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(57) ABSTRACT 

GPS satellites are culled into a minimum, preferred group 
having a longest dWell time Within a cone of space, and 
communicated to mobile devices or subscribers Within a 

particular region (e. g., serviced by a particular base station). 
The culling may initially be a list of GPS satellites visible to 
a particular base station at a particular time. As a preferred 
culling, only those GPS satellites currently Within a cone of 
space above the relevant base station are selected for com 
munication by a mobile device Within the service area of the 
relevant base station. As an ultimate culling, a minimum set 
of GPS satellites may be selected based on, e.g., being not 
only Within an arbitrary cone of space normal to the base 
station, but also projected to remain Within that cone of 
space for the longest period of time, i.e., having the longest 
dWell time. 
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CULLED SATELLITE EPHEMERIS 
INFORMATION FOR QUICK ASSISTED GPS 

LOCATION DETERMINATION 

[0001] This application claims priority from US. Provi 
sional Application No. 60/382,367 ?led May 23, 2002, to 
Lance Douglas Pitt, entitled “Culled Satellite Ephemeris 
Information For Quick Assisted GPS Location Determina 
tion”, the entirety of Which is explicitly incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates generally to Wireless and 
long distance carriers, Internet service providers (ISPs), and 
information content delivery services/providers and long 
distance carriers. More particularly, it relates to location 
services for the Wireless industry. 

[0004] 2. Background of Related Art 

[0005] It is desired to accurately locate cell phones Within 
a cellular netWork. While there are several techniques for 
determining location in a mobile device, a future generation 
of mobile phones may include a global positioning satellite 
(GPS) receiver chipset, thus having the ability to locate itself 
via GPS. 

[0006] FIG. 6 depicts the conventional Global Positioning 
Satellite system including about 24 or more GPS satellites. 

[0007] In particular, as shoWn in FIG. 6, the earth 200 is 
surrounded by approximately 24 GPS satellites 101-124, 
Which each have their oWn rotational orbit about the earth 
200. There are currently about 24 to 27 GPS satellites in the 
GPS netWork, each moving about the earth approximately 6 
times each day. 

[0008] Unfortunately, as the phone moves about the coun 
try, locations With respect to satellites change. Thus, GPS 
devices attempting to determine their position With respect 
to the earth 200 Will only be able to communicate With a 
smaller number of the total GPS satellites at any one time. 

[0009] The time required for lock in and location deter 
mination by a conventional GPS receiver in determining 
Which of the GPS satellites in the GPS netWork takes several 
minutes, and as many as 5 or 6 minutes for a standard GPS 
receiver, Which is longer than many if not most phone calls. 

[0010] There is a need for a less cumbersome and more 
ef?cient technique for using GPS location information in a 
highly mobile and fast paced society. 

SUMMARY OF THE INVENTION 

[0011] In accordance With one aspect of the present inven 
tion, a culled satellite list comprises identi?cation of no 
more than four GPS satellites Within a preferred area above 
a particular region that a subscriber is to attempt commu 
nications With. The culled satellite list relates to GPS satel 
lites preferred for use by subscribers Within a particular 
region. 
[0012] A method of alloWing fast location determination 
by a mobile device in a Wireless system in accordance With 
another aspect of the present invention comprises receiving 
ephemeris data regarding a GPS satellite netWork. A culled 
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satellite list of no more than four GPS satellites is deter 
mined for use by mobile devices in the Wireless system. The 
culled satellite list information is communicated to the 
mobile device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Features and advantages of the present invention 
Will become apparent to those skilled in the art from the 
folloWing description With reference to the draWings, in 
Which: 

[0014] FIG. 1 shoWs a base station 150 of a Wireless 
netWork (e.g., a cellular telephone netWork) determining 
Which GPS satellites are in a preferred group, e.g., being 
Within a cone of space With the longest dWell time Within 
that space, in accordance With the principles of the present 
invention. 

[0015] FIG. 2 shoWs a top vieW of the cone of space as 
shoWn in FIG. 1. 

[0016] FIG. 3 shoWs vector calculations for each GPS 
satellite, or for each of a preferred set of GPS satellites (e.g., 
those visible to the base station), in accordance With the 
principles of the present invention. 

