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1 2
GPS BASED TIME DETERMINING SYSTEM (GMT) which is generally recognized as the reference time
AND METHOD at the prime meridian.

BACKGROUND OF THE INVENTION

In the past, navigation systems and various time moni-
toring systems located on mobile vehicles have generally

1. Technical Field 5 failed to take il_lto cgnsideration the changes th'at occur
This invention relat ally to time indicating devi between the various time zones. Generally speaking, time
nvention re‘ates generaly to ime indicating vices zone changes roughly occur with one hour time changes at
for providing the time of day and, more particularly, to a5 oyimately 15° longitude intervals that deviate from the
GPS based system and method of providing accurate current meridian. However, the actual time zone boundaries deviate
time readings despite locfal time changes such as occurs 10 locally from the 15° longitude coordinates lines to follow
when traveling between time zones. international and intranational boundaries and due to other
2. Discussion local considerations. For example, in the United States the
The concepts of intelligent vehicle highway systems  boundaries defining the time zones are fixed by the Depart-
(IVHS) are changing the future of ground transportation ment of Transportation and frequently thF actual b?qndmcs
systems. In particular, navigation systems and Mayday Sys- ,, depart considerably from the 15° longitude meridians. In
tems have been developed and are increasingly becoming addition, many countries including _thc Umted' States
available for use in assisting a mobile user. For example, ~ advance their time by one hour, particularly during the
on-board navigation systems are currently provided in some thlhnélrn:irmrcnoclll:::' emrtuolesd::&z%htiesf:klglgx itll:tltl)cc.on'l:ilgzrcaggi
automotive vehicles to assist the driver of the vehicle in when determini ngg the current time at a particular location
navigating the vehicle along a route or roadway system to ,, especially for mobile users. Accordingly, for navigatiori
reach a desired destination. Also, Mayday Systems are being systems and Mayday Systems and the li:ke it would be
dcvelopf:d f?r installation on vehicles as an aid for emer- desirable to achieve automatic time determinations for a
gency situations. : current location, despite changes in time which occur as one

Early navigation systems generally did not have the travels across time zones.
availability of advanced positioning systems such as global 25 It is therefore desirable to provide for a system and
positioning system (GPS). Instead, a number of early navi- method of updating the current time reading to account for
gation systems often relied exclusively on dead reckoning changes in time between different time zones.
techniques to account for a moving vehicle’s location. More particularly, it is desirable to provide a system and
Generally speaking, dead reckoning is the determination of method that employs global positioning system signals and
position by advancing a known position using measured 3o a database containing time zone information and provides an
courses and distances. This generally involved determining accurate current time reading which automatically updates
a starting location and manually setting the vehicle’s posi- the time reading to adjust for time zone changes.
tion on an electronic map. With the use of a dead reckoning It is also desirable to provide for a system and method of
technique, an approximate path of travel of the vehicle could ~ providing accurate time of day readings for a navigation
be computed and updated as the vehicle was driven. The 35 system or Mayday system for use with a mobile user.
travel path determination was often achieved by way of a It is further desirable to provide a system and method
compass reading and vehicle speed information or was which may easily be intcgrated into an audiq cntcrtainmept
achieved by some other kind of dead reckoning technique. ~ System and installed in an automotive vehicle for use in
However, many of the dead reckoning based navigation  Providing updated time information.
systems often failed to provide accurate and continuous 4,  Yeb it is also desirable to provide such a system and
navigation assistance and therefore required repeated cor- method wmqh also allows a user to access time readings for
rections to the vehicle’s computed position. remote locations.

With the widespread availability of GPS, more recent SUMMARY OF THE INVENTION
navigation and Mayday systems now rely on GPS to provide In accordance with the teachings of the present invention,
position information to compute a vehicle’s position. The 45 5 gystem and method are provided for realizing accurate
development of the global positioning system (GPS) by the  oyrrent time readings. The system includes a position sens-
United States Department of Defense has Greatly enhanced 3, receiver for receiving GPS radio wave signals containing
the ability to navigate. Currently, a constellation of twenty-  position and time related information. The position infor-
four satellites are in place orbiting the earth at high altitudes 1,456 s processed to determine current position latitude
and transmitting radio waves which contain position infor- 50 ap4 longitude coordinates. In additional, the system and
mqon. With the use of GPS receivers, the position infor- method determines the time of day from the GPS signals as
mation can be received and used to calculate the current  peferenced to a reference time such as GMT. The date is also
latitude and longitude position coordinates at the receiving  getermined from the GPS signals. The system has a database
location. The Global positioning system is currently achiev- that contains time zone change rules over a geographic
ing r.ec_ognition as the supe:rior position locator system for 55 territory so that current time of day as referenced to the
providing accurate worldwide fixes. o reference time can be determined at various position coor-

