;e3e($3%& *' 0Z(6(T(Y 21 EMBEDDED SENSOR SYSTEM FOR TRACKI NG MOVI NG OBJECTS
Field of the Invention [ 0001] The present invention relate n
enbedded system for detecting and tracking objects noving al ?ﬂg@ﬂ’ﬂmﬂmﬂﬂﬁ" of
sensors. Q0002) In particular, this invention relates to a s

system that can count, detect and track humans noving in single fipdis*al ong
passageways. Background of the Invention [0003] At present, there are

mal 1S or Lermnal stat %Mﬁwgﬁﬁﬁﬂ%%\(ﬁ@ﬁﬁg on veMGROHINALL,

systens make use of overhead sensors across w de aisles of sever al=+coeders
or machi ne vision al gorit TIRACKINGEMOVINGOBJEQCTSes. However, these
conventional systens are nminly used to gather passenger or consuner
preference statistics and are not for use in controlling automatic fare
gates. [0005] Systens that are used to nonitor and control fare gates may

enpl oy underfoot (carpet) senso t beans. On the other hand,
sinpler systens may utilize |i ﬁ@eﬁ&'ﬁ&m tiorhs a safety neasure against

closing a bar r[brﬁd('a ] 81??@ n‘é%ﬁ?ﬂw@ﬂgoﬁ Pel 518! th Un éﬂgéh&éd %eﬁffo%%et@cﬁn he fare

gates. [0006] o art cited have the di sadvant ages eing costly
and are conpl eandtnaclnngmbjermts Sovingnalong ia seriespfeamsos. syst ens al so require

sufficiently bright ting, .The idea of ,bejn aptured visually b

carrer as. may babWhdn el ettt SFart relates tousfaeipBe svsREntnat shiig
underf oot det ecfd&ﬁsdéléé‘tear{dqﬁa& ﬁ%‘éﬁgﬁﬁ&ﬁn?ﬂwﬁhg@ B RIGHY padsayedaysnd tear
of the detectors. 2 [0008] Currently, are gate system used |s t hat of
a passenger with a valid fare card activating the opening of the barrier of
a fare gate in order to gain access to the boarding platform Such a system
is slowas it takes tinme for the gate to open and cl ose between each
passenger passing through the fare gate. In addition, each fare gate allows

passage in only one direction until human |nput changes it. Thus, if higher
throughput is desired in sucBagkaresndof the neationyat es (and hence i ncrease

f1oor area forpsfpsk ;ﬁ%&ﬁavel‘?egré ArE UeVicEY an %P&m?ﬂ?at‘ﬁ% delet dild 8t he

above limtations i's are gates t remar n open un an invalid

fare card i s daimmat ¢afficm klwpln@madlsmmermmal statides of wdnicust pubtient r ol  and
noni tor these fareq%@t es W i r obust nbedded Sensors s%/)stems t hat

th s
are not subj edfanspopiaien X%'Q%%ﬁﬁéyﬂm Maka use qf e
retrofitted i Qo8 ividd Qi@lécsadf%egéléé??net@#ﬁ%ﬁcﬁlhet\}lﬁoh 3 r@?ﬂ hR8 thn one

aspect, the present invention Is an enbedded systemto Itor and track an
obj ect or per soterpreticamenh éimgges.seri es of sensors so as to derive

f h
LTt oet “oneor A vl RSy bbAl 5Bt ek RRRA T BalelS] | o
anot her aspectpadsBfiglF S5ESHsUMGIteference SMatigeSs Md BRS ReFoPLsE o ectl ng and

conparing the four states (rising edge, on, falling edge and off) of these
sensors to al |ewmteolingoadematicfarei@ates.m ne t he size, speed, direction and

Bescr i pti on ofOEUeL DY 3het s TReR RoRRS e éhs, i e sifpley’
briefly descridwibridet (carpet)iseasarsdrdightbeamsef@n ¢ othieo hiahd, simplémgs  of

whi ch: 3 FIG 1illustrat es t wo- sensor system for a novi ng, obj ect of
si ze w novi ng Systene mayawlilize; ligbt senserp 28lY a%8 sg&tm%awea@émsaammm th

one enbodi ment, ghidion £ BERUHd to monitor entries and exits via the fare gates.
[0ooos] The prior art cited have the disadvantages of being costly and are
complex to maintain. Systems utilizing camera systems also require
sufficiently bright lighting. The idea of being captured visually by cameras
may be considered intrusive by some people. Systems employing underfoot
detectors have the disadvantage in high mechanical wear and tear of the

detectors.



[0015] FIG 2 the timng diagramfor a two-sensor system show ng
characteristic signals generated by the two sensors for an object descri bed
in FIG 1; [0016] FIG 3 illustrates a two-sensor systemfor a noving

obj ect of size wnoving in a reverse di2ection, past the two sensors;

[0017] FIG 4 the timng diagramfor a two-sensor system show ng the

characteristic_signals ner at ed the two sensors. for an object descri bed
R G o ooeate ool g fe aallev<em Sh SIS 2 GRehoRE WY 5 U8R

G htance d nualre CplbhUfVaindithe 6pbAMaTthe bl YaITaRs Bafeth dtletta adi!

t hr ee- sensor sq&iasmtsl‘ibwbngrdilh@ platfarmc tSudhsa systehyisalew @srittakes dimg/forhe

t hree sensors for_an,.object ing,in a forward direction: wth Fl 6
Show no the. 11 theraptB 18 ShER i dndpe i P4 tdssdrGEh hddng iobahtfs P -
is for an obj epdreatse size wis greater than 2d; [0020] FIG 8 illustrates

the three-sensor systemfor a noving object of size wnpoving in a reverse

di recti on past 099l addition £ash farpgalepliowsseassagedn pnlyeeneifisectipheurtil apar t ;
(002e FIG 9 a r Ae & 0BG, i : - = r system
show ng the chﬁ%gb (qul? littq“lr%ngfe%rllr}al-ltsﬂdéléﬁ%ﬂ%ggﬁmhhrg{egadséeg%gﬁg§§ gﬁ(&an

obj ect, novi ngsystem, morelfae ghatesandhenge inerédgsa ficbrenearfothebe gates) age
traces for an object with size w where d<w<2d and FIG 10 is for an object
whose size w i %9 r@Qt_er than 2d; Q0022) FIG 11 is a typical timng diagram
of a real | fegiduaheQayRFsforb8ifibing abar8hftatiBh ROt R e YafBahbt

obj ects such as the swi ngi ng armand hand of the person noving~in the
passageway, Supsmainppeaduntih anlievaliddarecandab detedted, dodagepraosts dawh0i0ixs3] FI G

