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condi tions caused by heavy traffic congestion and high comuter |oading. 20
Buses queuing up to serve commuters slowy at busy bus stations are comon
because nost bus stations acconmpdate two buses at a tinme. The reduced

et age’of - cofh VS TEMRORNNEING CoBES TR AT RIS SHABAN: <, 0 <o 25
causes hi gher fuel consunption, worsening air pollution and severe engi ne
wear and tear. In order to increase frequencies of services, nore buses are

put on road t ' congestion problems. 2 SUMVARY OF THE
| NVENTI ON The%%@gﬁﬁﬂ@eﬂ ?Igﬁ\ﬁlﬁg a system for mnimzing congestion at

bus station. The present invention requires each bus station to be extended
toinclude a 5 plurality of bus bays and each bay is sited next to each

ot her al org r Thdsprésenbhitivention ¢s angystemtoat mikiyizing éhgestionn@dsis skltiohe #ist
one oncom ng bus whose service is displayed at the bay by a visual device.

Commut er s ar epgdiciddr,t the heresenpeinventiohasslisvesvweohgéstiomuak busy statiom! by
devi ce showing the order of bus arrival and the service at each individual
bus bay. Meanméximiziog commutert eleararicer frem bas tsiatieh,i imgpreving bas tmobility at
buses at the respective bays for comuters to board the buses. Upon
departure of bHeStationand kyregulatingbus mavementmdaptivelyori ng buses are

di splayed. In this way, comruter clearance is maxim zed. 15 The system
al so m nimzes comruter inconvenience at bus station with a data capture

o P RN ORE INGERRIGREY, oF Do, oS ot o o gurding.
o ot ke | ThasmARSaRRRL b fadtikfn ikl iarRporeEsteml Ass WS chifibigds of '
providing good services to commuters with shoner waiting time, extensive
route coverage, and reliable schedule. It is difficult for prior art transportation
systems to meet these requirements because bus schedules are constantly
15 affected by factors beyond management's control such as traffic condition, road
works, accidents, bus breakdown, inclement weather and customer loading.
Moreover, it is difficult to achieve these objectives for services plying along
major thoroughfares, as they are more subject to erratic traffic conditions
caused by heavy traffic congestion and high commuter loading.
20
Buses queuing up to serve commuters slowly at busy bus stations are common
because most bus stations accommodate two buses at a time. The reduced
mobility results in inefficient use of public transport resources and Wastage of
commuter time. Bus moving slowly and stopping too often also causes higher
25 fuel consumption, worsening air pollution and severe engine wear and tear. In
order to increase frequencies of services, more buses are put on road thus

exasperating the congestion problems.
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20 To regul ate bus nmovement in real-tinme, the data capture and display
system al so captures the vehicle identity of each bus arriving at the bus
stop and conpares the bus arrival tine with the desired schedule. The

systeminstru ]\%q I slow or to hasten which the bus
devi at es fromﬁ"ﬂ\éI Qc%%ﬁﬁe%i@@ﬁmﬁ)go Such m nor novenent adjustnent to
each bus prevents cumul ative deviation fromthe desired bus schedul e. 3
BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1A shows a multi pl e-bay bus

station of thehey prsintiivéRtidrPTs A h%r%ﬁ%?éﬁ%%gﬁgsg@@idggﬁ%%ﬁon.

systemincluding a renote bay assigniing unit 5

services by bJhevprasent dednion rttiredleduiebus Istaivh to bedéxtended t6A¥RIde
detail an enbodi nent of a visual display systemused at each bay of a bus

station aczor glurglityoofrbysi bayd Andléactbgyris sitedrex ta eucht othlee alsng Potidside
station of the present invention featuring a data capture and displ ay

syst em i ncl udwhere busesrmovecBabh baysisi tgracapmmbtiatndt kst pmenondamingt bus
Figure 3 illustrates the architecture of a data capture and display system
15 accor di ngWhosevgenviae: i displayash at thethayoby tah yisuab davice. n\Gommiters-atair e
4 shows a scherrad?i c. of an in-bus unit according to Figure 3 of the

present i nvenSuisded tepthe Fespactve bﬁYﬁy@(‘{HaBéJZfﬁéhﬂﬁe% byivisual deviee shawing the

cum sensi ng LRGSR aabaf anidhe sericraL sacainaausf Bue ay: Menrwbie T

f Lg“r e’ f&mwﬁyﬁeﬁf RRBRAL Cthgfblfs aﬁ\r/é/risct% Hél? %&Y bﬂggts ra?'thgrreggggt}vea ca:t% or
commuters to board the buses. Upon departure of these buses, services of
next grodp of oncoming buses are displayed. In this way, commuter clearance

is maximized.

15 The system also minimizes commuter inconvenience at bus station with a data
capture and display process applicable to every bay of the bus station for
guiding commuters to wait for their buses at respective bays and to board the
buses upon arrival. The data capture and display system displays the identity
of each of the buses at the respective bus bays.

20
To regulate bus movement in real-time, the data capture and display system
alsé captures the vehicle identity of each bus arriving at the bus stop and
compares the bus arrival time with the desired schedule. The system instructs
the driver of a bus to slow or to hasten which the bus deviates from the desired

25 schedule. Such minor movement adjustment to each bus prevents cumulative

deviation from the desired bus schedule.

e
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Figure 3 of the present i nvent i on. 4 DESCRI PTI ON OF THE EMBODI MENTS OF |
THE | NVENTI ON General System Configuration The nultipl e-bay configuration
of bus station is commonly enployed at major 5 transportation termnals

and central b @%@ﬁ Oﬁ é ted to nove within a short
period of ti m'.ﬁR ﬁféﬁ ﬁ"ﬁébg wmﬁgbet ween major termnals
have single or, at best, double bays to serve conmuters. The conventi onal
bus station |layout contributes significantly to the increasing traffic :

congestion as pgie &'shoWsta Er&jsltiﬂﬁfbﬁiﬂbﬁsf Ha‘fibﬁ'ﬁf'tt?iﬁyi‘%%]é‘nt]iﬁveﬁt% ie%ﬂiﬁrﬁ'g“e

of buses in the“vicinity of stati1’ons are at e cause of tra

bottl enecks. dHtg cabhsenand displdy SYstEAT cluting A RIMotdtisdy 88sigAitg anit WALD)
which integrates a data capture ‘and di splay systemin order to not only
maxi m ze cenMErRy a clispiayof semic bapvisual devices andrequipment layoatit er

I nconveni ence at bus station. 15 Figures 1A illustrates a bus station
configuration according to an. enbodi nent of the present invention featuring
a data capture and display system having a renote bay assigning unit (BAU)
and a bay ser FigerediBpshows irudptailhan lephediment of & visual display.sysiem used ad
includes a plurality of bays 12, 14, 16, 18 and 20 20 for acconmobdati ng up
to five buses eachhgy ofrabus station agrardingdoddgwe Yhnmuters. Each bay is
sited next to each other along roadsi de where buses 22, 24, 26 and 28 nove,
and each bay is preferably w de enough to accommbdate just one bus with

P01 005, BT o ARk oy ol SR RIS Sy oo o
s, L SR B ARG 05 A P A BohUuPd pphaliiong ot

t han " and equipment layout.

Figure 3 illustrates the architecture of a data capture and display system

15 according to two altemate embodiments of the present invention.

Figure 4 shows a schematic of an in-bus unit (IBU) according to Figure 3 of the

present invention.

20 Figure 5 shows a schematic of a BAU according to Figure 3 of the present

invention.

Figure 6 shows a schematic of a display cum sensing unit (DSU) according to
.Figure 3 of the present invention.

25
Figure 7 shows a schematic of a service display controller (SDC) according to

Figure 3 of the present invention.
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two. The present invention envisages that nost of the bus stations between
5 major bus termnals to have nultiple-bay configuration as they can
accomodate nultiple buses at any one tine. Wiile the real estate taken up

a nmultiple-ba bus station,
it 1s beli eveﬁeﬁﬁéﬁbﬁ%ﬁi%@hﬁ@ﬁﬁs éﬁﬁ@ﬂ“%ﬂ e and | esser
traffic 5 cong, é,la? e perceived di sadvant ages. The present
i nvention als enpl oyi ng the nul tipl e-bay
configuration on nore than one side of the road. The data capture and

di splay system 30 of the present invention conprises at 10 |east one

in-bus unit (1A midk Iéibdyeé’éﬁfl Qtl&?bffb%%'élah&g |§Bbhnﬁﬁ‘ﬂg)eéﬁgloyédllﬁt%§]drty

of display cum sensi ng uni't | east one serv

control | er5( Sikdnspdrtation terrﬁlharsaénd beﬁfrawbaslabﬁdtsswhéb@bdées ?ﬂ‘@ndﬁémécﬁéd
schematics and i nterconnections of the | BU BA DSU, and SDU shal |

el abor at ed i n to onove Within aishbritperiodesfdimest iOmthes othieg hand, Bus sfations between
respectively. 15 Referring to Figure 1A, each bay is provided with at

| east one vi suajortespringisdtavensingleharuat |hest:|dgmb& baysbm servercgumutan) The
di spl aying commuters services of the oncom ng buses. ure 1 B shows in
detai | an emb&@nnentional bus station @%@lmlcgptr&aut%samfmﬂlv tlmewqea@agstraﬁlc
desi gnat ed as ba bei ng used at the nulti e ba bus statlon

according to Ppﬁéﬁﬁ ign, asrrRMBHitars;ate sot Whilestae lpugtqmuepfan
upPer, PO 9" igeh h 1k YL 0 S B L i Bl
IEICICE TR e S R R
AT N L A L
respectively. cldiftaRté RASKuL StdtdH Bt Bl8d hihifnizs Commuter inconvenience at bus
station. |
15
Figures 1A illustrates a bus station configuration according to an embodiment
of the present invention featuring a data capture and display system having a
remote bay assigning unit (BAU) and a bay service display equipment layout.
A multiple-bay bus station 10 includes a plurality of bays 12, 14, 16, 18 and 20
20 _ for accommodating up to five buses at any one time is shown to serve
commuters. Each bay is sited next to each other along roadside where buses
22, 24, 26 and 28 move, and each bay is preferably wide enough to
accommodate just one bus with provision of minimum head space for a bus to
bypass the front bus, if necessary. Although five bays are illustrated in the
25 accompanying figures, it should be understood by one skilled in the art that by
multiple-bay, the present invention has in mind a plurality of bays greater than

two. The present invention envisages that most of the bus stations between

major bus terminals to have -multiple-bay configuration as they can

i “
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di splays 45 and 47 within the central bay display 46 is to assenble 6
comuters in the central portion of the bus station, and to m nimze
comut er nmovenent to adjacent bus bays when there is a change in bus