In addition to providing accurate position information,  djnates. A clock is preferably included and the time on the
GPS radio wave signals also contain accurate time of day  clock is periodically updated with the determined current
and date (i.e., day of year) information. Based on precise time of day to provide an accurate time for the current
timing of radio propagation times, a GPS-based system can 60 position. The clock time is displayed on a display. In
use the four cesium clocks which are currently provided in addition, a back-up dead reckoning system provides
each of the twenty-four satellites in the constellation to approximate position information when GPS signals are
compute the time information. The time and date informa- unavailable.
tion is generally computed as a side effect of producing a
precise position estimate based on the GPS signal. Currently, 65 BRIEF DESCRIPTION OF THE DRAWINGS

the time of day information included with the GPS radio
wave signals is referenced to the Greenwich Mean Time

Other objects and advantages of the present invention will
become apparent to those skilled in the art upon reading the
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3
following detailed description and upon reference to the
drawings in which:

FIG. 1. is a front view of a navigation/audio entertainment
system employing a system and method of providing
updated time according to the present invention;

FIG. 2. is a block diagram of the integrated navigation/
audio entertainment system shown in FIG. 1;

FIG. 3. is a block diagram further illustrating the
navigation/audio entertainment system of FIG. 1;

4

tion to the time of day and various types of radio related
information. When in the audio cassette tape display mode,
the display 30 will display information pertaining to the
cassette tape operation and the time of day information.
The navigation/audio entertainment system 10 is
equipped with a memory card interface 36 for receiving a
selected memory card and accessing information stored on
the memory card. The stored information on the memory
card may include destination-related information and/or
time-related information. The memory card is about the size

10

FIG. 4. is a view of an automotive vehicle equipped with  of creditcard and is preferably formatted to PCMCIA. stan-
the system and method of the present invention; dards. The use of PCMCIA standard connections to the card

FIG. 5. is a schematic view of display graphics for not only hclps.mamtam %ow co§ts but also prox_udes other
displaying time of day; advantages which also will hereinafter be explained.

FIG. 6. illustrates a readable PCMCIA standard memory 15 For nav‘igat:ion purposes, the memory card interface 36
card containing time change information for a geographic reads dcstl’natlon-rclated information frf>m a memory card
territory; _that contains a la'rgc numbe_r of dcstmat}on§ which are

. , . . preferably categorized. That is, each destination memory

}TIG' 7. Is a ﬂf)w d.1ag;ram 1}1ustIat1ng 2 method of com- card would contain a selected type of database, as for

g’i‘ﬁi (f:.ease time information according to the present 20 c;_(ample a camping informa}tion directory, a bus}ness
: directory, a restaurant/hotel directory. etc. for covering a

FIG. 8. is a flow diagram illustrating a method of con-  gjven geographic territory. Each destination memory card
tinuously computing time despite a GPS fade scenario; and  provides categorized destinations with corresponding lati-

FIG. 9. is a map illustrating some examples of currently tude and longitude position coordinates within a predefined
existing time zone changes in the United States which may ,5 territory and may also include alphanumeric text informa-
be accounted for with the present invention. tion pertaining to each of the destinations. A more detailed

description of the navigation system is discussed in U.S. Pat.
DETAILED DESCRIPTION OF THE application Ser. No. 08/418,931 filed Apr. 7, 1995, entitied
PREFERRED EMBODIMENTS “Low Cost Navigation Device with Destination Data Base”

