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METHOD AND SYSTEM FOR
REGULATING SWITCHING OF A TRAFFIC LIGHT

TECHNICAL FIELD OF THE INVENTION

The invention relates in general to the field of
vehicular traffic control and more specifically to a method

and system for regulating switching of a traffic light.

BACKGROUND OF THE INVENTION

Control of vehicular traffic on roads is important to

the proper-funccioning of society and its economy. To

provide such control, traffic light switching systems are

10 - employed. One conventional traffic light switching system

counts a predetermined number of vehicles entering a road

intersection and change the 1lights accordingly. Some

conventional traffic light switching systems, referred to

as "loop detectors" include a conductive loop detector

15 embedded in the road. The conductive loop generates an

electromagnetic field. A signal is transmitted to a

traffic light controller if the proper number of vehicles

have passed over the conductive loop and through the

electromagnetic field. The traffic light controller then

20 switches the traffic light, if appropriate. In addition to

electromagnetic fields, prior systems have also used
pressure sensors to determine the presence of a vehicle.

The use of physical loop detectors in conventional

traffic 1light switching systems is primitive and

25 conventionally used only to detect the existence of traffic
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2 in aspeggific direction. A problemw th physical |oop detectors is that
t.h8y *are pernmanent|y enbedded in the roadway and cannot be quickly or
easily noved or nodified. In addition, physical |oop detector systens
cannot 5 selectively change a traffic |ight based on the type of vehicle
passi ng over the detector. Current systens al so cannot receive information
fromother sources to determ ne whether to change the light for a

- particular vehicle. As a result, conventional traffic |light swtching
systens 10performat a |ower |evel than desired. : O her systens have
been devel oped & ospelcid itchi §ipeobi 6m by Al Lowi t i . certain
vehi cl es tod%%%g:t%zsé gﬂsl o.the traffic | Fgﬁ%mggnpﬁoﬁ e%‘ﬁ?%lgé%ieﬁotog
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i nvenoi on, pefBbhRda808Qf 166yl aLi, Ltching of. a traffic l'ight includes
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a signal to the traffic light controller in order to change
the traffic light. However, the problem with such a system
15 is that it cannot prioritize different signals coming from
separate vehicles._ In addition, the drivers of such
vehicles can switch traffic signals in their favor even if
it is not essentiél. This misuse of the system has an
adverse effect on other vehicular traffic.
20
SUMMARY OF THE INVENTION

Accordingly, a need has arisen for an improved method

and system for detecting a vehicle's Presence at or
approaching a traffic 1light and determining whether to
25 change the traffic light in response to that vehicle. The
present invention provides a method and apparatus for
regulating switching of a traffic light that addresses the
shortcomings of prior methods and systems.
According to one embodiment of the invention, a method
30 of regulating switching of a traffic light includes
determining the location of a .vehicle. The method
transmits an information signal .comprising information -
related to the vehicle in résponse to determining the

location of the vehicle. The method further includes



~ I ni ng whether the traffic light should be swtched based on the
ﬁn?gFﬁ;p}on gignal. Finally, the method switches the traffic Ilgﬂt :B o
nrecessary in response to determining whether the traffic light shou t e
switched. 5 According to another enbodinent of the invention, a sys Iemd .
includes a traffic light and a vehicle sensor. The system further |h_ncI u end
a vehicle tracking unit operable to determne a |ocation of thehve icle a
further operable to send an information signal to-a traffic |I? t t
controller. 10 The traffic light controller includes a control system "
oper abl e t odpéeamiainge wheftdramt tloe srfg]?_alic}‘ ae%ﬁ;ih;sn&r ens:cﬁ:)lnf%t tggg{gﬁglgdum

rther a k Lraffic 1ig
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vehi cLe s on oot rumimaoBRE L e RR B L oBRit o bes swalePedvel y
opera%l e to swit@Rcardiagf ite sinptdier netlavdimenfit acguleihec iﬁb@(ﬂ—_&pgéﬁgt Lon
20vehi cl e, sySBeSiAcbudcral EoLEPY YRER (DAL yehigle s behind .,
schedul e. Angt her techni cal advantage of “the pre en VEN

el i ni nati onS¥FtERel WeReY olnakides avehimlet &rackipbysndal obeepbuet e@te g(rj -
as requir eddéyesaiBe P4 | DS cHYESEE BE t?@orv% rictl%CFFl'gc%lr;i %g}%%ggggb%etg y
apparent to_one skilled in the art fromtheto W 5 u )
description%?n ndPct3fpEmation signal to a traffic light controller.

10 The traffic light controller includes a control system

operable to receive the information signal from the vehicle
tfacking unit and further operable to switch the traffic
light in response to the information signal.
Embodiments. of the invention provide numerous
15 technical advantages. For example, according to one
embodiment of the invention a traffic signal is switched
when it is essential to the vehicle's objective. For
instance, the present invention is selectively operable to
switch a traffic signal in favor of a public transportation
20 vehicle, such as a bus or trolley, when that vehicle is
behind schedule. Another technical advantage of the
present invention is the elimination of the need to install
and maintain a physical loop detector, as required by some
prior systems.
25 Other technical advantages are readily apparent to one

skilled in the art from the following figures,
descriptions, and claims.



