WO 20061138393 PCT/ US2006/ 023190 TRAFFI C PREEMPTI ON SYSTEM W TH HEADWAY
MANAGEMENT FI ELD OF THE | NVENTI ON 5 The present invention is generally
directed to systens and nmethods that allow traffic light systens to be
remotely controlled using transm ssion froma transmtter to a receiver
that is conmmunicatively-coupled to a traffic Iight controller at an

i ntersection. BACKGROUND OF THE I NVENTION 10 Traffic signals have | ong been
used to reqﬂég%ﬁxﬁgg flow of traffic at intersectionspcr/Grwhaisey, traffic
signals have relied on tiners or vehicle sensors to determ ne when to

change the phase of traffic signal lights, thereby signaling alternating
directions of traffic to stop, and others to proceed. This situation is
commonly exenplified in an enmergency- vehicle application. 15 Energency

vehi cl es, suclTRAFP FREEMPTIONSYSFEM WIS HDADWAN VAN LGEMENT general | y
permtted to cross an intersection against a traffic signal. Enmergency
vehi cl es have typically depended on horns, sirens and flashing lights to

al ert other drivers approachgmeD OFErEPIRVESSIORN t hat an enmergency vehicle
intends to cross the intersection. However, due to hearing_inpairment, air
condi t Poni ng, albbR BessydreRtionds erngfeliediregted {4 systempand megodehakalaw20 driver of a
vehi cl e apRpeRARGsiBHls itk $niR) &&h&om'dsmggamﬂ SRURLR Qfandniti@iHLNg being
emtted by an approachi ng energency vehiclfe. Miunicipalities that use traffic
preenpt i on respivertng igpemanmichyvelyresuplprbipa tradicdight cantedlier at@n prigsseciiani es as wel |,
such as bus systens, trolley cars, or other people noving capabilities.
Mass-transit systens present their own problens in the areas of traffic
control and 25 schedul i ngBACKIGRQENRUWHDEHE INVEINTAON t vehicles. As traffic
and cqpgestion ingteas i econes, nor (fficult o maintain schedul es
For malectr ans [PGISHERE boteone PEaPer pasieche A doet o MRS, SEh s
roadways. Asentralky, pafiidkighdlonvexiahestimérhi@Sehials cansere il depiaile whastdes may

' nerease. © an\é\gﬂl%% :163{3 %P térgefff?g signgl-r{iglﬂtss?&gr% }9 s%gn]éﬁl?g alternating directions of traffic

to stop, and others to proceed. This situation is commonly exemplified in an emergency-
vehicle application.

15 Emergency vehicles, such as police cars, fire trucks and ambulances, are generally
permitted to cross an intersection against a traffic signal. Emergency vehicles have
typically depended on homs, sirens and flashing lights to alert other drivers approaching
the intersection that an emergency vehicle intends to cross the intersection. However, due
to hearing impairment, air conditioning, audio systems and other distractions, often the

20 driver of a vehicle approaching an intersection will not be aware of a warning being
emitted by an approaching emergency vehicle.

Municipalities that use traffic preemption systems generally also have mass-transit
capabilities as well, such as bus systems, trolley cars, or other people moving capabilities.
Mass-transit systerns present their own problems in the areas of traffic control and

25 scheduling of large numbers of transit vehicles. As traffic and congestion increases, it
becomes more difficult to maintain schedules for mass-transit vehicles that share resources
with the public, such as roadways. As the population expands, these abovementioned

issues may increase,



SUMMARY The present invention is directed to overcom ng the above-nenti oned
chal l enges and others that are related to the types of approaches and

i npl enent ati ons di scussed above and in other applications. The present
invention is exenplified in a nunber of 5 inplenentations and applications,
some of which are summarized below. In connection with one enbodi nent, the
present i nVeRd jofdhaksss di rected to inplementations thatp@htQmsbisahfic |ight
systens to be renptely controlled, One such inplenentation enploys data
being transmtted to traffic |ight control equipnment |ocated at each
intersection in a controlled region. The traffic light control equipnent is
used to 10 nanage headway in mass-$SUMMARYsSystens as well as to provide

traffic |ight pre-enption for. . enmergency vehicles. In a articul ar
exanpl e enbodi p,res':”’?‘éﬁvle?t%?“l‘? ﬂﬁf‘e‘ig’rﬂ"? Pm’é‘ﬁfﬁf’pﬁ?@ﬁ’?e”é‘ﬁ’&“ﬁ%@eggest raffic
l'ight circuhd othdrs @aihe delate@ iSR6 typIbf@pproachithd Rhil@fernditioms didchsstbvé O Manage
headway in nass-transit s&stems as well as to provide traffic light

pre- enpt i oAR4 B othengAPHeAiens. b preseatnvenptontis exennlified ina nmyrtofci rcuit in the
contro4 | ediﬁﬁl%ﬁ?ﬁﬁn@mﬂ%ﬁ;ﬁ%&tﬁdm&%&@&ﬁkﬁﬁ{ art QfAh&GePleidy.t raffic location and
adapted to receive an identification code transmtted froma nass-transit
vehi cl e. A decdaicagpeetianorithtong smbafimpent dhe meserismeention ip dirgsted tecei ved

i dentificat] [ ' ' - it vehicle and
det er mi ne ?ﬁ@%%ﬁ&sb%ﬁ apﬁ‘g%%gk?iﬂ f %@%%t%#%@ﬁ?%?b%@%& identified
vehi cl e' s [mplcnenatian dmploys datat teingitransnytted) to traffis fightsenttad e@@prakat locatédni ng t he
timng, a traffic-preenption nmand .can generated . for . a traffic |ight
on"the i deftart il PRRATA - SRTRR iR OR AERCRER B Rt o 1 %o

i ntentied t madgsheddoay eatdis-trafsitIpsdtionatae thekt 830 providetiradiic IRHerryehpindorent at i on of
t he present inventiog. The figures and detailed description that follow
more parti ERFPSFICY VEREH0I i fy these enbodiments. 25 BRI EF DESCRI PTI ON OF THE
DRAW NGS The i nyiQthdré parfi®ifar Beaniply énboaiidehe iretiiy il d6skie o@ebndit, 6@ASk der ati on of
the detailed  description of various enbodi ments of the inventign in

connect i ontrajfic Hg]ﬁtwgctg%sﬁmqgaon of a controlled area, is used to manage headway in

mass-transit systems as well as to provide traffic light pre-emption for emergency vehicles.