12 shows the plan view of the preferr enbodi ment t he, i nvention applied
b an aut ona | HeRRRE b Bentand RaRieribesE 1 aRet wih suBie BB ana "

ot ori zed barrg@beddéd $8hs6rsRGEHRRNtHAI AR nBESEbjbEtoNRSAT A fedi, &Hd t he
Drawi ngs (0024 An enbodi ment of the invention i's described, together with

t he principl e whichmanbe inexpensively retiofided indo existing faregatedlet ail s are
provided to describe the preferred enbodinent. It shall be apparent to one
skilled in the art, however, that the invention may be practiced w thout
such details. Sone of these details nay not be described at length so as
not to obscure the invention. [0025] The invention itself will first be
mentioned, followed by the capmary of the Inventioht i ous enbodi ments. Then,

definitions of LV fi L ituations
possi bl e are d'géﬂ] r@eﬁﬁsﬁﬁaﬁk pﬁ%s?@&@i&etﬁféﬂ?ﬂp‘éﬁp?%&&f 8@%@ he heart
of t hle pE esent n'iongenah«b traic? ar}qlﬁemfmgrpermrgmoﬂng albng sesbaries%)fsseases 1]
signals (risin e, on, falling edge gand o Y the sensors as an
_olbjgect passes %?/?0 gﬁ'gv%l%‘?f"??’itoé‘rrg%qu%ﬂ?%mvﬁeﬂeg‘aofﬂ‘ql&@fc@r REBAY] The

i ntersection ojngtEioeffett Bnddrinicre £APRsibasEl Gn thelderivelinfofmafder m ne

the characteristics (such as size and direction of novenent) of the person
or obj ect passioatelblp anatheraspact, thepsesentdnvantionmpiovides ofmethedpkect i ons

bt ai ned. [ 0020 eelig abApitatgihE (3, SeteBiBunras ghafUMESEs Al o
wi Il be descri offdof tRese densorsus RllbwiPprotessor toakitemiine Ay shxe, spéatt ed by
out put devices. [0029] It will be appreciated by anyone skilled in the art

that the presefifestionenid pesition pha PeEEAHOLERIEEl HOVIRE ARG 8PehiES Ofit er sect i ng
signals, is si nd robust. [0030] The various enbodi nents of the
present invention exploit this phenonenon to derive the various
capabilities of the system 5 [0031] The invention conprises an enbedded
st and- al one, system sensor system and acconpanying al gorithns. The

i nvention can detect, count and track humans novi ng al ong a passageway. It
al so has the capability toB?ﬁJf‘ﬁééc‘igm&gbfWDféw & barriers along the
passageway to permt or prevent access by people tHrough this aisle. [0032]
Wth one enbodjonta)t Thé psessnt inveption will pawsenrefly desdiibed| bdwayief fare cards
may freely enter and exit via unpbstructed gates. gcontrolled by this system
Barriers are o?ﬁ(?an%t ?"@ht@ﬁerﬁﬂ%&iﬁg Cﬁ'ﬁg’f%ﬂﬁ %Id’é'i'cﬁot detect a valid fare
bei ng paid or deducted. (0033 The system of the present invention can also
prevent cheating by being able to discrimnate between single persons and
two or nore persons trying to enter the fare gate by noving together as a
tight group so as to avoid paying nore than one fare. [0034] Anot her

enbodi ment of the present invention nmay al so be used to control

bi -directional fare gates. Wien there is a person in the passageway novi ng
in one direction (say, into the station), such a fare gate may
automatically close off access to the passageway fromthe other end by
activating a barrier at the other end. Thus a person attenpting to | eave

o o, 4 o o - S o o oy



[0036] Al this is possible without human intervention in the present

i nvention. [0037] The present invention requires only a sinple programabl e
| agic controller (PLC) to control barriers or other output devices and nay
be readily and inexpensively retrofitted into existing fare gate. 6
[0038] While the invention is an enbedded stand-al one system its

capabilities i I u r i £yl

controller pr@%&E\eﬂgﬁlﬂi@%{t{%&g&%&%@&g?g&%ﬂfﬁ:&lﬁb %gg@goéﬁ%ﬁt%féi% Wes to
it, connectingmbing ifiafopvardedifdctionPasotwesensorktn acesidanad witrgng er when
necessary. [0039!} In this invention) the speed and size of the person, or
rather, the reyppadimantef the\oveptiey and size, is relative to the interval
or distance b ] : T ' ements of the
pr esent invente[lm(‘)\ﬁ?r‘;@ej' %ﬁ?ﬁ‘é‘é@sﬁ?@{“f@q%@l gg%%s?sr%%fﬁhpglﬁ?vgﬁgf or a paired
sensor input sgteractedstic sigaalksapnetatedrbyetheyteoesansbes for anmpebject desgribéd from
t hree adj acent, Slﬁ&ig'rs (atriplet of sensors). For a series of sensors)
each sensor mel{) ¥nction sinultaneously both as the first or second sensor

| n systems emmnau neid.BBatAES SXWRSGinsRh SgtehitBr iRl difbctidigizapsor s at
the extrene ends Of the passageway, each sénsor may alsO act sinultaneously
as the first, mevingdnarrevarseddicsntioor past thadwalsgosonshm for the t hree sensor

t 0042]. Wi | ired t wo; t Kk | |
i e sensor  PUURAG A BreRe arait o BN serepr STRER KbolRadrelne movi ng
obj ects. At hr&ﬂfb’?ﬁéléﬂéti@¥i§h8i§‘h§éﬁér§l%6ttﬁfth@! ARl dehsbid PridntobjeshtedtriBeder son

fromsmal |l er objects such™as his or her sw nging armand hand when that
person noves andi@.8he sensors. In this application, the terms "passageway"

Passage. t hat 00 G RHGAPARH S Bonsd) SVslsin 7 4 e, SER, mBVAG, .1 .,
obj ect or per siam forwaiddirgutiongsastyhree serserssetlaadivddadistansedsapdrhat t he

sensors sense the o? ect or _person and are triggered to send signhals to the
processor. [odaael rHG. § %ncbﬁ&'i cate the timing diagiagns fos asthree-gapsorgystator " as

Il th i " + .y
(it er changeabl J O DONS CRECI DG RDIpR poiatalhrts g sHifis for an,
consi st of e}tdrtrjectone\éing in hdoh@ddcuﬁem@jo??uith $1Gt @ showing tkiertgniaggﬁawﬁat e, an
n state, in St at nd an t at 7 [0046] He t
Forward ti rectPBANTRLIRARER §i68 BEWPPGHATr2d BACTIGnT T8l ATMAbIPELBPeEe
direction is féi?éer'sgﬂ?éatbi?tﬁéﬂ pd: When describing the sensor systemand the

figures, the ternms "person” and "object"” nean the sane thing and they are
nmovi ng al ong tMmeRopklEaGelliastralgsitipp ireeisensonsysiemndor a sreovieg objegbasize

et roref ect i ARYREH RuhdeE dIEPEH RS R silord 82 52 AT B BT HE 4T ce)

or diffused-r efidegicdistepics saire (using light reflected off the object
itself) as well as other sensors or detectors based on el ectronagnetic

energy nay be B8y FG.fornd bkpalq arathertiningitiagrepiscfos @ thpge-senssir t hi s
i ti . (00 : = 1S Q | |
Toht sour oo aeymRehoWhe HE R ALRRERs Bana R danerate AR sehediSiol " 20 2