4‘BRLEF DESCRfPTICN OF THE DRAW NGS For a nore conpl ete understandi ng of

t.he present . invention and its advantages, reference is now made to
t'hef ol | owi ng descriptions taken in connection with the 5acconpanying
drawi ngs i n which: FIGURE 1 is a schematic diagramillustrating a

[ [ [ itching of a

stem enploying a virtual |oop detector for regulating swtc
f¥affic rPghg; gIGURE 2 is a block didagramillustrating the system of
10FIGURE 1 for regulating switching of a traffic light; and FIGURE 3 is a
flowchart illustrating a method for regulating the switching of a traffic
| i ght. DETAREE SERRAPIEOANOR! E DRAWINGS e n-and
I ts advant ages a begt pder r | 0 _FIGURES.1 t hroug
{hz drawﬁngg, IiEgrnuﬁerals b%%ﬁ% &%éa ﬁ%gé?ﬁEg?éﬁﬁgcd?$E§55thﬁ§sﬁgFts of
t he vari oustBVERtAGE. 2pAGURE advengagelenweiferdnagr 4m nbwuskdat kBg the

[ 2 ' i | ' [ a Vi . Loop detector for
ﬁégLféfing0gaf??ﬁ?ﬂgng@Eb?§§?¥?%%{}gﬁ?&%% 2%1a ?%%%%?%ﬁ$§f Yﬁgﬁlo ti on of
a vehfcle 1§9c?ﬂpgngé§ﬁI§FﬁUﬁng§ daswhilleld in the context of a traffic

intersection 18 FoGURE BYi3 808¢hdflagBd &:16820m1P1188cLLEYRY" &t edst R, P! CURE

employing a virtual loop detector for regulating switching

of a traffic light; .
FIGURE 2 is a block diagram illustrating the system of
10 FIGURE 1 for regulating switching of a traffic light; and
FIGURE 3 is a flowchart illustrating a method for

regulating the switching of a traffic light.

TAILED F NVE ON
15 The present invention and its advantages are best
understood by referring to FIGURES 1 through 3 of the
drawings, like numerals being used for 1like and
corresponding parts of the various drawings.
FIGURE 1 is a schematic diagram illustrating a traffic
20 signal switching system employing a virtual loop detector
for regulating switching of a traffic light 10 as a
function of the location of a vehicle 12. This regulation
is described in the context of a traffic intersection 18
formed by a road 14 and a road 16, as illustrated in FIGURE
25 1. However, the present invention can operate given any
number and configuration of roads that use one or more
traffic signals.
A virtual detection loop 22 is established on road 14
proximate to the intersection 18, and the location of the
30 virtual detection loop is stored in a vehicle tracking unit
20, located on a vehicle 12. The virtual detection loop 22
is not a physical component, but rather a set of boundaries
defined in a coordinate system. The boundaries of the

virtual detection loop 22 are defined in the coordinate



25 1. However, the present invention can operate given any nunber and
.confi'guration of roads that use one or nore traffic signals. A
virtual detection loop 22 is established on road 14 proximte to the

i ntersection 18, and the |location of the 30 virtual detection loop is
stored in a vehicle tracking unit 20, located on a vehicle 12. The virtual
detection loop 22 is not a physical cgnponent, but rather a set of
boundari es defined in a coordi nate system The boundaries of the virtual
detection |loop 22 are defined in the coordinate 5 systemused by the

vehi cl e traskshgmunide®0bysutheasvdltidldlde rardtihgnoihhyde Lpor di,nat egg The
si ze and p0f5§£egdgfa+ elgirt al detecélon | oop 22 is dependent upon a
nunber of factors tnaludrRgI*bUeenGPOFAHReERSt 0, TheeShee (ARG \POFitione
vehi cl e traekitige vnitted] déteaniorilpaipetspecdepbntibacvepbsl & ddmpapd the
uni que charggterjstigs:of-each intersectiqn 18. vehicle 12 traveling on
t he road 14éfo§é?gg¥ﬁelgF% ?ﬂggfn%ngge%i3ﬁmﬁ§%§iﬂﬂ%ﬂ$RQK?%@#ﬁ%¢% ?facki ng
unit 20 to Ehatvelbokeytracking sninars, ftien adOiglehedd pasésd 08f Nghe
satellites 24pidfe agg 28, ,8nd, yi,n response, .determ nes the |ocation of the
vehicle 12 on road 14 Weéh t h& Vehi"Sr&r a Gl it 0 ot i e’k hat
t he vehicl eltPerg@ceihorr 88 .t héA vivehialedavediranrelionp @R, thie red cle
tracki ng unidy2sgeih@ n er..control_.of the 15 traffic light 10 should
be preenpt ed.wTh_e ve |cﬁ§€¥f§%€kilﬁ§e§rﬁetc%%eﬂ§s enrblesr Faei ofeRighal 30
to a controfragiKirgn 3mit eontrol anttimdusdfy i cekiedhe 18i§8als bErom
preenpt ed. JIeb£DN YY1 £33 32a6g Lpe ether th raffic.light 10
shoul d be sw tchedtplt’)ased orﬁ%e %on%g%?kgf Sﬁ:\’g t"go iarll?‘gr t'i oﬁngi’gn’aﬁ‘ 30
and the curfeSROBIS Wetsrmines tdie ilodatgiem of tbegvehinbhieher o meddit is
in favor ofi4he wadi A .vel d1di i O fafdd Gdd Shf; 0. Bgsed gn the
content of i‘%r/g,ornati on signal 30 1s els%é]ﬁb%lfi%d gdréedaefqlg‘&maeeﬁ ;{_[q,ra_ n&’e
conj unct i oY SRtH- 1 RrRs 2enkared thet Hértualr deters iopstlempB2 Aettdtari nes
that the tredHicld i gbhckOnghaullid bgssuitshed. G signaly 34 is
sent grom t heg ntrol s st%m 32l to ?he tra??i ﬁgﬁgﬁ% 1 g%%]%s}m %h%rhee
traffic |igiefite At 10ashenldeber Preempbede, Bheyehsinle aodeckite 30
| ocati on ofurciar 20 mdnaeesar!inmivlioen ArRends AR, LA PSR, the
control ofg%eggiééiéggfls that are a[ong. he routes of such vericles. The
system operat es to P hetRhet¥oheies é?hﬁaipoh§ tRaber pagiemp tieivh
traffic sidhe sanrid cEyigad 3 FdetRedibled wHedld @l W& AN i fhe
10 should be switched based on the content of the
20 information signal 30 and the current status of the traffic
light 10 (e.g., whether or not it is in favor of the
vehicle). Switching of the traffic light 10 based on the
content of information signal 30 is described in greater
detail in conjunction with FIGURES 2 and 3. If the control
25 system 32 determines that the traffic light 10 should be
switched, then a control signal 34 is sent from the control