Turning now to FIG. 1, a navigation/audio entertainment 3o and assigned to the assignee of the present invention. The
system 10 equipped with a system and method of determin- aforementioned patent application is hereby incorporated by
ing and updating current time of day is shown therein. The  reference.
navigation/audio entertainment system 10 of FIG. 1 inte- For providing time of day information according to the
grates both a navigation system and an audio entertainment present invention, the memory card interface 36 is used to
system of the type generally configured for installation in an 35 retrieve time-related information including time change
automotive vehicle. While the embodiment of a navigation/ rules from a time zone memory card. Each time zone
audio entertainment system 10 is shown, the system and memory card contains a set of rules defining time zone
method of providing the current time according to the boundaries as a function of latitude and longitude position
present invention may be applicable for use in any GPS- coordinates. In effect, the time-related information data
based system that provides the time of day. Accordingly, an 4o provides a map of the time zones. The programmed rules
AM/FM radio and/or audio cassette tape player equipped also include special changes in time such as time changes
with GPS could employ the present invention. It should also due to “daylight saving time” and the dates when these
be appreciated that other systems such as Mayday systems, changes are in effect. The time change rules covered by a
various audio entertainment systems or combinations of given memory card encompass time change rules for a
audio systems may be used separately or may be combined 45 geographic territory. According to the preferred
with the navigation system or other systems. Also, an audio embodiment, the time change memory card is preferably
compact disc (CD) player could be employed in addition to loaded into the memory card interface 36 and the time-
or in place of the audio cassette tape player 46 that is shown. related data is preferably downloaded to memory within the
It is also conceivable that destination-related information navigation audio entertainment system 10. Accordingly, the
and/or time-related information could be stored on and so time change memory cards may be removed from the
retrieved from a compact disc or cassette. memory card interface 36 so that navigation destination

The navigation/audio entertainment system 10 is shown  cards may be used. Also, data from a plurality of memory
integrally packaged with an audio entertainment system. card may be downloaded into a larger database in memory
The navigation/audio entertainment system 10 has a face within the system 10.
plate 12 which includes the “MENU CHOICES” rotary/ 55  Still further, the PCMCIA memory card could be made
pushbutton 16, navigation menu “NAV MENU” pushbutton with programmable memory that is inherently non-volatile
18. information “I” pushbutton 20, “UNDO” pushbutton 22, or that has a battery back-up on the memory card. Such a
sort by distance “SORT” pushbutton 24, position “POS” memory card is typically more expensive than the PCMCIA
pushbutton 26 and current direction heading pushbutton 28. standard card but would offer added flexibility in program-
The integrated navigation/audio entertainment system 10 60 ming. A user could therefore save destination-related and/or
similarly has a guidance display 30 that is commonly shared time-related information on such a programmable memory
among the navigation, audio radio and audio cassette tape card. One could even program such a programmable PCM-
modes of operation. That is. display 30 will provide the CIA memory card with selected destination information
direction indicating arrow 32 with the destination informa- and/or time change information on one’s personal computer
tion 34 when in the navigation display mode. However, 65 and then use the PCMCIA memory card in an audio/

display 30. when in the audio radio display mode, will
generally display AM or FM frequency selections in addi-

navigation system such as that described herein.
Accordingly, use of the PCMCIA memory card for replace-
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5
able memory in this invention opens up a myriad of possi-
bilities for types of data bases that might be stored on them
for use in the system 10.

The integrated navigation/audio entertainment system 1¢
is shown also containing various audio radio and cassette
tape controls. More particularly, an AM/FM frequency band
selection control pushbutton 40 toggles between the AM and
FM radio frequency bands. A momentary pushbutton rocker
switch 42 provides pushbutton frequency tuning selection
and radio frequency seek control. In cooperation with
“TONE” pushbutton switch 52, control switch 42 enables
selection of various audio sound parameters such as treble,
bass, fade, balance and auto volume settings. Five user
programmable station preset pushbuttons 44 are available
for storing and recalling programmed radio frequency selec-
tions from electronically erasable programmable read only
memory (EEPROM). Each of the five pushbuttons 44 may
access at least three memory locations which, in a radio
receiver mode, stores one AM frequency selection frequency
and two FM frequency selections.

The integrated navigation/audio entertainment system 10
as shown in FIG. 1 also includes an audio cassette tape
player 46. The cassette tape player 46 receives and reads
stored audio information on an audio cassette tape (not
shown) as is well known in the art. Audio cassette tape
player 46 has function controls which include a tape eject
pushbutton 48 and a side selector pushbutton 50 for select-
ing between the first and second sides of an audio cassette
tape.

Referring to FIGS. 2 and 3, the navigation/audio enter-
tainment system 10 is further shown to include various
interconnected electronics and processing components and
signal inputs. As mentioned above, the face plate 12 encom-
passes shared display 30 and the various user controls as
represented by key matrix 60. The housing of system 10 is
generally represented by reference numeral 61. Packaged
within housing 61 is the audio cassette tape player 46, the
memory card interface 36, a radio control board 62 and a
navigation board 68. The radio control board 62 is connected
to a radio tuner 64 and the audio cassette tape player 46. The
radio tuner 64 is further coupled to an externally located
radio antenna 66 for receiving radio wave signals. In
addition, audio speakers 65 are generally coupled to the
radio control board 62.