per sondent fer shamebPetssmﬁBM@w ahevérbedhecﬁtmﬁ with E(er.LQ)BIsowmg th'eg]ik‘:’tingearnsI on
one side of the wal). The sensors "sense" him and trjgger output signals to
t he processor.tri‘iﬁﬁtjgr ?H&E’ée‘gr“ét Y& wp\gsgqeoqlgwgfddlagg "Jflgr ?PH% %’iagﬁh%t?@gtsent by
the sensor to WREsdEi26 W idreaterthsh Qg- edge state as an object begins to

bl ock a sensor, an on state as the object is blocking the sensor, a falling
edge state as [poz2] dbljGecit! iblactykicabtimirgediagramof agephlife sitndtiomivherktherée
beam and an off state.,when the |igh eam i.s unbl ocked. .[ 0050] The

i ot hnce or 1 rAERA SPF SaseiEhy SERQDES s0ah s S AN 8RS BE e  a
(back to frontaaﬁ&bﬁhegﬁs&i niVird) A thE HaSagEWay, BuperinfpdskBliokathey 18 to 20
cmbut this may be readily varied to account for clothing or adjusted to
sui t ant hr oportbepraticahtning disgramd® popul ation in which the invention is
applied. [0051] Alternatively, these passageways nay come in nore than one
wi dth to acconmodate people of different sizes and the intervals between
adj acent sensors may be adjusted accordingly. That is, a passageway for
people with | arger body frames nay be both w der and have |arger intervals
for the sensors as well. A larger range of intervals from16 to 30 cm

shoul d cover nost human franme sizes. 8 [0052] FIG 12 illustrates the
present invention. The figure shows the top view of the preferred

enbodi nent of the invention in an automatic fare gate. Two persons 12.10
and 12.20 are noving in a passageway 12.30 controlled by a series of eight
sensors with a notorized barrier 12.40 after the fourth sensor. [0053] The
wi dth of the passageway is delimted by the two walls 12.80 and 12.90 and

o M



By conparing the signals generated by the sensors either in pairs or in
triplets of sensors, the algorithns of the present invention may be used to
determ ne the novenent characteristics of the person bl ocking the sensors
such as the size (dorso-ventral thicknebs) of the person, his speed)
position on the passageway and direction of travel. Subsequently, the

oggers based iFepr s hihane P el PAfEBrelri 8 SpthBliPet b 48Ln “accose

to the person.in(éltfor] applifed ih anebmailic ¥iecgdte Withltwdf pefisBh8 atrigbtheng i n a

forward, left to right direction and will past the two sensors 1.13 and
1.14. [0056] massagewnyvand agneterized amigractivated besweanthemsensor syst em as
illustrated in FIG 1. The timng signals seenin FIG 2 is that of a
rising edge state of sensor S2 2.14 while sensor S1 2.13 is in an on state
followed a falling edge smetaﬂede@gmmuonSbfﬂhﬁ Drastig®r S2 is in an on

state. [0057] In realit t he ﬁéogran’mﬁbl e.logic.co troI | er &If" O
processor used? ‘?4‘1 e ft 9'@%@'%&6‘%?@?  deqatoeEw I s

essentially si %‘PB E¥atiohCIh ﬁt'e'foﬂé\ﬁmged’é%%ﬁtu&r? §|ise£tet;5’rot/fded"'ter the
t wo- sensor al or e processor conpdres slgnals fromeach sensor,
treating the sdmmube tlas pbsferredteenbddimnhdﬂstﬁb@dppmbtcsom@skltleématlm| rs

f F t pl et | qor.i t h th th
oxcent; on_of - ik Haweer fhat e PV Eniey e atied TnSd o 98813, 0 s agewny,
has the capabidgémy dthhesd a&anwagt AGHHROYSICribRY dtiidrigth s%emi& t84bskiife d

sensors of adjacent sensor triplets. The processor s also essentially
recei vi ng and thednyandionssi ng the signals sinultaneously fromall the

sensors of th i i n LS: Lidh 0 h r [ inthis
enbodi nent of 9[9@2 pﬁiesi@ma}"r?ﬁg%'?@m fﬁ%&? b?e%ﬁ%‘ﬁﬁaﬁg&ggéﬁﬁﬁﬁ?ve

m | 1iseconds aapapfitiesefite Yatiou®entbodimentd. TReAsdefiritforet sfaerrs aees areg
speeds or capabilities may be used W thout departing fromthe scope or

spirit of the QJY%%bﬂfW?W@mPI'QﬁwOf \{aml@]sﬂpatlomswpgs%lﬁ@raéteatcnmd by detqil
sensor sets, Bq QW n%n@&psor sets possible for either the two or
t hr ee- sensor sy SERALG 'S given by the formula (nunber of sensors in series
m nus (nunber [odzeise'ﬁm)hean@ﬁﬂteiﬁrresdnbmvehw |stthrsn phefnmn@'rmc)fmtdw@dtingThus

a series of ei ht Senso when ysed | ragéégnsor orithm wll
yi el d seven (8539§23 Sﬂfﬁs gisingd 8 9?)69’? 'B@Pr t NS of

ei ght sensors t r i Il yield six
(8 (370 P SpRePbagtes By DRe'Sughflorgt 'Sﬁﬁ%?‘gé‘?ér"?fﬁ%%“ of the

i ntersecting JbepThl Ehe inmersehmm'sslgsais sslehasftbat sneh*etn EIG Zasiused tai | | be
descri bed for ch .se hsr L? %L d tidn &S t he S 51

| ayout and ty egrmlpfa aaér‘éﬁféﬁ%c %?PG&I%P Eﬁc'gntqm%veer@%'? Qfl)stem
where an obj the%eléonwdﬁéctﬂiﬁé!uﬁ¢ WY Sévedrs bEraraRe adhiitationsedfsors, is
noving in the reverse (right to direction. In this sjituation, sensor
Sl 4.13 si gnau@teasaqt@nﬁgméa@ée dnfermatipn regasdingdhe spiect passiagdy thad 2
signals a fal lde’f‘lgoﬁsd St}ea&ﬁa}?‘fédl e sensor Sl is on. It should be kept in

m nd that each sensor y sensor set is sinultaneously viewed as both a

first or secor[obzsprsmele\xatﬁmes)omﬁasea:tuor{saﬁf@dndﬁtabéetxpettbd vill ileng sensor
| ayout for a three-s r systemfo an object 5.11 poving in a forward
(left to right es&f'P%&t %@ﬁe IQ”@L@hl'ﬁ 'Fi‘@“?ﬂn??ﬂ?"élrﬁ@)‘ Hﬁtqff@ﬁt%blbﬁ}’m or
person whose V4 éjq&éls nore than d, the interval between adjacent sensors
but less than 2d. FIG 7 is the tim'ng di agram for an object w der than 2d
movi ng i n the [0aRondt Wilbbe appiem:iate@ b édlyong skilledtiméhe art éhatethe ipoeserdf t he
signal states . of the sen |n t he senso el d |n of mat i on
regar di ng t he BYEEHN Sﬁd(s)‘?ﬂ;ﬁ\‘%B gRfEsPaEN oﬁ'iﬂie@?&ﬁq sigha S|z)t§rta| ning to
the width w ofs,ﬁqbﬁemm&or obj ect) 10 in relation to d, the interval