system 32 to the traffic light 10 to switch the traffic

light 10.
In the manner described above, a system tracks the
30 location of cerﬁain types of vehicles, and sends commands
to_preempt the control of traffic signals that are along
the routes of such vehicles. The system operates to
determine the type of situations that require the traffic

signals to be changed. For example, if the vehicle being



tracked is a public transportation vehicle, the system described above can
change certain traffic signals in favor of the vehicle if it is behind
schedule. In this manner, the operation of the vehicle is enhanced. 5FI GURE
2 is a block diagramillustrating a traffic Iight switching systemfor-
regulating switching of the traffic light 10. In general, the vehicle
tracking unit 20 operates in conjunctigon with a gl obal positioning system
36 to determne the location of the vehicle 12. The vehicle 10 tracking
unit 20 generates the informati.on signal 30 in response to the |ocation of
t he vehi cl ett2cked hesvia t pabl det Q;cztaiﬁ:gg)dxmi% ¥Beikehi clgnd rg%’*@% uni t
20 t hen sen(a%stchebi go%mati on signal 30 to the control system 32” The
control system 32°det 8P ReS3%n e PRI H ML k¢ Hidnals 50 fgvorio in

response tootfthéhienfvehirtlieon fSiignails Hbhidd neclessary, tHs €L phnskgnal 34
is sent to fic light 10 to switch the traffic Iight 10. A
gl obal posi %Pgn%h%%’?%f)gm%% thecVedesls deueRbangest gl obal positioning
satel Pites. | n onEIeWBBdizehs, at helogl @bayraasiillomicRa Sy e 86airrgludes
t hree gl oba | ohal positioning satellites

. itioni ng. satellites,_nanely [
24, 26, andhﬁg.BEAI %‘ﬁ{c}ltjg B9\ e SYEEBW Tr dgng“Iq?t&é’gcr?‘Bétﬁthﬁbé?f the
posi ti oni ngtsgE€ém Béghit hot hrie gpreall padid ivehiitgd e &reldkings uniit 2oul d
be understo t . Ros|i.t i oni.-n ystem 36 gnd the vehicle
tracki ng uni8 e%%e%ge?gt%&\?\?%ggﬁé? AT @hglé’l%@aapoﬁ&§ilﬂndﬁgnéy§§€éﬂ Pfte.
The gl obal PBBsPetrenmagesshel Licces idh o6 thendréXBi¢Yansnit ghebakhicle
posi 1ooni NOt: X8k EHANS| | s, $8 respectively. 30Th | obal
posi tioni ng systeir:{nbséﬂ{alﬁ:soz?gn Fﬁgggegggf{%{%l I%O%W?Bh?ﬁg s§'€§‘la§m ht &Rna 44
| ocat ed on FTREPYBAFCFE the iesagliemalofpddie ivmhimleys? etm athennarddal
receives gl 868&cPo8ht 188H N SY SHRIMS I . 4 addi ti.on, the
gl obal posit] on(i,:ng systgir)n 36 f uSItrt her &%qg%%%cgégga%&ngép %ggf’t ?Sﬂfiﬁg
satel | ite rbeRi vBFoxBaticn; plgnadt i3 o obhe postrpdnisygteystiam darThesour ce

48, and a dtbherent sphtahobal it 400 egel . Jhe_gl obal
posi % oni ng, satel Li t%lsr ecei ve?gg%%ﬁlhgggtn‘g%é%ﬁégm\:/éhlg‘g%t\égézég?e%ré?\f/g%cand
processes t%bgal@'foﬁgl Hut EPPPPESSy it Re gAaforsat iom sighal Boom t he

gl obal positeonssgrgat ehlel t@IRANNSY | R40 e i gent r esent
i nventi on, f I\ﬁge%& an d obal . Posi ti%lré‘%]- agt e’l% r%%lg{.‘jvg? é:rpgar aéfffbftf]\/l

d obal Posi TRt ny® Syt B trRekRa Braffiseqlight 1o.

A global positioning system 36 includes a plurality of

global positioning satellites. In one embodiment, the
20 global positioning system 36 includes three global
positioning satellites, namely global positioning

satellites 24, 26, and 28. Although the following details
describe a global positioning system 36 with three global
positioning satellites, it should be understood that the

25 global positioning system 36 and the vehicle tracking unit
20 operate with at least one global positioning satellite.
The global positioning satellites 24, 26, and 28 transmit
global positioning system signals 38, 40, and 42,
respectively.