L i (BRI Bl B A 55 R, 0B85 o 5
. A . LS

belong L0 e kBT ook ey 1 R A bt o one e BEI e,

sane tine, theefigidy ?ﬁz&tﬂ‘lreea%tggéé"o?%e?%?%%ﬂ%rﬁ%e@?ﬁ%@%@ﬁcﬁes%@%&

i nconveni ence at bus station cause e nex € buses are

di spl ayed in ggMgastorPfar Siawsigh e Pordtived dishdvah . °TRé PiEséht invention

mul ti pl e-bay bus station 50 of” the present inventiol featuring a second
enbodi nents of alsodenvisages bus statbrié Simpiiying He Muliplehyecardiguralion? of rhave
assigning unit for nultiple bus stations and data display equi pnent | ayout
for each sai dtharsose sideoof thelaoad. t he BAU 84 nonitors the 15 position of

t he buses in bus convoy 72 - 78 continueously. It also allocates bay code
to each approachi ng buses once the bus passes a predeterm ned di stance from
the bus statign 50. Wth the exception of the BAU 84, the centralized ba¥
assi gni ng uni 1 harfftanapturgand display system 30.phthe presand inventionscomprises a

substantially, simlar, to the b ssigning unit and data display system of
20 Figure easbpnecin-busiunit(IBh) 32 <rlensl ane: bay assignieg ainit (BAURSora

72203 kel oy Lo A 66L 3 ll hes B5si
Fecei ved rer cpenTRme Tsbu' 36, Mk & Birafiy) Bt VFHE U8Ries%, 8PS T cefilng
nstalled at gindRaligl UridfinfercohREaiioMy! o Ghe IBY] BAB, TEG! ahteSDY shafi'td?

positioning system
elaborated in connection with the description of Figures 3 - 7 respectively.

Referring to Figure 1A, each bay is provided with at least one visual display 40
15 (not shown in Figure 1A but in Figure 1B) for displaying commuters services of
the oncoming buses. Figure 1B shows in detail an embodiment of an enlarged
display 46 at central bay 16 (also designated as bay C) being used at the
multiple-bay bus station 10 according to Figure 1A. The enlarged display 46
comprises further of an upper portion 45 for displaying service for bay C and
20 the lower portion 47 for displaying services for other bays. In other words, the
central visual display 46 at bay 16 informs commuters through the upper
service display 45 that bus 26 (designated service code 190) will next
disembark at that bay. For commuters who are not taking bus having service
code 190, they are shown on the lower portion 47 buses having service codes
25 70, 16 and 33 respectively. The purpose of having multiple-tier displays 45
and 47 within the central bay display 46 is to assemble commuters in the
central portion of the bus station, and to minimize commuter movement to

adjacent bus bays when there is a change in bus service. The other reason for

T —
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el aborated further below, the description of the present i nvention
I ncor por at es 7 the centralized BAU and data capture and display system
features as enbodied in Figures 3 to 7. As nentioned briefly above, Figure

the present 1 Rouid b bR islayiad i B SeterdbL BSed BhichaR ok nafong o he
105, “each bay Peeqieit e Rprd iﬁ%sgi‘@éﬁﬁﬁ%dﬁép%ﬁﬁﬁﬁ2’33951?%@@&5*@@atSm
a bls SUat 1 on oofal bh. AMCSGoIEORES ridliile Batafile 1hEc3 SRR Tl

of the data capture a |sp ay system a capture and

system 30 of biges WHieRtbAIONGS RS $y3M8thi SRS shA@Simethé ’HalPé'%abmrb andv
32 on each bus 100 and 102 plying the route featuring the present

i nventi on.s Thelisphay 39stenei3gsalsdtrainiidesr mhnmenambhvédﬁenbe%ﬂ%uwidﬁéhnm
vehi cl e code 104, service code 105, key data 106, operation data 110, and

bus station cbeéeausaZhenoexidavaitable Heuses are:eilspiayed ifhedvdsidelon the visual
comuni cates with bay assigning unit (BAU) 34 and display cum sensing unit
(DSU) 36. Ref @isplayp.to Figure 3, at | east one BAU 34 is installed at or in
the vicinity of each bus station for assigning bay code 108, sending
operation data 110 and 20 bus station code 112 to buses passing by its
vital information fromthe buses and

ransi s onwEIHe s RRNS SuURAlgBay pus:stalirs B0 Gfihepgosery mvernliRn atuing
ng‘;zc;’r&e&S“Piéa@w Fotudfel o6l ool ?%sslysﬁaﬁgg&&é% g
LS hse cobeiaed MPSoBR ThE " TR, Bk yAR0R i f A eRley
repl acement sBggipment layout for each said bus station. Here, the BAU 84 monitors the
position of the buses in bus convoy 72 - 78 continueously. It also allocates bay
code to each approaching buses once the bus passes a predetermined
15 distance from the bus station 50. With the exception of the BAU 84, the
centralized bay assigning unit and data capture equipment layout of Figure 2
is substantially similar to the bay assigning unit and data display system of
Figure 1A. By centralized bay assigning unit, the present invention envisages
a BAU 84 that maintains a communication link with each service'display unit
20 SDC. The position of each of the buses within the p.redetermined distance of
the bus station is generated by IBU from the received reference signals
transmitted from signal generators (not shown) installed at predesignated
locations or from the satellites of a global positioning system. As shall be
elaborated further below, the description of the present invention incorporates
25 the centralized BAU and data capture and display system features as

embodied in Figures 3 to 7.
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8 Finally, the DSU 36 transmts bay code 108 and operation data 110 to |IBU
32 for storing in the latter's nenory. |nterposed between the BAU 34 and
the DSU 36 is at | east one SDC 38 which is installed at each bus station

o 51 ecol ve M MPNIRL BeabAove: FigHER 2 Abistiales alr%%a%ﬁcrhiée?@&ltpf ?%;s%yé"
trom and ot or RBNUR ANk SRl ol ine bredshe GRS, pidbs bl e 2i<
caui prront ol aF AT AT B BB cle, Ot Soryb6R St bisdt Brg Bl iBpresphiad

ti f r ' R i
oF i bus 100 SF 8 Gancb-2ous £ bacH BBy W aSKRd, ol Bay dddd 168, pild diich Bk

114 to SDG 38snition iscdssighed \wabus @tatRsit edde baIR, Sthdsescotids?cdndist RIrebr the
The bay status data 116 corresponds to the nonentary status of every bay

12, 14, 16, 18ysteth pararheters obtise slatd captuid and dislay system BANe3datacsaptuns
the bay status data 116 in order to assign bay codes to oncom ng 20 buses.
In Figure 1A antidisplaysystsmi80s of the? prestiit limenionecamprises atl ledst onesintbus
of BAU. Concurrently, BAU 34 transnmits bus station code 112 regularly to
i nterrogate | BUt{IBUh32ten ereh husy10@and 102:plying the rous featuring thespresent
| BU 32 receives the bus station code 112 and verifies that it is included
inits servicihvestion. [The U 32 stores ¥itat infounatior akaw thesbuses dacluding
service code 105 to BAU 34 \Wen BAU, 34 receives the two cqQdes, it assigns
and tr ansifl t svﬁﬁ'ﬁgﬁ/ cede ef%ssqrﬁ'cpEﬁ?@Z%%h Eﬁﬁéfgitﬁrloﬁsmejﬁ"?'ﬂ Aatai 119, rand
Thi's is the rBBL as?aQIFc?nntcoégse ‘?tlz included on the service route. The IBU communicates

with bay assigning unit (BAU) 34 and display cum 'sensfng unit (DSU) 36.

Referring to Figure 3, at least one BAU 34 is installed at or in the vicinity of
15 | each bus station for assigning bay code 108, sending operation data 110 and
bus station code 112 to buses passing by its position. The BAU 34 also
receives vital information from the buses and transmits onwards to SDC 38 of

the bus station.