15 Each traffic light circuit in the controlled area has a respective receiver located at a traffic
location and adapted to receive an identification code transmitted from a mass-transit
vehicle. A decoding circuit is adapted to respond to the received identification code by
attempting to identify the mass-transit vehicle and determine the timing on the identified
route that improves an identified vehicle’s headway and/or route timing. In response to

20 determining the timing, a traffic-preemption command can be generated for a traffic light
on the identified route,

The above summary of the present invention is not intended to describe each
lustrated embodiment or every implementation of the present invention. The figures and
detailed description that follow more particularly exemplify these embodiments,

25

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be more completely understood in consideration of the detailed

description of various embodiments of the invention in connection with the accompanying

drawingé, in which:



drawi ngs, in which: -2 WO 2006/138393 PCT/ US2006/ 023190 Figure 1 is a
perspective view of a bus and an anbul ance approaching a traffic
intersection, with antennas nounted to the bus and the anbul ance, and each
transmtting an identification code in accordance with the present

i nvention; Figure 2 is a view of a mass-transit vehicle approaching and

controlli ngwm%(;ﬁh@g:@_, S traffic intersections using preRRiheRs@l the
traffic lights in accordance with the present invention; Figure 3 is a

bl ock di agram of the conponents of the traffic preenption system shown in
Figures 1 and 2; and Figure 4 is a flow diagram of the operation of the
traffic preenptHigue 5jsstperspativavied Of aiaisiand & antalance aipptoecrkmgcﬁt'raﬂin I n accordance

with the present invention. Wiile th nt nis a bl e vari ous

nodi fi cat i 5’%3 cHIg %@@W&?ﬁ@@c&%@ bus é?ﬁ Qla?‘ﬁe?"gE 3&% g@@n shown by
way of examuaxwﬁaaﬁoheodérlamw@ﬁnoam\dm\md;Jresaﬁmvamrl bed in detail. It should
be understood, however, that the intention is not necessarl ly, tolimt the

invention to tHa2uwa? isiacinmapt aanasttinsit Mehiclejanprqarypgiandeaniroline mRle y, the 15

i ntents on {1k SudrR¥dns adihg ﬁf?&ﬁjﬂoﬁ 3t thORsfic BEM MakRdatice @ﬂﬁm@#ﬁ:&h@at I VES
falling within the spirit scope of theée invention as defined by the

appended ciny¢ntign; DETAI LED DESCRI PTI ON OF THE EMBODI MENTS The present
t b t f t t f
i nvention is %%f?é/?ﬂ Ib‘gocg%%agag@lfdf%%ﬁg&{%{l@oi’{ﬁE hedi¥ %{%feﬂﬁﬁ{ s% ypes o

20 headway nanag preenption syste pr esent
i nventi on sewnat Figweckasldsmd/) |inmited to such approaches, various aspects of

the invention Bﬁa%lggglsaatpowaq%%}lep\ é(?{)re%)a%glp fathéjﬁ%ﬁ ﬁ‘seﬁel'#{ms Yet 1{Qus exanpl es

usi ng these an conte € present
I nvent( on vehiak and@h érterseotian 1nﬁ¢domslncafw1ﬂmhu1ireseﬂxtlmngndxhe passage of vehicles,

Dot eon cach valTi B ARG eI AP AR EPRt M TOHROGEEE m ng.  her of n
desi gnat edspéifibathetesihavEbragsizen by was bfitgadplt ibth tawpigh ad wisibsystem Traffic
described in detail. It should be understood, however, that the intention is not necessarily
to limit the invention to the particular embodiments described. On the contrary, the
15 intention is to cover all modifications, equivalents, and alternatives falling within the spirit

and scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION OF THE EMBODIMENTS
The present invention is believed to be applicable to a variety of different types of
20 headway management in a traffic preemption system. While the present invention is not
necessarily limited to such approaches, various aspects of the invention may be
appreciated through a discussion of various examples using these and other contexts.
A particular embodiment of the present invention is directed to a method of
controlling the passage of vehicles, such as busses, through a corridor to maintain a
25 predetermined interval between each vehicle and/or to maintain a predetermined route
timing, herein designated as headway management, using a traffic priority system. Traffic
priority systems assist authorized vehicles (police, fire and other public safety or transit
vehicles) through signalized intersections by making a priority request to the intersection
controller. The controller will respond to the request from the vehicle by changing the
30 intersection lights to green in the direction of the approaching vehicle. This system

improves the response time of public safety personnel, while reducing dangerous sitwations



priority systens assist authorized vehicles (police, fire and other public
safety or transit vehicles) through signalized intersections by nmaking a
priority request to the intersection controller. The controller wll
respond to the request fromthe vehicle by changing the 30 intersection
lights to green in the direction of the approaching vehicle. This system

i nproves thegAepessse tine of public safety personnel pihish@sbBHHCI NO
dangerous situations -3 WD 2006/ 138393 PCT/ US2006/ 023190 at I ntersections
when an energency vehicle is trying to cross on ared light. Apriority
systemin accordance with the present invention can also be used by transit
vehi cl es tat interedctibdiwhel feta@yency Tehivlok rgibg ﬂﬂﬁ'disis ohlh agd ligﬂb@dlbrmm the tine
and |l ocation of a mgss-transit vehicle is red wi redet er m ned
Schedul o, PP eELES PP EH B e i "@@W&mﬁlévehm?% ®priority
equi prent inginfGiHeXd¥=9d to request green lights to assist the mass-transit
vehicle in returning to its Eredetern1ned schedul e. There,  are however

situations wher®anofisf particulas gmoodiaend; the imeayd lecarignrfiaduaseriragsit vehiclgissi r ed t he

have tshe r@)ﬁﬁ)&feﬁm'afpre\ﬂ@tgﬁﬁhﬁssd%@% £ tRARdst-rhHlsR vehiDIO isHehial schedi, ar
intervals, for exanple ev&@% 10 mnutes. This can be acconpli shed by 10

recor di ng thherieritirequinivaent is aethvaipd ki requestezess dights torastig) thetthass-fransid veledle | on, and
transmtti i'ﬁgetgr?l 1o fté)pr%c%l nfﬁHl Qﬁ‘ﬂ%&%é}[‘izl@e%%r oBvae‘f‘@l'h}au&{s vitrel Rer®RhbY O

provide it a re evi ous | ntations of headway
managenent prﬂdertdrmmed mbduthd it il éd desitaditlse lmmelthe omshstragieit vehchlasa:aas mattioulamf or m t he

bus driver he .ti L h ast eh| asse t hr t he

i nt er sect |%°ﬁm af reglfl?‘ﬁusm@ts ’r}léld“.rngle %5(1[@ mpgpﬁ%gﬁl?}’ the driver
what Ithe rebording the ticdehadbach Ivehldeyas&ts ltlﬁmgh&he n@ldﬁbdnloﬁ)l’mﬂ keynstoftdingedats no et hod
to assist the | ver retu esi.red intey V|ces and net hods
in accor dal?ck¥ t\%ﬁ?vﬂn%ﬁelthﬁl%tﬂl“ﬁft it ggpyngrrﬁrgwd%qagrﬁgn lﬂ)é{‘égétr}f %hvention met hod
utilize two-wapr&NE U EadntAidss dTHMRRP nahehbit QIBAGLhOR dedditks ke vehicle to
provide an in-cab indication of the interval status in mnutes and seconds.

