US007239965B2

(12) United States Patent

(10) Patent No.:

Wehrlen et al.
(54) METHOD AND SYSTEM FOR GOLF CART

6,691,032 B1*
2006/0052918 A1

(75) Inventors: David J. Wehrlen, Austin, TX (US);

-

David J. Mullinix, Austin, TX (US)
s

e

-

-

U.S. Appl. No. 60/365,339 entitled “Remote Diagnostic System for

s

e

2/2004 Irish et al. .................. 70 1/213
3/2006 McLeod et al. .............. 70 1/29

OTHER PUBLICATIONS

Joseph M. Hill, III, Austin, TX (US);

-

Jul. 3, 2007

6,525,690 B2 * 2/2003 Rudow et al. ......... 342/.357. 13

CONTROL

-

US 7,239,965 B2

(45) Date of Patent:

Electric Vehicles” naming Dr. George T. Hummert, Russell W.

-

(73) Assignee: Uplink Corporation, Austin, TX (US)

King, David Nadler, Paul W. McLeod and Norman R. Padgett as

(*) Notice:

* cited by examiner

inventors, and filed on Mar. 18, 2002.

Subject to any disclaimer, the term of this
tent is extended

diusted under 35

ºº ºj º º eCl UILCler
-- - *--> -

-

Primary Examiner—Richard M. Camby
(74) Attorney, Agent, or Firm—Hamilton & Terrile, LLP;

(21) Appl. No.: 10/754,916

Robert W. Holland

(22) Filed:

(57)

(65)

Jan. 9, 2004
e

-

--

Golf cart movements at a golf course are controlled by a

Prior Publication Data
|US 2004/0260467 A1 Dec. 23, 2004

limited access controller that compares a golf cart’s GPS
determined position against a limited access map to restrict

performance of inputs by the golf cart’s driver to the golf
cart’s motor under predetermined conditions, such as if a
golf cart enters or has a predetermined likelihood of entering

Related U.S. Application Data
(60) Provisional application No. 60/440,894, filed on Jan
17, 2003

s

pp

S

-

a limited access area. The limited access controller inhibits

motor responses, such as by preventing motor operation,

(2006.01)

701/213: 701/208

ri id ? ci- - - - - -efeat - - - - - -s - - - - - - -h.

(58) Field o
(56)

5- - - 5

-

(51) Int. Cl.
G0IC 21/00
(52) U.S. Cl
58

-

ABSTRACT

s

701/1

º 3: 3427357 of 357 os

licati fi f
- 1t
hh o ee application IIIe Ior complete search n1story.

References Cited

limiting available motor speeds, or allowing motor operation
only in a vector that removes the golf cart from the limited
access area, such as operation in reverse. Golf carts of a golf
course communicate with a base station that updates the

limited access map by defining limited access area perim
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Another example of an important technical advantage of
the present invention is the simplified definition and impo
sition of areas of a golf course to which golf carts have
limited access enforced by restrictions on golf cart move
ments within or proximate to the limited access areas. A
graphical user interface presents a map of the golf course for
defining the perimeters of limited access areas and associ
ating golf cart movement restrictions with the limited access
areas. Active limited access areas are distributed to golf carts
through a wireless network so that golf course management
may adapt the limited access areas as golfing conditions
change, including the type of restrictions, such as golf cart
speed restrictions for an associated limited access area, the
identity of limited access areas, such as transitions to and
from golf cart path only conditions, or the golf carts to which
restrictions apply, such as golf carts in use by golfers versus
golf carts in use by golf course staff, such as the marshal,
beverage distributors or utility workers and golf carts used
by handicapped golfers who may need access by golf cart to
limited access areas due to health concerns. Management of
golf carts by GPS position, authorization codes and time of
day decreases incidence of theft of golf carts during off
hours and unauthorized golf course use.

4
response to driver inputs is restricted if the movement
violates a limited access area of the golf course. A limited
access controller 12 determines limited access area viola

tions by comparing golf cart position determined from a
5

GPS receiver 14 with limited access areas defined in a
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limited access map 16. Limited access map 16 stores limited
access areas as geographic perimeters and golf cart move
ment restrictions associated with golf cart positions within
the geographic perimeters. Typical limited access areas
within a golf course are greens, tees, wet fairways, sand
traps, water traps, areas in which driving a golf cart causes
damage to the golf course grounds, and areas in which
driving a golf cart presents a danger to the driver or others,
such as sharp turns, steep hills and crowded parking areas.
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In some instances, limited access areas exclude substantial