20 In Figures 1A and 3, at least one DSU 36 is installed at each bus bay 12, 14,
16, 18 and 20 respectively to display services to commuters. The services are
represented by service code 105. The DSU 36 also senses the existence or
absence of an IBU at bus bay by receiving vehicle code 104 therefrom.
Finally, the DSU 36 transmits bay code 108 and operation data 110 to IBU 32

25 for storing in the latter's memory. Interposed betweer the BAU 34 and the
DSU 36 is at least one SDC 38 which is installed at each bus station for
controlling the service display in each DSU 36 and to transmit data to or

receive data from each DSU. -
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9 assigned bay code 108 together with the received vehicle code 104 and
service code 105 to SDC 38. Wien the assigned bay is available at the bus
station 10, SDC 38 transmits 5 . the vehicle code 104, the service code 105
and bay code 108 to DSU 36 at central bay or bay Cin Figure 1A

Si nul t aneously, the vehicle code 104 and service code 105 are al so

veri Tyl ng.t he AhSEstAR BOGR 'ﬁ%ﬁ@ﬁ%ﬁ (EDAY oy sBewidg FigfreGATis stal Bl at
service code ygubhARRP sy ﬁétﬁhﬂnﬁ FrHFH a&%%@u%gﬂgtﬁﬁ%egg iR e

and that of the assigned bay. Th ter tus
data and trangata Stotagedde¥ide 36k é&bﬁhB&GEEDAUQ%ekF&S%Mg%rﬁ@maﬁﬁb a

codes to other oncom ng buses. In Figures 1A and 3, all 36 at t us
station 105t r sepoits andsprociuces faalty @quippeaht al&in toleR rbpair crow! to ét?éh@?e
When the bus arrives at the bus station 10, I1BU 32 returns vehicle code 104
upon recei pt efuipmentfaultciflang.08 froma DSU. DSU 36 transnmits the received
vehicl e code 104 to SDC 38 to indicate the detection of a bus. Thereafter,
DSU 36 continues to transmt bay code 108 regularly to request vehicle code
104 from |1 BU 32 to_rmnltor the eX|stence of 20 a bus. SDC 38 verifies the
identity of a 8,Date, Gapture\and Display Systefhecki ng the vehicle code
received from BAU W th that from DSU sbc aI so conpares the received
vehicle code and the arrival time with that of a predeterm ned schedule.

't or m ¢ 19 i PR ¥ b, 881vES BT H isStp RE 02 ot 1S B Bediidn  BRLIAL wapsmii a
oper a1 on dar BOURG §18ab] F4' T SO%0H of HRER inBrvalitt RauBs Bay STARE ddlg 116
IBU 32 for stgidrBffom) The BE/ Blatus VAR 14B%dEspoRBY 45 the momentary status of

every bay 12, 14, 16, 18 and 20 at the bus station 10 in Figure 1A. BAU 34

receives the bay status data 116 in order to assign bay codes to oncoming
15 buses. In Figure 1A, the convoy of buses 22 - 28 has already passed the
position of BAU. Concurrently, BAU 34 transmits bus station code 112
regularly to interrogate IBU 32 in its vicinity. Once the bus arrives at BAU
position, IBU 32 receives the bus station code 112 and verifies that it ié
included in its service route. IBU 32 then transmits vehicle code 104 and
20 service code 105 to BAU 34. When BAU 34 receives the two codes, it assigns
and transmits a bay code 108 to IBU 32. Thereafter, BAU 34 transmits the
assigned bay code 108 together with the received vehicle code 104 and

service code 105 to SDC 38.

25  When the assigned bay is available at the bus station 10, SDC 38 transmits
the vehicle code 104, the service code 105 and bay code 108 to DSU 36 at
central bay or bay C in Figure 1A. Simultaneously, the vehicle code 104 and

service code 105 are also transmitted to the assigned bay. DSU 36 stores the

_—
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1 O DSU 36 receives no vehicle code fromIBU 32 and in turn inforns SDC 38.
SDC 38 then updates the bay status data, generates operation data 110 to
record this instance, and transmts vehicle code 104 and service code 105

S I bus oni ¢ EETS ERE104 1 N&'@%Qhﬁ’ﬁ%‘e‘i& 31 108 oS 2t 8, SSRerBia BRY: €
Figure 3 of thishlagsthé denviestd a%%ﬁﬁglgpéﬂh t?ﬁ’é v?éudb?ﬁﬁla%‘w ' dbontral

nodul es: one is preferably Insta of a bus'an her

conprises a mbayomwmsarthé?&sugheWbayormaﬂéi SnC! 38 ggaafes e béspgfatus

device 128, an in-vehicle visual display device 132, a nory 134 an

sof tware 136; dat® avichtransmitsrit tp BAW B4 Wh&ﬂsagameusé@h&wdaf@i@ra@bign bay
installed at the rear of a bus for communicating with other IBUs. The

m cr opr oceSsorcodes ¢omtherdonaomaihg Husesot her conponents of the | BU and
controls the sanme. The conmmunication link 15 126 is preferably a wirel ess
nodem for transmtting and receivi ng VI taI I nformati on between the BAU 34,

the DSU 36 or  t transcei ver 124 us in front of the present bus. It
shoul d be und& E‘Lﬂgjﬂ&sbv* and 3 all ESHS.SG ehtbeaws staion; 1 transisitdespectivenbay 6

o1 opr ocessobedt ok reAMieBEl el 194 f%?&bfnaiw‘? oA lew‘i‘”%@ﬁéist%f-oﬁ 1,
Functions. I '?ﬁtf’*%ieé?%%c%%‘?@%?ﬁ&f U ForTad 3o oyl rkle 19 Fom a5,

code. 1acty BB e, Bensiis 6 KoGEd eicle 5Re 1 vfgﬁl%‘?%‘?‘@ bt the
132 di spl ays Betect oo Bblfs].s'f' ﬁ’él’eQﬂeFoqggJ Qé%ﬂfﬁélr@ tﬁntrgﬁérﬁlt‘;ﬁ#‘cé@g; 08

either the DSU or t he nenory I's pre ran

I L ety et s 10 T e b
bus. SDC 38 verifies the identity of a bus at the asmgned bay by counter-
checking the vehicle code received from BAU with that from DSU. SDC also

15 compares the received vehicle code and the arrival time with that of a
predetermined schedule. While the bus is serving commuters, SDC 38
transmits a signal to IBU to inform the driver to hasten or slow the bus
'movement if the arrival time deviates from the predetermined schedule. SDC
38 also transmits operation data 110 for earlier buses movement, if any,

20  through DSU 36 to IBU 32 for storing in its memory. When the bus leaves, DSU
36 receives no vehicle code from IBU 32 and in tumn informs SDC 38. SDC 38
then updates the bay status data, generates operation data 110 to record this
instance, and transmits vehicle code 104 and service code 105 of the next bus
assigned to this bay, if any, to the DSU and DSU at bay C.

25
In-bus Unit (IBU)

Figure 4 is a schematic of an in-bus unit according to Figure 3 of the present

invention. 1BU 32 comprises at least two main modules: one is preferably
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The I BU 32 receives bus station code 112 over the wirel ess nodem 126 from
the BAU 34 when the IBU comes within the effective range of the BAU. The
m croprocessor 122 checks whether the received bus station code 112 is in 5

the list of bus_,stati cqdes i.n nor 34 for a gurrent_ service route.
B0 321 gnor ednstale &8 g diars, ptia Bl cini irthex Gasmpisssos ickoRroGReRIG 1 22, a
current |ist. t S8t | transmtg aver e w.reless nodem 126 its
vehicl e code fga? hailgfmc}glp\?i E’ik c@tée érgf'ﬁﬁ)t ﬁﬁ\é"’%Abé@ﬁ"fHé" e’Bﬁ]‘*aY@Uraq rdgﬁgﬁy ts
t he nunber ofd%@@ [ ' | 1425 C | Wi HF? t.rapnsceiver
124 receiving 1 t r??\;eﬂﬁrc‘?@oég?e% aa?H ééf%é@ﬁ%& tb?o ﬁiil %&;ﬁgﬁ?‘%
it in a daisy t&EncBiverIPYUUN g@&q r4 p tﬂ{édf :
el aborated furt heralbel m?v,,4 BELP‘?A{ th eynmggégﬁegnésﬁgbggé ggge o_O?hehLmusﬁigstmg :
transmits 5t with bther BBUBY €Thé hificropfddiedssr RSl o hiﬂﬁw@éﬂi&%ﬁ@d@rﬁ@%
108 and operation data 110 to the IBU 15 Again in Figures 3 and 4, the IBU
32 receives r dis@dBU ard ontrolsithel 88mie. 0The asimmGhicatioArtihikt 'IEGS@T;iréfe'réﬁly a
vehicl e code 104 thereto upon arriving at the bus station 10. If the bus
halts at the Mdrglgssmadam fohdranBmifting and ireesivingovitalniafddtiatidh betwssn there
for updating the tinme and operation data 110 for other 20 buses to be
stored in the BM@AymESU/Eﬁmrtﬂnetmugcemanw ofe hussindrond didiye prmntgyus?,z
cl ears the assigne ay code 108 stored previously in its nenory 134
virtue of the?tfglquq'{’%ﬁu'ﬂwstm h\b'onerﬁj@l%dr incthve @it tlmatytheduwele?smod@'n?[%zﬁ
36. 25 Bay Assigning Unit (B, Figure 5 shows a schenatic of a BAU 34
accor di ngfql o EP gnlga S Wfé’ @%E&ﬁ%ﬂfﬂmr&ve%énwm%m 12850t the
M Cropr ocessop kil ¥esk67S! tHS input Jevice 128 is preferably coupled to a
predetermined set of functions keys for activating a plurality of functions. In the
preferred embodiment of the present invention, there are eight functions for
activating key status bytes 130 such as missing bay code, faulty DSU display,
15 bus breakdown etc. The in-vehicle visual device 132 displays bay codes, bus
station codes and operation data from either the DSU or the BAU. The
memory 134 is preferably a random access memory for storing a list of bus
station and other codes. Finally, the firmware is a repository of the software
program which controls the IBU.
20 |
The IBU 32 receives bus station code 112 over the wireless modem 126 from
the BAU 34 when the IBU comes within the effective range of the BAU. The
microprocessor 122 checks whether the received bus station code 112 is in
the list of bus station codes in memory 134 for a current service route. IBU 32
25 ignores the bus station if the bus station code is not on the current list.
Otherwise, the IBU transmits over the wireless modem 126 its vehicle code
104 and service code 105 to the BAU 34. The IBU also transmits the number

