pseudo range value Will be marked as questionable 
or suspect in step 237. This latter may be achieved, for 
eXample, by setting the reported SNR value to a fraction of 
the average SNR, and/or by setting the reported root-mean 
square error (RMSE) estimate to a multiple of the average 
RMSE. In a preferred embodiment, equally Weighted aver 
aging of all pseudo range measurements is used and, the 
SNR is set to 1/10 of the average SNR and/or the RMSE is set 
to the maximal possible RMSE value. The very loW SNR 
and/or very high RMSE indicate that the pseudo range 
measurement is from a transmitting source that is considered 
invisible. The position determination algorithm uses the 
SNR and/or the inverse of the RMSE as Weighting factors, 
so that transmitting source Would be effectively de-Weighted 
from the position determination. This choice permits the 
discrimination betWeen cases Where the device did not 
attempt to receive signals from a particular transmitting 
source and Where the device did attempt signal reception, 
but failed to acquire good data. In another embodiment, 
measurements for transmitting sources that have been 
declared invisible by the receiver are not reported at all. 

[0035] If the number of remaining pseudo range measure 
ments is at least N*TN, preprocessing Will be applied to each 
remaining pseudo range measurement in step 240. The 
preprocessing incorporates adjusting each pseudo range 
measurement in order to propagate that measurement to a 
common reference time (i.e. calculate What the measurement 
Would have been if taken at the common reference time). 
This measurement propagation is done by the addition of a 
correction term, Which is proportional to the product of the 
predicted Doppler and the difference betWeen the common 
reference time and the individual measurement time. Obvi 
ously inaccuracies in the Doppler prediction, discussed 
earlier, Will lead to pseudo range propagation errors. In order 
to minimiZe pseudo range propagation errors, the common 
reference time should be chosen close to the average of the 
individual measurement times. 

[0036] The preprocessing may also involve conventional 
methods of applying any or all of the folloWing correction 
terms: 

[0037] 

[0038] 

[0039] 

[0040] 

[0041] 

Ionospheric delay correction 

Tropospheric delay correction 

Group delay correction 

Satellite clock correction 

DGPS correction 
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[0042] In one embodiment, the preprocessing algorithm is 
performed by a conventional programmable processor 
capable of accepting raW data (i.e., pseudo range measure 
ments) and capable of determining position of the device. 
Additional implementation of the preprocessing algorithm 
may be achieved With an ASIC, a discrete logic circuit, a 
state machine or a softWare application Within another 
netWork device. The preprocessor may be located Within the 
device or may be part of the base station. 

[0043] Steps 245 and 250 are illustrated in FIG. 3. In step 
245, the pseudo range measurements from a single trans 
mitting source are arranged in the order of smallest value 
rmin to largest value rrnaX Which de?ne the endpoints of the 
pseudo range interval. This interval is divided into incre 
ments of a predetermined siZe and forms grid points at the 
edges of each predetermined increment Ar. In a preferred 
embodiment, With the recognition that other values may also 
be preferable, the increments are set at 5 meters, forming 
grid points at every 5 meter mark, starting from the smallest 
pseudo range value rrnin and ending at the largest pseudo 
range value rmaX. If the total length of the pseudo range 
interval is not an integer multiple of the increment, then the 
endpoints of the interval may be rounded to the closest 
available grid points. 

[0044] In step 250, a sliding pseudo range WindoW of a 
predetermined Width W is aligned With a grid point (e.g., the 
?rst grid point at rmin). In a preferred embodiment, the 
predetermined Width W is set at 300 meters, although one 
skilled in the art Would recogniZe that other Width W values 
are possible. In one preferred embodiment, the sliding 
pseudo range WindoW of Width W is centered at the grid 
point, i.e., the WindoW is placed over an interval of +W/2 
from each grid point. In step 255, count the number of 
pseudo range values Within the sliding pseudo range Win 
doW. Steps 260 repeats steps 250 and 255 for each grid point. 