[0017] FIG. 4 shoWs an exemplary culled GPS satellite 
table, in accordance With the principles of the present 
invention. 

[0018] FIG. 5 shoWs an alternate exemplary culled GPS 
satellite information table, in accordance With the principles 
of the present invention. 

[0019] FIG. 6 depicts the conventional Global Positioning 
Satellite system including about 24 or more GPS satellites. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0020] In a conventional GPS system, ephemeris data is 
provided to each GPS receiver to keep track of Where each 
of the satellites in the GPS satellite netWork should be 
located in space. As part of the location determination 
process, each GPS receiver determines Which of approxi 
mately 24 or more GPS satellites are to be used to determine 
GPS location. This determination requires a signi?cant 
amount of real-time processing at the time of the location 
request, and a signi?cant amount of time. 

[0021] FIG. 1 shoWs a base station 150 of a Wireless 
netWork (e.g., a cellular telephone netWork) determining 
Which GPS satellites 101-124 are in a preferred group, e.g., 
being Within a cone of space 217 With the longest dWell time 
Within that space, in accordance With the principles of the 
present invention. 

[0022] In particular, as shoWn in FIG. 1, of the tWenty four 
or so GPS satellites 101-124 in the GPS system, only a 
sub-set 107-114 are visible to the base station 150 at any one 
time. Thus, based on ephemeris data, the satellites commu 
nicating With a subscriber or user Within a service range of 
the base station 150 may be culled to only those visible, e.g., 
GPS satellites 107-114. 

[0023] As a further culling, only those GPS satellites 
109-113 currently Within a cone of space 217 above the 
relevant base station 150 might be selected for communi 
cation With a receiver or subscriber Within the service area 
of the relevant base station 150. 
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[0024] As an ultimate culling, a minimum set of GPS 
satellites 109-112 may be selected based on, e.g., being not 
only Within an arbitrary cone of space 217 normal to the base 
station 150, but also projected to remain Within that cone of 
space 217 for the longest period of time, i.e., having the 
longest dWell time. Thus, GPS satellite 113 may be elimi 
nated or culled from the minimum set of GPS satellites as it 
has almost completely passed through the cone of space 217, 
and Will have the shortest dWell time of all GPS satellites 
Within the cone of space 217. 

[0025] Ideally, the cone of space 217 Will be de?ned 
sufficiently large to contain at least four GPS satellites at any 
one time. Alternatively, if feWer than the minimum GPS 
satellites are Within the cone of space 217, then alternative 
selection criteria may be employed until suf?cient number of 
GPS satellites enter the cone of space 217. For instance, a 
GPS satellite being closest to the cone of space may be 
utiliZed. 

[0026] Updated ephemeris data is typically transmitted for 
one GPS satellite each second. Thus, for a GPS netWork of, 
e.g., 24 satellites, updated ephemeris data for all GPS 
satellites Will have been transmitted after 24 seconds. If the 
netWork is larger, e.g., 27 GPS satellites, all ephemeris data 
Will be transmitted after 27 seconds. Preferably, the satellites 
Will be periodically culled in accordance With the principles 
of the present invention based on the provision of updated 
ephemeris data, e.g., once every 24 seconds, once every 27 
seconds, etc. 

[0027] In accordance With the principles of the present 
invention, the total number of available GPS satellites 
101-124 is centrally culled for each service location, e.g., for 
each base station. The culling may be graduated, e.g., ?rst 
doWn to those GPS satellites 107-114 that are visible, and 
then doWn to a preferred minimum group (e.g., four (4) GPS 
satellites) having the longest dWell time for use by the 
particular cell site. Of course, the culling may simply cull to 
a desired level (e.g., to a minimum three or four GPS 
satellites Within the cone of space and having the longest 
dWell time) Without graduation. 

[0028] When needed, the selected GPS satellites for a 
particular region at any particular time of request Will be 
passed to requesting mobile devices to help it determine its 
oWn location. For instance, each operative mobile unit is 
preferably periodically updated With a revised list of 
selected GPS satellites resulting from the culling of the GPS 
satellites, e.g., once after each neW updated culled list of 
satellites is determined. The information provided to each 
subscriber upon request preferably contains the identity of 
those GPS satellites that are selected for communication. 
HoWever, information provided in the reverse sense is also 
Within the scope of the present invention (e.g., a list of GPS 
satellites NOT to communicate With). 