Par t i cul areafisdrdissrstodrfornybe Brsskivpr ofitha o Sinsh thedsst ¥ehisds Rasedr porat e a
vehicle Zoﬂxﬂfugﬁ)fh'e i¥erS¢B84:L T 1ths Aahy thdie 15\{%%99.!{ Bo ’(Nﬁ;' {81 ihe dhig whbkandar d

interval if has begun to deviate, One exanple is_ the situation of a bus
corrildor whagniudeofithe desiationds Additinnelly tengisn d to assist the driver to return

to the desired interval. Devices and methods in accordance with particular embodiments

of the present invention method utilize two-way communications between the intersection
and the vehicle to provide an in-cab indication of the interval status in minutes and
seconds. Particular embodiments of the present invention may also incorporate a vehicle

20 priority system to help the vehicle return to the standard interval if it has begun to deviate.

One example is the situation of a bus corridor where it is desired to have a bus pass

each stop every 10 minutes. Each bus transmits its ID to every intersection it passes. The
intersection equipment adds a time tag to the vehicle ID and stores the data. Additionally,
as a bus approaches the intersection the time tag of the previous vehicle is compared to the

25 present time and the deviation from the desired interval is computed. The deviation is sent
to the approaching vehicle for display to the driver. If the interval exceeds the desired
interval a request is made for a green light to help the bus return fo the desired interval. It
will be appreciated that the bus can compute the deviation from the time tag of the
previous vehicle that is provided to the bus from the intersection.

30 The traffic preemption system shown in Figure 1 is presented at a general level to

show the basic circuitry used to implement example embodiments of the present invention.



each stop every 10 mnutes. Each bus transmts its ID to every intersection
It passes. The intersection equipnment adds a tine tag to the vehicle ID and
stores the data. Additionally, as a bus approaches the intersection the
time tag of the previous vehicle is conpared to the 25 present tinme and the
deviation fromthe desired interval is conputed. The deviation is sent to

t he approackbn@syshyscl e for display to the driver. |f ptPasdstiosiivpl exceeds
the desired interval a request is made for a green light to help the bus
return to the desired interval. It wll be appreciated that the bus can
conpute the deviation fromthe time tag of the previous vehicle that is
provi ded tlo thihenteus Figmer ithistratens gpsdditerssttioB3 00 Maving twafffcflights p2.eAnpt i on system
shown in Figure 1 is esented at eral . level to sho he basic
circuitry TR 90%‘{&&&@%‘3‘1@3’6‘3%3 Bhisre raugha SF‘H’@n‘E?rogg i "Ffﬁvent i on.

-4 WO 20061d38rRf3 1&6rbtddS 2R thidigh the Mntérbdcfor TN X interkdegorf Wid 1|l ustrates a
typical intersection 10 having traffic, lights 12. A _traffi ¢, si gnal

.0
controll ereqilﬂp@éﬁﬂ’eﬂrﬁf’é@ RIFFENRUPR FisieR l}af”@ﬁf’%rt%st’q‘ﬂséﬂ@ﬁa‘éﬂ_’eé E’Hé‘é_ of phases
that sal | Qacdrdatd With £10 pRERAERGEhtiBh foHrHRdHeNavid) nBH rehtqn hﬂéfﬁ&i@:ﬁ,ﬁt ion 10. The
intersection 10 is equipped with a traffic preenption system having certain
aspect s arfiexiolesnd prasticablaBlageeri n 5 accordance with the present invention to
provi de headwayNBNRgENERLd 5 16 e | exiBle, l.cabl e
manner. Secur egecom*runl cat %%dr?Qggﬁe%rre)%%‘“fdolg%eéﬁfcﬁ%&h@ht r??‘?ﬁ“%%g egrrpt i on
syst em of IFiyguayerf artterings Ibdy/andf24B iotertransmifter/or a transpef Brfaptenpa i fangni tter or a
transceiver,.. f lLver r | . hase
sel ect or 1rr§(?m‘%ﬂ5er gn se%lg’%r’ %Eia%g] aJsﬁt% g‘? +t‘gﬁl§dq¥l%ﬁ?téen€§?€§%gﬁg‘%8 toflgséjerll ITication
code 10r ansidertifietiof r@intracsnditsd fradantiehnizeal vwhickp pppoachingthe h@sdetdrellsect i on 10.

The receivgr for t enna comunj cat {th th ase.selector 18, which
i s typical 1y P EELPLRH Cé’“gwa%%m‘ﬁﬁ% ¢ %’?cirﬁg'f‘%ll@li H{°P1§’| ler 14, and
whi ch di 1;1 fle¢acdtin ik @ﬁnetmbmaaetheatﬁfﬂmbﬁtﬁﬂﬂér Mghid@lllﬁéh caﬁgemimslbmwnz ed vehicles
using a high-i.ntegrity, .approac uch as by . usin ata encryption. Data
encr ypt i orf SO EHEE s SRt VRIS GE P RE R BTG A s SUes Bhed

co- pendi ngusPalie bncdRitioh CBAth SRtrypibP Yfprohdhes dR4urdtBddstrtRd inJds@enohf, 2005. In

Figure 1, an anbul ance 20 and a _bus 22 are apgroaohln the intersection 10.
15 assigned co-pending patent application number 11/154,348 filed June 15, 2005.

In Figure 1, an ambulance 20 and a bus 22 are approaching the intersection 10.

The antenna 24A is mounted on the ambulance 20 and the antenna 24B is mounted on the
bus 22, The antennas 24A and 24B each transmit a radio frequency signal. It will be
appreciated that a vehicle identification code can be transmitted from a vehicle 20 or 22

20 using a stream of light pulses in another embodiment. The radio frequency signal can
transport codes that identify a requested command or operation in addition to the
identification code. The antenna 16 receives this radio frequency signal and sends an
output signal to the phase selector 18. The phase selector 18 processes and validates the
output signal from the antenna 16. For certain validated output signals, the phase selector

25 18 issues a traffic preemption command to the traffic signal controller 14 to preempt the
normal operation of the traffic lights 12.

Figure 1 also shows an authorized person 21 operating a portable transmitter or
receiver with antenna 24C, which is there shown mounted to a motorcycle 23. Inone
embodiment, configuration of a phase selector 18, including setting any headway

30 management information 26 including mass-transit vehicle schedules, is manvally perform

by authorized maintenance personnel 21. In another embodiment, the antenna 24C is used

-5



The antenna 24A is nounted on the anbul ance 20 and the antenna 24B is
nmounted on the bus 22. The antennas 24A and 24B each transmt a radio
frequency signal. It will be appreciated that a vehicle identification code
can be transmtted froma vehicle 20 or 22 20 using a stream of |ight pul ses
i n anot her enbodi nent. The radi o frequency signal can transport codes that
identify a requested command or operation in addition to the identification
code. The amieianasshos receives this radio frequency si gRglysaaéesppds an

out put signal to the phase selector 18. The phase sel ector 18 processes and
validates the output signal fromthe antenna 16. For certain validated

out put signals, the phase selector 25 18 issues a traffic preenption conmand
to the tr abfytheaghgized pecontt ol dffect thedtrafiie ighesdl@pt situagons that rabireopewat i on of t he
traffic Ii‘g)h%sl Jf%{ .Ftirgug.e éoal so shows an aut horized person 21 operating a
portabl e tFRASH t1°&F 7 % etei ver with antenna 24C, which is there shown
m)imt ed to a mﬁcgmﬁwMembmma&s%m)mﬁd eﬁemmnti@pﬁ'ftﬂegmﬁazmﬂnh'f of a phase