[0045] In step 265, the sliding pseudo range WindoW 
interval containing the maXimal (i.e., largest) number of 
pseudo range measurements is selected as the ‘best Win 
doW’. Let Nb be the number of pseudo range measurements 
contained in the best WindoW determined in step 265, i.e., Nb 
is the maXimal number of pseudo ranges contained in any of 
the sliding pseudo range WindoWs. In step 270, calculate an 
appropriate incidence threshold, TW. For eXample, TW can be 
set to be the larger of the values of N*TN and 4 times N 
divided by the sum of 3 and the Width of the sliding pseudo 
range WindoW (in units of GPS chips). In step 275, compare 
TW calculated in step 270 to Nb determined in step 265. If Nb 
is less than TW, declare the transmitting source invisible in 
step 276. In one embodiment, When this condition occurs, 
the average pseudo range value Will be reported, and the 
average pseudo range value Will be marked as questionable 
or suspect in step 277. This latter may be achieved, for 
eXample, by setting the reported SNR value to a fraction of 
the average SNR, and/or by setting the reported root-mean 
square error estimate (RMSE) to a multiple of the average 
RMSE. In a preferred embodiment, equally Weighted aver 
aging of all pseudo range measurements is used and, the 
SNR is set to 1/10 of the average SNR and/or the RMSE is set 
to the maXimal possible RMSE value. The very loW SNR 
and/or very high RMSE indicate that the pseudo range 
measurement is from a transmitting source that is considered 
invisible. In another embodiment, measurements for trans 
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mitting sources that have been declared invisible by the 
receiver are not reported at all. 

[0046] If Nb is equal or greater than TW, then in step 280, 
compute and report the average of the pseudo range mea 
surements Within the best WindoW determined in step 265. In 
one embodiment, equally Weighted averaging of the pseudo 
range measurements is used. Similarly, the average SNR 
value is determined as the average SNR associated With the 
measurements contained in the best WindoW. The average 
RMSE may be determined as 
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[0051] The position determination algorithm is executed 
for all Nh combinations of best WindoWs from all M trans 
mitting sources. The position ?x is selected from all Nh 

[0047] Where RMSF, is the root-mean-square error esti 
mate for the ith pseudo range measurement. 

[0048] In step 285, the procedure outlined in steps 205 
280 of FIG. 2 is then repeated M times for each of the M 

transmitting sources. In step 290, the resulting M average 
pseudo range values (i.e., one average pseudo range value 
from each transmitting source) can then be input to a 
conventional position determination algorithm knoWn to one 

skilled in the art. In a preferred embodiment, the transmit 

ting sources are GPS satellites, and a conventional GPS 

position determination algorithm is used. 

[0049] 
averaging algorithm may output more than one average 

In an alternative embodiment, the pseudo range 

pseudo range values for any of the M transmitting sources. 
This may be advantageous because of the possible existence 
of signal repeaters in the case Where the transmitting sources 

are terrestrial base stations, or because of the existence of 

multipath signal propagation. Further processing, Which is 
Well-knoWn in the art, is then used to determine Which 

average pseudo range value corresponds to a base station 
and Which average pseudo range value corresponds to a 
repeater, or alternatively, Which average pseudo range value 
corresponds to the earliest path amongst the possible mul 
tipath average pseudo range values. Note that the input to the 
pseudo range averaging algorithm may also contain multiple 
pseudo range values (i.e., both detected base station and 
repeater signals, or a multitude of detected multipath sig 
nals) for any single measurement time. 

[0050] In yet another embodiment, for each transmitting 
source, multiple best WindoWs are selected based on prede 
termined criteria knoWn to one skilled in the art, With each 
best WindoW having an associated Weight. In one embodi 
ment, the Weight is the sum of the associated SNR values of 
the pseudo range measurements Within the sliding pseudo 
range WindoW. For each transmitting source i, denote Ni as 
the number of selected best WindoWs. For all M transmitting 
sources, determine the total combination of best WindoWs 
Nh Where Nh is the product of all Ni for all M transmitting 
sources, e.g., denoted by the folloWing equation: 

combinations of possible positions based on the maximal 
input Weight, optimal performance (e.g., smallest expected 
error) or both. 

[0052] The advantages of the improved pseudo range 
estimation algorithm of the present invention include: 
reduced measurement error (as shoWn in FIGS. 4-9) due to 
improved outlier removal; improved dilution of precision 
(DOP) from increased average transmitting source visibility 
due to the combining of several measurements; and more 
effective measurement integrity monitoring by comparing 
multiple pseudo range measurements from the same trans 
mitting source. 