30 | The globall positioning system 36 also includes a
global positioning system antenna 44 located on the vehicle
12. The global positioning system antenna 44 receives
global positioning system signals 38, 40, and 42. In
addition, the global positioning system 36 further



10 however, other suitable receivers and antennas are avail able. The
resul'tant processed i.nformation is then sent fromthe global positioning
satellite receiver 46 to the vehicle tracking unit 20. Likew se, the
differential gl obal positioning systemreceiver 49, also |ocated on the 15
vehicle 12, receives and processes information fromthe differential gl obal
positioning system data source 48. |In7yone enbodi nent of the present
invention, a DCl Differential d obal Positioning Systemreceiver is used;
however, other suitable receivers are available. In addition, Wde Area 20

Augnent at Loqomyiabsom?m pvgni:tlfu&wﬂsg neﬁtanhtléeréc@iifvfe%f Qfé,ida” a
recei ver buf. i advapt ages, The resyltant processe
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25di f f erent} ob LEkonin emreceiver 49 is to_increase the
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vehi cl e tragkLpgnugi er ,50 i Se.a VDL nmenor 1 that, operates to
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unit conputer 50 from a %ﬁ@é&f%%égggrgggggIPH%ng%eyang‘?“hpﬁ?ceﬁ"%Brt 54.
The route effoR ¥yArERMsSlpheluBesisidnging Satstreap aftdrimm ratevassd;
geogr@phi cahowévdr, | NoeRR reMegdidmite of ; ent_i.-nvention,_ Map_lnfo

sof tware prov‘jhjgle‘%]ﬂt’ hig,nag. The useﬁe ofr% elf%ﬁ e é |ht o%r}lstféjtneaﬁ me?ks the 5
| ocation of®Y Tual e eEEPBALRBEpPTIEeRREd htnfounattosi gmal shaf on
the digiti zeshtreprodehéi ghaba3obbyatsohinbheak@44S tedit %{eﬁyeﬁ{ e%g then
converts tﬁﬁicho en |ocations on the map to latitude and ongit ude
coor di nat esc*F tVERIEHesETRE6EBENEREE RRat Adkesdwel oddwl diffdmeneinkl e

10t r acki ng gﬂrtbﬂia.quwitﬁ:to@ﬂa? systdherd&diwdL 44 acki Ly #%%ﬁt%cg;@g}%%%?o

rec%itéles infgrmetion on the location of the vehicle 12 T1

positioning eng(f $n 381 tﬁ‘eﬁ@fec%gaﬁ‘lioﬁépcﬁéﬁeﬁ o frrmysiem feoe vare 46 and
the differehtifdregitohal gisedl Qudit 1dh SHSIHBISF UMY Murdd LPE 1

enbodi ment Oq{ tep'%t .eseq:t ﬂlfrnvsntl on, the vehicle tracking unit corrpurf er 50
monitors tHhe 1 ocat e CPENPERESRS LRYENpEPNger AR DHff amsanteial

tracki ng udlol20 afceni tiiun ite Sy taitredeiRad A2 GRUD) atbd, dhe %ﬁ' e
e

tracki ng unjf. uter 50 as an 20i nput device for an operator o
vehi cl e 12@ ﬁ#%ﬁ%% receivers are av 1£able. In addition, Wide Area
20 Augmentation may also be used, which does not utilize a

differential receiver but provides the same advantages.

The resultant processed information is then sent from the
differential global positioning system receiver 49 to the
vehicle tracking unit 20. The purpose of using the

25 differential global positioning system receiver 49 is to
increase the accuracy of the global positioning system 36.

Also included in the vehicle tracking unit 20 is a

vehicle tracking unit computer 50. The vehicle tracking

unit computer 50 includes a VDL memory 51 that operates to

30 store the locations of one or more virtual detéction loops
22, the location of one or more traffic signals 10, and

other information such as route scheduling. This
information is downloaded to the vehicle tracking unit

computer 50 from a route editor system 55 through an input



enbodlnent of the present invention, the operator of a public
transportatlon vehi cl e, such as a bus or trolley, uses the control head 52
t0 enter in route information. In another enbodiment the control head 52 is
a touch screen 25liquid crystal display produced by Mentor Engi neering.

The vehicle tracking unit conputer 50 determ nes, based on the data
received fromthe gl obal positioning gystemreceiver 46 and the
differential gl obal positioning systemreceiver 49, when the vehicle 12 has

entered the 30 virtual detection |oop 22. At this point, the vehicle
tracki ng unpbrEOSi}uncmm&d&di@dirﬁarn%wﬁrﬁes’s C%I@cheé’f tB?giEi‘EEHC

signal 10 n o] R din fav of. the vehicle . In"one
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t he Iocatlonfothehprewehtchavb&thhh mhg:smﬁ&&hﬁdﬁtdéﬁéﬂpﬁ6wﬁ&égféhﬂg to a

pr edefi ned edul he vehicle 12 nd schedul e, the vehicle
tracki ng un[?%BZO dg erm %es i £ g:ﬁ‘[ roFOBE th% H’%’Ff iy G eFhamazésshblied be

preenpt ed i ho¢avibonobfveheclibrbual 2det acehohhesopsbpri akat thé heryehisl e
tracki ng unj eterm.n i f.control .of the traffi.c signal_ 10 should be
pr eenpt ed m%%%g%%g égh?% e%1 TIN5 J3Rey itEenaly FPLMAEE atBul ance
or a fire t¥hekroepereditorosystémorhem eomvgensytie tcladson. 1304¢ S6ns

i ncluded ingth e unjit .2 i nformati on signa
transnitter %6€C%U§F dq¥§ ;ﬁ%”g%%,c?%ﬁ ggﬁgfﬁﬁdﬁnFPoEggﬁﬁF§F ‘50.1% ni8ne
enbodi ment BReshe ¢rerdinatenertian, aree doWolomatiedn sbgnshet rashtiéer 56