bet ween adj acent sensors is discussed: that when d<w<2d and when 2d<w.
[0067] The ti riPe3g] diheyyanous enbediments of thejeresent isventian exploibthisat of a

t wosensor syst nal signal from
sensor S3 6. 1&%&%’6@“&”@.t@?3{3?8§§§E’é¥@l‘@&aﬁ9‘{\9§%§8{?§ﬁr S1 6.13 yields
a falling edge state and returns to an off state but before the on signal
fromsensor S2 6.14 gives a falling edge state and returns to the off

state. The on states of sensors S1 and S3 do not overlap. [0068] This is
contrasted with the timng diagramof FIG 7 where the width w of the

person is greater than 2d. Note that sensor S1 7.13 is still in an on state
while a rising edge state is sent fromsensor S3 7.15. The on states of
sensors S1 and S3 overlap when sensor S2 7.14 is still on for an object

whose width is greater that twice the interval between sensors (w>2d).
[0069] FI G 8 |s the sensor Iayout d| agramfor an Ob] ect or person of WI dth

o o _ £ . - - o o o,



11 [0073] The current position of the person may be determ ned by the
intersection of states of signals of the sensors. By considering the
intersections of signals fromnore than two sensors, the fal se positive
signals fromsmaller objects such as svt nging hands and arns will not be
taken as the position of the object. Only an object of substantial size

et er i nati on. RO (PRI EETBIREF 3R <Hbdlde GRS SYSRsl SEn&ong the
series of sen_ssyrssém@ndtétseongjamegmmhrﬂm.STls@mnﬂau can deitedt| yourttapidni ned
by dividing distance covered between adjacent sensor sets over_ tinme. Thus,

i f need be, tHEackhurBANEAIPVINGRIONE asprssqdewvayndt dlsp has thecapabilitydfsor sets.
Resol uti on of It ' [ leat.i.an: d, the
it erval _bet e sRATel 68 of b8 Bafiierh 3ictg 1R fiaakBuial 13 peiflto?

particul arly tprevéehysseess by peoplgthrondghnthis aisleal so det ect two persons

cl osely apposed to h ot hey noving,together, one behind the ofher, along
t he passageway0e] a@'at[c‘@nﬁrﬁj’ﬁgﬂ‘éiwemgf pychha syptem,Passengers WR’%\f’alﬂcﬂea'ﬂr esent

invention i s FapoustdsRhAdel et SHdERY P% M’tﬂ)s%\ﬁ?éﬁegété%h%ﬁ@d pytics of

an Obj ect or person novi ng_a ong a row of sensors such as the size,
di rection, spdbis systermpoBariiens. arp@mly actiiated whendhe systecedoes sot detiegbai t hns

are robust and are able to djscrimnate between snall objects and people.
By keeping thevag_gﬁﬁ%lge'_ag Hafdeog%‘?‘éﬂ?é'i npl e but rigorous, the invention may
be i npl ement eOIoU!3¥ hTHE & dtBin GRS pRésEt HertiBR lcanldl8 Blevant Bhédtthg by

characteristics of the noving object or person have been determned, the

control | er maybeingabletedliseriminate betwaeniinglepersens and Waor mare pessans s and

il oty of g Bofbh e ot BeDE Py o g eaiielins < aft SRRBERALR ¢ 11 om

bei ng scal ed wvoid paying padr@thhhtonesfaigicr eased by augnmenting it with
addi tional input and out put devices, or to be connected to a conputer to

i npart addi t i dA@34] c ARether enghpdimeat %‘i‘i‘ﬁ’d?re%rm\_'ﬁ”li@ 'B%ra‘?t%'é%ésﬁﬁi%er

aut onomous pas&ﬁﬂ.%‘f‘@bléirecgio%%{ @Qﬁgﬁ%%ﬂ%ﬁéﬁe ih%";géi‘sgﬂr?n H’Pé’ﬁéés%?ﬁe% sed
in counting or sorting objects of different Sizes by directing themto

di f f erent pasgngeng)is onealiriection (say, lirdo o station), Suchreafaregate miayect s such as

accosa i 1 ostHOTEICANIONE ol Aceyea oe PeaaBeNaY o f1e pibes BR B o od
that al though LaRafiiebdanfs ATREGHTE U Thul erperd8h eieRittingModeavd the

various nodifications an nprovenent s may per'son of ordinary

skill in the aﬁtatiomyiartbeﬁad@mssaggwaymﬂltgemreuemeddrom Id@iqgmmhlen
i ion. (0082 : ' .
ntervals and TUERSHE EPRREING Tt s b0 HcS AlRERu ) PP desdioeWelhcor s bu

f rom nei ghbor i[pes €DGeH & syététn 64n BOtohohiBLBIY ethangRi e pevifitfeddirédtiopdofiment
still essentially nmakes use of the sane algorithnms and i nventive step

behi nd the prd9e¥empnatbreuahiteEpassagawayss Ahank of sueh passaagyays mavie and
added to the ' j ' ki i |t

el ude, but e o HINERICER) roshdriRbiiectba of ARG mbbEment 385 fiod™s,
centr a: corrrd)utraoré gatebivg'lhgermit ovmesnerTg,in adéidiﬁeotiom,fbawdrt:ﬁimpw/m the de
controls and output tp indicator, systens. [0084] Thus, the present invention
provi des a netR ”zia)hﬁpgﬁﬁssﬁéﬂ?fso‘?'th%&? Y %Pﬁbgég?é@t?ﬁ %éﬁé?@m arly
people in nassti,ﬁégafs{hrecpéys_tens, t hat overconmes or at |east reduces the
probl ens of the prior art” in which mechani cal sensors, cameras or conputer
vi sion are usg003s] AlBthithistpdssibie sithout heman interventioodn the peasentri ni ng
characteristics of.an object in notion along series of sensors, said nethod
conpri si ng: réE\é?r\‘H% signals fromsaid sensors as said object passes by
sai d sensors gfgh7prAkepseat ﬁweﬁﬁémécﬁmégtcﬁﬂwh%ﬁnﬁeqﬁ@graihmté leBic Position
and size of an object, said signals characterized by a sequence of a rising
edge, an on stegngollgr ﬂ%uG)itﬁg:O@g'gbbalrmr&ﬁr other outaus dexicesanstmay beri es of

et erm ni ng pdoraieANd Hedahdiyeh dERbufed RAOENBEg e S4B Scr i n ot on,

conpri si ng:



at least two sensors at fixed intervals between each other in at |east one
sensor arrangenent; at |east one processor; and at |east one outcone
device; wherein said at |east two sensors sending input signals to said at
| east one processor; said at |east one frocessor analyzing input signals
frompairs of adjacent said sensors fromsaid at | east one arrangenent;