The radio control board is shown including a clock 124
which contains an internal chronometer. preferably based on
a quartz time piece, for measuring time. Clock 124 measures
time and is periodically updated with GPS-based time
calculations as will be explained herein. Also. clock 124
allows the system to maintain good time estimates when
GPS time computations are not available, though accuracy
may degrade as the period of GPS outage grows longer,
depending on the accuracy of the clock 124. While the clock
124 is shown with the radio control board, it should be
appreciated that the clock 124 may be located most any-
where within system 10.

The radio control board 62 communicates with the navi-
gation board 68 via an array of communication lines includ-
ing SPI and WAKEUP lines. The navigation board 68 is
connected to the memory card interface 36 and a GPS
receiver 70. The GPS receiver 70, in turn, is connected to a
GPS antenna 72. According to well known GPS operations,
the GPS receiver 70 receives GPS radio wave signals via the
GPS receiving antenna 72. The GPS radio wave signals are
emitted from existing GPS satellites. Currently, a constel-
lation of twenty-four known high altitude GPS satellites are

10
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in orbit and available to provide continuous worldwide
position fixes in all types of weather conditions. The GPS
receiver 70 has a built-in processing unit and memory for
processing the GPS radio wave signals to determine the
latitude and longitude coordinates of the current position, as
well as determining the current direction of travel.

More specifically, the GPS receiver 70 continuously
receives radio wave signals from the GPS antenna 72 and
determines accurate position coordinates which identify the
location of the received signals. This determination includes
calculating the distance from various satellites to determine
a location relative thereto. By measuring the current signals
sent by the GPS satellites and knowing orbital parameters of
the satellites, the GPS receiver 70 is able to determine the
location thereof and generate longitude and latitude position
coordinates identifying the position of the received signals.

More particularly, with the received GPS signals, the
latitude and=longitude position coordinates of the GPS
receiver 70 are determined by computing distance from each
of several GPS satellites currently visible to the receiver 70
by direct line-of-sight. Distance is determined by precise
computation of the time required for radio signals to travel
from the GPS satellite to the GPS receiver 70. Combined
with precise information about the satellites’ positions rela-
tive to the earth, precise latitude and longitude coordinates
are computed.

In addition to determining precise latitude and longitude
position coordinates, the GPS receiver 70 also computes an
accurate time of day and date from the GPS radio wave
signals. The GPS receiver 70 receives signals from four
satellites and solves for travel time which is used to compute
distance from the satellites to the receiver. The radio wave
information is commonly encoded in a spread spectrum
transmission. Accordingly, the time of day and date infor-
mation is computed as a byproduct of solving for the
location, since time is included in the pulses of information.

At speeds greater than a few miles per hour, the GPS
receiver 70 can also determine a precise direction of travel.
The receiver 70 determines rate of change in range or
relative speed to each visible satellite. Combined with
precise knowledge of satellite orbits and the earth’s rotation,
the ground velocity (i.e., speed and direction) of the GPS
receiver 70 can be precisely determined. The determined
direction heading is preferably used as a reference while the
vehicle is moving at a speed of greater than five miles per
hour, for example.

GPS is widely known and should be understood to those
skilled in the art as a means for providing accurate position
location information with an accuracy within one-hundred
(100) meters or better for over ninety-five percent (95%) of
the time. It should also be understood that enhanced accu-
racy may be obtained with GPS now and in the future. For
example, a differential receiver could also be employed to
provide the availability of differential GPS which offers
enhanced position determining accuracy.

The navigation board 68 receives a number of signal
inputs which include a signal indicative of the vehicle
direction heading as generated by a magnetic flux gate
compass 74 according to one embodiment. According to a
second embodiment, the direction heading signal may alter-
nately be generated with a gyro compass. The gyro compass
offers the advantage of immunity to magnetic noise such as
is common in urban environments and near power distribu-
tion centers. Accordingly, the gyro compass may be more
desirable when GPS blockages combined with high mag-
netic noise levels can be expected. The direction heading
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indication provided by compass 74 is used as back-up
heading information which serves as a reference for deter-
mining straight-line direction to a selected destination when
the vehicle’s speed drops below five miles per hour. The