sel ector 18, inc ing setti any, headway, 30 agenent information 26

i ncl udi ng %‘%@@F‘? % botky anprear %@%Eﬁﬁe@é",ﬁ lios&'ﬁ‘?g’gﬁ‘z{g‘luﬁﬁﬁéi’?eb‘i“}ﬂt‘°’by aut hori zed
mai nt 6nan0@ftﬁbe&a$ﬁm%la1 cvhtrolled 1 ARG RBERYERRY W ipPRiiled td thewant apmg 24C is used -5
WO 2006/ 138393 PCT/ US2006/ 023190 . by the authorized person 21 to affect the
traffic |igmireller34 jofetermine thish ychigkeis aparded pre-ematigpa n fcdler of t he

i nter sect i QAmAR. thh AnBHARE SPREFhAE b BreBiRtHcaBREScHY highben (RSBRL2] nvention, i f
the bus 22 and the anbulance 20 are both approaching the intersection 10,
and bot h raquthetthhgmiplance2fnre-omptic request ircal wavs hpiagedshefmiathe ceamest bl | er 14, a

hi er ar chy i ; fifl i . 0 determ ne
ahi ch veni G g2 B AR, Laf el &R uhicts ShRRAIERCLIRh 10EekP 7<) Pe
anbull@nce Ropendiguliralirecting tedwt bavingribdlohgesdaliag mlative ghitrschddala niapde bus 22,

such that the,ambul ance 20 re-&&m{ti}(gs'n6 trtgﬁzlzj—%rsn% is always honored before the
request by atnliﬂlepf)e’us e tbl% ST PUATI ons, “Such as two busses appr oachi ng
t he intersecti Qtiguid fsnatewld apeaspeadit echide 102 approddhingand tdneoling havi ng t he

| ongest del g Lol LS L8 LR SRS, R B SecoBBLIRE I eGPt O over the

invention. Intersection 104 is in controlled region 112, such as on a city transit route, and
15 intersection 106 is in controlled region 114, which may, for example, be on the transit
route of the mass-transit vehicle 102 as well as in the control region of other mass-transit
vehicles traveling on other routes. A governmental body for controlled region 112, such as
a city government, can install a traffic light control system for traffic light 108 permitting
preemption of the normal operation of the traffic light 108 to expedite passage through the
20 intersection 104 by an emergency vehicle at a highest priority, and allow pre-emption by
the mass-transit vehicle 102 at a lower priority, to maintain headway.
Intersection 104 has a traffic light controller 116 that controls the operation of
traffic lights 108 and supports preemption of the normal operation of the traffic lights 108.
Typically, the traffic light control system for intersection 104 includes an antenna 118 that
25 receives data from an antenna 120 of mass-transit vehicle 102. Typically, antenna 120 is
mounted on the roof of the mass-transit vehicle 102 and can be directionally orientated to
preferentially emit a radio-frequency signal in the direction of travel by the mass-transit
vehicle 102. Signals from the antenna 118 for a requested preemption of the traffic light
108 by mass-transit vehicle 102 are coupled to the traffic light controller 116. In response
30 to the requested preemption, the traffic light controller 116 adjusts the phase of the traffic



Figure 2 is a view of a mass-transit vehicle 102 approaching and controlling
multiple traffic intersections 104 and 106 on its route in accordance with
the present invention. Intersection 104 is in controlled region 112, such
as on a city transit route, and 15 intersection 106 is in controlled region
114, which may, for exanple, be on the transit route of the mass-transit

vehi cl e 102u@50Rkdz02s i n the control region of other ygass;hransht vehicles
traveling on other routes. A governnental body for controlfeé region 112,

such as a city governnent, can install a traffic light control systemfor
traffic light 108 permtting preenption of the normal operation of the

traffic |ilghts 100& jetmieppeadt bethp dasanasit ehieleal? thcush the ifeRéctieg tason 104 by an
energency vehicle at a ;Iinghest priorit and all ow preenption by the

mass- t r ansPiersgaiondPeman %ﬂ)’ahal"%%{)éﬁ“%ﬁééﬂﬂfl ggntrofler e foritrafiic lightldfay .
I ntersection 1@4.asndyidht @Jnftrb]‘}:eé gdag %luﬁ@g}ersﬁgc{i@er copy-6f ﬂemay%%?@e& the

operation of traffic I1ghts d supports preenption of the nornal
oper at i on igformatieon{ 2éf Hsadwhy mhnagemeBinformotiindaf kan inelhge sehedhlei ¢ | i ght control

system for; 4 t] ' ! heceives data
from ?n arf?%%{rllﬁ{o %%eg rb#%%ilﬁﬂragsﬁ#it ‘ﬁﬁ?’%ﬁ%@%@’?@‘ﬁ%’{@fef@e gntenna 120 is
mount ed orschddslertdd éndgbuteidescheivle-180,and time tagh 132 for cbiProatedordhenbuses di r ect i onal | y
orientate refer ially. emt. a L Q- Sj in the direction
of travel Cltbr%/vq?“ﬁ@ pgn%s§'§?§}%{é%s¢%l’n%{r/g8ﬁog1 éﬁl%@%s ‘%?gﬁ‘g@?? 161%%@?%]% antenna 118 for
a request edhguniee fipe obariodl at thecdnesgohding Integdettion foB:aklybuzma sachramsi t vehi cl e 102
are coupl edp}o he traffic Ii}&? cogtrol ler,116. | e gons 30 to the
request ed PFFEEHFEITEHPAF RIS Pa0Eeen PRTES AL ¥HIOPHIUnEs © i‘féia A5 Yt e phase of
the twaffic -G W e2BOSMEABEAStafIRL ARG EDEDH I ogritifihs ITI OFa dgssper mi t

passage of the nmss-transit vehicle 102 through the intersection 104.
| nt er sect iWSIEWC%B&QZW“PE?C]Iffpnhmn%lmoeﬁﬁﬁmi@eﬁ?ﬂﬂi“ﬁ%t%Pﬂ er 124 for

traffic |ijgfotmakib@; sublpgshhd leRfifd tfind MM maQBhdsR VeIGEle T8Yod i8GbMEnad beESpPEct i ve
copy of headway nmanagenent information 126. Headway nanagenent i nformation

126 can i renragesObdiatic Beht amgphad Loby the massdEmsibiRIt oI OTFRESF ng t hr ough
the inter seghiiRated 0 rﬁlgéﬁ?tgg, Cs&&f-‘ats%ﬁ Buersd Ia@rﬁl%t n o Rnd Btk hOHiG: Aprichedul e

é’.
130, and tine tags 1§ _ route for the busses previ ousltg/ passi ng
t hr ough t reentreiiee f Meand itherirafidisatonielles D2 dincther 3iofogastion menly e sengto the

mass-transit vehicle 102 from the traffic light controller 116 via antenna 118 and 120, or
the mass-transit vehicle 102 may be communicatively coupled to a central facility and/or
management system using cellular technology or other communications mechanism.

