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(57) ABSTRACT 

The present invention provides a system for updating mobile 
distance determination units on a golf course that includes a 
?rst mobile unit that determines a neW location for a 
point-of-interest de?ned for a golf course. The ?rst mobile 
unit Wirelessly transmits update data to identify the neW 
location to a base station computer. The base station com 
puter processes the updated data for broadcasting to acti 
vated second mobile distance determination units. The base 
station computer then Wirelessly broadcasts the updated data 
from the base station computer to the second mobile dis 
tance determination units. The second mobile distance deter 
mination units update their point-of-interest location data 
and use this updated data to determine distances betWeen the 
second mobile distance determination units and the neW 
locations. The mobile distance determination units may 
operate in a golfer mode to provide distance measurements 
to golfers, may operate in the greenskeeper mode to update 
the pin positions, or may operate in a surveyor mode to 
de?ne neW points of interests and their locations on the golf 
course. 
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DISTANCE DETERMINATION METHOD AND 
SYSTEM FOR A GOLF COURSE 

FIELD OF THE INVENTION 

[0001] The present invention relates to systems for deter 
mining distances on golf courses, and particularly to systems 
Which determine the distances to points-of-interest using 
electronic means. 

BACKGROUND OF THE INVENTION 

[0002] Whether a person is a professional, seasoned, or 
novice golfer, one of the key concerns of the golfer on the 
golf course is determining the distance from the current ball 
position to various points-of-interest. These points-of-inter 
est often include, the pin position, the front or back of the 
green, sand traps, trees, creeks, lakes, etc. Over time, various 
methods for determining the distance to these points-of 
interest have been devised. Such methods include tech 
niques as simple as Walking off the distance betWeen the ball 
and the points-of-interest, guessing based on vision, or a 
combination of Walking off the distance from yardage mark 
ers positioned on the golf course and guessing. While these 
methods have served golfers for a number of years, other 
more technologically advanced systems have been devised. 
These advanced systems include binoculars With a laser 
distance device, electronic point identi?er units, and global 
positioning satellite systems to name a feW. With the bin 
ocular-laser system, the binoculars include a distance unit 
that enables a golfer to locate an object. When activated, the 
distance unit on the binoculars sends a laser signal to the 
object and the distance betWeen the golfer and the object can 
be determined by evaluating the laser re?ection. With the 
point identi?er units, a stationary electronic unit may be 
placed on points-of-interest, such as a ?ag pole, and When 
the golfer directs a point identi?er unit toWards the pin, the 
unit transmits a signal to the stationary electronic unit and 
determines the distance betWeen the point identi?er unit and 
the golfer unit. While each of these systems provide the 
distance to a golf pin or points-of-interest, these systems 
have disadvantages. 

[0003] The binocular system requires the user to see the 
points-of-interest for Which the distance measurement is to 
be determined. Being able to see the points-of-interest is not 
alWays possible particularly When the golfer has poor vision 
or in the morning time When the golf course is foggy. With 
the point identi?er units, these units require the positioning 
of an electronic unit on a point-of-interest. Positioning an 
electronic unit on a ?ag pole is not alWays practical because 
the ?ag pole is frequently moved Which may cause physical 
damage to the unit or the unit may be exposed to inclement 
Weather. Additionally, in order to avoid Wear and tear on 
such a unit, the golf course personnel may be required to 
remove the units each day. This can be a very time consum 
ing task. 

[0004] In a global positioning system (GPS), the location 
of a golfer or mobile unit associated With the golfer may be 
determined using position signals received from satellites. 
Many of these systems include a ?xed, central base station 
at the golf course club house and numerous mobile units 
positioned on golf carts. Mobile units typically include a 
GPS receiver and a radio communications transceiver. The 
mobile units contain a database of records that include the 
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locations of various points-of-interest on the golf course. 
The mobile unit has a GPS receiver and determines its 
location on the golf course and the base station unit typically 
has a GPS receiver Which determines its location on the golf 
course. The base station unit calculates its GPS position 
from the signals and compares the calculated position signal 
to the knoWn ?xed location of the base station to compute a 
differential position correction. These differential position 
corrections are transmitted to the mobile units to enable the 
mobile units to determine a more accurate position estimate. 