of buses behind it. This is accomplished with the transceiver 124 receiving the
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nodens 140 and 142, a nenory 144, and a firmwvare 146. The m croprocessor
138 is coupled to each of the other conponents of the BAU 34 for .
controlling the operations thereof. The nodem 140 has a conmuni cation

e e e
L7 S AR A0 B o

PBU 32 and SoSAy Prtieh seions o beeddb tdtheis b ity P17 id B9t e "
142 into and iirsledditddem 126'the halighed Peflcddis 168 bnudperatiéls dSB Y td e | S

preferably a random access nenory M for “storing operation data such as
system par&netiBUs. The data in nmenory 144 may be altered via |I/O ports 139

and 141. Although the firmmvare 146 is illustrated as a distinct conponent
fromthe mcroprocessor 138, it should be understood by 15 one skilled in
the art that it may not be necessarily so. The firmvare 146 stores the

operating sof AgaiRIn &iguweatd endidheBUBAR receivlesfrespéctiyeabjay code T8 from
1A, BAU 34 is installed at the multiple-bay bus station 10 or in the
vicinity ther 88fh B@Y %&@nvamméﬁﬂ$mmlg@mn%g?gre@% rct;motnﬂmwmg)at the

[ [ d SDC. F , e
communi oat i onbBSiEEn He 1B B nakie atate aa%{sn%é?ni'a‘}s ﬁm@ésdgrsa sesniverrom

' ' ' ' ' Lon, i ed, ;sate e or

ol traconi 19 THE Dbkt & 041 ie o pdRtaL i °2ﬁ¥d;gé§r|a%833¢atas1 {&Rt%reqta_gf y

d | f t JBUs 0. adefin zon ef erripg
2gai n to i guPLE¥ A sHTbATh Hb SRRy L T s S P RaTE She ircinad o
|nterval via bhf, FIBULEE dal the h8SighBY B cdde RIB Mored' Brévisudiy iR td V©

range of BAU.
memory 134 by virtue of the fact that the IBU no longer receives bay code from

the DSU 36.
15
Bay Assigning Unit (BAU) _
Figure 5 shows a schematic of a BAU 34 according to Figure 3 of the present
invention. The BAU 34 comprises a microprocessor 138, at least twd modems
140 and 142, a memory 144, and a firmware 146. The microprocessor 138 is
20 coupled to each of the other components of the BAU 34 for controlling the
_operations thereof. The modem 140 has a communicﬁtion link with IBU 32,
while the modem 142 establishes another communication link with SDC 38. In
one embodiment of the present invention, the modems 140 and 142 are
wireless modem. In the centralized BAU embodiment, the communication
"25 links with SDC are hard wired. Not shown in Figure 5 but should be
understood by one skilled in the art, at least one transceiver in IBU 32 and
SDC 38 transmits and receives data via the modems 140 and 142 into and

from the I/O ports 139 and 141 respectively. The memory 144 is preferably a
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BAU 34 utilizes a bay code assignnent byte (BCAB) ‘and a pointer (both not
shown in the Figures) for assigning unique bay code 108 to buses within the
effective range of BAU automatically. The first bit (i.e., the |east

bay 12 i Fi oUPRIRR %{%gsge.ggﬁg,%sﬁww GUnG PTG, datresyeh Eﬁ’s.?%'yg?emys |
"0 t

P(rjl)nmt thCOS8 t'he coé??em?gﬁan ta |nrl:l g‘ﬁ?ﬁ a!te[]&g(%h' aﬂ?ﬂﬁw&i’?ﬁ:ﬁpé

e BAL sc=] re o gAY 146 ol AR ki i

BAU 34 transmrhi%r@rb@éésmws giﬁ@hohidlbétuﬁdé}&f&ﬁﬁ]ﬁy Bride8killed §h ﬁé arp 1@%38

when no bus is passing through BAU s position e” bay status ata

conprises At Imapnot be riecessarily 5p. tTive ffﬂfﬂhhféﬂ%%torbsttﬁe eratig Seftward for
faulty or unavailable bay, and 15 (2) the Free-status byte for indicating

free bay for socobpllingdghedBAUB4.service (both bytes are not shown). Just as
the BCAB of BAU, the first bits (the least significant bits) of the bay
status data aftefeying iagein tikigureyl A;0BAU: 84r issinstalled; at dheamultiple-bayi bus e
1 A the second pits to bay 14 and so on._ Wen a bay is faulty or

unavai | abl e, Skl 1} ey 'rbfh%V'PW'tMébe@Oét Jbeda'ﬁﬁe'atrIGVQEMOTEQISO(en\esagea)OthBT) .
When a bay is t he S a_service code) the

|
li nked bit i n"ﬁ&e‘ggfﬁg’U@WPgt?f%E?Meeﬂ Eﬁg M?%F%Z@:afgqa?éﬁ%@e’:%@eme
[ at u ,
"0 e $E: Shfniipatioh peivaiina, AL A She 3 St @§§?B$l936?¢mé0%s
upda
vy 212 S g o ool B o

to replace thgy ts of the BCAB such that the faulty or unavail able
bays linked to '1'" bits in the BCAB will not be assigned to | BU. BAU
further sets the pointer of BCAB 14

The communication link between BAU 34 and IBU 32 is preferably focused
15 narrowly to detect different IBUs in a defined zone. Referring again to Figure
3, BAU 34 transmits bus station code 112 at a predetermined interval via the

modem 140 to poll for any IBU 32 moving into the effective range of BAU.

BAU 34 utilizes a bay code assignment byte (BCAB) and a pointer (both not

20 shown in the Figures) for assigning unique bay code 108 to buses within the
effective range of BAU automatically. The first bit (i.e., the least significant bit)
of the BCAB is linked to the bay code corresponding to bay 12 in Figure 1A,
the second bit to bay 14 and so on. The pointer always points to '0' bit in the
BCAB. In response to receliving bay stétus data 116 from SDC 38, the contents

25  and pointer of the BCAB is updated automatically. The BAU assigns the bay
code linked to the bit of BCAB poirited by the pointer to a bus.
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according to contents of the Free-status byte, the nunber of oncom ng buses
in a convoy, and the size of the buses (single or double-cabin bus). Qher
factors taken into consideration are the expected waiting time of the

[ ' : I, 4 f h
555l R B Y e L T o e
Dus oS, o g g e 4 prsReiined IFATKE SCCSEH? s 1

doubl e- cabi n pagsirey tHroligh BRURdsilionn Theshay statts Hata 9160 Smpfis GCAB UM
returns to the fi r'g bi t.g When m BAU 34 coﬂwpl etes the bay asgl gnnent

process, it trwosbytes: (1)¢he Faultistatusdsytd ddr, indibating faulee of aAavdifible day, ahe
i
assigned bay code 108 to SDC 38. Display Cum Sensing Unit (DSU) Figure 6
shows a schend®) thefFree-statps byte fion indicating fi@Sbay for tac8épting asdi bys iservice
Figure 3 of the present invention. The DSU 36 conprises a 15
mi cr opr ocessor(bathebylgs arenat shawnjodluist aﬁﬁt?eaB(aAEﬂiBG%Ud!rhﬁaﬁm} bits\(the leteist
di spl 'y .1.56, . 158, and a firmare . The microprocessor
148 15 coupl caigntigash biE): AL hen bayCsituncHee Gro: Assomiatert Wik bay code
1 t t,] h of . _. The dem 150 has a commruni cati on
Tk vi th 1 eUCSBRRAIY To.bag denin: Eist, 1A dnResemdchiaRs & bayoirantcse o
link with SDC I | gent,. of t.h resent .invention, the
modem 150 i 5 e &0bad iy MG Gha BBl TRg inker bl RRE plasus oty
158 i N C ; f t Qi : ar aneters
such as oy code! 184" Enﬂqﬁ%@%ﬁ%ﬁﬁﬁéﬁfﬁ@%wﬁfg%ﬁaﬁ%q%%ﬁ@v%Sﬁag;cqoe
| t d via | i ) .
Rssoci atod di SoREyMEIEY Bt Prde-stis Eyte B 88, Y 16 Ko e RYRIANE thiHpoent

o e neAmg e o hale ol 1 Key a8 (6. 0 49"
mentioned briefly in the preceding paragraph, BAU 34 receives a bay status
data 116 from SDC. The bay status data is used to update the BCAB and its

15 pointer automatically. BAU 34 uses the Fault-status byte to replace the
contents of the BCAB such that the faulty or unavailable bays linked to '1' bits
in the BCAB will not be assigned to IBU. BAU further sets the pointer of BCAB
according to contents of the Free-status byte, the number of oncoming buses in
a convoy, and the size of the buses (single or double-cabin bus). Other factors

20 taken into consideration are the expected waiting time of the services currently
occupying the bays, and the expected travel time for the bus to travel from the

_moment the bay code is assigned to the moment the bus moves to the
assigned bay. Thereafter, the pointer increments sequentially by either a
single (for single-cabin bus) or double (for double-cabin bus) step to the next

25 higher significant '0' bit of BCAB and returns to the first bit. When the BAU 34
completes the bay assignment process, it transmits the vehicle code 104,

service code 105, and the assigned bay code 108 to SDC 38.