[0029] AWireless netWork may generate a ?ush of updated 
culled GPS satellite information periodically, e.g., every 24 
seconds. Note that based on the positions of the various GPS 
satellites 101-124, and in particular based on the positions of 
the selected GPS satellites 109-112 Within the cone of space 
217, the list of selected GPS satellites may or may not 
change. 
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[0030] Preferably, netWork traf?c Will be minimiZed by 
reducing or eliminating redundant GPS satellite information. 
Thus, in a preferred embodiment, GPS satellite list updating 
messages are sent only When a change in the list has 
occurred. 

[0031] FIG. 2 shoWs a top vieW of the cone of space 217 
as shoWn in FIG. 1. 

[0032] In particular, as shoWn in FIG. 2, a cone of space 
217 is vieWed from space normal to a base station 150. On 
the ground, the base station 150 has a service region 151. 
The circular representation of the cone represents a plane cut 
across the cone of space 217. 

[0033] Within the cone of space 217, GPS satellites 101 
124 generally travel from one side to the other. DWell time 
is determined based on a distance betWeen the present 
location of the particular GPS satellite, and the eXit edge of 
the cone of space 217, as Well as the rate of speed of the GPS 
satellite. 

[0034] A minimum dWell time may be de?ned and repre 
sented as a edge 218 shoWn in FIGS. 1 and 2. 

[0035] A satellite velocity vector may be determined or 
predetermined. Satellite velocity vector as used herein refers 
to a vector Whose magnitude is the velocity of the satellite 
and Whose origin is the satellite’s current position. 

[0036] To obtain any particular GPS satellite’s velocity 
vector, if the satellite is inside the cone of space 217, then it 
is in a plane (some plane) that is perpendicular to a longi 
tudinal aXis of the cone 217. The particular GPS satellite’s 
velocity vector can be projected into a circle de?ned by the 
planar intersection of the GPS satellite and the cone 217. The 
plane depicted in FIG. 2 may represent the plane of one or 
more or all GPS satellites 101-124. 

[0037] This projection Will lie on a chord that cuts across 
the circle. If the length of the chord is computed, together 
With use of the GPS satellite’s current position on the chord 
and the magnitude of the projection can be used to get a 
rough indication of hoW long the GPS satellite Will be Within 
the cone of visibility. 

[0038] In accordance With the principles of the present 
invention, a small group of, e.g., four (4) GPS satellites With 
the longest “cone” dWell times Will be selected, and most or 
all others are preferably “culled”. The longest dWell time 
relates to the amount of time that a calculated GPS satellite 
vector Will be Within a respective cone of space 217 above 
a particular region of users, e.g., above a particular base 
station 150. 

[0039] The cone of space 217 may be simply a cone of 
visibility above the base station 150, or may be more 
narroWly de?ned than visibility. 

[0040] The resultant list of selected GPS satellites is 
preferably periodically and continually updated for any 
particular location, e.g., base station 150, as the GPS satel 
lites 101-124 rotate about the earth. Updated selected GPS 
satellite lists are preferably communicated to the mobile 
subscriber base station 150 (or other suitable application 
location) for their respective calculations of accurate loca 
tion information. With the use of selected GPS satellites only 
by culling out unnecessary or unseen GPS satellites, the total 
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time required for a mobile phone to locate itself can be 
reduced signi?cantly, e.g., from minutes to just seconds. 

[0041] FIG. 3 shoWs vector calculations for each GPS 
satellite 101-124, or for each of a preferred set of GPS 
satellites (e.g., those visible to the base station), in accor 
dance With the principles of the present invention. 

