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1

PARKING METER COMMUNICATIONS FOR
REMOTE PAYMENT WITH UPDATED

DISPLAY

line applicduon ts a continualion of U.S. palmll applica-
tion Ser No. Id/1g5.691, tiled on Itch 20, 201d, and issued
as U.S. Pat. No. 9.d2d,691 on Aug. 23, 201ti. which. is a
contimmtion of U S patent application Ser. No 12.'g75,975,
filed Sep. 3, 2010, and issued as U.S. Pat. No. 8.7dq.d03 on

111
Jun. 10. 2014, which clmms thc bcnclit of II.S. Provlsiorml
Application No. Gl/2d0.136. tiled Sep. d. 2009. entitled
"Parkulg Mctcr Conununtcattons I'or Rmnote Payment with
Updated Display," each of w:hich is incorporated herein by
reference for all purposes.

I

BACK(IROUND

A parking meter is typically associated with a single
parking space such that the parking space can be occupied

ctally true in thc smgle space parking mctcr market. Thc

pay-by-cell teclulology involves each parking nteter unit

beutg tumed on (i.e, electrical power is appbed) at the time

a user initiates a paid parking period ti e, begins a parking,

session). When the parking meter is turned on. it can

conununicate with the local cell telephone infrastructure to

complete the payment transaction and start the timing pro-

Thc pay-by-cell lccluuquc provides a more convmlicnt

cashless payment, mtd can also have the ability to add

additional time to a parkin space renlotely Itor example, if
a user of a pay-by-cell parking space is stuck tn a meeting,

dud knows Ihttt u v'111 bc noel'ssury Io purchase ulolc linc
bcktrc the mccting coda, then thc user can do so by thc

follow rug process, dcscmbmi in Table I:

TABLE I

Step Operit on

U5cl'cglstcls It'6 5 palknl scl 'Icc plo 'uter, plo 'ldlllg clvcht'.'lld mt(l
:n o OI d II pho mfom I Iir porn I ft'ut pul.ay 5 v.

Al th«(ua in l«d I etio I, lh um ut. I . p « I tti puuay I« iu I

pl i es .i .dl to a centuil database of the park n serv ce prov der iilule rhe
park ng mete onunun cttes m th rhe entral datab.ue
The user pr v des utt'orrnat on on parbng p letspa e locanon .Ind anioiutt of
tune to be pur hased to the entml (htrabise
Tune is panted and dctads rcgaidnt thc piuvlt:ise src stored in tits cntral
database leer I c pr mdcr hostcdt
In response to thc user payment th cntral database conllnualcil'tc5 'tile xnoula
of tune pur based to the nlctc( at thc desi usted lo ation
S rn tmi .ti I mlmti y,lh«puli y 5 55, th 5:u l«md«t p
: Id(ural;mmui lo I In Im pmmlto n«puki gssm

miu ~ ali y ilhlb mtml I;nb.v:ud: thmi I p v mt
th«pa kmg ni«trna.u'e not at 'ava a . k (ih y pa m I

poa crt. the updated t me annot be onnnun cated tiorn the ential diitabiise to
the meter for d apl i,
Be tuse the meter does not d splav rhe r me added n step 7, enfoi enient
mciures olh *rate check uah the earril datitise for pi d tme pi or to
155ulllg .'I cl't.'Itlolt, bccatuc .'I nlctcl'tll .'I display tltat indicates thc parbng
sesame has expire I may tctuallv ha c tune rest:uning, duc to thc Step 7
pavmcnt Tlus ncct I'r chc kills. 15 culnticl'5oulc snd 'tllnc coasulnnlg. O'Iilknlg
cllfol'cclncllt hfflcult

filr a predetermined anlount of time in accordance v ith the
amount of payment received at the meter. Expiration of the
amount of time at the meter expoces the vehicle occupying
thc parkulg spuce to a linc. Advances in meter Icclmology
have generally uot blxu propagated lilr mand ul parking
meter cnforccment and parking meter fuv: payment. Enlbrcc-
nlent of parking meter fees is still largely performed by an
individual manually traveling to each parking space and
checking the time remaining on the acsociated parking
meter. The individual is genemsliy charged with noting
1iolntiotm ol fix payment and Issuing ctlaltons. Tins is a
umc-cotmuming mid costly service. As with many tasks,
Iudulldl ulvolvculcllt pludtlccs ulclhcn:Bourn aud lint'cilabll-
ltu