8

car radio. Accordingly, the key matrix 60 and display 30 are
easily accessible by the driver or a passenger in the vehicle
110. The magnetic flux compass 74 is located near the upper
midportion of the windshield near or within the rearview

direction heading signal from compass 74 is also used with 5 mirror assembly. The vehicle speed sensor (VSS) signal 76
the back-up dead reckoning system when GPS is unavail- and transmission position (PRNDL) signal 78 are taken from
able. the vehicle transmission. The GPS antenna 72 is preferably
Additionally, a vehicle speed sensor(VSS) signal 76 is mg}lnted on t}le la'loof of the vehicle 11¢ and exposed to GPS
received by the navigation board 68 to provide an indication ra o‘ wave S.lgll S . .
. . Lo With particular reference to FIG. 5, the display 30 is
of vehicle speed. Also received by the navigation board 68 10 \ L h .
. C . , . shown in an enlarged schematic view. The display 30 is a
is a transmission position (PRNDL) signal 78 which pro- PRl . . . ey e L
. T . simplistic and inexpensive alphanumeric text with direction
vides an indication of a forward or reverse direction of travel ointine arrow display. According to one embodiment, dis-
of the vehicle. Together, the direction heading signal pro- p g P ay. g . :
- . play 30 is a vacuum fluorescent (VF) display. Alternately,
vided by a compass 74, as well as the vehicle speed sensor di . S /
. . e L 1s display 30 may include a liquid crystal display (LCD)
signal 76 and transmission position signat 78 allow for the . . L . 7
X equipped with back-lighting. It should be appreciated that
backup dead-reckoning system to complement the GPS . £ displ be used to display the ti P
position coordinates. Xamousiypes of displays can be used to display the time o
] . ) y reading.
e s K6 3 o ntd Gy o e i o
. N - . ... 20 display containing a plurality of equi-angular direction
'ISZ‘; eradm Z(;ngg:ccc;\:]c;‘hb:sard 62 gﬁliﬁo‘iqslﬂg& :'g "‘I,'ll'nﬂ; pointing arrows such as arrow 32. According to the embodi-
radio g’;‘; ol mjao;gcessor MEEIgenlcrl ally handles the au dio ment shown, dircction. pointing_ display 112 i.ncludes sixteen
entertainment controls. For instance, microprocessor 84 P t(:ss1blc 3a;{)ow sclecuorfrshcqul-a.ngularlyd‘cil splaced 22.5_
. L * R about a 360__ rotation. The appropriate direction pointing
ft;lmcu?il;s asan ;udlo casls:tte t:zelcnonl‘:irsil ,86 for .controllmg o5 arrow such as arrow 32 is selected and actively displayed as
e asl:‘ ;)lcasse ¢ tape player 46. In a lu: ;' m;licropr ocgis- a darkened arrow to provide an indication of the straight-line
z(())ll-l ol 9530%1-:&51!?; a tht:l:lr di?::rd(i)o an da;]ou:clll oal::rao direction from the current position of the GPS receiver 70 to
tions as should be evi dcit to one skilled in the art P a selected destination. The arrow direction may vary and is
o o C determined by the calculated direction as referenced to the
ThelnaYlgauon board9628falso contalu;l; 1tshown- navigation ., current vehicle heading provided by the GPS receiver 70 or
control microprocessor 92 for controlling the prumary navi-  packup compass 74. The direction pointing arrow 32 point-
gation functions of the present invention. The microproces-  ing upward indicates that the destination is directly ahead of
sor 92 has built-in random access memory (RAM), flash  the vehicle, while the direction pointing arrow 32 pointing
memory 126, electronically erasable programmable memory  downward indicates that the destination is directly behind
(EEPROM) 98, read only memory (ROM) 100, a serial ,, the vehicle. The direction pointing arrow 32 pointing to the
input/output 102 and an input/output 104. The EEPROM 98 rjght indicates that the destination is to the right and that the
:ﬁgﬁ:gr%any c;;lt:m the nezﬁz&lxym%r:ggrgg;i driver of thtﬁ vglt;icle may turn the vehicle when appropriat;
Trin primary - Likewise, the direction pointing arrow 32 pointing to the le
mine distance and direction to selected destinations. Also indicates that the dcsﬁfaﬁon ii to the lef]i £
included on the navigation board 68 is random access ,,  The navigation display 30 further includes alphanumeric
;:Eg)r;yaiRAM) :;and(thc m;‘;‘:‘g; ;Zrd lenf:;fljlcc (:30611‘;:‘: character displays 114 for displaying alphanumeric charac-
progs C;i: I;lnemogy lbloucawtions for Etroring distinaﬁon tefrs. Character dlsllalays 114 each prefefrably include :1111 alzdrlay
I amma . 5 . of segments, pixels or a dot matrix for economically dis-
;f;nnenoian(;irforﬁcontln;agiymstonn.gnf vanalziles used 10 playing alphanumeric characters such as individual
rmine the direction and distance 1ntormation as pro- .o glphabetical, numeric or other symbolic characters. The
cessed by the navigation control microprocessor 92. The 45 diIs)play 30 is equipped with aeiixm}"t]:d number of character
flash memory 12-6 preferably contains tt}e downloaded time- displays 114. As shown, a total of twenty-four character
related information from one or more time change memory  gjsplays 114 are divided between a top line and a bottom line
cards and mclud.es the time .zone change .rulfes. of text. The text information 34 may include various menu
The GPS receiver 70 also includes a built-in GPS control 50 categories, sub-categories, destinations, distance
microprocessor 106 and random access memory (RAM) information. and a wide variety of alphabetical, numerical
108. Microprocessor 106 also contains built-in random  and text information. As shown in FIG. 5. a destination name
?m)nll;f’noryl ‘()RAMS 3 ltz : Tthe ragldomd:iaccess mﬁ_mfz'ly 116 le provided 31; the top 6(111111:16. Di‘s:glayed on the bottom ﬁtﬁe
or preferably stores the radio wave signals is a distance as determin om the current position to the
received from the QPS receiving antenna 72 for process.ing. ss selected destination. While the distance shown is displayed
md? GPS cont_rol arlmaoc[lxg:lesslgrt 103l processets ;h::itrcg:lvcg i(];]l]‘:[ll)ﬂcs, tlt:f ]I_R(C'Iic qu{valent ;)f tg: ((111'15ta1ncz(iin ﬂomczrs
radio wave signals an culates the current latitude an could likewise alternately isplayed. Also, dis-
longitude position coordinates thereof in addition to com- played on the bottom line is a digital reading of the time of
puting the current time of day and date and calculating the day as measured by clock 124 and updated as described
current direction of travel. The calculated position gy herein. While the time shown includes the hour and minutes.
coordinates, time, date and direction data may thereafter be seconds and split seconds could also be displayed.
stored in RAM 107 or 108. Furthermore, the computed date could also be displayed.
According to a preferred embodiment, the system 10 may Referring to FIG. 6, a preferred memory card 120 that can
easily be mounted in an automotive vehicle 110 as shown in be used to provide the destination data base and/or time-
FIG. 4. According to the automotive vehicle application. the 65 related information is shown therein. According to one