[0042] In particular, as shoWn in FIG. 3, conventional 
GPS ephemeris data is formatted as RINEX 2.10 data, Which 
is provided by conventional GPS ephemeris data vendors to 
an XLP. In accordance With the principles of the present 
invention, received RINEX data is converted into an Earth 
Center position vector (i.e., a vector pointing to the satel 
lite’s current position Whose origin is the center of the 
Earth). Then, using the Earth Center position vectors, the 
available GPS satellites are culled such that only desired 
GPS satellites are communicated With (i.e., those that Will be 
in the cone of space 217 until the next culled update, e.g., 24 
seconds later). 
[0043] In the disclosed embodiments, an Earth Center 
position vector is computed (or pre-computed) for every cell 
site 150 in H3G’s netWork. The cell site’s EC position vector 
can be subtracted from the GPS satellite’s EC position 
vector to arrive at a vector that points from the cell site 150 
to the particular GPS satellite 101-124. The resulting vector 
can be divided by its oWn magnitude to generate a unit 
vector that points from cell site 150 toWard the particular 
GPS satellite 101-124. The cell site’s EC position vector can 
similarly be divided by its oWn magnitude to generate a unit 
vector that points straight up from the cell site 150 (also 
pre-computed). 
[0044] The dot product of the GPS satellite pointing unit 
vector and the vertical unit vector yields the cosine of the 
angle betWeen the tWo vectors. The cosine of an angle of 
Zero degrees yields the value 1.0. The resulting value of the 
equation “cosine (angle)” diminishes as the angle groWs 
until the cosine of 90 degrees yields the value 0.0. The 
cosine of angles greater than 90 degrees yield negative 
results. This makes the cosine of the angle betWeen the 
satellite pointing unit vector and the vertical unit vector 
particularly Well suited for identifying Whether or not the 
satellite is “visible”. An angular measurement de?ning a 
cone of space above the cell site (e.g., a “cone of visibility”) 
can be pre-selected and the cosine of the pre-selected value 
saved. Any satellite Whose dot product With the vertical unit 
vector yields a value greater than or equal to the precom 
puted reference value can then be considered “visible”. 

[0045] Thus, a rough culling of GPS satellites 101-124, 
e.g., to only those visible, or even better yet to only those 
most normal to a base station 150, certainly culling out all 
GPS satellites that aren’t visible at all, and reducing the 
number of GPS satellites to communicate With to a mini 
mum number (e.g., to four to get elevation data, or to only 
three to get location data). 

[0046] FIG. 4 shoWs an exemplary culled GPS satellite 
table 100, in accordance With the principles of the present 
invention. 

[0047] In particular, as shoWn in FIG. 4, the selected 
group of satellites, e.g., four satellites for any particular cell 
site may be maintained in a suitable database and/or other 
table 100, Which may then be provided upon request to any 
particular mobile device Within the service area of that 
particular cell site 150. 
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[0048] Thus, a small subgroup of, e.g., four GPS satellites 
having the longest dWell time With respect to a servicing cell 
site 150 are selected, and maintained in a culled satellite 
table 100 communicated to all active mobile subscribers (or 
other grouping of mobile users). Moreover, or alternatively, 
Whenever a mobile device requires ephemeris data, it may 
request an update to a culled satellite table 100 containing 
the identity of the desired four satellites With Which to use 
to determine location of the mobile device. 

[0049] FIG. 5 shoWs an alternate example of a selected or 
culled GPS satellite information table, in accordance With 
the principles of the present invention. 

[0050] In particular, as shoWn in FIG. 5, a database or 
table 100b may include information regarding all or most 
GPS satellites 101-124, With those that are selected for any 
particular base station 150 being appropriately indicated. 

[0051] While the present invention is explained With ref 
erence to the use of as many as 24 or 27 available GPS 

satellites 101-124, the present invention relates to the use of 
any number of GPS satellites greater than four 

[0052] Moreover, While the present invention provides 
culling of visible satellites, and even to a minimum number 
of satellites, e.g., doWn to four from those visible satellites, 
the resultant number of satellites may be a number greater 
than or even less than 4, Within the principles of the present 
invention. For instance, if only position is required, only 
three (3) GPS satellites are required. HoWever, if altitude is 
also required, four (4) GPS satellites are the minimum 
required and thus the maximum culling level. Moreover, the 
use of more than approximately six (6) GPS satellites do not 
signi?cantly improve the accuracy of the results. 