.
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154 are equipnment wth a t one generator for alerting the comuter of
certain status of oncom ng buses such as a fully | oaded bus. Although the

firmvare 160 is illustrated as a distinct conponent fromthe processor 148,
it should be uyj f 86 8¥nSA | in the art that it may not be
necessarily b : stores the operating software for

control1ing t Fglishb Showdh Schbmanie G o/ isplal dUth SefsingTBStY) hiif 38 EckardiAY

code 108 at a p ermned I nterval to p oncom ng b

L0 DSU 36, 100 Ui e ot B e e T o7 S S e s fibrdiifeet

36 switches td48,nanldastita® wmstierasdi50 ameni52, sedisplay devide?q 549 aS%Jﬁﬁy

In nmonitoring node, DSU 36 transnits bay code at anot her predetermn ne

interval t5 | Busmoty 166 afroemoeyilSBe anddefiivaraMe0. e Aicroprsuessot hagligy,

DSU receives no vehicle code 104 from!1BU 32 on bus 100. DSU clears its

di spl ay nenorpoupled & each of thes ather ¢empenentssofitte D(SUSBBf Bﬂ’l caritrdliiing e

recei ves no response from SPC_38, it neans that SDC 38 is faulty.

Ot herwise, it qp@&%ﬁ'%thqrsﬁegﬁb%md@m d5@ hasia mrrwnwaé@nvllirldemmcsﬂgcum, of

t he next bus assjgped to th ay.. 2Q Service D splay Controller

Figure 7 shomgvhtes medem gﬁgafvl%@ﬁm%@nem% egmypiGationdinkspith G&%rdﬂng

to Figure 3 o L pvent,i The S 38 .conprises, a I croprocessor

162 ot east 1 BreBERCSheLditiHR % he Ribsen Toyeniie the uiars Tods Wiees

170, a nmeppry 2 I 4 74 1 .Cr qRrocessor 1S _coupl e

to each o thea}'gt Wg?iggbﬁggné%@eiflh%gr %'g%sf g‘ff’%ﬁm’% fﬁ%'? Ipéef)ergl;ly a

operations th

Wil e the modeadn FeteEINATbAPRAV TSRt SILeR bRMarmbtefy BES 8 Mayton ng

DSU Thi's is thegr&id aperatioh #4taef10. The®ata in memory 158 may be altered via /O
ports 149 and 151. The display device 154 and the associated display
memory 156 provide up-to-date information for the commuters waiting at the

15 bus station. An example of the display device 154 is shown in Figures 1B.
Preferably the display device 154 are equipment with a tone generator for
alerting the commuter of certain status of oncoming buses such as a fully
loaded bus. Although the firmware 160 is illustrated as a distinct component
from the processor 148, it should be understood by one skilled in the art that it
20  may not be necessarily be so. The firmware 160 stores the operating software

for controlling the DSU 36.

Referring again to Figure 3, DSU 36 transmits bay code 108 at a
predetermined interval to poll IBU 32 for oncoming buses. Upon receiving bay
25 code 108, IBU 32 on bus 100 transmits vehicle code 104 to DSU 36. Upon
receiving vehicle code 104 from IBU 32 on bus 100, DSU 36 switches to a
monitoring mode and transmits sensor data 120 to SDC 38. In monitoring

mode, DSU 36 transmits bay code at another predetermined interval to IBUs to
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36. In the preferred enbodi nent of the present invention, the nodens 164,
166 and 168 can either be line or wireless nodem The clock 170 generate
real tine clock for the system The nennry 172 is preferably a random

d dat 5
%CfﬁiﬁggngéZI i NerioR ot AL I atybys 1&;31%%@5%@#%8&@5{:?%3?1 A
" oy ot ba vekiidle colie (B H6mPBUTRE AT hiS 108” B30 deira i disPlaytefiony 158'
o0 b bus. s ot fiansmitd bah e 1B tordhce. ??H%iaeﬁ%%% EosPtrS i
defaul t node, SIC 38 it mﬁsemﬂfwcfsm@ ﬁﬁ\ig?’AOﬁié‘i'wB%Uu%c%anke@hVbe 38

Al t hough not shown in Figures 3 and 7, 8 mal ntal ns

send- f r equBncwehivleicode 104 arid eemoen@bde 905 of thd hekesus Bssighéd & Hebapn
data in the nenory 172 for ensuring each operation data is 15 sent to a

predeterm ned nunber of [BUs 32. Each of the IBUs is on different bus.
Again in Figure 3, SDC 38 transmts a bay status data 116 to BAU 34 in
response to r &eVi ple toller&PQY vehicl e code, service code and bay
code therefro BAU 34 transmts the codes to SDC 38 after a bus (for
exanpl e bus 1079Une-€ shous @ﬁhgﬁ@acaa tﬂa?eﬁmdm%Y?gﬂdngﬂgo%D?i%achtercﬂ?%
codes from BA 3 res themin re-transmts e
vehi cl e code f%fs g@@ripib‘%ﬂﬁ'@eﬂ WVQHHOBaﬂIFgongbé@% COBRIIAES A BYGHOPHOGRSSOB 6

maki ng. SoE9 35 166 AL IR an e Ce””*‘éﬁ@gﬁé%lﬁr%@% “;egéﬁﬁ{é‘é r%l‘égfmfg&&m
Gach otner’'s M1 cée'ﬁhﬁﬂ@ A BfmRR T, o wBipmdiocnisor e ed
SDC (7 ansim 1 5 RESTGH (e BF pRpnERRy B e 5D 3 0F Bontroling the Coerduohs

thereof. The modem 164 has a communication link with BAU 34, while the

modem 166 to 168 maintains communication links with corresponding DSU
15 36. In the preferred embodiment of the present invention, the modems 164,
166 and 168 can either be line or wireless modem. The clock 170 generate
real time clock for the system. The memory 172 is preferably a random access
memory RAM for storing system parameters and operation data. Although the
firmware 174 is illustrated as a distinct component from the microprocessor
20 162, it should be understood by one skilled in the art that it may not be
necessarily be so. The firmware 174 stores the operating software for

controlling the SDC 38.

At least one SDC 38 is installed at each bus station and is linked to BAU 34 for
25 the same station. In its default mode, SDC 38 receives data from BAU 34 and
DSU 36 respeciively. Although not shown in Figures 3 and 7, SDC 38
maintains a bank of send-frequency counters which are individually linked to

each operation data in the memory 172 for ensuring each operation data is
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function keys provided in IBU to.record any mal functions of BAUs or DSUs,
e.g. no bay code received fromBAU after passing by the BAU position, no
di spl ay of service on visual displays of the assigned DSU. 5 Operation Data

data from Dot ik BreddteRiedmb: SEIRGS a&ﬁiﬁ%@?ﬂﬁ%ﬁf@% 5 oRlsarent

. | : ar et t °
Storage devi ce o "R o Fiourel 3°SDC 88! <M R n/ BN dodi' 1619 BT Bl
the stored datraspensy t9trefaivihg?aFoyaest é&é&b{g@ i Bua! baﬂrié@l%gagg%ﬁ bay

information reports and producing alarns on ty equi pnent.

t he dat a st or agriedtherefrop.s BBAUOBS Stramsmie tha YSddes P@rSUGt%B-Safer 4 MBus éfgr
revi sed bus schedul es generated by EDA, these data are to be transmtt

through | BB t ex@mplerbus 102pkasf beerc Besigned & \ziyecods1aget BponoreceiVing thes
stored in BAUs, SDCs and DSUs. EDA derives equipnent faults fromthe

col | ect ed operc@desriraraBAlsSPE 3% stores theémuin ity nﬁbkhbiw1221nSDOrmitl’?nsn1nls_the

operation data generated by SDC 20 after observing no recei pt of polling

s ipgnal from BA(Q?'W? goded 04, setvicr cade dR5aNd bay code d68ttothe @ssigned DSUL36

arriving at bus st i t eing assigned bay code by BAU, and is further
confi rmgd by ﬁ?ewﬁlggﬁ\sfﬂ?m*&tdgﬂéﬁﬂv&pﬁw"@m&ﬂqmé% through activation
of proper function key to record the case of no bay code being assigned

after passing by the BAU position; 2 faulty DSU is confirmed by

5 b. |
that I & 10 THRLAroeRES o ity ShE, & I FatT BRY Selus dHBdmon-inrehdng dal e,
confirmed by ¥pn @AG4 %['l‘iﬂgﬁhii%eryél ?g%%ﬂ%ﬁ@é & bBuSesh BADSakd" S8 tor

activation of proper fun
monitoring each other's functionality. Any fault found is recorded and

transmitted to IBU by the functioning SDC or BAU, where BAU transmits
directly but SDC transmits through a DSU. The bus driver can also activate
15 function keys provided in IBU to record any malfunctions of BAUs or DSUs, e.g.
no bay code received from BAU after passing by the BAU position, no display

of service on visual displays of the assigned DSU.