navigation system 10 may easily be mounted within the dash
of the vehicle 110 in a manner similar to the mounting of a

embodiment, the memory card 120 is formatted to PCMCIA
standards and contains information that is stored on read
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only memory (ROM) or programmable memory within the
memory card 120. One example of the PCMCIA memory
card 120 is Model No. FE02M-20-10038-01 manufactured
and sold by Centennial Technologies, inc. This particular
memory card 120 has a PCMCIA standard interface which
includes a total of sixty-four female electrical connector
holes 122 provided at the connector end for receiving pin
connectors within the memory card interface 36. It should be
appreciated that a plurality of memory cards 120 may be
selected from to access destination-related and time-related
information that is made available for a predefined geo-
graphic territory.

With particular reference to FIG. 7, a methodology 130
for determining and updating the time of day and date in
accordance with the present invention is shown therein. The
methodology. 130 begins at block 132 with acquisition of
the first GPS fix after system start-up. This generally
includes acquisition of latitude and longitude position coor-
dinates and GPS time and date. Once the first GPS data is
acquired, a reduction search for possible cutrent time zones

10

15

10

step 160 to check if the distance from the previous time zone
is greater than a preselected distance. The preselected dis-
tance may, for example, be arbitrarily selected as one-tenth
of a mile. The predetermined distance with hysteresis
insures that the time reading bordering a time zone change
will not flip flop due to any variance or error in the GPS
signals.

Referring to step 160, if the distance from the previous
time zone is greater than the predetermined distance, the
new current time zone is recorded in step 162. Next, the
local date is computed pursuant to step 164. Referring back
to step 156, if no time zonme change has occurred, the
methodology 130 would similarly proceed to step 164 to
compute the local date. From step 164, the methodology 130
will then proceed to record the current time zone, daylight
saving time status, current time of day and date information
provided in step 166. Finally, the non-GPS clock is updated
to the current local time and date and the methodology 130
returns to step 150 to obtain another GPS acquisition fix.