IS apgM rel egsy P @ﬂgttggm ﬁgl ghed hardware for 15transmtting
i nformati on fromthe nodem 3uch as an antenna.lf the vehicle tracking unit

conmput er 50 deté?h?negebéﬁlﬂolt@ﬁC&lngafhmatl|@wmputeﬁunﬂaitmb¢mff@@ted
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to the control stem 20 . In one e the infornation si
al so i ncl ud®s aPQﬁll‘H@'”rréﬁ:e&XEtﬁe“bT%t ﬁbr@PShuahel@bcpbq‘ZIZ posipicdiny a

vehi cl e 12, syder N6 ERFE O DAl SENEELLS, r hgs
vehlc e |dent|f|cat|on nunber, direction of trave an ié&éltl ning’
system receiver 49. In one embodiment of the present

invention, the vehicle tracking unit computer 50 monitors
the location of the vehicle 12 once per second. The
vehicle tracking unit 20 also includes a control head 52
coupled to the vehicle tracking unit computer 50 as an
20 ‘input device for an operator of the vehicle 12. In one
embodiment of the present invention, the operator of a
public transportation vehicle, such as a bus or trolley,
uses the control head 52 to enter in route information.
In another embodiment the control head 52 is a touch screen
25 liquid crystal display produced by Mentor Engineering.

The vehicle tracking unit computer 50 determines,
based on the data received from the global positioning
system receiver 46 and the differential global positioning
system receiver'49, when the vehicle 12 has entered the

30 virtual detection loop 22. At this point, the vehicle
tracking unit 20 functions to deteérmine whether control of
the traffic signal 10 needs to be preempted in févor of the
vehicle 12. 1In one embodiment of the present invention,

the vehicle tracking unit 20 compares the location of the



25Referring to the control system 32, this systemincludes an infornmation
signal receiver 62, information signal synchronizer 64, and control system
conput er 66. When the control system 32 receives the information signal 30,
it analyzes the data and determ nes whether to switch 30 the traffic |ight
10. The control system 32 receives the information signal 30 fromthe
vehicle tracking unit 20 through the nformation signal receiver 62. In one
enbodi ment of the present invention, the information signal receiver 62 is
a wrel ess nodem and associ ated hardware 10 (such as an antenna) for

recei ving i Yiebi@hei b Wékh thetnchedubed Iheatnénraatondlsggnalarprekver 62

is coupl ed &é’fﬁﬁédsﬁﬁﬁédhﬁ% | nfoF ngd 0Pk @98l 130 4t 0641% 4 oLfBG, g2, si gnal

synchroni zer, 64. Coug to the 1nformafion Si naI Synchr onrzer 47is the
cont rol sys’f* ‘Fn}f%h]bﬁ &r tzecking Pnﬂ@rﬁ@tldatewnaﬂsom&emrﬂﬂr@bemﬁteheto

synchroni zecpagfrik nBl?ﬁﬁ@ Recahwed of 'b%"?t t eem‘b%@cfl tF ARk NGe ui?éﬁlgf’gp“t er

50 with an % t er nal he contro syst em conput er

0 (not, shown
Thi s $ynchrofi zattPorth ﬁ'tﬁ'ﬂye‘m-'éﬂemf t hbe 1yebdmieolt rapkiag conidut 20 66

does not usdetethohab EQSlctan&'dlg oF/ Stigdn Ek%f?és‘éug}ﬁ@ gtoarg}%ﬁdlsgg by
t he gl obal 05| tio ‘?ra‘”?’i‘ st em 3 he i nformati on signal nchroni zer 64
processes tReTHRoY egﬁ’zﬁ Sid d&nge ?‘ﬁérgég-GYt‘éﬁ igtBcesded

i nf or mat i onass oathamboltnele Iir sysSfefecemeks k. rditee COBL LY St e
conput er nal%/zes thg |t[_nc or matl on to determ ne whether or not to svvi tch
t he traff| c gituation. The control system computer 66 deternines

thatlQhe traffi cAlsghanc’I:n)udéduh.ﬂ hmesvw&h:f@lia Ot r88kiRgsad i en 220 mures us

t ypes of Cdiﬂf&%d’i‘a fgn exan?taL |f t nor e veh;cl es 12, traveling in

di fferent directions; Pfan tzfr?srﬁq SPYRLEd to tihe cerRIeie syst em
32 to changérammgnmnmtaf t:omphtglzrt 5@ thEnCCtISlié Olenb-AiRBnY2 Bperewes to
anal yze ea i Sign prioritize the signals. For

i nst ance, fé}éb%%r&[ arg'%”e(r;r’eﬂ:r géeﬁr;fc}}{?eﬁ I° doél B&EPP(Z[' FFaﬂg‘BbgFﬁFi ?f ¥ehicle
si mul t aneous| ywirehesst snagleat S &ndt hetheontai@d;oeyﬁ@m 3@xa&@w%|i%ngeféf|e
traffdc i determn hat the emergenc
vehicl e ha%ﬁ%ﬁéﬁli ¢ %‘%\r@gfh :TP%? Ei'i“?t % or8UKE i rI 1 the
control sySHERIBR may def ertlhene vah;ub‘la V\ﬂ:aractk/mg r ansipor tcz?dsmpm:él]ehlm es,

whi oh vehi Gl dindrifd hedoehind b s schadile ang il ches the | ght, .
accordingly. If control e System conpu
preempted, 1t sends 1nformat10n signal 30, wvia the
information signal transmitter 56, to the control system
20 32. In one embodiment, the information signal 30 also
includes data on the location of the virtual loop 22
occupied by a vehicle 12, the intersection number, schedule
adherence, route number, vehicle identification number,
direction of travel, and time.
25 Referring to the control system 32, this system
includes an information signal receiver 62, information
signal synchronizer 64, and control system computer 66.
When the control system 32 receives the information signal
30, it analyzes the data and determines whether to switch
30 the traffic light 10. The control system 32 receives the
information signal 30 from the vehicle tracking unit 20
through the information signal receiver 62. In one
embodiment of the present invention, the information signal