[0005] The GPS system is a satellite-based radio naviga 
tion system capable of determining continuous position, 
velocity and time information for an unlimited number of 
users. The GPS is funded and controlled by the US. 
Department of Defense and the constellation of GPS satel 
lites includes 24 satellites, 21 operational navigational sat 
ellites, and three (3) active spares, in 12-hour orbits around 
the earth. The satellite orbits repeat the same ground track 
and con?guration approximately each day (four minutes 
earlier each day). To cover the earth, six orbital planes With 
nominally four satellites each are equally 60° apart and are 
inclined at approximately 55° With respect to the equator. A 
user tracking GPS signals typically can receive signals from 
?ve to eight satellites from any location on the earth. 

[0006] A GPS receiver converts the various satellite sig 
nals into position, velocity, and time estimates. Signals from 
four satellites are typically required to determine relative 
position as a function of longitude, latitude, altitude, and 
time. The GPS receiver processes the multiple signals from 
the available satellites simultaneously to achieve these posi 
tion measurements. A GPS receiver at a knoWn surveyed 
location can be used to compute error corrections Which are 
transmitted to other nearby receivers. These receivers use 
these error corrections in combination With their satellite 
data to produce a more accurate differential GPS (DGPS) 
position correction. Differential GPS (DGPS) techniques are 
frequently implemented to achieve a higher degree of accu 
racy than possible With absolute (single receiver) measure 
ments. When both the base station units and mobile remotes 
are close together With respect to the distance from the GPS 
satellites (less than a 100 kilometers), DGPS can remove 
common-mode errors that affect absolute single receiver 
measurements. These common-mode errors include selec 
tive availability (SA) and bias errors, such as satellite clock 
errors, ephemeris data errors and trophospheric delay 
effects. DGPS does not correct errors due to multi-path or 
noise detected at the receiver. 

[0007] While using GPS to provide position estimates to 
conventional mobile distance units operated by golfers are 
useful, pin changes and the associated updates must be 
completed before the golfer begins the round so that the 
mobile unit can be updated With the correct positions. 
Because the pin positions on a golf course are routinely 
changed in the morning after some golfers begin to play, the 
mobile units operated by the golfers Will not have the most 
recent pin positions information. In other GPS mobile dis 
tance systems for golf courses, the pin positions are deter 
mined by basing distance calculations on a pre-determined 
daily pin area position. With the day of Week identi?ed, the 
distance to the pin position area for the day of the Week can 
be determined. HoWever, these estimates may not be as 
accurate as a golfer Would like. Furthermore, although 
DGPS systems are accurate, some golfers, particularly 
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expert golfers, prefer that the system yield a better margin of 
error than these systems typically provide. Additionally, in 
many of the golf distance determination systems, points-of 
interest are displayed to a golfer that are not relevant to the 
golfer’s particular shot. Displaying irrelevant points-of 
interest can be distracting to a golfer Who is evaluating his 
options presented on a display screen of a mobile distance 
determination unit. 

[0008] Thus, there is a need in the art for a distance 
determination system Which enables efficient updating of 
databases of mobile distance units and there is a need in the 
art for a distance determination unit Which accurately mea 
sures distances to points-of-interest and provides only rel 
evant information to the golfer for use in evaluating the 
golfer’s options. 

SUMMARY OF THE INVENTION 

[0009] Generally described, the present invention pro 
vides a distance determination system that enables ef?cient 
updating of databases of mobile distance units and that 
accurately measures distances to points-of-interest. 

[0010] More particularly described, an embodiment of the 
present invention provides a system for updating mobile 
distance determination units on a golf course that includes a 
?rst mobile unit that determines a neW location for a 
point-of-interest de?ned for a golf course. The ?rst mobile 
unit Wirelessly transmits update data to identify the neW 
location to a base station computer. The base station com 
puter processes the updated data for broadcasting to acti 
vated second mobile distance determination units. The base 
station computer then Wirelessly broadcasts the updated data 
from the base station computer to the second mobile dis 
tance determination units. The second mobile distance deter 
mination units update their point-of-interest location data 
and use this updated data to determine distances betWeen the 
second mobile distance determination units and the neW 
locations. 