portions of a golf course from golf cart movements, such as
when a course is wet and golf carts are limited to use on golf
cart paths, and the extent of the limited access areas may
change during the course of a day. The type of golf cart
movement restrictions may vary for different limited access
areas to include, for example, a prohibition of any move
ment, a limitation of movement to a reduced speed, or a
limitation of movement in restricted directions, such as
reverSe.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be better understood, and its
numerous objects, features and advantages made apparent to
those skilled in the art by referencing the accompanying
drawings. The use of the same reference number throughout
the several figures designates a like or similar element.
FIG. 1 depicts a functional block diagram of a golf cart
having a limited access controller;
FIG. 2 depicts a functional block diagram of a golf course
system for control of golf cart movement;
FIG. 3 depicts an example of a graphical user interface for
configuring limited access areas of a golf course; and
FIG. 4 depicts an example of a graphical user interface for
display of golf carts in play on a golf course.
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DETAILED DESCRIPTION

Golf cart movements on a golf course are managed by
defining limited access areas with associated golf cart move
ment restrictions. A golf cart’s position is determined with a
GPS receiver and compared with a limited access area map

45

18, limited access controller 12 reduces the maximum

to determine if a limited access area has been entered or a

violation is likely. Limited access area violations are man
aged by restricting movement of the golf cart to prevent or
minimize the violations, or issuing visual and/or audible
alerts to a golfer or to course personnel. For instance, driver
inputs to command a desired speed from a golf cart motor
are overridden, such as by preventing golf cart movement in
one or more directions, above a defined speed or in a defined
gear. Golf cart movement restrictions protect golf course
features that are susceptible to damage, such as greens or
even off-cart-path areas during wet weather. Golf cart move
ment restrictions also help to prevent injury to golfers and
golf cart drivers by restricting maximum speeds during
driving events susceptible to accidents, such as on steep
grades, during sharp turns and in crowded areas. Compari
sons between on-board position determinations and defined
limited access area maps automatically restrict golf cart
movements to preempt violations of limited access areas
without intervention by golf course personnel.
Referring now to FIG. 1, a functional block diagram
depicts a golf cart 10 in which movement of the golf cart in

One illustrative example of limited access areas and
associated movement restrictions applied by limited access
controller 12 is a golf green 18, approach 20 and fairway 22,
and a prohibition against driving into the approach 20 or
anywhere within the perimeter of golf green 18. Movement
by golf cart 10 is restricted if limited access controller 12
analyzes the position provided by GPS receiver 14, or a dead
reckoning position estimate based on the last GPS position,
and determines that the likelihood of golf cart 10 entering a
limited access area exceeds a given threshold. For instance,
if the position provided by GPS receiver 14 matches a
position within green 18, the limited access area associated
with green 18 is violated and movement by the golf cart is
prevented to reduce the risk of damage to green 18. In a
situation in which a golf cart actually traverses a green, a
complete shutdown of the golf cart may be warranted so that
the golf course marshal may personally instruct the golf cart
driver on golf course rules.
Ideally, however, movement of golf cart 10 is restricted
before the golf cart position reaches the perimeter of green
18. For instance, within a predetermined distance of green
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available speed of golf cart 10 and notifies the driver with a
message and/or audible alert if the projected path of golf cart
10 will traverse green 18 or approach 20. The path of golf
cart 10 is projected from a velocity vector derived by one or
more of change of GPS position over time, dead reckoning
and the speed selected by the driver. If the GPS position of
golf cart 10 enters into approach 20, the available speeds of
golf cart 10 are restricted, such as to selections like reverse
gear that will result in a velocity vector out of the approach
without crossing into green 18, and the driver is alerted to
proceed from the limited access area in an appropriate
manner. Alternatively, the maximum speed available is
decreased by greater amounts as the distance of the golf cart
to green 18 decreases until all movement is prohibited at the
edge of the green. In this manner, the risk is reduced of a
violation of green 18 with a positioning of golf cart 10
within the perimeter of green 18 by layering limited access
layers to have escalating movement restrictions as golf cart
10 moves closer to green 18. The selected actions or set of
actions are configurable and decided by the course manager
based on course rules and preferences.