[0053] FIG. 4 is a SNR distribution of GPS satellite 
measurements under severe signal blockage condition (mea 
surements taken inside a multi-story concrete building). As 
shoWn, the number of occurrences is tallied against the SNR 
measured in dB. Typically, pseudo range measurements 
corresponding to SNR values of less than 11 dB are omitted 
from the position calculation. The integral (cumulative) 
distribution of the number of occurrences is superimposed 
onto the SNR histogram plot. 

[0054] FIGS. 5-9 are summary plots of actual test data 
acquired from a GPS terminal. FIG. 5 is an error distribution 
using a single point position measurement result. As shoWn, 
number of occurrences is tallied against the horiZontal 
position error measured in meters. The integral distribution 
of the number of occurrences is superimposed onto the error 
histogram graph. 
[0055] FIG. 6 is an error distribution using ?ve-point 
position averaging. The position averaging also involved 
outlier removal in the computed position domain. As shoWn, 
the number of occurrences is tallied against the horiZontal 
position error measured in meters. The integral curve of the 
number of occurrences is superimposed onto the error 
histogram graph. As expected from using an increased 
quantity of position points, a reduction of error results by 
using ?ve point position measurements over single point 
position measurements. 

[0056] FIG. 8 is an error distribution using ?ve-point 
pseudo range averaging. As shoWn, the number of occur 
rences is tallied against the horiZontal position error mea 
sured in meters. The integral distribution of the number of 
occurrences is superimposed onto the error distribution 
graph. In comparing FIG. 8 With FIG. 6, a signi?cant 
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decrease in outliers greater than 1000 meters is indicated. 
There Were approximately 21 residual outliers With ?ve 
point position averaging compared to 8 residual outliers 
When ?ve-point pseudo range averaging Was used. 

[0057] FIG. 7 is an error distribution using ten-point 
position averaging. The position averaging also involved 
outlier removal in the computed position domain. As shoWn, 
the number of occurrences is tallied against the horiZontal 
position error measured in meters. The integral distribution 
of the number of occurrences is superimposed onto the error 
distribution graph. As eXpected from using an increased 
quantity of position points, a reduction of error results by 
using ten-point position measurements over single point and 
?ve-point position measurements. 

[0058] FIG. 9 is an error distribution using ten-point 
pseudo range averaging. As shoWn, the number of occur 
rences is tallied against the horiZontal position error mea 
sured in meters. The integral curve of the number of occur 
rences is superimposed onto the error distribution graph. In 
comparing FIG. 9 With FIG. 7, a signi?cant decrease in 
outliers greater than 1000 meters is indicated. There Were 
approximately 4 residual outliers With ten-point position 
averaging compared to 0 residual outliers When ten-point 
pseudo range averaging Was used. 

[0059] While the present invention has been described in 
terms of the preferred embodiments, other variations Which 
are Within the scope of the invention as de?ned in the claims 
Will be apparent to those skilled in the art. 

1-5. (Cancelled) 
6. A method for determining a position of a device, 

comprising: 

receiving a plurality of pseudo range measurements from 
a transmitting source; 

adjusting each of the plurality of pseudo range measure 
ments for time correction and then arranging each of 
the plurality of pseudo range measurements in order of 
smallest value to largest value to form a pseudo range 
interval With the smallest value and the largest value as 
endpoints; 

dividing the pseudo range interval into a plurality of 
increments having a plurality of grid points; 

aligning a sliding pseudo range WindoW having a Width 
over the pseudo range interval at a ?rst of the plurality 
of grid points and counting the number of pseudo range 
measurements Within the sliding pseudo range WindoW, 
and then repeating for each of the plurality of grid 
points Within the pseudo range interval; 

selecting a best WindoW based on a maXimal number of 
pseudo range measurements Within the sliding pseudo 
range WindoW; comparing the maXimal number With an 
incidence threshold; and then based on the comparison, 
determining an average pseudo range value; 

Wherein the sliding pseudo range WindoW Width is 300 
meters. 