ot come devi cddosen RIS TRE nverlgn P einacrts pReeREgh g ot T east
one acti on accosbifiies ndy B8 oA SRl 66 e grardeloe&y meditfing tAg essor

according to sald proce r receivi | nput” si gn froma series
of at |east twoniwisopegiam, sonredtingeathel types of inpit andwaitput devidesdolitr

sai d processor_capahl e, of pr.ocessi aj,d nput fro airs of said sensors,
sai 0 br ocessorcaiieRtng ? p lara TR RN MRokRlE B et B RetMpERL he T e r <
or second sensggcegbagai d pairs of sensors,, analyzing said signals from

said sensor pairs to sense objects in notion along said series of sensors.
4. A processorl0e®t dndhisgnventgraths speerhand sizecefdbe perses), pErathesthee of

posi 1 one-al org>SEaRel 285 ed and SR3 It 3o e EnallBr ikt 001 <.
obj ects in nothetweenaidjacsrtgensdrssai d obj ects being relative to said fixed
di stance between adjacent sensors. . ) . .
[0040] The algorithms, elements of the present invention, are divided into
two categories: the first for a paired sensor input system and the second for
a system that compares signals from three adjacent sensors (a triplet of
sSensors).
[0041] For a series of sensors, each sensor may function simuiltaneously
both as the first or second sensor in systems employing the paired sensor
algorithm. Except for the sensors at the extreme ends of the passageway,
each sensor may also act simultaneously as the first, second or third sensor
in the algorithm for the three sensor system.
[0042] While the paired or two-sensor system works well, a three-sensor or
sensor triplet system allows finer resolution of the moving objects. A three-
sensor system can better discriminate the body of a person from smaller
objects such as his or her swinging arm and hand when that person moves
along the sensors.
[0043] In this application, the terms “passageway” and “aisle” are used
interchangeably as they refer to the same thing: a passage that is wide
enough for only one person to pass at a time. When an object or person
passing passes by or passes along the sensors, that the sensors sense the
object or person and are triggered to send signals to the processor.
[0044] In this application, the terms “sensor” and “detector” as well as the
corresponding verbs “sense” and “detect” are used interchangeably.
[0045] The signals that are sent by the sensors may consist of either one of
the following four states: a rising edge state, an on state, a falling edge
state and an off state.



5. A processor according to Caim3, said processor sending output signals
to at | east one outcone device based on said directions, said positions,
sai d speeds, said relative sizes, and said nunbers of said objects in
notion. 6. A nethod of determ ning properties of an object noving in a
path, said path being nonitored by a series of sensors, said nethod

conprising: receiving spagnals from said nsors as said.obiect sses by
each of said i@%"gl\;r'i e h%‘ﬁﬁ‘?’ﬁ@@ﬁ%ﬁ"éﬁ?%%\ t&ﬁ%ﬁ ﬁro?ﬂgﬁ]tﬁgﬂﬁgagg j acent
sensors, anal yai&@ediRicEsn ¥ frof MgHtite Tstt. SVWHN deRFiBRRS theSdnsBEsyStedet er m ne
speed, direction, position and size of said object, each sensor acting

si nul t aneous| yangsthefiguses; dhel teyarss persen” ands'ohiant” mean thegame thing and st

aid series otneLAte POV By ine BASER e pddBned Wib B8 e ESLARE N T
|'inear arrangqossnf -Trﬁou?‘h-lm_éhhﬂﬁbIﬂ@é@édﬁsr&etdbsﬁibéﬂh@re bat 6ther 868sdrENg st ep
further conprising: analyzing signals fromsaid pairs of adjacent sensors,

wher eby di r ectSUsh asireB;iedective lyppliahtisensors (systems that use a reflective
surface) or diffused-reflective systems (using light reflected off the object

itself) as well as other sensors or detectors based on electromagnetic
energy may be used without departing from the scope or spirit of this
invention.

[0048] Each through-beam sensor receives a beam of light from a light
source aligned with it on the opposite wall of the passageway. As a person
enters the passageway, he blocks and interrupts the light beams on one
side of the wall. The sensors “sense” him and trigger output signals to the
processor.

[0049] There are four possible states for the signals sent by the sensor to
the processor: a rising edge state as an object begins to block a sensor, an
on state as the object is blocking the sensor, a falling edge state as the
object blocking a sensor moves past and unblocks the beam, and an off
state, when the light beam is unblocked.

[0050] The distance or interval d of adjacent sensors is based on the dorso-
ventral (back to front) thickness of an average person. This is typically 18
to 20 cm but this may be readily varied to account for clothing or adjusted to
suit anthropomorphic norms for the population in which the invention is
applied.

[0051] Alternatively, these passageways may come in more than one width
to accommodate people of different sizes and the intervals between
adjacent sensors may be adjusted accordingly. That is, a passageway for
people with larger body frames may be both wider and have larger intervals
for the sensors as well. A larger range of intervals from 16 to 30 cm should

cover most human frame sizes.



second sensor of each said sensor pair detects a rising edge state while
first sensor of said sensor pair is in an on state, said second sensor
remaining in on state until said first sensor returns to an off state, said
sequential pairs of sensors displaying&8his pattern of signals in said
direction of objection; where object has just cleared first sensor and

A method accorl®y - Ut e S RuanteTiR, I YR BBNRThE P es. T ©
anal yzi ng si gnaéw of tieeTpesfefled @nibfodirheatibBbie nhverrivhdn 2n atereltiy favier gatei on of
object is reverse if first sensor of each said sensor pair detects a rising

edge state whi 1Wo Q@&ﬂﬁﬁ.%ﬂg@ﬂdcﬁz-%&?fﬁ MW'"@P?SS%WMW-%Q ceptielled sai d
first sensor rti}“&é@ﬁé@of BpﬁP§8ﬁ5&E%iﬁf§méitEri§€c{ Bartief 12405505 he Foirt NS tO
ard séquenti a of ~adj acen

an off state, pairs sensors displaying this
pattern of sigmserin said direction of object where object has just

cl eared second sensQr an re wdth of .object w.is greater thapn_ interval
bet ween sensorl80% _Sﬁ?e wlﬁb\g@ﬁ PRFSageVE@Y P ﬁfﬁﬁ@“tﬂj Y thgé‘é’Pt"Y%lﬁ, E'sg@élﬂdand
direction of aﬂ.g@bﬁetorﬂy‘al@hé Bﬁe Ip%?srﬂ?f 1058 Mer afd MERWithiRiGSutRNGY S at
fixed interval s between ‘each other 1n at [east one sensor arrangenent; at

| east one pr oqeerBlfrtwoaordmate persons domavet abreastief\eéach; othber ei n sai d at | east