US 7,239,965 B2
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access areas, database 54 simplifies implementation of golf

5
Limited access controller 14 enforces restrictions on

movement by golf cart 10 by communicating with an

cart restrictions as conditions warrant. For instance, if a brief

on-board motor controller 24 for motor 26. For instance,

rainstorm dampens a portion of the course, the marshal
selects a stored golf cart only movement restriction for the
wet areas and communicates the updated limited access
areas to golf carts 10 through communication module 54 and
wireless network 50. Remote design and selection of limited
access areas is supported through a golf course management

limited access controller 14 operates on a Windows CE
platform and communicates with a serial port of a 1510
motor controller manufactured by Curtis PMC. The 1510
motor controller allows polling of its configuration settings,
such as speed settings, and its status information, such as
throttle setting, battery voltage and motor operating param
eters, so that limited access controller 14 is able to override

driver inputs, such as throttle settings input through an
accelerator pedal 28. For instance, applying the above
example, if limited access controller 12 detects that golf cart
10 has entered within the perimeter of green 18, it may
disable movement of golf cart 10 by commanding on board
controller 24 to override driver accelerator inputs, to over
ride ignition inputs, to override gear selection inputs or by
setting the maximum setting of motor 26 to a speed of zero.
Alternatively, limited access controller 12 interfaces with a
power switch 30 to shut off main current from a battery 32

server 56 that, for instance, allows interaction with access
10

systems.
15
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to motor 26.
Limited access controller 12 interfaces with the driver of

golf cart 10 and with golf course management through a
driver interface unit 34, a driver display 38 and a commu
nication module 36. Driver interface unit 34 presents limited
access information to a driver of golf cart 10 visually
through display 38 and audibly through speaker 40. Driver
inputs in response to limited access information is provided
through an input interface 42, such as a touch screen or
buttons associated with display 38, and through an emer
gency override 44 that allows a driver to override restric
tions on movement of golf cart 10 imposed by limited access

25

violation, such as the marshal. The driver can obtain addi

authorization code of authorization module 60, access con
30

course, an alarm module 62 tracks limited access area

35

status and alarm information.
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Referring now to FIG. 2, a functional block diagram is
depicted of a golf course system for control of movement of
golf carts 10 on a golf course 46. Overall golf course
management is provided by a base station 48 that commu
nicates with golf carts 10 through a wireless network 50.

60

Base station 48 defines limited access areas and associated

reverse only movement. By maintaining defined limited

from on board controllers 24. Thus, for instance, a marshal

may impose movement restrictions on selected golf carts
through base station access control module 58 based on

cover in the event of an electrical storm.

and to movement restrictions such as slow, no movement or

trol module 58 is commanded to release the authorized golf
cart for movement. During movement around the golf

violations reported from golf carts through communication
module 54 and status module 64 tracks golf cart status based
on information processed by limited access controllers 12

tional help through input interface 42 or, in the event of an
emergency, can override certain restrictions imposed by
limited access controller 12 through activation of emergency
override interface 44, such as to make a more rapid return to

golf cart movement restrictions with an access configuration
module 52 that maintains a limited access area map database
54. Limited access area map database 54 relates limited
access areas to perimeters having geographic coordinates

In addition to supporting the design and selective activa
tion of limited access areas, base station 48 provides a
centralized communication hub for control of golf carts
across golf course 46. An access control module 58 interacts
with individual golf cart limited access controllers 12 to
directly control functions of that golf cart’s motor 26. As an
example, golf carts in a parking area 66 are prevented from
movement by a command communicated from access con
trol module 58 that disconnects main power to each motor
to prevent theft of the golf carts. When a driver pays for a
round of golf, the driver is provided with an authorization
code that the driver inputs through input interface 42 for
communication to an authorization module 60 of base
station 48. If the driver authorization code matches the

controller 12. Communications module 36 communicates

with a base station to allow centralized tracking of golf cart
movement and status, updates to limited access map 16, and
direct override from the base station of driver inputs. Apply
ing the above example, as limited access controller 12
restricts driver inputs through accelerator 28, messages from
driver interface unit 34 are presented at display 38. Slowing
of the maximum speed as golf cart 10 approaches approach
20 is accompanied with a caution message explaining the
reduced speed is to avoid any encroachment on approach 20
or green 18. Disabling of forward movement based on a golf
cart position over approach 20 is accompanied with an
audible alert and caution message explaining that golf cart
10 has violated a course rule and may only be operated in
reverse. A golf cart position over approach 20 or green 18
also results in a message sent through communication mod
ule 36 to alert appropriate golf course management of the

configuration module 52 from a local area network or the
Internet. The modules and database for the depicted system
may be implemented with multiple and distributed computer