7. A method for determining a position of a device, 
comprising: 

receiving a plurality of pseudo range measurements from 
a transmitting source; 
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adjusting each of the plurality of pseudo range measure 
ments for time correction and then arranging each of 
the plurality of pseudo range measurements in order of 
smallest value to largest value to form a pseudo range 
interval With the smallest value and the largest value as 
endpoints; 

dividing the pseudo range interval into a plurality of 
increments having a plurality of end points; 

aligning a sliding pseudo range WindoW having a Width 
over the pseudo range interval at a ?rst of the plurality 
of grid points and counting the number of pseudo range 
measurements Within the sliding pseudo range WindoW, 
and then repeating for each of the plurality of grid 
points Within the pseudo range interval; 

selecting a best WindoW based on a maXimal number of 
pseudo range measurements Within the sliding pseudo 
range WindoW; comparing the maXimal number With an 
incidence threshold; and then based on the comparison, 
determining an average pseudo range value; 

Wherein the value of each of the plurality of increments is 
5 metes. 

8. A method for determining a position of a device, 
comprising: 

receiving a plurality of pseudo range measurements from 
a transmitting source; 

adjusting each of the plurality of pseudo range measure 
ments for time correction and then arranging each of 
the plurality of pseudo range measurements in order of 
smallest value to largest value to form a pseudo range 
interval With the smallest value and the largest value as 
endpoints; 

dividing the pseudo range interval into a plurality of 
increments having a plurality of grid points; 

aligning a sliding pseudo range WindoW having a Width 
over the pseudo range interval at a ?rst of the plurality 
of grid points and counting the number of pseudo range 
measurements Within the sliding pseudo range WindoW 
and then repeating for each of the plurality of grid 
points Within the pseudo range interval; 

selecting a best WindoW based on a maXimal number of 
pseudo range measurements Within the sliding pseudo 
range WindoW; comparing the maXimal number With an 
incidence threshold; and then based on the comparison, 
determining an average pseudo range value; 

Wherein the quantity of the plurality of pseudo range 
measurements equaling N, and Wherein the incidence 
threshold is the larger of: a ?ltering threshold times N, 
or 4 times N divided by the sum of 3 and the sliding 
pseudo range WindoW Width in units of GPS chips. 

9. The method of claim 8 We the value of the ?ltering 
threshold is 1/3. 

10. The method of claim 8 Wherein the maXimal number 
is less than the incidence threshold, and the average pseudo 
range value is an average of the plurality of pseudo range 
measurements. 

11. The method of claim 10 Wherein the average of the 
plurality of pseudo range measurements is equally Weighted. 
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12. The method of claim 11 further comprising the step of 
determining an average SNR corresponding to the average 
pseudo range value. 

13. The method of claim 12 Wherein the average SNR is 
multiplied by a fraction. 

14. The method of claim 13 Wherein the fraction is 
one-tenth. 

15. The method of claim 10 further comprising the step of 
determining an average RMSE corresponding to the average 
pseudo range value. 

16. The method of claim 15 Wherein the average RMSE 
is multiplied by a multiple value. 

17. The method of claim 8 Wherein the maXimal number 
is equal or greater than the incidence threshold, and the 
average pseudo range value is an average of the pseudo 
range measurements Within the best WindoW. 

18. The method of claim 17 Wherein the average of the 
pseudo range measurements Within the best WindoW is 
equally Weighted. 

19. The method of claim 17 further comprising the step of 
determining an average SNR corresponding to the average 
pseudo range value. 

20. The method of claim 17 further comprising the step of 
determining an average RMSE corresponding to the average 
pseudo range value. 

21. A method for determining a position of a device, 
comprising: 

receiving a plurality of pseudo range measurements from 
a transmitting source; 

adjusting each of the plurality of pseudo range measure 
ments for time correction and then arranging each of 
the plurality of pseudo range measurements in order of 
smallest value to largest value to form a pseudo range 
interval With the smallest value and the largest value as 
endpoints; 

dividing the pseudo range interval into a plurality of 
increments having a plurality of grid points; 

aligning a sliding pseudo range WindoW having a Width 
over the pseudo range interval at a ?rst of the plurality 
of grid points and counting the number of pseudo range 
measurements Within the sliding pseudo range WindoW, 
and then repeating for each of the plurality of grid 
points Within the pseudo range interval; 

selecting a best WindoW based on a maXimal number of 
pseudo range measurements Within the sliding pseudo 
range WindoW; comparing the maXimal number With an 
incidence threshold; and then based on the comparison 
determining an average pseudo range value; 

Wherein each of the plurality of pseudo range measure 
ments having an associated Doppler offset and further 
comprising the step of comparing the associated Dop 
pler offset With a Doppler threshold. 