In another embodiment of the present invention, a traffic preemption system helps

20 run a mass transit system more efficiently. An authorized mass transit vehicle constructed
in accordance with the present invention, such as the bus 22 in Figure 1, spends less time
waiting at traffic signals, thereby saving fuel and allowing the mass transit vehicle to serve
a larger route, This also encourages people to utilize mass transportation instead of private
automobiles because authorized mass transit vehicles move through congested urban areas

25 faster than other vehicles.

Referring back to FIG. 1, unlike an emergency vehicle 20, a mass transit vehicle 22
may not require total preemption. In one embodiment, a traffic signal offset is used to give
preference to a mass transit vehicle 22, while still allowing all approaches to the
intersection to be serviced. For example, a traffic signal controller that normally allows

30 traffic to flow 50 percent of the time in each direction responds to repeated phase requests
from the phase selector to allow traffic flowing in the direction of the mass transit vehicle



schedul ed tine of arrival at the corresponding intersection for each bus on
each route and/or a desired spacing interval between busses at various
times of the day, week, or year. 10 In one enbodinent, tine tags 132 are
updat ed upon recognizing the ID of a mass- transit vehicle 102 transmtted
fromantenna 120. I n another enbodinent, timng information, such as the
relative ti mass-transit vehicle 102 on its r e
transnittedﬂﬁgﬂ%ﬁgﬁﬁﬁaffic light controller 116 by théQﬁgggpgﬁéﬁEit vehicl e
102, or may be comuni cated using a network, such as an Internet
connection, connecting the traffic light 15 controller 116 and the traffic
l'i ght cont2xb bRkeel 44 perfcett b time Bldfaiid flFingiR)thdthe diéctibtolfley 35mass- transi t
vehi cl e 102 frqg1the traffic |ight controller 1ég v%g antenna 118 and 120,
FAnCOS G

or the neREEeeRhol theitime, Im iy embegienty(he petual gifset, elle IS t 0 a central

facility angbiprehidBrras BARMpraiictibR Balta36l G&iew%,a};roﬁeemwzmx sRfulOt her
communi cati ons nechanism I'n anot her enbodi ment of the present invention, a

traffic priesapdaicdibebyseesuting ppeifsetior ¢ mass frappifyshicledAsi t system nore
efficisently. Ap, glit,BQ6 S ' | hid;accor dance
w th the present |nve@%ﬁ%%ﬁggﬁ%ﬁgggﬂ?h%a%ﬁgh% ﬁ?ﬁﬁﬁééﬁ%%&%ﬁugbgﬁds | ess tine
wai ting atthe lightsate treffigritersectioh cRadiivy, trephasegeltdied 18attematbly gwiesghashe mass
transit Ve@é&%t@tota%d%ﬁtgﬁr ws ﬁha'sé”‘lfe Gits oMU tra-%'f% Feridl SQuEiE E UGS mREOPI € to
utilize mas ransportation rns ead 0 private® autonobiles because

aut hor i zedsignab@ntrolien $4 detatelivies ivbathartheehbde rauedts o bgeshtedl Thelwafficar eas 25
faster than ofhe ehjcles. Referring back to Fl 1, .unlike an energency
vehicle 2078 Cf?ﬂé%ﬁéf ﬁ] may gls?/r«?ﬁ‘?‘fﬁpgasfg"quf‘f&/’rﬂaﬁ?é}ﬁ?ﬂ‘ Piler SPIEES: ¥R enpt i on. I n
one gmgbodi a&famharlr:])aralilfoa& Eﬂoﬁs\;u\ﬁ, l@naaijchcclﬁil,eimelttlrdfﬁc si@ﬁdclzdn&o@r\wmaﬁﬂaérﬁii@nﬁ etoa
mass transit vehicle 22, |l e sti al l owi.ng, a roaches to the

i nt er sect i 97 HePPAE reWrstifiomdhe el sprce s eganted @%'L?@Pag?ﬁﬂ%t%h Foller that

normal |y agHa@WslectslQ Hdvwahérl & alpRactitadMaB, thepre@nitioflsydidiecdniafect fraffieCh direction
responds to repeated phase requests fromthe phase selector to allow

traffic flBRISALONA0 endecrents wleafiefienst offseibyrpenitoringhe fraflig signat pentroller \\p
2006/ 13%9@@%&4@2&%@@%%&% dph%?e rqu,eamaaﬁﬁ;&‘éngéry%%}an&ﬁ. the time and

traffic flowing in t er direction to flow 35 “percent of the tine. In
t hi s 1enbodi menthccarfies o wpatifioeemele cobpdiments thy seffie pregmplinn sysiem s s

Figure 1 is implemented using a known implementation that is modified to implement the

codes and algorithms discussed above for traffic prioritization and integrated headway
management. For example, an OPTICOM Priority Control System can be modified to
implement the codes and algorithms discussed above for traffic prioritization and

20 integrated headway management (OPTICOM is a trademark name for a traffic preemption
system manufactured by 3M Company of Saint Paul, Minnesota.) Consistent with features
of the OPTICOM Priority Control System, one or more embodiments of U.S. Patent No.
5,172,113, No. 5,539,398, and No. 5,602,739, can be modified in this manner. Also
according to the present invention, another specific example embodiment is implemented

25 using another so-modified commercially-available traffic preemption system, such as the
Strobecom II system {manufactured by TOMAR Electronics, Inc. of Phoenix, Arizona).

Figure 3 is a block diagram showing the traffic preemption system of Figure 1, In

Figure 3, radio frequency signals originating from the antennas 24A, 24B and 24C are
received by the antenna 16, which is connected to the phase selector 18. The phase

30 selector 18 may include receiver signal processing circuitry 36 and a decoder circuit 38, a

main phase selector processor 40, long-term memory 42, an external data port 43 and a

8-



transit vehicle 22 to have a predictabl e advantage. Generally, proper

aut hori zation should be validated before executing an offset for a mass
transit vehicle 22. 5 In an exanple installation, the traffic preenption
system does not actually control the lights at a traffic intersection.

Rat her, the phase selector 18 alternately issues phase requests to and

W thdraws pRasgosfiggsests fromthe traffic signal contrpller. -and the traffic
signal controller 14 determ nes whether the phase requests can be granted.
The traffic signal controller 14 nay al so receive phase requests
originating fromother sources, such 10 as a nearby railroad crossing, in

whi ch caseedifithelclodk i4. CT1intHimbhaSOdRIeE©! protesshit 40T B Rfel Wit theltR@ic t he phase
request fromthe other source be %glant ed before the phase request fromthe

phase sel edgdycontpllgplfeiwhichdn Bmontels bgtratigdiglif 12t he preenption system can
affect a traffirge sipili Ho886hs QRuG 1B tEALRAG, Lifdl floiasd Gnpe of fset by
monitoring the traffic signal controller sequence and repeatedly issuing
phase r equratenea Yo dihe sighal pregessing piraityy I9eprogessen thelanalog sigpel@ndipreducesa a specific

exanplke e i . J aff [ I t . _Fl IS

ool oot ULl gy el e GLARFRICLE B R it ol P ot ¢ he
codes and datagom thedigitdisigealsedidatedypoper fxdlorizativh fand prpviderthd datatbitten and