The system and method of the present invention is also

20

based on the GPS latitude and longitude position coordinates able to provide time and date information when GPS solu-
is performed as provided in step 134. The reduction search tions are unavailable as provided in the methodology 170 of
generates a list of selected time zone regions which the FIG. 8. Methodology 170 begins with step 172 in which the
receiver is more likely to be in. The methodology 130 then most recent vehicle location and heading information is
checks to see if the non-GPS clock time is available in step 45 obtained. Proceeding to step 174, methodology 170 checks
136. The non-GPS clock time is the time provided by the to see if the GPS solution is available. If GPS is available,
internal clock 124. If non-GPS clock time is available, step the reference or GMT time and date is computed from the
138 computes a probable local time and date from GPS time GPS data as provided in step 176. The computed GMT time
and date and the reduction search results. Thereafter, in step and date is then compared with the data base as provided in
140, the reduction search time zone list is sorted based on 33 step 178. Thereafter, the internal clock 124 is updated
non-GPS time matches. Next, the current latitude and lon- pursuant to step 180.

gitude position coordinates are tested for membership in the Referring again to step 174, if the GPS solution is not
next time zone on the reduction list pursuant to step 142. available, methodology 170 proceeds to step 182 in which
Similarly, if non-GPS clock time is not available as deter-  the compass data and vehicle speed sensor information is
mined in step 136, the current latitude and longitude position 35 obtained. When the GPS solution is not available, the new

coordinates are tested for membership in the next time zone
in step 142. Step 144 checks to see if the latitude and
longitude position coordinates are in the currently compared
time zone and, if not, steps 142 and 144 are repeated.

location is calculated from the old location and the compass
data and vehicle speed sensor information as provided in
step 184. With the dead reckoning sensor information, given
the vehicle speed sensor signal 76, the transmission position

Otherwise, the current time zone, daylight saving time 4 signal 78, compass reading 74 and time related information,
(DST) status, current time of day and date information are the navigation board microprocessor 92 is able to determine
recorded pursuant to step 146. The non-GPS clock 124 is  an approximate expected location of the mobile user, despite
updated to the current local time and date in step 148.  the unavailability of GPS signals. Currently, existing global
Accordingly, the internal clock 124 is thus far updated tothe  positioning systems have been known to suffer from signal
current time and date for the current position as the first 45 blockage caused by tall buildings and other interferences.
update since start-up of the GPS-based system. When the GPS signal is unavailable, the present invention

Once the GPS time and date information has been deter- takes into account for any such interferences and enables the
mined for the current position and updated on the clock 124 navigation system 10 to continue to operate despite the
for the first time since GPS start-up, the methodology 130 occurrence of GPS interference or other causes of unavail-
proceeds to a loop beginning at step 150. At step 150, a GPS so ability of GPS. For example, in a typical urban environment,
acquisition fix is obtained subsequent to the first fix after a vehicle may travel a roadway system between various tail
start-up. Next, the methodology 130 checks to see if the buildings in which the GPS radio wave signals may be
previous time zone update is thirty seconds old or older blocked by an obstruction caused by nearby buildings. This
pursuant to step 152. If a thirty second time interval has not interference condition is known as the occurrence of GPS
elapsed since the previous time zone update, the methodol- ss fade. In order to handle the GPS fade scenario, the naviga-
ogy 130 returns to step 150 to acquire another GPS fix. This tion system 10 advantageously stores the last set of position
provides for a periodic time zone update of approximately coordinates and calculated speed and direction information,
thirty seconds. according to one example. That is, time zone in addition to the time the last position coordinates were
changes. and changes in time and date will not be made to recorded. Proceeding to step 186, the time at the current
the clock 124 other than at periodic thirty second intervals. ¢o calculated location is then determined and the internal clock

Once the thirty second time period has elapsed. method- 124 is updated pursuant to step 180.
ology 130 will proceed to step 154 to check the curmrent FIG. 9 illustrates a geographic temritory covering the
latitude and longitude position coordinates in the previous mainland of the United States to show how a user may
time zone. Step 156 will then check to see if the time zone employ the system and method of the present invention to
has changed and, if so. will proceed to update the time in 65 account for time changes between time zones. As one travels

accordance with the time zone change. To do so. the
methodology proceeds to step 158 to apply hysteresis and to

from the West Coast to the East Coast and beyond. a mobile
user may cover five different time zones represented by
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Pacific time zone 188, Mountain time zone 190, Central time
zone 192, Eastern time zone 194 and Atlantic time zone 196,
each generally having one hour time differences. These time
zones are divided by time zone boundaries 198 which vary
locally as generally shown. In addition, other special time
zone rules are accounted for. For example, boundaries 200,
202 and 206 generally define territories which do not follow
Daylight Savings Time (DST). Another special rule applies
to boundary 204 which is one-half hour ahead of the Atlantic

time zone 196. With the use of the system and method of the 10

present invention, a mobile user is able to travel across the
time zone boundaries 198 through 206 from one time zone
to another and realize the current updated time of day and
date readings for the current position of the user.