[0011] Another embodiment of the present invention pro 
vides a mobile distance determination unit that operates in 
one of ?ve modes of operation. In the ?rst mode of operation 
the mobile distance determination unit can determine a ?rst 
location of the mobile distance determination unit, calculate 
the distances betWeen the ?rst location and prede?ned 
points-of-interest locations stored in the mobile distance 
determination unit, and display the distances calculated 
betWeen the ?rst location and the prede?ned points-of 
interest. In the second mode of operation, the mobile dis 
tance determination unit can determine a second location of 
the mobile distance determination unit and associate the 
second location With a point-of-interest on a golf course, 
thereby de?ning a point-of-interest/second location associa 
tion. Also, in the second mode of operation, the mobile 
distance determination unit can transmit the point-of-inter 
est/second location association to a central operating station 
for communication to mobile distance determination units. 
In a third mode of operation the mobile distance determi 
nation unit can be used to locate the pin positions on the 
green. In a fourth mode of operation the mobile distance 
determination unit can be used to test the system and assess 
the GPS and RF signal coverage available on the golf 
course. In a ?fth mode of operation the mobile distance 
determination unit can be used to track assets on the golf 
course. 
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[0012] A ?rst softWare module may be doWnloaded from 
an activation station to the unit When the user indicates that 
the unit is to operate in a ?rst mode of operation. Similarly, 
a second, third, fourth and ?fth softWare module may be 
doWnloaded from the activation station to the unit When the 
user indicates that the unit is to operate in the second, third, 
fourth or ?fth mode of operation, respectively. 

[0013] In the second and third modes of operation, a user 
may de?ne points of interest on the golf course to be stored 
for use in determining distances to these points of interest. 
Speci?cally, the unit provides a list of point-of-interest types 
available to be de?ned for the golf course. The mobile unit 
then transmits the point-of-interest type selected by the user 
and the location of the selected point-of-interest type in 
association With each other to de?ne the position of the 
point-of-interest data in the database for communication to 
mobile units. In the fourth mode of operation, the unit may 
be used to assess GPS and RF coverage of the golf course. 
In the ?fth mode of operation, the unit may be used to track 
the location of movable assets such as a moWer to establish 
time standards. 

[0014] Another embodiment of the present invention pro 
vides a method of alerting a user that a distance measure 
ment request contains inaccurate data in the mobile distance 
determination system. In this method, an indication is 
received from a mobile distance determination unit that a 
distance measurement is to be made for a user identi?ed 
point-of-interest. The location of the mobile distance deter 
mination unit is determined based on global positioning 
system satellite signals and the user is alerted that the neWly 
calculated position of the point-of-interest identi?ed by the 
user is not correct if the location determined is not Within a 
prede?ned range of knoWn location coordinates for the 
point-of-interest. This process When modi?ed can also alert 
a user that the unit has been taken into an unacceptable or 
prohibited area. 

[0015] Another embodiment of the present invention 
includes a mobile distance determination unit for use in 
determining distances on golf courses that has a processor 
that is used to determine a ?rst location of the unit, to 
calculate the distances betWeen the ?rst location and pre 
de?ned points-of-interest locations stored in the mobile 
distance unit, and to display the distances calculated 
betWeen the ?rst location and the prede?ned points-of 
interest. This mobile distance unit also includes a paging 
unit located in the mobile distance unit for providing an 
pager message signal to a golfer. For eXample, the message 
signal may indicate to a golfer that the golfer is to report to 
the ?rst tee or that the golfer has taken the unit into a 
prohibited area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a diagram of the overall distance deter 
mination system of the present invention. 

[0017] FIG. 2 is a diagram of a base station computer 
system and point of sale terminal used for activating a 
hand-held unit. 

[0018] FIG. 3 is a diagram of a screen of the point of sale 
terminal used to receive golfer speci?c parameters. 

[0019] FIG. 4 is a block diagram of the components of the 
base station computer system. 
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[0020] FIG. 5 is a diagram of the hand-held unit and the 
golfer mode display screen. 

[0021] FIG. 6 is a diagram of the pro tips screen presented 
in the golfer mode of the hand-held distance unit. 

[0022] FIG. 7 is a diagram of the screen displayed in the 
greenskeeper mode of the hand-held distance unit. 

[0023] FIG. 8a is a diagram of the points-of-interest type 
selection screen of the surveyor mode of the hand-held 
distance unit. 

[0024] FIG. 8b is a diagram of the distance determination 
screen for the surveyor mode of the hand-held distance unit. 

[0025] FIG. 9 is a diagram of the screen for the test mode 
of the hand-held distance unit. 

[0026] FIG. 10 is a diagram of the pager alert screen of the 
hand-held distance unit. 

[0027] FIG. 11 is a block diagram of the components of 
the hand-held distance unit. 

[0028] FIG. 12 is a diagram of the components of the 
auxiliary unit of the base station system. 

[0029] FIG. 13 is a How diagram of the activation pro 
cesses of the present invention. 

[0030] FIGS. 14a-14c are How diagrams of the processes 
implemented in the greenskeeper mode of the present inven 
tion. 