three sensors Benfl BifcoMpifing 1l SloRalsiErSiedlby FaXenddfs BHSTS Bairs or
in triplets of sensors, the algorithms of the present invention may be used to
determine the movement characteristics of the person blocking the sensors
such as the size (dorso-ventral thickness) of the person, his speed, position
on the passageway and direction of travel. Subsequently, the controller
may send signals to output devices such as gate barriers or data loggers
based on pre-determined rules on whether to allow or prevent access to the
person.
[0oss] FIG. 1 shows an object 1.41 of width w moving in a forward, left to
right direction and will past the two sensors 1.13 and 1.14.
[0056] FIG. 2 shows typical timing signals for a two-sensor system as
illustrated in FIG. 1. The timing signals seen in FIG. 2 is that of a rising
edge state of sensor S2 2.14 while sensor S1 2.13 is in an on state followed
a falling edge state of sensor S1 while sensor S2 is in an on state.
[0057] In reality, the programmable logic controller (PLC) or processor used
in one embodiment of this invention receives signals essentially
simultaneously from all the sensors connected to it. For the two-sensor
algorithm, the processor compares signals from each sensor, treating the
sensors as both the first and second sensors for these pairs of sensors.
[oos8] For the triplet sensor algorithm, each sensor, with the exception of
the first and last sensors of the series along the passageway, has the
capability of acting simultaneously as first, second and third sensors of
adjacent sensor triplets. The processor is also essentially receiving and



17 said at | east one processor analyzing input signals fromtriplets of
three adj acent said sensors fromsaid at | east one sensor arrangenent; said
| east one processor sending output signal to said at | east one outcone
deV| ce; said at |east one outcome devide performing at |east one action
according to a set of predeterm ned rules. 10. A processor accord| ng to

hi co. sensor s FRPosIgtnd GGl sifultifedu, FOGLAY edhiiol bl e edin’ =

adj acent sai d tarRnggosthhpr M ng a sensor triplet, said processor capable of:
processi ng each sensor in said series of sensors as either the first,
second or t hi rl@0s9knEhe P&Ce§§@fdnstb'ﬁsﬁiﬁb(?dlmﬂ"épéthedNGSQﬁ'&alnmeti@ KICGNESs from

sald tri p' et S Aé?% nai§ eve \;eomﬁﬁ%,-%%napjo‘?glé h'u?ngBE%} {s'@ga 3 Oceﬂa'ﬂ_éﬁvf tfS. Of

sensors. rocess accor di ng ssor anal yzi ng
state of i nputothengpuaicesﬁmg 'speedsl ot capalsitittesoinay diesusesi Witholgtdeparting from
directions, po I tions an 9£ﬁ1d series of sensors, speeds, sizes, and

nunbers of sait eéspe%pgspw eopresent Vet of saj d objects bei ng
relative to S %Whg'ﬁr@iﬁaﬁ@ﬁ T S ﬁ'@‘ﬁ%ﬁer% erfSoP E8fsESSOr

according to sal d processor sending output signals to at |east
one out cone deposs&l@&zreaiﬂenﬂmt\mb dr theee¢isensor sysle]ns,alscgl\r&mby thenformeits d

speeds, said reI ve_sizes id nu of, said objects in notion.
1A et hod dRUEIBSE BESRTRRS I B5ESE Ml fUEBertat sEPs sV dret Byat . eai o
pat h bei ng rmrgu SYitheh Mind §,¢é)?es of sensors, said method conprising:
receiving signal's fromtriplets of adjacent said sensors as said object

passes by sai doesshsbius, amesiesfieightsegaalss wheprisediiid the ippired-sehselensor s,

i recti on. " poctgpBhma di vRigSeh 1 (o1 PERBH of shiteSaalsbr SBIC] Satccs y
as the first, @@i@@rmeﬁyhttsbnsdrsswmraﬁmédsmwb friphstQdensbr alg©tummhfanle said
sensors nay sald series of sensors is in a substantlally I'i near

arrangenent . Meldsind hcr A0 ddplat sensas sefsai m 13, said processing step

‘;ﬂ LEE[ Oﬁ ngr 'slgfsgl ggfée%%ér?gteilgﬁ%bﬁtr{epﬂ@r%tﬁgtsrlérpélgtfrﬁnf’{he%%ré%%ﬁr s¥fger eby
for other situations will be described for each sensor system.
fooe3] FIGS. 3 and 4 are the sensor layout and typical timing diagram,
respectively, for a two-sensor system where an object 3.11, wider than the
interval between adjacent sensors, is moving in the reverse (right to left)
direction.
[0064] In this situation, sensor S1 4.13 signals a rising edge state while
sensor S2 4.14 is on and S2 signals a falling edge state while sensor S1 is
on. It should be kept in mind that each sensor in a sensor set is
simultaneously viewed as both a first or second sensor by the processor.
[0oo6s5] FIG. 5 is the timing sensor layout for a three-sensor system for an
object 5.11 moving in a forward (left to right) direction. FIG 6 is the timing
diagram for an object or person whose width is more than d, the interval
between adjacent sensors but less than 2d. FIG. 7 is the timing diagram for
an object wider than 2d moving in the forward direction.
[0066] Again, the intersections of the signal states of the three sensors in
the sensor set yield information regarding the person moving along the
sensors. Two situations pertaining to the width w of the person (or object)



first sensor senses object and before second sensor and where second sensor
senses object before third senor of said triplet of sensors. 19 15. A

met hod according to Caim 13, said processing step further conprises

anal yzing signals fromsaid triplets of1@ensors, whereby direction of said
object is reverse if third sensor senses object before second sensor, and

sensors. 16, AeeNel B MEMGTRIENER i SERSHS I URASS I i ¢ her
conpri ses analywhémd<@i<@dadrl Whengaind tripl ets of sensors, whereby said
object in notion in a forward direction, object has. just cleared second

sensor and si ZI80&71 TEhg iming diagrang FfSe Sr(wtheré drwrke) isrsigyianto that aka fwo-
o > : per mrnen ' .
ad acent sal gﬁ?{eéﬁ?f@)??sw g#@%? WRAhE WxEEpfidifof %\g ?g&@éﬁﬁé@ﬁmﬁgl acent

sai d sensors, ensof signals an on s ore“second sensor
signal s an on sdnsoe S3f6.15whiemgivesreetising edge statecdffer seaser $¢BotEyieldsral

20 sai d_secondeBERIN Hats ARG LGSR 2y o1 Sk BuUbBPGre iR el fom * ©
sensor S2 6.14 gives a falling edge state and returns to the off state. The
on states of sensors S1 and S3 do not overlap.

[0068] This is contrasted with the timing diagram of FIG. 7 where the width
w of the person is greater than 2d. Note that sensor S1 7.13 is still in an on
state while a rising edge state is sent from sensor S3 7.15. The on states
of sensors S1 and S3 overlap when sensor S2 7.14 is still on for an object
whose width is greater that twice the interval between sensors (w>2d).
[0069] FIG. 8 is the sensor layout diagram for an object or person of width w
moving in reverse (right to left) direction in a three-sensor system. The
timing diagrams FIG. 9 (when d<w<2d) and FIG. 10 (when w>2d) are
essentially the mirror images of the situation for an object moving in the
forward direction. Note also the different overlap patterns between the on
states of sensors S1 and S3 for the different widths of the person in FIGS. 9
and 10.