i nt egrated hea%/a%/e tr’ranageerre . For exanple, an OPTICOM Priority Control
Syst em car™BEPIEHCREPPES T 1 erent t he codes and al gorithms di scussed

above for traf Thelopg-tefh mickibat 420i8 ifiglenetibdiugib g gedionitalieashably nmanagenent
(OPTICOM is a trademark nanme faof, raffi reenption . syst nuf act ur ed
by 3M CompAP BT CarPmoRI FEEROVE, ThelRar ey BHTOR A2 B PP AE of the
OPTI GOM Priingh bliade Seidfor loceaycy4e Bhd i0 GRd 9 st6rl b EstFR@Bd M dSntHcatdnS. Pat ent No.
5,172,113, No. 5,539,398, and No. 5,602,739, can be nodified in this manner.
Also acco?oa?s .d§°d°$ drsa. Jp @ddifion, P??@@!ﬁt F‘Bﬁ'?’atﬁ’ﬁdts*%?}} %Sﬁél?ﬁdfﬂfsé“%%?rpl e

enbodi Ment sl HRL-GIRANVEE 1S cAhetraNR IoRE ke QadiReY 44, ed

commerci al ' y-available traffi c_preenption system” such as the Strobecom ||
syst em (manuf adbupeund gatyonnid Eluesdifernenpling therpbasegele@proldrip & compierona) .
Figure S 115 ofl BliRindlt BAEAM ARG i ARDSALLbGOR! a5 pRAbORaut o of Figure

1. In Figure 3, radi o frequency signa t e antennas 24A,

24B dAd 240mapters areemsiivéld:ﬁﬁ}dbh@cchmxgblasdagrt‘;&glagm¢cmﬁgﬁ@g¢aﬂ1aﬁ@@gig@rto the phase
sel ector %gcgg%cﬂ%tag?%%%v o%ﬂh%@hi%% s%%t&gh’vfa%'e%%a! &hEboHeL, slg@nal  processing

circuitry ecoder cCir
headway information 45 and a list of authorized identification codes is stored in the phase

selector 18 via the external data port 43. The external data port 43 can also be accessed
remotely using a wired or wireless modem, local-area network or other such device,

20 The real time clock 44 provides the main phase selector processor 40 with the
actual time. The real time clock 44 provides time stamps that can be logged to the long-
term memory 42 and is used for timing events, including timed passing of vehicles, such
as mass-transit vehicles. In one embodiment, real time clock 44 is used to check the
relative arrival time of a mass-transit vehicle to its associated schedule, to determine if

25 traffic light preemption is desirable.

Figure 4 is a flow diagram of the operation of the traffic preemption system at a
vehicle and an intersection in accordance with the present invention. In Figure 4, a method
400 involves transmitting data 410 from a transmitter or transceiver associated with a
mass-transit vehicle. The data may include an identification code for the mass-fransit

30 vehicle and/or route information and/or timing information. The data is received 420 at

receiver or transceiver situated at the traffic location. The mass-transit vehicle is identified



mai n phase sel ector processor 40, long-termnenory 42, an external data port
43 and a -8 WD 2006/ 138393 PCT/ US2006/ 023190 real tinme clock 44. The main
phase sel ector processor 40 communicates with the traffic signal controller
14, which in turn controls the traffic lights 12. The signal processing
circuitry 36 receives an anal og signal provided by the antenna 16. The

si gnal proowestegasssdizr cuitry 36 processes the anal og segpgsondsipg cduces a 5
digital signal that is received by the decoder circuit 38. The decoder

circuit 38 extracts data fromthe digital signal, validates proper
aut hori zation and provides the data to the main phase sel ector processor
40. The | dagusimﬂm emdicgtiohZodes suchpk bz;n'liettti@ﬂngjtbb rytegthevehidai cal | y erasabl e

progrannab n Th i s coupled
Do T he s g, SR R len i Tialiene AR SRR & 5 TTer o
aut hor i zedlmedﬁmelniasmﬁmmemaeanmdt ﬂhetr&fﬁg lodation i 1s dothpaed MO ﬁmh a headway

i nformati on 45, schedu] e and t ta for nas nsit vehicles,

can be sté’Fee‘éF“'ﬂ’?mF&?F&e“&ﬁ'}c gpn}pgnn ponptevd eﬁd’i‘ €43 is used for

coupl §ng tidatiPHESEWRLIHE GHed) tiks, Joﬁlp&ungHwhﬁ‘dlumelt@a%&n%ﬁwﬁlbm?nt ext er nal
data port 43 is an RS232 seri al port ally, portable 15 conmputers are

used in t [FECF $oRMRgHiFor ASREmSH &ldﬁﬁn’é‘aﬁda“ﬁﬂﬁ%ﬁwe%ﬁe twaef guva Ayl the phase sel ector.
Logged datggsiled afiiopMinerdnt mgbxfef&teﬁﬂﬁ&ﬁscﬁé‘cﬂuﬁc&ﬁra traficVbréentdhen S3thRdngal data port

43, and headway information 45 and |1st of authorized identification
codes is s&m@atedmmea@ﬁﬁgbghtb@pé@mpd@mmedwc@x&oepmplqﬁﬂﬁs port 43. The

ext ernal @tg tBatglfe VRBle N BRinBS h@&ﬁ@éﬁﬁ r@gﬁ%@%&%{%@qﬁaer ed or

W rel ess ar ea netvvor evi ce real tine
cl ock044 pheqnmt@yom mrmdmapﬂrag@le@eﬂde@simnerpa W@ieascstopd,'@hwm motiee  act ual

e The o 8ahabliBycl el AaR X AR I SLATRS DBl Abe | 0gged 1o the

| ong- termnenor FEMise & ng timed passing
of vehi cl elst,enmumiﬂlenmofm&m nwﬁsisignalahy@fwﬂic@mdamm mgbﬁdnmthntn,assr eal tinme
t he relatl e arri ransit

veni ol ot SuPYSek S B e b one €% oo dh BFBROT T gh
pr eenpt i onhd teaffikesignakiblofier to separate the mass-transit vehicles, thereby maintaining

15 headway. The variance can optionally be transmitted 470 to the mass-transit vehicle for
display to an operator of the vehicle. The operator may adjust the travel of the mass-transit
vehicle based on the displayed variance. For example, the operator may stop ai the next
bus stop for an additional amount of time that reduces the displayed variance to an
acceptable level.