. receiver 62 is a wireless modem and associated hardware



that ‘the traffic light 10 should be changed, it sends the control signal 34
to the traffic li.ght to be switched. Referring to FIGURE 3, there is

il lustrated a flowhart for regulating the switching of the traffic Iight
510. The process starts at a step 100 and advances to step 200. At step
200, the status of the vehicle tracking unit 20 is determned. |If the
vehicle tracking unit 20 is not actiu®, then the process ends at a step
300. If the vehicle tracking unit 20 is active, then the vehicle tracking
unit 10 20 will determ ne the |ocation of vehicle 12 at a step 400 based
on data frofwetnbes msamtemhmg BysteseSbviny tnSdamattioh sder pESHCEsS

det er m nes |cI Jn alocation corresponding to _the | ocation
of the vi rtdllfg?érget eg‘?l on oop 1 fs%q{éajst’é?)c%bﬁelfeggl t+& qﬁ?”&’]t‘?éjga'f‘? ve 15
response, tawdé ﬁh@dﬂtmh331m@0nmatunmsﬁrgn§D03DOtdstehmlﬁhﬂdrﬁiﬁad@hIC|e
tracking u ste the roces deterntnes | f_ the
vehicl e 12%159%%1 a2 oca%llgn ég%réespocg?}‘??géq %/llrrt et B 1S T bop 22.
A, positiveSyraheerizenyvaicd a Htheeqophrelt (mysattept Gfngutesendsan e

System 32 Grarrraion  BypeRetiiphd SCLERAERs od SVERPEOR A0 B on

system 32 determ nes If
the i nfor mdtieh Qiharecwived fxem c"dm r\tﬂhls-y]s?t dmaBkideg ermithemnihitet he

traff I Wik I §h t
257200 10 doterm e b i Lhe uan oo raek Botnl (50t it ‘dieidh ' 56,

I f the contGYPEYRY ehf 32 dbier Mymchnamzation rig f oolyi geeded sifouihe be

swi tixhed, tdwitidle COPEEOh széatnguta% s&Rds ddes CopbE ol uélagn%' ?(%léh%j'[[ he
traffic light 10, at ste§ 800 t step 900, the traffic lig 1
recei ves tHe NG| GHSFeB LTRe | §a§ﬁmt dhed. StFﬁﬁdprdcéb%ed hby rtdtairns to

det er m ni ngglidbdne peehiitdlon iiACkiyBletNi 36 20 | $hacti¥for®it S6&P LAYhaiher eby
t he net hod d5 48 eat ed.

synchronizer 64 processes the information signal 30 and
sends the resultant processed information to the control
15 system computer 66. The control system computer 66
analyzes the information to determine whether or not to

switch the traffic light 10.
The control system computer 66 determines that the
traffic light 10 should be switched or not based on
20 numerous types of criteria. For example, if two or more
vehicles 12, traveling in different directions,
s1mu1taneously transmit 31gnals to the control system 32 to
change the same traffic light 10, the control system 32
operates to analyze each information signal 30 and
25 prioritize the signals. For instance, if both an emergency
vehicle and a public transportation vehicle simultaneously
transmit signals to the control system 30 to change the
traffic light 10, the control system may determine that the
_ emergency vehicle has priority and change the light in its
30 favor. Similarly, the control system 32 may determine, as
between two transportation vehicles, which vehicle is
further behind its schedule and switches the light

accordingly. 1If control the system computer 66 determines



12 - Al though the present invention has been described with a preferred
embodi ment, variations and nodifications may be suggested to one sklljed I n
t-he art, therefore, it is intended that the present invention enconpass
such 5variations and modifications as fall within the spirit and scope of

t he appended clains. 13TH S SHEET HAS BEEN REPLACED1 WHAT IS CLAIMED I S:

1. A method of regulating a traffic qantroller, conprising: Sdet er m ni ng
the location of a vehicle; determning fromthe | ocation of the

vehicle entry of the vehicle into a virtual detection | oop;
transmittinghan tlﬁaepﬁflsﬁfiie aightenn Babuld WedlcHdyaehi 4l esé}?é gred a

virtual det cl Oi nformation signal to a control systen1 the
|nfornat|oﬁ§95|gnal é&?ﬁd? t?h%h?oiﬁiﬁghct%eQVEhF%l%e avgtched.

Referring to FIGURE 3, there is illustrated a

flowchart for regulating the switching of the traffic light

5 10. The process starts at a step 100 and advances to step

200. At step 200, the status of the vehicle tracking unit

20 is determined. If the vehicle trackihg unit 20 is not

active, then the process ends at a step 300. If the vehicle

tracking unit 20 is active, then the vehicle tracking unit

10 20 will determine the location of vehicle 12 at a step 400

based on data from global positioning system 36. At a step

500, the process determines if the vehicle 12 is in a

location corresponding to the location of the wvirtual

detection loop 22. If the step 500 results in a negative

15 response, then the process returns to step 200 to determine

if the vehicle tracking unit 20 is active. At a step 500,

the process determines if the vehicle 12 is in a location

cerresponding to the virtual detection loop 22. A positive

response advance the sequence to step 600 to send an

20 information signal 30 to the control system 32. At a step

700, the control system 32 determines if the traffic light

10 should be switched based on the information signal 30.