22. (Cancelled) 
23. A method for determining a position of a device, 

comprising: 

receiving a plurality of pseudo range measurements from 
a transmitting source; 

adjusting each of the plurality of pseudo range measure 
ments for time correction and then arranging each of 
the plurality of pseudo range measurements in order of 
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smallest value to largest value to form a pseudo range 
interval With the smallest value and the largest value as 
endpoints; 

dividing The pseudo range interval into a plurality of 
increments having a plurality of grid points; 

aligning a sliding pseudo range WindoW having a Width 
over the pseudo range interval at a ?rst of the plurality 
of grid points and counting the number of pseudo range 
measurements Within the sliding pseudo range WindoW, 
and then repeating for each of the plurality of grid 
points Within the pseudo range interval; 

selecting a best WindoW based on a maXimal number of 
pseudo range measurements Within the sliding pseudo 
range WindoW; comparing the maXimal number With an 
incidence threshold; and then based on the comparison, 
determining an average pseudo range value; 

repeating the steps of claim 1 M-1 (i.e., M minus one) 
times for each of remaining M-1 transmitting sources 
to determine a plurality of M average pseudo range 
values. 

24. The method of claim 23 further comprising The step 
of determining the position of the device based on the 
plurality of M average pseudo range values. 

25. A method for determining a position of a device, 
comprising: 

receiving a plurality of pseudo range measurements from 
a transmitting source; 

adjusting each of the plurality of pseudo range measure 
ments for time correction and then arranging each of 
the plurality of pseudo range measurements in order of 
smallest value to largest value to form a pseudo range 
interval With the smallest value and the largest value as 
endpoints; 

dividing the pseudo range interval into a plurality of 
increments having a plurality of grid points; 

aligning a sliding pseudo range WindoW having a Width 
over the pseudo range interval at a ?rst of the plurality 
of grid points and counting the number of pseudo range 
measurements Within the sliding pseudo range WindoW, 
and then repeating for each of the plurality of grid 
points Within the pseudo range interval; 

selecting a plurality of best WindoWs based on at least one 
predetermined criterion and determining a plurality of 
average pseudo range values Wherein each of the 
plurality of average pseudo range values corresponding 
to each of the plurality of best WindoWs. 

26. The method of claim 25 further comprising the step of 
determining a plurality of average signal-to-noise ratios 
(MNRs) Wherein each of the plurality of average SNRs 
corresponding to each of the plurality of average pseudo 
range values. 

27. The method of claim 25 further comprising the step of 
determining a plurality of average RMSEs Wherein each of 
the plurality of average RMSEs corresponding to each of the 
plurality of average pseudo range values. 

28. The method of claim 25 further comprising repeating 
the steps of claim 25 M—-1 (i.e., M minus one) times for 
each of remaining M-1 transmitting sources. 
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29. The method of claim 28 further comprising the step of 
determining the position of the device based on a combina 
tion of the plurality of best WindoWs. 

30. A device for determining position, comprising: 

a receiver for receiving a plurality of pseudo range 
measurements from a transmitting source; 

a processor coupled to the receiver and con?gured to 
accept the plurality of pseudo range measurements for 
processing by: 

i) adjusting each of the plurality of pseudo range 
measurements for time correction and then arranging 
each of the plurality of pseudo range measurements 
in order of smallest value to largest value to form a 
pseudo range interval With the smallest value and the 
largest value as endpoints; 

ii) dividing the pseudo range interval into a plurality of 
increments having a plurality of grid points; 

iii) aligning a sliding pseudo range WindoW having a 
Width over the pseudo range interval at a ?rst of the 
plurality of grid points and counting the number of 
pseudo range measurements Within the sliding 
pseudo range WindoW, and then repeating for each of 
the plurality of grid points Within the pseudo range 
interval; 

iv) selecting a best WindoW based on a maXimal num 
ber of pseudo range measurements Within the sliding 
pseudo range WindoW and comparing the maXimal 
number With an incidence threshold; and then based 
on the comparison, determining an average pseudo 
range value. 