20 While certain aspects of the present invention have been described with reference
to several particular example embodiments, those skilled in the art will recognize that
many changes may be made thereto. For example, the identification code transmitter and
detector circuitry, as well as the data signal processing (data look-up, data sending and
formatting, preemption hierarchy, and data en/decryption) can be implemented using a

25 signal processing circuit arrangement including one or more processors, volatile and/or
nonvolatile memory, and a combination of one or more analogy, digital, discrete,
programmable-logic, semi-programmable logic, non-programmable logic circuits.
Examples of such circuits for comparable signal processing tasks are described in the
previously-discussed commercial devices and various references including, for example,

30 U.S. Patent Numbers 5,172,113; 5,519,389, 5,539,398; and 4,162,447. Such

implementations and adaptations are embraced by the above-discussed embodiments

-10-



Figure 4 is a flow diagram of the operation of the traffic preenption system
at a vehicle and an intersection in accordance with the present invention.
In Figure 4, a nethod 400 involves transnmtting data 410 froma transmtter
or transceiver associated with a nmass-transit vehicle. The data may incl ude
an identification code for the mass-transit 30 vehicle and/or route

i nf or mat i onwenedsasssds M ng i nformation. The data is regerNeRiddSiot receiver
or transceiver situated at the traffic |ocation. The mass-transit vehicle is
identified -9 WO 2006/138393 PCT/ US2006/ 023190 430 using the
identification code, such as by identifying the route, the vehicle

i denti fi cavittont depireng/fdm dicepiﬁsmdechpbeﬂthaprebanainveﬂtm aspentd bbwhiol #rer

identifyin t$g% fﬁaﬁh time of the mass-transit vehicle's arrival at
the traffi F@mé fed 440 with a pre-determ ned schedul e, such
as by conparing the tinme information provided in the 5 identification with
the actual time, conparing the arrival tine to a known schedule, or other
conparison. A variance is determ ned 450 between the tinme of arrival and the
desired arrival time fromthe pre-determ ned schedule, and a
traffic-preenption conmand is generated 460 for a traffic |ight based on
the determ ned variance. For exanple, if it is determned that the vehicle
i s behind schedule nore than a predeterm ned length of tinme, 10 the
preenpti on command nmay be generated to shorten a wait at a stop-light. In
anot her enbodinent, if the previous mass-transit vehicle on the sane route
is wthin a pre- determned length of tine, the traffic signal may provide
an indicator suggesting the mass- transit vehicle should, for exanple,
tenporarily remain stationary at a bus stop in front of the traffic signal
in order to separate the mass-transit vehicles, thereby maintaining 15
headway. The variance can optionally be transmtted 470 to the nass-transit
vehicle for display to an operator of the vehicle. The operator nay adjust
the travel of the mass-transit vehicle based on the displayed variance. For
exanpl e, the operator may stop at the next bus stop for an additional

anmount of tine that reduces the displayed variance to an acceptable |evel.
20 Wiile certain aspects of the present invention have been described with
reference

-11-



to several particular exanple enbodi ments, those skilled in the art wll
recogni ze that many changes nmay be nade thereto. For exanple, the
identification code transmtter and detector circuitry, as well as the data
signal processing (data |ook-up, data sending and formatting, preenption
hi erarchy, and data en/decryption) can be inplenented using a 25 signal
processing circuit arrangenent including one or nore processors, volatile
and/ or nonvolatile nmenory, and a conbi nati on of one or nore anal ogy,
digital, discrete, programmble-I|ogic, sem -programuable |ogic,

non- progranmmabl e logic circuits. Exanples of such circuits for conparable
signaléfrocessing tasks are described in the previously-discussed

comer ¢4 vi ces and various references including, for exanple, 30 U.S.
Patent Nunbers 5,172, 113; 5,519, 389; 5,539,398; and 4, 162, 447. Such

i npl enentati ons and adaptations are enbraced by the above-di scussed

enbodi femt Haff‘wiﬁedﬁ(pt'@ﬁ@ﬁdtdrﬁ,&ﬁ@ﬁ)r@ﬁy US2006/ 023190 wi thout departing from

th t and th t t ts, of .whic t
Forth in thd FBITOR HGPEHar HEmoH idphteaiorstoda OF  BRH s 5HAehEl: B syat em

conpri Si Ng: adrqfhé@K ﬁ&g{m@quted to transmt an identification code of a
mass-transit vehicle; and traffic light circuit having receiver |ocated
at a traffic |ocati onf@n'delalé‘éﬁi@b@ attegfficeloestipa and adaptefeiaredeivedh¢ on code, and a

decoding circuit ﬁ%ﬁﬁ&ﬁ%and Eﬁfnpt to identify the mass-transit vehicle

using the i dent i fS°Cat ron code npare a tinme of the mass-transit vehicle's
arrival at the traff Bdedoﬂﬁ%tdlmmtwdidplt’edao ptiempiad edemifyatlc sakedatsa velbiod, in
response to determ a _variance between.the Elne of arrlva%,and Lhe

pr e- det er mi ned é‘&lH% |1 entifisptian foge, éowaqefa.tenfp?fé SEFBIRNE YRRIAK s pEVA

traffic light. 24 tﬁ@%a?ffcqgédtlﬁn Wltﬁ 33?5 l40Bmeinsd &Re@fle, ahdli iflrdpodegs ei n the
decoding circuit 1s further adapte
determining a variance between the time of arrival and the pre-determined

schedule, generate a traffic-preemption command for a traffic light.

2. The traffic-preemption system of claim 1, wherein the decoding circuit is further adapted to

generate the traffic-preemption command for a traffic light at the traffic location.

3. The traffic-preemption system of claim 1, wherein the decoding circuit is further adapted to
generate the traffic-preemption command for a traffic light at a traffic location further along the

mass-transit vehicle's route.

4. The traffic-preemption system of claim 1, wherein the decoding circuit is further adapted to

generate the traffic-preemption command for a traffic light based on a preemption hierarchy.

5. The traffic-preemption system of claim 1, wherein the receiver is further adapted to receive an
identification code from a second mass-transit vehicle; and the decoding circuit is further
adapted to attempt to identify the second mass-transit vehicle, compare a time of the second
mass-transit vehicle's arrival at the traffic location with a pre-determined schedule, and, in
response to determining a variance between the time of arrival and the pre-determined schedule
for both mass-transit vehicles, generate a traffic-preemption command for a traffic light based on

the mass-transit vehicle having the largest variance.
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generate the traffic-preenption conmand for a traffic light at the traffic

| ocation. 3. The traffic-preenption systemof claim1, wherein the decodi ng
circuit is further adapted to generate the traffic-preenption conmmand for a
traffic light at a traffic location further along the nmass-transit
vehicle's route. 4. The traffic-preenption systemof claim1l1, wherein the
decoding circuit is further adapted to generate the traffic-preenption
command for a traffic |light based on a preenption hierarchy. 5. The
traffic-preenption systemof claiml1l, wherein the receiver is further
adapted to receive an identification code froma second mass-transit
vehicle; and the decoding circuit is further adapted to attenpt to identify

h - : icle, . . [ h - i
PR T S T e e i TR A S

and, i mret@e@Qonfigired @eh@limienivogva doainudni@tioneieeedh thdifatd-mnsifveltleiaval and
the pre-determ ned schedule for bofth mass-transit vehicles, generate a
traffi abw@%ﬁﬂkghbﬂr%mabw wiriapce ipformation maybe ¢oaravpicnted ofihe MassaTansihnsi t
vehi cl g,QRyd Ng the |argest variance. 12 6. The traffic-preenption system of
claiml1, wherein the mass-transit vehicle further conprises a receiver
configured to facilitate twd-way comuni cati ons between the mass-transit