If the control system 32 determines that the traffic light

10 should not be switched, then'the process returns to step

- 25 200 to determine if the vehicle tracking unit 20 is active,

at step 200. If the control system 32 determines that the

traffic light 10 should be switched, then the control

system 32 sends the control signal 34 to the traffic light

10,7 at step 800. At step 900, the traffic 1light 10

30 receives the control signal 34 and is switched. The

process then returns to determining if the vehicle tracking

unit 20 is active, at step 200, whereby the method is
repeated.



anal yzing the information signal to evaluate preenpting the traffic
contfoller in favor of the vehicle that has entered the virtual detection

l.oop. 15 2. The nethod of regulating a traffic controller as set
forth in dQaim1l, further conprising:storing in the vehicle tracking unit a
plurality of virtual detection |oops. 20- 3. A nethod of regulating a

traffic controller as set in Claim212further conprising:defining each of
the stored virtual detection |oops by |atitude and | ongitude coordi nates.
25 4. A method of regulating a traffic controller as set forth in
d ai m1, wherei Rlttedugh rohe pereisehtr davearsishghak beeRId&SSribed with

prioritizi . nf i ) recei.ved fromag 30plurality of vehicles.
5 The. ot nodor e pee it | B e aR o g AR F L rh PBR e ks
conpri ses tHUFEARYAd n§oi g nekidAedncludiche amrt derdhetre fefre heivehis! e,
chatlon ofi dththael SREEETLHRS BRfent invention encompass such

5 variations and modifications as fall within the spirit and

scope of the appended claims.



REPLACED 14 vehicle, direction of travel of the vehicle, and speed of
vehi cl e. 6. The nethod of Claim 1, wherein anal yzing the 5information signal

conpri ses: determnning the current status of the trafflc controller
and ' _ _conparing the current status of the traf T ..cr 9
desired status of the traffic controller. 10 TH §¥§% e §@EN | _
REPLACED 15 . 7.A nethod of regulating traffic cos I nQ:

storing in a vehicle tracking unit one or nore virtual 5detection |oops;
storing in-the vehicle tracking unit one or nore traffic controller

| ocati ons;

WHAT IS CLAIMED IS:
1. A method of regulating a traffic controller,
comprising:
5 determining the location of a vehicle;

determining from the location of the vehicle entry of
the vehicle into a virtual detection loop;
transmitting in response to a determination that the
vehicle has entered a virtual detection loop, an
10 information signal to a control system, the information
signal including the location the vehicle; and
analyzing the information signal to evaluate
preempting the traffic controller in favor of the vehicle
that has entered the virtual detection loop.
15
2. The method of regulating a traffic controller as
set forth in Claim 1, further comprising: storing in the
vehicle tracking unit a plurality of virtual detection
loops.
20
3. A method of regulating a traffic controller as
set in Claim 2, further comprising: defining each of the
stored virtual detection loops by latitude and longitude
coordinates.
25
4. A method of regulating a traffic controller as
set forth in Claim 1, wherein analyzing the information
signal comprises: .
prioritizing information signals received from a
30 plurality of vehicles.

5. The method of Claim 1, wherein transmitting the
information signal comprises transmitting information

including an identity of the vehicle, location of the



deternlnlng the l.ocation of a vehicle; determning fromthe |ocation of the

~vehicle entry of 10the vehicle into one of the stored virtu i on
Ioopsl - determ ni ng When one of the traffic ¢ Q% herﬁAﬁéHﬁi S
preenption in favor of a vehicle that has entered lone okﬁpwkﬁﬁﬂ() vi rtual

detection | oops; transnltglng in response to a dete on that a 15
vehi cl'e has entered one of the storedgqvirtual detection |loops and a traffic
controller requires preenption, an information signal to a control system
the information signal including the |ocation of the vehicle; and anal yzing
t he ‘i nf or matelic ke gndirect poneopt trhwe20brfalthec veoiildld,| &ind Nsfea@ropf the
vehi cl e thajeihas) entered one of the stored virtual detection | oops.

8. A nmethod of regulating traffic controllers as set forth in daim7,
further conprising: 25defining each of the one or nore stored virtual

det ect I I I di,nat
method of oo aing iay PECARY | OED\IAlS COOL ISR | aneturing il ol n

analiklng t#ﬂfQ#W%ﬁ#Qn|Qﬂgma¥ﬂﬁnmpihﬂmnprlses
determining the current status of the traffic
controller; and : o
comparing the current status of the traffic controller

to a desired status of the traffic controller.
10



ioritizi information signals received froma plurality of vehicles.
-R{éoghééﬁla%s BEEN REPLACED916 ' 10. A nethod of regulating traffic
eontrol Llers as set forth in Caim7, wherein tran T “pafeRmation
si gnal conprises—transmtting |nfornat|on |nclud|mgﬂ§ﬁ“f en é y of t he
vehicle, location of the vehicle, direction 5of tfayel . | e,
speed of vehicle, and tinme of transmigsi on of the |nfornat|on si gnal
11. A inethod of regulating traffic controllers as set _ forth in
Claim 7, wherein anal yzing the information signal 10conpri ses: _
determning the current status of the traffic controgle{ tandogogﬁgr{pgf}rg
ooty oh. theat rAlth8a OBt %re§lnd0ifg e affi & *me 2011 ts
co

comprising:

storing in a vehicle tracking unit one or more virtual
5 detection loops;
| storing in the wvehicle tracking unit one or more
traffic controller locations;
determining the location of a vehicle;
determining from the location of the vehicle entry of
10 the vehicle into one of the stored virtual detection loops;
determining when one of the traffic controllers
requires preemption in favor of a vehicle that has entered
one of the stored virtual detection loops;
transmitting in response to a determination that a
15 vehicle has entered one of the stored virtual detection
loops and a traffic controller requires preemption, an
information signal to a control system, the information
signal including the location of the vehicle; and
analyzing. the information signal to preempt the
20 traffic controller in favor of the vehicle that has entered

one of the stored virtual detection loops.