[0070] The robustness of the present invention may be seen in FIG. 11, an
actual timing diagram from experiments with two-sensor systems for a
single person moving in a forward direction. The characteristic overlaps in
signals are seen despite the presence of some spikes or brief on states
generated by small objects such as a swinging arm and hand.

[0071] The robustness of the algorithm is retained as the spikes generated
by the small objects merely superimpose over the characteristic intersecting
states of signals and the processor is still able to determine the movement
characteristics of the moving object despite these interfering spikes.

[0072] Under high traffic conditions, a three-sensor system will be able to
discriminate between people moving close together in the passageway.



sensor returns to an off state, subsequent said triplets of sensors

reiterating this pattern of signals in said direction of notion of said
object. 17. A nethod according to Claim 14, said processing step further
conpri ses analyzing signals fromsaid ttiplets of sensors, whereby said
object in notion in a forward direction, object has just cleared second

sensor and size of id object .i.s ater than twice the interval between
adj acent sai d @gmof@? cw{ghtep%léqn gé &efé?@ﬁmysb%ﬁetﬁﬁ'%@%créy ore second
sensor si gnal singdts@@tic &t Statels! 3 Sligrifid 6Pthel SUrsoRS ByPcdsiddringsthat € only after

third sensor signals a rising edge state when second sensor is in an on
state,, said steragctianssefrsignals frempore than wWa sensors, theffalse positivet hi rd

el torating ¢ nPURRRTh et SpicSHOSTH bRl bonds Bhd fige ARG Be. o
obj ect. 18. A mkehed the posifiondfithe Sbigictn Only saobjaet of Ssisétastialtsese f urt her
conprises analyzing signals fromsaid triplets of sensors, whereb 21

} > ; oy
sai d obj ect in(ragtiveto fhe interyalhetwegn sensos wilbbe sensigred faspositienr ed
second sensor @é}grrﬁin%‘ﬁ pf said object is greater than the interval between
adj acent said sensors BUt I'ess than twice the interval between adj acent
sai d sensors, [0074] With the position (and hence distance moved along the series of

sensors) of the person known, his speed may be simply determined by
dividing distance covered between adjacent sensor sets over time. Thus, if
need be, the system can resolve speed of the person between sensor sets.
Resolution of both position and speed is of course in relation to d, the
interval between adjacent sensors.

[0075] The present invention, particularly the three-sensor algorithm, can
also detect two persons closely_apposed to each other moving together,
one behind the other, along the passageway so as to underpay the fare.
[0076] It can be seen that the present invention is a novel method of
determining the movement characteristics of an object or person moving
along a row of sensors such as the size, direction, speed and position.
[0077] The two- and three-sensor algorithms are robust and are able to
discriminate between small objects and people. By keeping the demands
of the system simple but rigorous, the invention may be implemented with
minimal apparatus and cost.

[0078] Once the characteristics of the moving object or person have been
determined, the controller may then send signals to output devices such as
data loggers and barriers according to predetermined rules.

[0079] The elegance and simplicity of this stand-alone system, however,
does not preclude it from being scaled up or its capabilities increased by
augmenting it with additional input and output devices, or to be connected
to a computer to impart additional controls such as manual over-rides over

these rather autonomous passageways.



when third sensor signals and on state before second sensor signals an on
state, third sensor returns to an off state before first sensor signals a
rising edge state when second sensor is in an on state, said second sensor
returns to an off state before first sehdor returns to an off state,

subsequent said triplets of sensors reiterating this pattern of signals in

sai d diect | oryaln "Ph Bk FRiaRiER aishbe AIPRINNARIS dofifgto O 2T

15, said proc er conpri Ses anal'yzi ng si gna Sm sai d

triplets of sedstgects of\dmreht/smesdymeeﬁmg thenmed differént passagewags,di rect i on,
obj ect has just c|leared second sensor and size of said object I1s greater

than twice t heNPRiteringthe@oyement af inasinaterabjects spchasnanyfagtuses dems
signals an on &nvgg&fgys?&ﬁ%% ﬁ@ﬂﬁ&gorﬂ'.rvé‘&lt%@d?\t géééésein rbBirictbfensor

returns to ano St a 'y after Tirst sensor signa rising edge state
when second selightseicarityrar@eason state, said second sensor returning to an
off state before s id. rst senso et n o an o f a subsequent sai d
triplets of sdA@Hsit P"@I b%lagpf‘?ﬁbat?ﬁ téatp% Qﬂegfre "ﬁog ction
of motion of Sgidh abicHied iAUetdl, REAGES ARG h¥'a'i‘|9| rﬁéﬂ@%é,{ heom a
series of at least five sensors set at a fixed distance relativ 0 each
other, said prmadedyra peysablaof asdinaps skikk insthecars,iwithiug departing fremdhence

sensor and t wo, ol ¥ ike RrLE HlaitoRCnSO" S
[0082] One such embodiment may be to have sensors at close intervals
and to consider signals not from immediately adjacent sensors but from
neighboring sensors, two or more intervals away. Such an embodiment still
essentially makes use of the same algorithms and inventive step behind the
present invention,
[0083] Elaborations and variations may be made and added to the present
invention to improve its capabilities. These may include, but are not limited,
to the following examples: connection to a central computer for higher
processing, addition of manual over-ride controls and output to indicator
systems.
[0084] Thus the present invention provides a method and system for
tracking moving objects, particularly people in mass transit systems, that
overcomes or at least reduces the problems of the prior art in which
mechanical sensors, cameras or computer vision are used.



sai d nei ghboring sensors not inmedi ately adjacent to said reference sensor,
anal yzing signals fromsaid sensors to sense an object in notion along said
sensors and sending signals to at | east one output device based on
characteristics of notion of said object. 21. A systemfurther to Clainms 2
and 9, wherein said fixed interval between adjacent sensors may be from 16
to 30 cm .AsRA Ae.A.A . ASR AL.As.A",.A . As.As.AAY.Ay.A.. ARAeAE
A .A Ae.Ah A
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"10%99& () - & z10%& () - Zdideignals cHafabrkegéd by-a sequence of a rising edge,
an on state, a falling edge and an off state,
where said series of sensors is in a substantially linear
arrangement.
2. A system for determining position, speed, direction and size of an
object in motion, comprising:
at least two sensors at fixed intervals between each other in
at least one sensor arrangement;
at least one processor; and
at least one outcome device;
wherein
said at least two sensors sending input signals to said at
least one processor,
said at least one processor analyzing input signals from
pairs of adjacent said sensors from said at least one
arrangement;
said at least one processor sending output signal to said at

least one outcome device;
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said at least one outcome device performing at least one
action according to a set of predetermined rules.

3. A processor according to Claim 2, said processor receiving input
signals from a series of at least two sensors set at a fixed
distance relative to each other,

said processor capable of processing said input from pairs of said
sensors, :

said processor able to treat either sensor of each sensor pair as the
first or second sensor of said pairs of sensors, analyzing
said signals from said sensor pairs to sense objects in
motion along said series of sensors.