12
determining a speed of travel;
determining an approximate current position as a function
of the determined direction and speed of travel when
GPS radio waves are unavailable;

determining the current time of day as a function of the

approximate current position; and

displaying the determined current time of day.

2. In a GPS navigation and audio entertainment system
having navigation control means, display means, a GPS
receiver for receiving GPS radio wave signals and process-
ing means for determining a current position, the improve-
ment comprising:

means for determining a reference time of day of said

Accordingly, the time and date readings takes into consid- 15 received GPS radio wave signals;

eration the time zone changes and daylight saving time. a data base containing time-related information including
Furthermore, with the use of the navigation system 10. a time zone position boundaries mapped as a function of

user may call up a particular destination or may enter geographical position coordinates, said time-related

latitude and longitude position coordinates for a particular information further including rules for defining

destination and obtain a reading of the time of day and date 20 changes in time;

at that requested destination. This may include entering the a clock for providing a measured time of day;

destination name or coordinates in degrees/minutes/seconds means for determining a direction of travel;

in a form such as 40_30'29.2N, as an example. To enter means for determining a speed of travel;

coordinate information, the user easily rotates the menu R K ’ ..

choices rotary pushbutton switch 16 to sequence through 25 means for_ calculating an aPI?mx’m?‘e qurrcnt position as

alphanumeric characters which are sequentially displayed a function of the determined direction and speed of

on display 30. When a desired alphanumeric character is travel when. GPS radio wave signals are unavallabl‘c

displayed. the user may depress the rotary pushbutton switch a1_1d calculating ﬂfc. current time of day for the approxi-

16 to select the displayed character. Continued rotary mate current position; and

sequencing and depression of the rotary pushbutton switch 30  means for periodically updating the clock with the cal-

16 is repeated so as to sequentially select the next characters culated current time of day.

until the latitude and longitude position coordinates are 3. A navigation system for use in a vehicle and having a

entered in. Remote time readings may be accomplished by ~ clock which is automatically updated with a measured time

auser in the eastern standard time zone 194 entering position of.d_ay based on time change boundaries, the system com-

coordinates for a destination in the Pacific standard time 35 Prising:

zone 188 in order to find out the current time of day and date
at the entered destination which is three hours different from
the time of day in the eastern standard time zone 194 where
the user may currently be located. These and other uses of

a radio wave receiver for receiving a position indicative
signal and a reference time;

means for determining a current position of the vehicle
from the radio wave signal;

the system and method of the present invention may be 40 ‘. . . tion i :
realized as should be evident to one skilled in the art. m?-lu,lnogyz oi(;ﬂ;-’(l)l:iltlil()gn t;g:]cnﬁzdm:n;; ed as (;nﬁll:stll}:)ﬁ%
While this invention has been disclosed in connection geographical position coordinates, said time-related
Kiﬂl;parﬁcﬁar e!;:rgpla t!xcrioqunﬁ limitation is inqt%qdqd information further including rules for defining
ereby except as defined in the following claims. This is changes in time as a function of the geographical
because a skilled practitioner recognizes that other modifi- 4 position coordinates; P
cations can be made without departing from the spirit of this a clock for providing a measured time of day;
invention after studying the specification and drawings. ‘. N ’
What is claimed is: means for determining a direction of travel;
1. Amethod of providing current updated time of day. said means for determining a speed of travel;
method comprising the steps of: 50 means for calculating an approximate current position as
receiving GPS radio wave signals; a function of the determined direction and speed of
.. . T . travel when GPS radio wave signals are unavailable
dctstzg:;ln;ng a current position from said GPS radio wave and calculating the current time of day for the approxi-
’ mate current position; and
determining a reference time of day from said GPS radio 55 P

wave signals;
providing a clock for providing a measured time;
determining a direction of travel;

means for periodically updating the clock with the cal-
culated current updated time of day.

* ok ok % ¥
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