I'or some systems, it is possible to provide payment to a
parking meter via a mobile telephone. alco referred to herein
as a cell telephone. Such payment systems are typically
ret'crrcd to as pay-by-cell systems. Thc pay-by-cell teciulol-
ogy hns cvolvcd tn thc parking uldustry as a method for
cushlcss paymmlt, as an altcrnauvc Io cash-based paymcul
and tilr when debit card. credit card. or other cashless forms
of payment are not readily accessible 'I'his has been espe-

Performing the above pay-by-cell process is time con-
smntng to the user, requiring the user to register. place a call,
and note the location and the amount of time to be pur-
chased. In tuldrtton. the availability ol'redit curd payment

6 fitr both multi-space mid single-space parkulg meters ts
llkcly to have a ncgauvc mlpact on pay-by-cell use duc to
the ease and speed of payin lvith a credit card )orna feel
that pay-by-cell is akin to paying with a credit card. but
using a celi phone to do so. Again, this is a more time

a. consumtn and confusing process than lust paying with a
credit card directly.

Thc above pay-by-cell process ts also ddlicult from an
mfiorccment perspective, as II requires cnlorcmncnt person-
nel to contact the central database to determine if time has

(o been added to the meter. Iintiyrcement personnel Ivould
prefer to determine if a meter/space has time renmining by
simply looking for an updasted expimtion indicator on the
meter itself. The nccd Ibr checking wtth thc central database
to dclcrnunc rcmauung lime, on a meter that othctwisc

dc indicates time has exptruxt, translates into a ~ lower enlilrcc-
ment pace and reduces the nunlber of spaces that can be
nxmitored by enforcement otficers and reduces the citations
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issued lilr exp&rcd meters, wh&ch also translates u&&o less
revenue for a c&ty or parlong mithority.

Some compan&cs lmvc implcmcn&ed nev; Icclulologics 10

address the primary drawbacks discussed above, with lun-
itcd success. For cxnmple, enforcemcnt pcrso&u&cl can bc
pmvided ivith Web-enabled access to pay-by-cell central
databases. Ho&sever„ tins still requires additional time and
money to perfoun the checking. Meters can be configured to
conlnnulicate over low-pov er mesh network wireless sys-

& il
tcms to enable thc meters to always be awake and thcrcby
receive updated data over the mesh netv ork. This allo&vs the
meters Io keep thmr d&splays updated dnd slxiw Ihc add&-

tional purchased time Iiowever, mesh nenvork parking
mc&ers arc no& w&&bout problems.

Mesh network parking meter syste&ns require additional
infrastructure. including wireless routers installed at various
locations throughout the wireless network to act as the focal
points of conununication. These routers typically require
clcctncal power on u 24/7 (twenty lilur hours per day. seven
days per week) schedule, and therefore mesh network park-
ing meters are typ&cally installed on s&rcet lighl, Iralfic
signal. or other city ut&hty street poles that can supply power
Io such units. In morc compl&ca&ed syslems, addilio&ri1 router
conuuun&canon un&ts arc u&su&llcx) Io prov&dc levels of redun-
dancy, and repeaters nlay also be installed tn extend the
geoaraphic coverage of the mesh network

The add&tional mesh network iufrastrucnire requires
installation and maintenance. Installation of the wireless
routers is costly, can requ&re permitting. and consumes &0

clccxnc&ty. This creates m&y number of issues, dcp&cndmg on
winch ent&ty owns Ihe poles, Ihc pernutting process and
added bureaucracy to deternline how to pay for the con-
sluned electricity. allocating responsibility for who w&ll

nlaintain the installed muter system, and ivhat will be the ls
impact if a router fails.

Mesh nehvork teclmology can be relatively expensive in
terms of ma&coal coshb maintenance costs, inslallahonT and
perm&tting costs. Wlule &I &s poss&blc filat o&hcr services can
be processed through the mesh network, the economics of 40

the service is such that few customers are willing to make
such an investment of money and resources tn install and
maintain mesh nehvork parking systems Iilr such a limited
economic rehirn.