Operation Data Handling

20  While buses ply along service routes, each IBU receives operation data from
DSUs or BAUs and also records data generated from activation of function
keys by bus driver. These operation data are stored in the data storage device
of IBU which is brought to bus terminal for transferring the stored data to event
data analyzer (EDA) for generating management information reports and

25  producing alarms on faulty equipment. In addition, the data storage device
also stores the new system parameters or the revised bus schedules

generated by EDA, these data are to be transmitted through IBU to BAU or
_ _
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-the case of no service or wong service being displayed by the visual
displays linked to the faulty DSU; c. faulty SDC is confirned by the
operation data generated by BAUS5 after polling SDC a fixed nunber of

times wthout I ¥in tatyus data from SPC or . with,.the regeipt

nval i d bay st 2EEE Wréhaiing shetein {Ametail o poftadlbs Stodt it REWS: SEene
operati on dat aar%f.‘ﬁl?% ed by the only bus driver of the faulty |IBU through
activation of proper function key to record the case of no bay code being

di spl ayed after passing by BAU position 10 or, in the case of .no reception
of operation data for the I1BU or no reception of operation data or

reception of vVEDAdéMV@saéduipment faultsfrorh e callédtid lopleratior-dita & foliowa?

derives abnormal bus novenent fromthe coll ected operation data 15 as
follows: a5 a bus asfaultyeBAUW ishcanfivmedcbylthdopelatiors ddtx Igenedated by SDOg
(could be due to bus breakdown or accident) if the buses behind the m ssion
bus but not t aftarsphservingane rateiptcefaeplling sigoal fromh BAU withiroa; fixedoduration or
bus assigned with a bay code by BAU is declared as not 20 halting at the
assi gned bay ifew gensreutiveosrses: okbuses ardying \atl bus stopawithaubbeing assignedof

he b d by t t th ' d bay is | t h bl
var uo. Al ¢ houdiey S9R%8 B ERH and e furftek doaimmed bybe sreseton St GaReIRGa BVt
f I, 1 {, | d d d that the fi
are for 111 ustih EeTryoughSctivatian S6BraRer Hindibroksy favecettane Grsa Abno™

be. made b3® e o Pe TR St BhsRl by RS pBRBOT Gepar 11 ng 1 om.
the spirit and the sqgary sy Rcdmirfidd B tHSofieafion ¥ath generated by SDC after
~ observing few consecutive cases that all DSUs are able to detect IBUs except
the faulty DSU, and is further confirmed by the opreation data generated by
bus drivers through activation of proper function key to record the case of no
15 service or wrong service being displayed by the visual displays linked to the
faulty DSU; |
c. faulty SDC is confirmed by the operation data generated by BAU
after polling SDC a fixed number of times without receiving bay status data
from SDC or with the receipt of invalid bay status data from SDC; and
20 d. faulty IBU is confirmed from the operation data generated by the
only bus driver of the faulty IBU through activation of proper function key to
record the case of no bay code being displayed after passirig by BAU position
or, in the case of no reception of operation data for the IBU or no reception of
operation data or reception of wrong operation data from the faulty IBU by
25 EDA.

EDA also derives abnormal bus movement from the collected operation data

as follows:
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20 CLAIMS 1 1. A system for mnimzing congestion at bus stations
including a 2 plurality of bus bays for each bus station, each bay being
provided optionally 3 wth barrier for confining commuters in at |east one

gueue for each bus bay 4 i ik € j t Q r, al ong .
roadsi de, at | east é(;))'ne b%;?%%da%g%ﬁcmggtigr%% eé&é’%ﬁé&&&cﬁ%ﬁdﬁﬁ ('Hgs'"g
whi | e provi di Mgodidt t ol :
U sald syst o nne e ABUB bréaiidini 6 acidéhy I thy BESs Hehidd id ibsiBh
bei ng i nst al | dsisobutasstithe said biis 8re detected by DSUs &0B8 Slatighi &sd Wi th bus
stations and buses wthin a 9 predeterm ned range, said |BU
having at |east one.reced bus@ssigned with a bay code ieBAY isodedigdl as A6t halting
information fromsaid system at |east an 11 i nput neans for
i nteracting wiatithe issignedt kay if she daratiorobetwsenahsarrival time and departurertirge
means for storing data, at |east one in-vehicle 13 queryi ng
means for quer‘yitga bisreserdashby. the RSUhiat the serigned bay is less than a reasdnable
comuni cati on_range; 15 at | east one display and sensing
unit (DSU) -bei"fgi‘g'I ‘nstalled at 16 each bus station for

di spl ayi ng services at respective bus 17 bays and for

gui ding commuters thereto, said DSU having a 18 first

Cherof rom  saPiiRgM. - el ftenshy, EghIGT e Heast de3efbptopartcutarty with
] ai Q| Pertly BaY _ !

Fur cher i nioSrece 57 FIRURRE1 187, It ol exflfdorgtipstef 165 tglas are for
2l 1 cast one SerruoAqIF AU sHOUR bt 08 YRR Y fnEltnE T R/ vefiton, 1tis

each bus st at also tontemplated thdtnaRy \bhapges SR diFicRi
said SDC having a fi rg?tmcommni cat?%n i gk w th DSLIch;agiroﬂs%Hy 5 made by
one of ordinary skill in the art without departing from the spirit and the scope

of the invention as described.

\
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26 transm tting vehicle codes, service codes, bay codes, and
This is the replacenent sheet 21 27 '
thereto, said SDC controlling data 28 “mm'mmnuﬂ'lmﬂ“et ween
DSU and | BU omlmaéd first 29 comuni cat cont [ 1mk sw tth DSU,

and 30 at | east one bay assigning unit (BAU) within a second

31 rqedet ' IO, 0. : '
havi ng a fjl" rst coﬁr}ﬁni cg %ﬁfeﬁ] EW@F‘“?B@ %ﬁ%@pyi&ng%asﬁﬁ%% m&ﬁg a
SDC for the sphirdfityodf Bus bags JoPbasRibliststation, aéach bag aieihngggo\ﬁded optionally

transmtting bay status data to said BAU over said secon

conmmuni cat3 on withbawmier-foBAdnfinimgdcdifbhdters: ineat lemst rmeaqiiéue for each bus bay
second comunication link with I'BUs in an approaching 37

convoy for4 quang bginghsitedradjacentuto sach othersalongl rabudbide, as least one bay
| BU s service route, said BAU receiving vehicle codes from39

the | BU over giseonuodating @tlleastaonerbus ak @ timehahiler prayiding minimum head

route verification is affirmative, said BAU reconciling the 41
nunber of ®us8&Pace fara bus i bypass bus imisort ofiit, sakk systemaemprising:

bays and transmtting a bay,code via said se 43
comuni cat{on link to |IBU ¥§%ﬁ§§ %'Q'Bﬁ'ﬂ%'tt @gﬁg heing nstalled on each bus for

SeruPe cobl fo-sar Soc SoAAMLERY ol Suifotn “Hicuges wann

' SDC, I d BA ' .S 1 ' . .

\émait d convo ?I 48 o repeat b\?\%%é@@'%@@’gﬁ%m%boﬁé%ﬁé EBQ?%& SnBJggngP an
approachifyg 49 Wfdr%eﬁ%@ﬁ%ﬁ%@é&g!dﬁrb@a?@ﬁb 5 SRt $eadtvar "

order to mnimze 50 comu statlon
accordingfo the nunber Ofnpyt means for interacting with said system, at least one data

12 storage means for storing data, at least one in-vehicle
13 querying means for querying and communicating with 1BUs
14 within communication range;

15 at least one display and sensing unit (DSU) being installed at
16 each bus station for displaying services at respective bus bays
17 and for guiding commuters thereto, said DSU having a first
18 communication link with IBU for receiving vehicle codes
19 therefrom, said DSU transmitting bay codes and operation
20 data over said first communication link to said IBU, said DSU
21 further having at least one visual display at said bus station for
22 displaying services available at respective adjacent bays;

23 at least one service display controller (SDC) being installed at
24 each bus station for controlling service display on said DSU,
25 said SDC having a first communication link with DSU for
26 transmitting vehicle codes, service codes, bay codes, and
27 operation .data thereto, said SDC controlling data
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51 approachi ng buses to the bus stationulmH Im " 2.
The systemfor mnim zing congestion at bus stati I" H mHII 1
wherein the pl urallty of bus bays are sited adjaceht @l éng*atsleast one 3
r oadsi de. tem for m nim zi ongestion at bus

§ . The sg} r[]]%_ﬁ

stations &8 in clai m 2 1cqpBnigatign gbgtween, tataﬂﬁlyéablalmlﬁl’r :Si:;élﬂm gl_LSt .