31. A device for determining a position, comprising: 

a receiver for receiving a plurality of pseudo range 
measurements from a transmitting source; 

a processor coupled to the receiver and con?gured to 
accept the plurality of pseudo range measurements for 
processing by: 

i) adjusting each of the plurality of pseudo range 
measurements for time correction and then arranging 
each of the plurality of pseudo range measurements 
in order of smallest value to largest value to form a 
pseudo range interval With the smallest value and the 
largest value as endpoints; 

ii) dividing the pseudo range interval into a plurality of 
increments having a plurality of grid points; 

iii) aligning a sliding pseudo range WindoW having a 
Width over the pseudo range interval at a ?rst of the 
plurality of grid points and counting the number of 
pseudo range measurements Within the sliding 
pseudo range WindoW, and then repeating for each of 
the plurality of grid points Within the pseudo range 
interval; 

iv) selecting a plurality of best WindoWs based on at 
least one predetermined criterion and determining a 
plurality of average pseudo range values Wherein 
each of the plurality of average pseudo range values 
corresponding to each of the plurality of best Win 
doWs. 
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32. A device for determining position, comprising: 

means for receiving a plurality of pseudo range measure 
ments from a transmitting source; 

means for adjusting each of the plurality of pseudo range 
measurements for time correction and then arranging 
each of the plurality of pseudo range measurements in 
order of smallest value to largest value to form a pseudo 
range interval With the smallest value and the largest 
value as endpoints; 

means for dividing the pseudo range interval into a 
plurality of increments having a plurality of grid points; 

means for aligning a sliding pseudo range WindoW having 
a Width over the pseudo range interval at a ?rst of the 
plurality of grid points and counting the number of 
pseudo range measurements Within the sliding pseudo 
range WindoW, and then repeating for each of the 
plurality of grid points Within the pseudo range inter 
val; 

means for selecting a best WindoW based on a maXim 
number of pseudo range measurements Within The 
sliding pseudo range WindoW and comparing the maXi 
mal number With an incidence threshold; and then 
based on the comparison, determining an average 
pseudo range value. 

33. A method for determining a position of a device, 
comprising: 

means for receiving a plurality of pseudo range measure 
ments from a transmitting source; 

means for adjusting each of the plurality of pseudo range 
measurements for time correction and then arranging 
each of the plurality of pseudo range measurements in 
order of smallest value to largest value to form a pseudo 
range interval With the smallest value and the largest 
value as endpoints; 

means for dividing the pseudo range interval into a 
plurality of increments having a plurality of grid points; 

means for aligning a sliding pseudo range WindoW having 
a Width over the pseudo range interval at a ?rst of the 
plurality of grid points and counting the number of 
pseudo range measurements Within the sliding pseudo 
range WindoW, and then repeating for each of the 
plurality of grid points Within the pseudo range inter 
val; 

means for selecting a plurality of best WindoWs based on 
at least one predetermined criterion and determining a 
plurality of average pseudo range values Wherein each 
of the plurality of average pseudo range values corre 
sponding to each of the plurality of best WindoWs. 

34. (Cancelled) 
35. Computer readable media embodying a program of 

instructions executable by a computer program to perform a 
method for determining a position of a device, the method 
comprising: 

receiving a plurality of pseudo range measurements from 
a transmitting source; 

adjusting each of the plurality of pseudo range measure 
ments for time correction and then arranging each of 
the plurality of pseudo range measurements in order of 
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smallest value to largest value to form a pseudo range 
interval With the smallest value and the largest value as 
endpoints; 

dividing the pseudo range interval into a plurality of 
increments having a plurality of grid points; 

aligning a sliding pseudo range WindoW having a Width 
over the pseudo range interval at a ?rst of the plurality 
of grid points and counting the number of pseudo range 
measurements Within the sliding pseudo range WindoW, 
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and then repeating for each of the plurality of grid 
points Within the pseudo range interval; 

selecting a plurality of best WindoWs based on at least one 
predetermined criterion and determining a plurality of 
average pseudo range values Wherein each of the 
plurality of average pseudo range values corresponding 
to each of the plurality of best WindoWs. 