Duc to Ihc cumbcrsomc steps ul current pay-by-cell
processes. pay-by-cell payments Iyp&cally represent less
than 5% of all parkmg revenues filr a given city In areas
with a younger demograph&c. and especially in university
set&ious, pay-by-cell is typ&cally more popular and higher
percentages of its use are typical. However, 0 more stream- 10

lined pay-by-cell process. from the perspective of ixlth the
users Bnd Ihc cnlorccnu:nt pclsonucL ciliiki res&&it ul grmsn:I
dccip&mice mid morc pay-by-cell payments.

SUMMARY

As d&scloscd hcrcin, a parku&g meter recco as data &nd&ca-

use of 0 rcmotc payment being completed imd d&splays an
amount of time purchased by the remote payment for a
parkina session 'I he parking meter determines an anxlunt of io
time remainin in the parking session and powers down at
least a portion of a meter conununication subsystem subse-
quent io race&viug the dnta u&d&cdhve of Ihe remote paymeut
beulg completed. 11&c parkulg meter wakes up thc powered
down poruon ol'hc communication subsystem upon deter- ss
nlining that the amount of time remaining is below a
threshold time, and can receive an indication of additional

t&me bcu&g paid for remotely. and cun update thc displayed
time remaining to reflect the additional t&me.

Other fi:aturcs m&d advantages ol'he present u&vcnnon
should be apparent from the following description of pre-
fcrrcd cmbod&men&s that &llustrate. by way of example. thc
pnnc&plea of thc invention

BRIEF DESCRIPTION OF THE DRAWINCiS

Thc invennon is now described. by way ol'a non-lun&tulg
ca&In&pic, with rcfcrcucc 10 thc iu conlpBnvulg draw high hl
v hich:

lil(i I is a schematic illustration of an enlbodiment of
single space parking nleter.

FICi. 2 shov,s a functional block diag&ram of a removable
meter unit used in the parking meter of FICi. 1.

FICi 3 &s a schemanc iflustrat&on ol' parking mcier
system wluch uses a number of Ihc parku&g meters ol'IG.
I

ill(i 4 shoivs an example of a local group of parking
meters that can be monitored by the parking meter system of
FICT. 3.

FICi 5 shows another example of a local mup of parking
meters that can bc moni&orcd by thc purking meter system of
FIG. 3

lil(i 6 shows a flowchart of an enllxldinlent of a process
for remnte payment of a meter such as the parking meter of
FICi. I In the system of FICi. 3„ including remotely addin
time to the meter prior to expiration of the meter.

FICi. 7 sholvs a fklwchart of an embodiment of a process
filr user-&nilia&ed rcmole paymcn& of a meter such as Ihe
parking meter ol'IG. I ul thc system of FIG. 3.

In the appended figures. similar components and/or fea-
hires may have the same reference label liurther, various
cmnponents of the same type may be d&stinguished by
follow&n the reference Label (e.g. "6") by a dash and a
second label that distinguishes among the similar compo-
nents (C.g. "6-1" aml "6-2*'). lf only thc lirst rcli:rance label
is used in the spccdicnhon. the descuption &s applicable to
a&ly n&le of the similar coinponents having the sante first
reference label irrespective of the second reference label.

DETAILED DESGRIPTION

According to one embodiment of a parking meter as
described herein, a management system having a centml
database communicates with parking meters that are not
continuously on, such as in a pay-by-cell configuration. and
thc pillkulg nlctcls Ihcnlscivcs w&ll nunBIC powcl on dnd
conumuucahon with thc mmlagemeut system just poor Io
expirat&on of the parking session. to dctenn&nc &f addit&onal
time has been purchased If ml additional time has been
purchased, the parking meter will let the tinle for the parking
session expire as it normally would and &ts associated
display will shov, expiration (zem time remaining). If addi-
t&onal hmc has bccn purchased, &hen Ihc mauagemcn& sys-
tem &vill provide the new exp&rat&on hmc lo thc parlung
meter when the parking meter imt&ates thc conm&un&cahun.
'I'he parking meter includes a radio transceiver for conunu-
nicating v;ith the management system Operation of the
parking meter includes transmitting radio signals to, and
rece&ving radio si naia from„ the management system. In tlfis
way, cnforccmcnt personnel arc always assured tlmt Ihe
d&splay of a parking mc&cr is current und updated to show
dctiull Iona&hung nu&c. 11 is uol ncciusd&y lor cnlolcculcnl
per&(Tonal til check tile cc&11&al dal;llmsc of thc ul,'ulagcnlcut
system before issuing, a citation for an expired meter 'I'hus,
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more streamluled pay-by-cell process is provtdcxi, and
both users and enforcement persomlel benetit from a nmre
convenient process