4. Th tem for mn|m congest,i on S ions as in ¢

wher ei ne52|§3 barrier is an 4%&‘&" dﬁ‘?‘ @F Dlgﬁ da : erThﬁ :gls'éle][nl Ior
t n at t S

zﬁmﬁﬁwm&m%%%%@ﬁwwww%@nﬁmo

processor 311 6. hradetetinimed ?gmﬁ\dﬁlo%ltﬁr*“ﬁbng% "GSHLO Laitf Bmﬂshawng

stations as in claim?2 1 whereln sa yI ng means’ oOf

| BU i dentgpies the codes o fifst donBRRENEN IMKSAIN BOT foyaylg G4 Sbesrcind
receiving fromIBU the vehicle 4 codes of successive bu | al sy
chain mandar. 1 7. theTtatagsbnbi®rbaysiat sand b‘lﬁ‘%ﬁhbﬁn $dido8hC
stations as in claim?2 1 wherein said in-vehicle querying neans of said

| BU conprBdes a transcei vdrarsmidting bayestatws datas 40 dsdid dBAUcoOver sait seaond
receiver being further controlled by 4 at |east one processor. 1 8.
The systedPfor mninizing Q%m@elmqacmnaimbuwnthtBAl.bnsaldsBAU duether zhavidg a
wherein said first conmunicati on |ink of BAUw th SDC and said second 3
conmuni ca?ﬁon li nk of BAU SCORds spamuication climk rwith iU int aneappraaching

rocessor The system for_ mnim.zin estion at bus
gt ations %LZ in claim 2 8%‘?@& QF Quetying E‘lheg@ﬁﬁrﬁ?ﬁ g’&'g glationnis clugied W ¢ h

DSU conpriges at least gips sonvice route, said BAU receiving vehicle codes from the

39 IBU over the second communication link if the service route
40 verification is affirmative, said BAU reconciling the number of
41 buses in said convoy with the status of the bus bays and
42 transmitting a bay code via said second communication link to
43 IBU, said BAU transmitting the assigned bay code with the
44 corresponding vehicle code and service code to said SDC
45 | over said first communication link with SDC, said BAU
46 repeating this process for all buses in said convoy,

47 whereby the assignment of bus bays to buses in an approaching
48 convoy is executed optimally and automatically in order to minimize
49 commuter movement at said bus station according to the number of
50 approaching buses to the bus station.

2. The system for minimizing congestion at bus stations as in claim

1 wherein the plurality of bus bays are sited adjacent along at least one

1

2

3 roadside.
1 3. The syst'er'r':i~ for minimizing congestion at bus stations as in claim
2

1 wherein said barrier is a physical barrier.
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3 one hardwmre. This is the replacenent sheet Jllu]ﬁ“m“luéulmmlr The
system for mnimzing congestion at bus statio | 8 wherein
said first comunication I i nk of SDC with DSU co’rrprl sés At teast 3 one
W rel ess dem 1 The_ system for mnim zi n?pcon estion at bus

stations as in claifh 2 I“%X?‘&th JNiIiziag copgashan.at bus s ﬂ_lflr?(‘so?s tEilAGlagmt h
e system for

%DEI %Og}o:llg?ginggvsd ?%iﬁtsﬁ?d b%‘s)ﬁest tl oﬁé%{@g&%ﬂé{ m2 1 vvherel n sa?/d second

conmuni catgon |'i nk gf B%hé"sg]é‘t‘ghﬁér%m%i o8h é&ﬂﬁt argbufgga éeéaeﬁlsﬁlglm

nodem 1 13. A syste mnim zi gestion

i ncluding a 2 1 wherein sxidofi rsblb‘énhﬂuﬁlchﬂbnqmop@%wtvﬂm By |§3é3htkﬂ||\éeg§3'( S

provided optionally 3 wth barrier for confining comuters in at I

queue and Bei rigastwnéprocksser.t ed adj acent to each ot her al ong roadside, at

| east one bay accommobdating 5 at |east one bus at a tinme while providing
m ni num hedd space 6.or alheusystensfortminimizirig songestionrat Isds statiops e imoslaim
mexi m zi ng_conmuter clearance and for 7 mininizing comuter novenment at
bus statiod, sawhereinneaiddavehicle gyerging means of said IBUddentifiesyttientodesiof on

for Iurallt of bus bays and buses 9 respectively, said bus
bayspbel ng3r g Eﬁﬁ%%&?eﬁd@ acermy hy querying and receivingaframbBld she siehigle

te vehi ¢l e codes and service 1 codes; 12
[reg:lglsg?i ng a de"ﬁe?&ssHP??ﬁ%e aﬁ?ﬁm%dﬁi‘ ]hﬁi%ﬁ‘?ﬁﬂﬂ%atlon range 13

bet ween BAU and S Sal-@ﬁ %‘F‘Bftﬁﬁgﬁipr eﬁ{ﬁ&rﬁgbfﬁ%#@ws as in claim

bays and buses to a“pl ur

system sa;d RhyRbfdh sAffi \?éfﬁéler&@ér?i?\%bgﬁs i Ralf Bl 'brniirises a transceiver

3 and a receiver, said transceiver and said receiver being further controlled by at
least one processor.
8. The system for minimizing congestion at bus stations as in claim
1 wherein said first communication link of BAU with SDC and said second
communication link of BAU with said IBU are controlled by at least one
processor.

9. The system for minimizing congestion at bus stations as in claim

4
1
2
3
4
1
2 8 wherein said first communication link of SDC with DSU comprises at least
3 one hardwire.

1 10.  The system for minimizing congestion at bus stations as in claim
2 8 wherein said first communication link of SDC with DSU comprises at least
3 ohe wireless modem.

1 11.  The system for minimizing congestion at bus stations as in claim
2 1 wherein said first communication link of BAU with SDC comprises at least
3

ohe wireless modem.
—_—
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16 mut ual |y excl usive rel ati onshj lsh@l! € bus bay
17 and an approaching bus in a m“ Ilﬁiwﬁﬂlﬁﬂ Fn sai d
Y a «0N

convoy 24 18 bei ng detectabl e & ceit is

within a second 19 ' ' [ ween .l BU and U;
20 BN 12 nihe et BRI RN SonbeRh o hUE Shatone A0l plen,
convoy integ avfi ' At e ' :

maxi m'yzed tQ o] cﬁ?‘}r@%@n%@ oSB 1:6 Egd r?éﬂgﬂlflmg%ﬁgﬁlgﬁll( laagpga{)@hblaB < Cgmprises at least
and as cl oge tgherwiretdds modefm.conmmut er concentration at said 24

bus station as the availability of bus bays allows; and 25

di spl ayi nglthe servidie cAdystémifor nipizity coagdstior at BRs stations including a
commuters after the mutuall'y exclusive relationship between 27

avai | abl e Bus plusalityrof bpprhayshion @aich bussstationpbacihddy Biing provided optionally
wher eby the assignment of bus bays to buses in an 29 : .
approachi ng covito parderfoscanfining commutersiini ableastunecqueye 2Md being further
in guiding comuters to avail abl e bus bays for boarding said 31 N
buses si muft ar?é'&gs@‘;aﬁ% toreachypthestalong rerdsidenak least one by accommodating

¥ Wil A e s e

as in clai e i d.matchiyn s det.er,

avai | abl e g]us : §S LS 'hﬁﬁoiﬂ_ro & ab@?&‘%ator_t’ﬂ%x'mngtcgm Ht,erfﬁlﬁﬂféf‘c%ia'ﬂJ%s

P bus. obar Mfimtging'cominithePfioyRfient 4F bls Bitiar i e o8RG ar bus
. . : . : . U

LSO 3y e T2 LRaGARS kAt 13 bl P, e HghBuses

congestiongat bus stati O_r‘f‘reéﬁ@dt%%%a?d %.us%#&{sabéhb fEprosEntBaYSy baY Gfel,

bus station, each bay bei ng provi optionally

10 said buses being represented by vehicle codes and service
11 codes;

12 translating and transmitting within a first communication range
13 between BAU and SDC, said information representing bus
14 ' bays and buses to a plurality of physical addresses in said
15 system, said physical addresses representing a plurality of
16 mutually exclusive relationship between available bus bay and
17 an approaching bus in a convoy, each bus in said convoy
18 - 'being detectable by said system once it is within a second
19 communication range between IBU and BAU;

20 matching and ushering the buses in said approaching bus
21 convoy into available bus bays, said matching being
22 maximized to correspond to the number of available bus bays
23 and as close to a position of commuter concentration at said

24 bus station as the availability of bus bays allows; and

_—
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3 wth barrier for confining conmuters j . ueue and bei ng
sited 4 adjacent to each other al ong roH!ﬂM.lFﬂi““@ﬁ!ﬁone bay
acconmodating at 5 |east one bus at at e pr eVl el ng m ni mum head
space for bus to 25 6 s ipn:fro f 4 a gfar
mnimzin gcormut er | ncon&é?#éﬁ@‘?&ﬁgﬁbﬂﬂéé s?égé)oﬂi, Hgﬁda%?%ﬁ% Qluﬁgto
conmut er earance fromb | ' M B e

5% ; %gﬁ@ﬁfdr& 'lm(elﬁgbg @w@!%&@&?ﬁ r%gdtﬂ)‘i’lshﬁ) between

installing at |east one in- unit _
facilitatgythe comuni cat iRaiANERA b and approdshiAg bugus %tébiished,

with a first predeterm ned conmuni cati‘on range, said |BU

having at2geast one recei whigebpative f assigapminti ©§ bosobaypsi e& Bdses in an
fromsaid system at |east one Input neans to interact wth 14

sai d syst29n at | east oneagptoaching egevorisnexdouted optimally dmidaautbmatically in
at | east one in-vehicle querying neans for querying and 16 i
conmmuni ca¥®ng with | BUs w‘guhigng wcommuterst icoavailabje; buy bays for boarding said
installing at | east one display _and sensing unit (DSU) at each 18

bus stati®dh for di spl ayi n§uses siceiianeouslypand ithus hpdating) the corpmuters to
gui ding commuters thereto,, saj,d DSU having a first 2 . .
comuni ca?4on |ink with | Slgntdy mawﬁhéhgénpé%csmaaggusmﬂh the designated

therefrong said DSU transpitting bay codes and operation 22
data over>%aid first comwg fon link to said IBU, said DSU 23

fordi sl ayi ng ser fibes @@Sm}éﬁiq‘ifgﬁhﬁ'ﬂbEM%W?%gFﬁé%r!?f%%{?@?"%és in claim
nst a1y iR 55 i oy A 6 s,

SOC a1 PLrcOTELS o 10 ko ndef s aoproaching said b
4 station, and the historical bus traffic pattern at said bus station.