[0031] FIG. 15 is a How diagram of the operation of the 
processes of the greenskeeper mode. 

[0032] FIG. 16 is a diagram of the processes implemented 
in the surveyor mode on the hand-held distance unit. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0033] A description of the preferred embodiment of the 
present invention is provided in connection With the accom 
panying Figures. Aspects of the invention provide an 
improved system and method for determining the distance 
betWeen the golfer and various points-of-interest on a golf 
course. Advantageously, a distance determination and com 
munications system 10 of the present invention enables 
changes in golf hole or pin locations to be communicated in 
real-time to a central base station, and the central base 
station may transmit the pin location updates in real-time to 
hand-held distance determination units carried by golfers on 
the golf course. The position of a golf hole on a golf course 
is often referred to as the pin position because a ?ag or pin 
eXtends up from the hole. The transmission of location 
updates in real-time ensures that golfers have accurate pin 
location information and saves time by not requiring the 
hand-held distance unit to be returned to the club house or 
central base station for updates. 

[0034] As used herein the terms “hand-held distance unit, 
”“mobile distance determination unit,”“HHU,”“hand-held 
distance determination unit,” and “distance determination 
unit” are used interchangeably. 

[0035] A hand-held distance determination unit operating 
according to the principles of the present invention may 
serve multiple functions Within the distance determination 
and communication system 10. Speci?cally, the distance 
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determination unit may operate in ?ve different modes: a 
golfer mode, a greenskeeper mode, a surveyor mode, a test 
mode and a asset tracking mode. Each of these modes 
provides a different functionality Within the distance deter 
mination and communication system 10. In addition to 
providing operational ef?ciency advantages over prior sys 
tems, the present invention also incorporates modules that 
display golf course information to a golfer based upon 
speci?c parameters entered in the system about the golfer. 
Other features of the system increase the accuracy of deter 
mining position ?Xes or locations for the golfer and includes 
features that increase the operational life of the battery 
poWered mobile unit. These features are described in more 
detail in connection With the Figures. 

[0036] Referring to FIG. 1, an overall diagram of the 
distance determination and communication system 10 of the 
present invention is illustrated. A system 10 of the present 
invention includes a central base station 14 located at club 
house 15, navigational satellites 16A-16D and numerous 
mobile distance units, such as hand-held distance unit 18. 
The navigational satellites 16A-16D transmit global position 
system (GPS) position signals 28 that are detected at a 
central base station via a base station GPS antenna 22 and 
the position signals 28 are also detected at the hand-held 
distance unit 18 by a hand-held distance unit GPS antenna 
26. With this information, the hand-held distance unit 18 and 
the central base station 14 can determine their respective 
locations. The base station unit 14 at the club house 15 may 
determine the amount of error in the GPS position signals 
and transmit radio frequency (RF) signals 30 to the hand 
held distance unit 18 to provide a correction signal to the 
hand-held unit 18 so that accurate distance measurements 
can be provided to the golfer 34. The radio frequency signals 
30 are transmitted betWeen the base station and the hand 
held distance unit 18 via a base station RF antenna 36 and 
a hand-held distance unit RF antenna 38. With the correction 
signal information, the hand-held distance unit 18 can deter 
mine a more accurate distance to a point-of-interest, such as 
the distance to the ?ag or pin 42, and display this informa 
tion to the golfer 34. Other information may be transmitted 
betWeen the base station 14 and hand-held distance unit 18 
via RF signals 30 and the radio antennas 36 and 38. The base 
station 14 comprises means for receiving and processing 
GPS signals, means for receiving and transmitting RF sig 
nals, means for communicating data, instructions and mes 
sages to an operator, means for receiving inputs from the 
operator for processing by the base station 14, and means for 
doWnloading at least one of a plurality of operating mode 
modules to the mobile distance determination unit 18. 

[0037] The mobile distance determination unit 18 com 
prises means for receiving and processing an operating 
mode module doWnloaded from the base station 14, means 
for receiving and processing GPS signals, means for receiv 
ing and transmitting RF signals, means for communicating 
data, instructions and messages to a user, and means for 
receiving inputs from said user for processing by the mobile 
distance determination unit. The mobile distance determi 
nation unit 18 is operable in at least one of a plurality of 
modes in accordance With the information and data con 
tained in the doWnloaded operating mode module. 

[0038] Other operations of the hand-held distance unit 18 
include Wirelessly transmitting pin position updates to a 
central base station, as Well as de?ning points-of-interest on 






