In the disclosed systenl. paying ivith a cell phone will not
require the user to call into a central call center. Instead,
users will register v ith the management system, at which
ume they will provide credit card and cell phone infomia-
uon. Thc rcgistrauon may bc completod via a Wcb site After
registration, the user will receive some form of registered
user identifier for comnlunicating to a parking, meter. The Ic

user identitier could be in the form of, for example. an
identification card. an account number. a credit curd. B debit
card. a smart card (contact or contactless), B contactless
RFID tag or a dnvcr's licmlse. The user identflier creates an
dssociauon bctwccn lhe registered user's credit card (or any
other type of payment accoiult), the 11) of the registered user,
and the registered user's cell phone number 'the user
identitier may be carried on the person. or can be placed on
a key chain. in a m allet. or aflixed to the back of a cell phone.
Other arrangements are also acceptable. The user may 10

provide the system with thc user Idenliiier and the system
mill dSSIICIBII: lhC USCI S ICgislldlioll lnftlrnlBI1011 m 1th lhC
user identitier

When a user wishes to pay for a parking session, the user
will initiate a payment session ln one embodiment. the user
vvill press a button on the parking meter to activate B RFID
ta reader of the parkin meter and will present an RFID tag
in close proximity to the parlnng melar. In other cmbodi-
menis. thc user mill slide a crciht card or debit card into a
magnetic card reader of the parking meter ln other embodi- 10

ment~. a smart card (contact or contactless) reader is acti-
vated by the user to read a smart card. 'I'he parking meter
reads the user identifier Bnd communicates the user regis-
tration identification information to the management system,
winch can thereby assocxile the registered user and credit is
card inlonnauon In Ihc system database. Once lhe user
idcntilicr Is read by thc pariung meter. thc user mill usc the
parkin meter buttons to complete the payment transaction.
if the user identifier is an Ri'ID tag aflixed to the user's cell
phone, the reader may be activated by selecting buttons on do

the ceil phone. After the payment transaction is completed,
lhC pdll Ing 111CICI rix'LIVCS ilata flolli lhc. ItlaniigCIUCUI SI'1-

tern 10 sel Ihc parlung session lime. In other embodimmlls,
the parkuig meter may rccmvc the user Blenuiicr by reading
input from the user, for exaniple, by user input via a keypad
or the like

Making payment using an RFID tag and the parking meter
RFID reader can be lust as quick as payment with a coin or
crcihl card. Purchased tune will bc displayed On the parking
melar and thc crcxht card associated with flle RFID ta mill 0

be proccsscxl for payment (which could bc m bulk Or for
0;ICh II IUSBCtioll)

1he parking nleter includes a timing mechanism that
counts down the time remaining in the parkiiig session
according to the payment made. When the time on the 11

parkmg mclcr Is about lo cxpirc, Ihc melar Or associated
meter mdnagemmlt system can send mi expiration message
lo Ihc user via thc phone munbcr associated milh Ihc user
identitier used for the initial payment and/or via email or the
like to ask the user if the user wishes to purchase additional ic
time. If the user does not, then the meter lets the time for the
parking session expire and tt sets a display or other indicator
accordingly. Enforccmcnt personnel cml then issue a cita-
uon. if appropnatc. If thc person wants lo purchase addi-
tional tune in rcsponsc to thc expirauon message. Ihc person Ss

cml accept to pay via return email or text message or the hke.
'I'he expinstion message to the user can identify the parking

SpdCC IOCalniii. 111C ICIUIII ICSpollsC fl'Oui fllc ilsc'I Will
contain mformation on the pole munber (or other identifier
of the parking space location) and the additional tune to be
purchased gince the phone number used to direct the
expiration message is associated with a credit card of the
re istered user. the credit card can be processed for addi-
tional lime. The card associated with thc regi~ lcrcd user cml
bc a debit card or ofller Ibnn Of paymmlt card. Morcxtvcr, II

is optional that the user's registered account may be con-
figured so that the user's payment card Is pre-authorized to
pay parking charges fmm the managenlent system. or the
user may estabiish a pre-paid debit account with the man-
agement system, such that additional charges to extend the
parlong session will bc automatically dcduclcd lbom thc
user's account on lilc once Ihc additional paymcnl has bccn
pmcessed and authorized