[0053] If a subscriber is unable for some reason to com 
municate With one or more GPS satellites directed by the 
culled GPS satellite table or similar information, the sub 
scriber may then attempt to achieve location information in 
an otherWise conventional manner, e.g., by attempting con 
tact With all GPS satellites. 

[0054] While the invention has been described With ref 
erence to the exemplary embodiments thereof, those skilled 
in the art Will be able to make various modi?cations to the 
described embodiments of the invention Without departing 
from the true spirit and scope of the invention. 

What is claimed is: 
1. A culled satellite list, comprising: 

identi?cation of no more than four GPS satellites Within 
a preferred area above a particular region that a sub 
scriber is to attempt communications With; 

Wherein said culled satellite list relates to GPS satellites 
preferred for use by subscribers Within a particular 
region. 

2. The culled satellite list according to claim 1, Wherein: 

said area above said particular region is de?ned having a 
cone shape. 

3. A method of assisting GPS location determination by a 
mobile device in a Wireless system, comprising: 

receiving ephemeris data regarding a GPS satellite net 
Work; 
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determining a culled satellite list of no more than four 
GPS satellites for use by mobile devices in said Wire 
less system; and 

communicating said culled satellite list to said mobile 
device. 

4. The method of assisting GPS location determination by 
a mobile device in a Wireless system according to claim 3, 
further comprising: 

periodically updating said culled satellite list. 
5. The method of assisting GPS location determination by 

a mobile device in a Wireless system according to claim 4, 
Wherein: 

said culled satellite list is revised in a central location With 
respect to mobile devices in said Wireless system. 

6. The method of assisting GPS location determination by 
a mobile device in a Wireless system according to claim 3, 
further comprising: 

providing said culled satellite list to mobile devices in 
said Wireless system only When said culled satellite list 
changes. 

7. The method of assisting GPS location determination by 
a mobile device in a Wireless system according to claim 3, 
Wherein: 

said Wireless system is a cellular telephone system. 
8. The method of assisting GPS location determination by 

a mobile device in a Wireless system according to claim 3, 
Wherein said determining comprises: 

determining a vector to each available GPS satellite from 
a particular region point of reference; and 

selecting only those GPS satellites most desirable for 
communications With mobile devices in said Wireless 
system. 

9. The method of assisting GPS location determination by 
a mobile device in a Wireless system according to claim 8, 
Wherein said determining further comprises: 

culling based on a longest dWell time Within a given 
region of a plane above said point of reference. 

10. Apparatus for assisting GPS location determination by 
a mobile device in a Wireless system, comprising: 

means for receiving ephemeris data regarding a GPS 
satellite netWork; 
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means for determining a culled satellite list of no more 
than four GPS satellites for use by mobile devices in 
said Wireless system; and 

means for communicating said culled satellite list to said 
mobile device. 

11. The apparatus for assisting GPS location determina 
tion by a mobile device in a Wireless system according to 
claim 10, further comprising: 

means for periodically updating said culled satellite list. 
12. The apparatus for assisting GPS location determina 

tion by a mobile device in a Wireless system according to 
claim 11, Wherein: 

said culled satellite list is revised in a central location With 
respect to mobile devices in said Wireless system. 

13. The apparatus for assisting GPS location determina 
tion by a mobile device in a Wireless system according to 
claim 10, further comprising: 

means for providing said culled satellite list to mobile 
devices in said Wireless system only When said culled 
satellite list changes. 

14. The apparatus for assisting GPS location determina 
tion by a mobile device in a Wireless system according to 
claim 10, Wherein: 

said Wireless system is a cellular telephone system. 
15. The apparatus for assisting GPS location determina 

tion by a mobile device in a Wireless system according to 
claim 10, Wherein said means for determining comprises: 

means for determining a vector to each available GPS 
satellite from a particular region point of reference; and 

means for selecting only those GPS satellites most desir 
able for communications With mobile devices in said 
Wireless system. 

16. The apparatus for assisting GPS location determina 
tion by a mobile device in a Wireless system according to 
claim 15, Wherein said means for determining further com 
prises: 

means for culling based on a longest dWell time Within a 
given region of a plane above said point of reference. 