8. A method of regulating traffic controllers as set
forth in Claim 7, further comprising:
25 defining each of the one or more stored virtual

detection loops by latitude and longitude coordinates.

9. A method of regulating traffic controllers as set
forth in Claim 7 wherein analyzing the information signal
30 comprises: -
prioritizing information signals received from a
plurality of vehicles.



TH S:SHEET HAS REPLACED 12. A vehicle traffic control systemfor
preenpting a traffic controller in favor of an identified vehicle,
conpri si ng:- a-vehi-cl e- position detector responsive o |ocation 5signals for

generating a vehicle position signal; a vehi cleis sackt pgsPH Bt ori ng
one or mbre virtual detection |oops defined by latitude mdabppgl tude
coordi nates, said vehicle tracking udié further storifng oneor—ere-traffic

control | ér-locations; -10sai d vehicle tracking unit conparing the vehicle
position signal mth one or more of the virtual detection |oops to
det er ni ne when the- vehitEd ol fegdatdng srafifd cscontuoliletsahsdssect i on

| oops and ffwitier idet ergini ng WaBBreRg Afrddisnided id Ctﬁgntfr?}h&enﬁ Seigquires
preenption in favor_ 15o0f, a vehicle that has entered one of & S Or @

virtual det®ciion ISRELses  trapsmitding siafrroptinal yinajudhagoramor e

i nf or mat i onidemnity ob et eelied ejhablat ibe BECEARtvanisal f i&iﬁcé’é%{c%' er in
favor5 of agfhkgggeihat qﬂs entered one of 20the stored virtual detection
or

| oops; and an—i m i BARLFLRal SPesAs At teehiekponshde timea of

det er ni nat i orandat sai oehb £ tthd abn EotEREEIoRNS: §hat he stored virtual
detection loops and a traffic controller should be preenpted to transmt an
information signal to the control 25system the information signal

i ncluding the I ddlati dhmefthdek ofelegl@ating trat8icA-dgbi6l Cebbaffig control
system as sl fiprih élrhi(% a; m.] 2exfeuirr} her _conpri si ng:

analyzing the information signal
10 comprises:

determining the current status of the traffic
controller; and
comparing the current status of the traffic controller

to a desired status of the traffic controller.
15 ' ’



30a route editor for inputting to the vehicle tracking unit |atitude and
l.ongi t ude coordinates . of the one or nore stored virtual detection | oops.
THI S SHEET HAS BEEN REPLACED 18 14. A vehicle traffic control system
as set forth in Caim13 further conprising: _ user
I nput of information to the vehicle tracking unit.
traffic cent+rol—systemas—set forth il¥ Caim12 wh F-e-A-LH¢ .
further conprises: a control system conputer for prioritizing infor _
signals received froma plurality of vehicles. 10 16. A vehlclg traffic
control system a%2set®f ehAcle Graiﬁngzommﬁnag:QYthmwﬁ¢n!p§gempn1ﬁgrther
conprises: anti K iatd b oy n | r; rqQnd 71 DGy 5 ,
inpgrnationasfgﬁgﬁég?é?ﬂgﬁifysis ?g g%?g?hﬁﬁg mﬁefﬁ%gl 0 pre%%p?lﬁ
traffic contPBPTeping:

a vehicle position detector responsive to location

5 signals for generating a vehicle position signal;

a vehicle tracking unit storing one or more virtual
detection 1loops defined by 1latitude and longitude
coordinates, said vehicle tracking unit further storing one
or more traffic controller locations;

10 said vehicle tracking unit comparing the vehicle
position signal with one or more of the virtual detection
loops to determine when the vehicle has entered one of the
stored virtual detection loops and further determining when
one of the traffic controllers requires preemption in favor

15 of a vehicle that has entered one of the stored virtual
detection loops;

a control system for analyzing one or more information
signals to determine whether to preempt a traffic
controller in favor of a vehicle that has entered one of

20 the stored wvirtual detection loops; and

an information signal transmitter responsive to a
determination that a vehicle has entered one of the stored
virtual detection loops and a traffic controller should be
preempted to transmit an information signal to the control

25 system, the information signal including the location of
the vehicle.

13. A vehicle traffic control system as set forth in

Claim 12 further comprising:
30 a route editor for inputting to the vehicle tracking
unit latitude and longitude coordinates of the one or more

stored virtual detection loops.
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{ THIS SHEET HAS BEEN
? REPLACED

18

-1l4. A vehicle traffic control system as set forth in
Claim 13 further comprising:
a control head for user input of information to the

vehicle tracking unit. .

15. A vehicle traffic control system as set forth in
Claim 12 wherein the control system further comprises:
a control system computer for prioritizing

information signals received from a plurality of vehicles.

16. A vehicle traffic control system as set forth in
Claim 12 wherein the control system further comprises:
an information signal synchronizer for synchronizing

information signals for analysis to determine whether to

‘pPreempt a traffic controller.