15. The method for minimizing congestion at bus stations as in claim
13 wherein said plurality of bays in each bus station is greater than two.

16. A system for minimizing congestion at bus stations including a
plurality of bus bays for éach bus station, each bay being provided optionally
with barrier for confining commuters in at least one queue and being sited
adjacent to each other along roadside, at least one bay accommodating at
least one bus at a time while providing minimum head space for a bus to
bypass bus in front of it, a method for minimizing commuter inconvenience at

bus station, and for maximizing commuter clearance from bus station, said

method comprising:

W 0 N N U R W N R N R

* installing at least one in-bus unit (IBU) on each bus to facilitate

the communication between bus stations and buses with a first

e
)

predetermined communication range, said IBU having at least

[
[\V]

one receiving means for receiving information from said

13 system, at least one input means to interact with said system,
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(Z:gmmnl cation bet mggﬁr%tsbognddﬁs% E)Cg;etsgl ds?: J,mmmm"m”mng data 30

comuni cation link with DSU, and 25 26 32 *havi ng at | east
one bay igning unit (B .t 1 : r r ed
comruni cgfifon range of Séﬁeﬂtw Waﬁ% ﬁ%ans for sﬁorlnq]datda éﬂ&%& 6“&

comuni caj_%on link with ShuybRicid éfwﬂ@sal sfor querying and comhfurii€ating'e

status of bus bays at said bus sta SDC 3

transmttigg bay status dajith IBUS #tHinBdmAipicatiohdrapgeond 37

communi cation link wth BAU, said BAU further having a 38

second copmuni cation | i nkingtaling Bltdeast ome displayaahdrspnsihg unit (DSU) at each
convoy for querying whether the bus station is included in 40

|BU s serl8ce route, saidbBsistatiorifor digplaying serdicesat respactive bays and for
the 1 BU over the second comunication link if the service 42

route verlQication is aff|gmgv@ommtdem0heéemmsailﬁgnsu baving a first
nunber of buses in said conv stat us. of

bays and 3%ansnitting a b&?"ﬂ%ﬁ@'cﬂ'a n %’350'%“4%’" recelvmg vehicle codes

conmmuni ¢ on link to | BU sadBAUtr tting.the 46
assi gned $ay code with th(!h%r(? Pé%pﬁﬂ'&’l ﬁﬂéfﬁ'ﬁ tting bay,godes and operation

i U S0C #4ai o BAU repoat CHE PROL R frSt eSRIRAIbARn B to %‘ézé%u said DSU

ool RS I P

SO0 (e ST dplefSaivicls RGN Bl TSNS ARSI LING

as in clagn installing at least one service display controller (SDC) at each
26 ‘bus station for controlling service display on said DSU, said
27 SDC having' a first communication link with DSU for
28 transmitting vehicle codes, srevice codes, bay codes and
29 operation data thereto, said SDC controllihg data
30 communicati.on between DSU and IBU over said first
31 . communication link with DSU; and
32 having at least one bay assigning unit (BAU) within a second
33 predetermined communication range of SDC, said BAU having
34 a first communication link with SDC for querying said SDC for
35 the status of bus bays at said bus station, said SDC
36 transmitting bay status data to said BAU over said second
37 communication link with BAU, said BAU further having a
38 second communication link with IBUs in an approaching
39 convoy for querying whether the bus station is included in
40 IBU's service route, said BAU receiving vehicle codes from the
41 IBU over the second communication link if the service route

i fiﬁ:ﬁm m?in



2 16 wherein the plurality of bus bays ar al ong at | east
one 3 roadside. 1 18. The net hod ﬁm" gmﬁ l)ngestlon at bus
stations as in claim2 16 wherein the pI ural |ﬂty'-of "bus bays is greater

than two. 26 27 1 2|n con stlon at
bus stati8fs as in clai mXer 'ﬁamr‘%ﬁﬁe Webé? ’%ﬂ nymber gf

c sim2 8 wnerein sai d (ARG ?@ﬂaﬁgwﬁﬁﬁi;ﬁﬁaﬁ% 3 h8 b8 e afq,
Cai 011 r S gommni cati on merafingcR B GqRpy8 id Sebon cBifadnichforifk %"
processor 451 22. The, r%@@AIDOfraﬂérﬂitfﬂl g %ﬁm ﬁeé&d@%ﬁh the

stations as in claim2 16 wherein said in- veh cle ans of said

| BU identiéi es the codes Qorrbspowmdirf vehivid e andasewiveovols wusald SOENd
receiving fromIBU the vehicle 4 codes of successive buses in a daisy
chain manger. 1 23.ovefhsaige firstd coommuonication tigkc withe SDCH saidb BAU
stations as in claim?2 16 wherein said in-vehicle querying neans of said

| BU conprd8es a 3 transcabpeatingnthimprassssier all buses in saidasinvoy, and sai d
receiver being further 4 controlled by at |east one ocessor.

24. The #2thod for mwhereby ﬁbemwenhohbugtmﬁm Buaesaa am a@pmanhzng
16 wherein said first conmunication |link of SDC with DSU is control |l ed by
at 3 1eaB8® one pr oce§§6¥°}’ IS executedoptimally apd rajdomaticaiv; ageardipg to the

congestiop, at bus statl in claim 1 erein said first
conmmuni cafton |ink of § ﬁ%@%ﬁ)ﬁ%%%ﬁ{n RS, stalioNy e har dwi r e.

1 17. The method for minimizing congestion at bus stations as in claim
2 16 wherein the plurality of bus bays are sited adjacent along at least one
3 roadside.

1 18. The method for minimizing congestion at bus stations as in claim
2 16 wherein the plurality of bus bays is greater than two.

1 19. The method for minimizing congestion at bus stations as in claim
2 16 wherein said barrier is a physical barrier.

1 20. The method for minimizing congestion at bus stations as in claim
2 16 wherein said barrier is an imaginary barrier.

1 | 21. The method for minimizing congestion at bus stations as in claim
2 16 wherein said first communication link of DSU with 1BU is controlled by a
3 processor.

1 22, The method for minimizing congestion at bus stations as in claim
2 16 wherein said in-vehicle querying means of said IBU identifies the codes of
3 successive buses in a convoy by querying and receiving from IBU the vehicle
4 codes of successive buses in a daisy chain manner.

1 23. The method for minimizing congestion at bus stations as in claim
2 16 wherein said in-vehicle querying means of said IBU comprises a
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1 26. The nmethod for mnimzing conges“lﬂ‘ll)mllmlﬁmuﬁl ons as in
claim2 16 wherein said first comunication | SU conpri ses
at least 3 one wireless nodem 1 . The fetthod f&r Tinimzing

Eﬁﬂ?n?ﬁftit”. on Fifscon %ﬁﬁvaa?ﬁcéé Fi @é?eﬁ?eer{%ﬁtssa Tegsival beings turther

nodem 27 % for m ni m zing congestion at bus
stati ons as in Crﬂlg)ll%dfyalz ag ere n sal second conmuni cation |ink of BAU

with IBU conprises 24, 3 Theffdthed Soinirinfisifg BoAGEMich at bus sitfns 40 g@frgod

for mnimzing congestion at bus stations al m

oper ati on dat alGwhefeinnsdid ditsicommiunicdtion !lﬁl@oer'ID’@ wif DSU | Egﬁifﬁiéﬂ B %

points along said bus route for further analysis. hod
for mni m 3i ndeastnyes prapessor.bus stations as in cl a| m 2 16 wherein-said
operation data are down |oaded in an on-line manner at 3 predetern ned

poi nts al ohg said &8 rolhentethod for minimiziag gongestion at bus stitions Taeeinelalmd
for mnimzing congestion at bus stations as in claim2 29 or 30 wherein
said arrival th befﬁlntﬁﬂ@@r%tr@mungpwonﬂmk ofcSD& with DSUncamprises at ddasty
of pre- sto_r;ed sched the deviation are corrected such that 4 cunul ative
errors are3m ANg bak W'F?sald syst em

1 26. The method for minimizing congestion at bus stations as in claim
16 wherein said first communication link of SDC with DSU comprises at least
one wireless modem.

27. The method for minimizing congestion at bus stations as in claim
16 wherein said first communication link of BAU with SDC comprises at least
one wireless modem. | |

28. The method for minimizing congestion at bus stations as in claim
16 wherein said'second communication link of BAU with IBU comprises at
least one wireless modem.

29. The method for minimizing congestion at bus stations as in claim
16 wherein said operation data are down loaded in an off-line manner at
predetermined points along said bus route for further analysis.

30. The method for minimizing congestion at bus stations as in claim
16 wherein said operation data are down loaded in an on-line manner at
predetermined points along said bus route for further analysis.

31.  The method for minimizing congestion at bus stations as in claim
29 or 30 wherein said arrival times of buses are analyzed for deviation from a

plurality of pre-stored schedule, the deviation are corrected such that

thHwMHwNHuNI—‘WNI—‘WN

cumulative errors are minimized in said system.
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