Position-based movement restrictions for golf carts on a
golf course 46 provide enhanced play, safety, and course
upkeep by limiting golf carts to authorized use. Improved
play begins with player check in by ensuring that only
authorized players have access to golf carts 10 taken from
parking area 66. Parking area 66 is a limited access area
which permits golf cart movement within the defined perim
eter only at a reduced maximum speed to promote safe
driving. Further, each golf cart 10 may have a limited access
area defined within a predetermined radius so that, when two
carts are in proximity to each other a reduced maximum
speed is enforced. As golf carts proceed along golf cart path
68 a number of limited access areas may apply, including
cart path only access during wet conditions, and reduced
speeds applied proximate to sharp turns, steep hills or
dangerous driving conditions such as cliffs and water haz
ards. The specific limited access periods applicable for a golf
course 46 may change daily or even through out a day such
as when water hazards 70 change dimensions or conditions
on fairway 22 change, and may also vary based on the
quality of GPS or dead reckoning position accuracy. In the
event of an emergency, a driver may override specific
limited access controller restrictions for that driver’s golf
cart, or alternatively, a message from the base station may
disable all or selected limited access controller functions for

65

all or selected golf carts, such as if lightening threatens the
golf course.
Referring now to FIG. 3, one example of a graphical user
interface is depicted in which access configuration module
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15. The method of claim 14 wherein estimating the
velocity further comprises:
polling the golf cart motor to determine the selected motor
speed; and
analyzing the change in GPS position of the golf cart over

5

time.

16. The method of claim 11 wherein restricting the
performance of golf cart driver commands further comprises
removing power from the golf cart motor.
17. The method of claim 11 wherein restricting the
performance of golf cart driver commands further comprises
restricting the maximum speed at which the motor can

10

operate.

18. The method of claim 11 wherein restricting the
performance of golf cart driver commands further com
prises:
disabling golf cart movement towards the limited access

15

area;

determining that the golf cart has moved a predetermined
distance from the limited access area; and

20 &l CCéSS &l?ea.

re-enabling the performance of golf cart driver com

27. The system of claim 26 wherein the base station
further comprises an access control module operable to

mands.

19. The method of claim 18 wherein disabling golf cart
movement towards the limited access area further comprises
disabling golf cart movement except in a reverse direction.
20. The method of claim 11 further comprising:
displaying an emergency override at the golf cart;
selecting the emergency override; and
re-enabling the performance of golf cart driver commands
to allow golf cart movement through the limited access
&l?ea.
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22. The system of claim 21 wherein a limited access area
comprises a perimeter and a golf cart movement restriction
associated with a golf cart position within the perimeter.
23. The system of claim 22 wherein the perimeter is
associated with a golf course green and the golf cart move
ment restriction comprises overriding forward motion by the
golf cart onto the green.
24. The system of claim 22 wherein the perimeter is
associated with a golf course driving hazard and the restric
tion comprises overriding driver commands for a speed that
exceeds a predetermined maximum speed.
25. The system of claim 22 wherein the perimeter is
associated with other golf carts and the restriction comprises
governing the maximum golf cart speed.
26. The system of claim 21 wherein the driver interface
unit is further operable to communicate to the base station an
alarm of a driver command to move a golf cart in a limited

communicate to the driver interface unit an authorization to
25

perform the driver command to move a golf cart in the
limited access area.

28. The system of claim 21 wherein the base station
further comprises an access control module operable to
communicate to one or more selected driver interface units
30

a movement restriction for the golf cart associated with each
of the one or more select driver interface units.

21. A system for control of plural golf carts on a golf
29. The system of claim 28 wherein the base station
course, the system comprising:
further comprises an authorization module operable to com
a GPS receiver associated with each golf cart and oper municate a request for an authorization code to a driver
able to determine a GPS position of an associated golf 35 interface unit and to verify receipt of the authorization code
cart;
from the driver interface unit, the authorization module
a limited access map associated with each golf cart and commanding the access control module to prohibit move
defining limited access areas of an associated golf cart; ment of the golf cart until receipt of the authorization code.
a limited access controller associated with each golf cart
30. The system of claim 29 wherein the authorization
and interfaced with the GPS receiver and limited access 40
map, the limited access controller operable to limit the code is associated with payment of a green fee for playing
performance of driver commands to move an associ the golf course.
31. The system of claim 21 wherein the access configu
ated golf cart in a limited access area based at least in
part on a GPS position of the associated golf cart;
ration module is further operable to define limited access
a driver interface unit associated with each golf cart and 45 areas according to golf cart driver type.
interfaced with the limited access controller, the driver
32. The system of claim 21 wherein the access configu
interface unit operable to communicate with a wireless ration module is further operable to restrict golf carts to golf
network; and
cart paths.
a base station operable to communicate with the driver
interface unit over the wireless network, the base 50 33. The system of claim 21 wherein the access configu
station having an access configuration module operable ration module is further operable to restrict golf cart move
to define limited access areas and to update one or more ment by one or more predetermined time periods.
of the limited access maps with the defined limited
&l CCéSS &l?e&lS.