vehicle, apnd .t traffic light circuit er.e variance i nfor Lon may be
commun e dh i) Tor et hepdiily £ o it vopican iR el BraBiG " headivy
of a NMgsserigiRASyiteMSngIRinat a traffic location in a traffic- preenption
system conprising: transmitting an identification code froma transmtter

associ at ed Wansmitteg aneidentificatiey] qode fioR] ciransmitie apsprigtpdrith thelawss-Fansiit i on code

at a reggj.yer situated at the traffic location; identifying the

mass-transit vehicle using the identification code; conparing a tinme of the

mass-t r ansi tresethingthe'idensificatioalcodd attalreceiveatiuated ap dattradfic cationra pr edet er m ned
i.Ni of ~arrival and the

schedul e; det er.mi ni a variance. between the tine
pre- det er i Hé‘ﬂ“‘g@% |TRASS-LARSIL Y5 Wg‘?"éﬂ‘lgrf e eP‘l‘é\“I‘”f‘P’&f’Wéerrpti on comand for a
traffic |ightnpasfifa Gfe bPBedRketThdiE R hicle’s arrival at the traffic location with a
predetermined schedule;
determining a variance between the time of arrival and the pre-determined schedule; and

generating a traffic-preemption command for a traffic light based on the determined

variance.

8. The method of claim 7, further comprising generating the traffic-preemption command for the

traffic light in response to the determined variance exceeding a threshold.

9. The method of claim 7, wherein the traffic-preemption command is generated for the traffic
light at the traffic location.
10. The method of claim 7, wherein the traffic-preemption command is generated for the traffic

light at a traffic location further along the mass-transit vehicle's route.

11. The method of claim 7, wherein the traffic-preemption command is generated based on a

preemption hierarchy.
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vari ance. 8. The nethod of claim 7, further conprising generating the
traffic-preenption command for the traffic light in response to the
determ ned variance exceeding a threshold. 9. The nethod of claim?7, wherein

the traffic-preenption command is generated for the traffic light at the
traffic location. 10. The nethod of claim7, wherein the traffic-preenption
command is generated for the traffic light at a traffic |location further

al ong the nmass-transit vehicle's route. 11. The nmethod of claim?7, wherein
the traffic-preenption command is generated based on a preenption
hierarchy. 13 12. The nethod of claim7, wherein the traffic-preenption
comand? dhgenpshost ef¢laim % whprejn the tafficayeamtion spmmaad & gsaesptedto {aditate
mass-tr j ot [ r S Sl ' i Gl . - e met hod of

o1 ai m 7R e A bR SRR b S Bl OIR®, ™ ot 1t e
schedul e adherence by the mass-transit vehicle. 14. A traffic-preenption
system_ .c i scejver associ ated

ri sing: first tra ith a ss-transit
vehi cl e3a ea'a%qudgqf CT%mtﬁ % E‘ﬁi“ttﬂﬁﬂa ﬁcagm@rftsoeapmm%n@”&%%rﬁ@ﬁ% facldde ¢ ansi t

vehi cl g paghd fIRElNG BNROARL iritsARERiEION; and a controller provided at each
one of a plurality of intersections; a respective second transceiver coupled

to each controller and adapted to receive the transmtted identification
code frﬁmtEe first ttranssgei ver_and to transmt the encoded information to
the first ‘Af Wg'd’é?e\%)rl,ongﬁ R croggjﬁlélggi ve decoding circuit coupled to each
control | er anftsaxeimpdedetr hsbodihfe@ Wath A BassdRAiit fahiclé Al ARERd td anBhiit avehi cl e

using the jdentification code; wherein the controller is adapted to conpare
a time igentifisatioesode of tia grass-ramitoiebicl andreapiye egpoded frfoppatiopy andhe
B e e MU
schedul e, geamespattévesctomaftfansceiver emupjid to eachaonaolibrfand adaptedab feceivieitight and
transm t%an\sll%lrttiea?ge%tihggtgglré% é 8tht1(1)e ttlrrgte trzgl%gesl\-rgr ragcri] tsoI ttransr\{l?tm‘lg tlen%bded information
to the first transceiver; and
a respective decoding circuit coupled to each controller and adapted to attempt to identify
the mass-transit vehicle using the identification code;
wherein the controller is adapted to compare a time of the mass-transit vehicle's arrival at
the one of the intersections with a pre-determined schedule, and, in response to determining a
variance between the time of arrival and the pre-determined schedule, generate a traffic-
preemption command for a traffic light and transmit variance information to the mass-transit

vehicle.

15. The traffic-preemption system of claim 14, wherein the controller is further adapted to
generate the traffic-preemption command for a traffic light at the mass-transit vehicle's present
intersection.

16. The traffic-preemption system of claim 14, wherein the controller is further adapted to
generate the traffic-preemption command for a traffic light at an intersection further along the

mass-transit vehicle's route.

17. The traffic-preemption system of claim 14, wherein the controller is further adapted to

generate the traffic-preemption command for a traffic light based on a preemption hierarchy.
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15. The traffic-preenption systemof claim14, wherein the controller is
further adapted to generate the traffic-preenption command for a traffic
light at the nass-transit vehicle's present intersection. 16. The
traffic-preenption systemof claim14, wherein the controller is further
adapted to generate the traffic-preenption command for a traffic |light at
an intersection further along the nmass-transit vehicle's route. 17. The
traffic-preenption systemof claim 14, wherein the controller is further
adapted to generate the traffic-preenption command for a traffic |ight
based on a preenption hierarchy. 14 18. A traffic-preenption system
conprising: neans for transmtting an identification code froma transmtter
associaﬁpg}gjﬁﬁ_the Q%%s-ﬁérqgggts%ghicle; means for receiving the

i denti fi‘cat ion coae A 3 T eeei VO™ WPt uated at the traffic location; neans
for identif yhéags tdreran@nisting sardértiié@lintote BEMNGrdnbMitied @f¥btihied aliihaRe faGe;
means for conparing a tine of the mass-transit vehicle's arrival at the
traffidrangéseligdss with a pre-deternined schedul e; neans for determining a
variance beltuean i ieehiflPne jachificalith cadkh: bhcRPsiplaHRamorRadE e and
means for generating a ttraffic-preenption command tor a traffic I ght based
on the det enguns ot identifamethe ni@s-tdisd viehiglehismgphedamifi@nosysteem of cl ai m 18,

wherein the generating means copprises, neans,. for determ ni if the
Var ance. oxdBaH I cpRbadiigt tme Shibe mes- it ebicsRasA bhe Sy ERdMPTc) ai m 10,
wher ei nythgpgeneiileddchi@aRs conpri ses means for determning a
traffic-preenption comand hiefarchy. 15 .
means for determining a variance between the time of arrival and the pre-determined
schedule; and
means for generating a traffic-preemption command for a traffic light based on the

determined variance.

19. The traffic-preemption system of claim 18, wherein the generating means comprises means

for determining if the variance exceeds a threshold.

20. The traffic-preemption system of claim 19, wherein the generating means comprises means

for determining a traffic-preemption command hierarchy.
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