4, A processor according to Claim 3, said processor analyzing state of
input signals from said pairs of sensors to determine the
directions, positions along said series of sensors, speeds,
sizes, and numbers of said objects in motion,

said sizes of said objects being relative to said fixed distance
between adjacent sensors.

5. A processor according to Claim 3, said processor sending output
signals to at least one outcome device based on said directions,
said positions, said speeds, said relative sizes, and said numbers
of said objects in motion.

6. A method of determining properties of an object moving in a path,
said path being monitored by a series of sensors, said method
comprising:

receiving signals from said sensors as said 6bject passes by
each of said sensors,
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processing said signals from pairs of adjacent sensors,

analyzing states of said signals with respect to time to
determine speed, direction, position and size of said
object,
each sensor acting simultaneously as the second sensor for
a sensor pair and as the first sensor for the next
sensor pair, except for the first and last sensor in said
series of sensors,
where
said series of sensors is in a substantially linear
arrangement.
7. A method according to Claim 6, said processing step further
comprising:
analyzing signals from said pairs of adjacent sensors,
whereby
direction of object is forward
if
second sensor of each said sensor pair detects a rising edge
state while first sensor of said sensor pair is in an on
state, said second sensor remaining in on state until
said first sensor returns to an off state,
said sequential pairs of sensors displaying this pattern of
signals in said direction of objection;
where object has just cleared first sensor
and where width of object w is greater than interval between

sensors d.
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8. A method according to Claim 6, said processing step further
comprises:
analyzing signals from said pairs of adjacent sensors,
whereby
direction of object is reverse
if
first sensor of each said sensor pair detects a rising edge
state while second sensor of said sensor pair is in an
on state,
said first sensor remaining in an on state until said second
sensor returns to an off state,
said sequential pairs of adjacent sensors displaying this
pattern of signals in said direction of object
where
object has just cleared second sensor
and where
width of object w is greater than interval between sensors d.
9. A system for determining size, position, speed and direction of an
object in motion, comprising:
at least three sensors at fixed intervals between each other
in at least one sensor arrangement;
at least one processor; and
at least one outcome device;
wherein
said at least three sensors sending input signals to said at least one

processor,
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said at least one processor analyzing input signals from triplets of
three adjacent said sensors from said at least one sensor
arrangement;
said at least one processor sending output signal to said at least
one outcome device;
said at least one outcome device performing at least one action
according to a set of predetermined rules.

10. A processor according to Claim 9, said processor receiving input
signals from a series of at least three sensors set at a fixed
distance relative to each other,
three adjacent said sensors forming a sensor triplet,
said processor capable of:

processing each sensor in said series of sensors as
either the first, second or third sensor of said
sensor triplets,

and

analyzing signals from said triplets of sensors to
sense objects in motion along said series of
Sensors.

11. A processor according to Claim 10, said processor analyzing state
of input signals from said triplets of sensors to determine the
directions, positions along said series of sensors, speeds, sizes,
and numbers of said objects in motion, said sizes of said objects
being relative to said fixed distance between adjacent sensors.

12. A processor according to Claim 10, said processor sending output

signals to at least one outcome device based on said directions,
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said positions, said speeds, said relative sizes, and said numbers
of said objects in motion.

13. A method of determining properties of an object moving in a path,
said path being monitored by a series of sensors, said method
comprising:

receiving signals from triplets of adjacent said sensors as
said object passes by said sensors,

processing signals from said triplet of sensors,

analyzing states of said signals with respect to time to
determine speed, direction, position and size of said
object,

each sensor is simultaneously as the first, second or third
sensor for said sensor triplets

where

said sensors may said series of sensors is in a substantially
linear arrangement.

14. A method according to Claim 13, said processing step further
comprises analyzing signals from said triplets of sensors,
whereby

direction of said object is forward

first sensor senses object and before second sensor

and where
second sensor senses object before third senor of said triplet
of sensors.
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15. A method according to Claim 13, said processing step further
comprises analyzing signals from said triplets of sensors,
whereby

direction of said object is reverse

third sensor senses object before second sensor,
and where
second sensor senses object before first sensor of said
triplet of sensors.

16. A method according to Claim 14, said processing step further
comprises analyzing signals from said triplets of sensors,
whereby

said object in motion in a forward direction,
object has just cleared second sensor

and
size of said object is greater than the interval between
adjacent said sensors
but
less than twice the interval between adjacent said sensors,
when

first sensor signals an on state before second sensor signals
an on state,

first sensor returns to an off state before third sensor signals
a rising edge state

when

second sensor is in an on state,
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said second sensor returning to an off state before said third
sensor returns to an off state,
subsequent said triplets of sensors reiterating this pattern of
signals in said direction of motion of said object.
17. A method according to Claim 14, said processing step further
comprises analyzing signals from said triplets of sensors,
whereby
said object in motion in a forward direction,
object has just cleared second sensor
and
size of said object is greater than twice the interval between
adjacent said sensors,
when
first sensor signals an on state before second sensor sighals
an on state,
first sensor returns to an off state only after third sensor
signals a rising edge state
when
second sensor is in an on state,
said second sensor returning to an off state before said third
sensor returns to an off state,
subsequent said triplets of sensors reiterating this pattern of
signals in said direction of motion of said object.
18. A method according to Claim 15, said processing step further
comprises analyzing signals from said triplets of sensors,
whereby
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said object in motion in a reverse direction,
object has just cleared second sensor

and
size of said object is greater than the interval between
adjacent said sensors
but
less than twice the interval between adjacent said sensors,
when

third sensor signals and on state before second sensor
signals an on state,
third sensor returns to an off state before first sensor signals
a rising edge state
when
second sensor is in an on state,
said second sensor returns to an off state before first sensor
returns to an off state,
subsequent said triplets of sensors reiterating this pattern of
signals in said direction of motion of said object.
19. A method according to Claim 15, said processing step further

comprises analyzing signals from said triplets of sensors,

whereby
said object in motion in a reverse direction,
object has just cleared second sensor

and
size of said object is greater than twice the interval between
said sensors,
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third sensor signals an on state before second sensor
signals an on state,
third sensor returns to an off state only after first sensor
signals a rising edge state
when
second sensor is in an on state,
said second sensor returning to an off state before said first
sensor returns to an off state,
subsequent said triplets of sensors reiterating this pattern of
sighals in said direction of motion of said object.
20. A processor receiving input signals from a series of at least five
sensors set at a fixed distance relative to each other,
said processor capable of:
processing signals from a reference sensor and two or more
neighboring sensors,
said neighboring sensors not immediately adjacent to said
reference sensor,
analyzing signals from said sensors to sense an object in
motion along said sensors
and
sending signals to at least one output device based on
characteristics of motion of said object.
21. A system further to Claims 2 and 9, wherein said fixed interval
between adjacent sensors may be from 16 to 30 cm.