'illus, the parking, meter ivill automatically mitiate a
communication session with mana ement system just prior
to expiration of the parking session to determine if addi-
tional time has been purchased. If no additional time has
bown purchased, thc mclcr will lel thc time cxpirc as II

normally would. 11'adihuonal tune has bccn purchased, then
information about the additional tinle for the parking session
mill be downloaded directly to the parking meter during the
cmnnlunication session and the parking nleter will update its
display accordingly. The parkin meter will then deactivate
at least a portion of its communication subsystem (i.e.,
power-down some ol'ts circuitry) to rixluce power con-
Sllnlplloll. 1110 lnlCIlldl tlulCr IIICchdnl Sin Of fllc'. parknlg
meter will continue to nul. until expiration of the parking,
Sesslol! IS iilllnlileltl, Bt ivhlCh tllnC thC Couliut!IIIC'ltlon
pmcess described above repeats. In the system described,
the additional time purcliased via cell phone is displayed on
the parking meter without the use of a mesh network for
conumuucation. and docs nol rixNire any special clforts by
enlorcelllcllt pcc'onncl lo chix'I m lib lhc tudntigcnlclll 5)'s-
tem bcforc citation dt an expired parkulg meter

I'he parking meter may be a single space parking meter
Preferably. the single space parking meter dispksys an
amount of time paid for. thereby not requiring a printer to
print out tickets such as conunonly used in multi-space
parlong meter systems.

Thc transccivcr ol'hc parking meter may have a maxi-
mum range ol'p to 150 meters, but could opcrateal less
than gfl nleters I he parkin meter transceivers may operate
in the 2.4 (il lz frequency band and may have a pov:er of
between I mW and 6 mW. At low power levels, batteries
could last for months or even years (e.g., up to three years
UI Inure).

Thc parking meter may hai e a payment rcceivcd arrange-
menl for receiving an mslruction from a call center Ihal
payment has been effected. via the call center, from a cellular
telephone.

The parkin meter may have a solar power charging
arrangement lvhereby the poiver supply unit is recharged by
solar mlcrgy. Thc part uig mctcr dcvicc may then also have
d power Intlnagcnu:nl fdcllllv.

As a further feature. Ihc parking meter may liavc B

locating arrangement for independently deterniining the
geographic location of the parking meter. I'he locating,
arran ement may be ()PS-operable,

The parkin meter device may have a management com-
munication arrangcmcnt lor commuiucaling management
infilrmation to a management system. For example. such
tuilnagCIIICI11 lafoiltlil l loll Indy'UCIUilC lllal IUIICI IOU iICI B1 la. B

tampering alert, duration expiratioa and the location of the
parking meter device.
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Embodunenis of thc disclosure include a method of
controlling parkmg In a single parking bay, which includes
accepting payment filr parking in the bay by means of coins,
parkina tokens, a credit or debit card account. a smart card,
front an electronic purse. or by means of a cellular tele-
phone.

If payment Is cfii:cted by means of d cellular Iclcphone,
Ilmn lhi: nmihixl UIBv Include rixclvul Bn Bilthorizdlion
signal that payment filr the parking has been made 'I'lus

signal may be provided by a second financial institution or Ia

fmm a control center
Instead of an additional payment being received in

response to the parlnng meter comnuulicatin a message to
Ihc ilatii nlanagi:I ilUI: 10 B Inner rcachul B Ihii:shokl lcvi:I,

user could uutiaic thc payment with thc daui manager by
placing a cail to the system and being, placed in comnnuu-
cation with the data nlanager. The data Inanager then initi-
ates a comnnmication sessiim with the parking meter and
transmits the additional time that was purchased to the
meter. The parking meter may be in a low power mode such 10

thai an inconung call can bc received mid full operation can
be restored. or thc parking mctcr may alwavs bc in a full
poiver mode.

1bc method of controlling parking may include sensing a
vehicle identifier associated with the vehicle that is parking
at a parking meter. The vehicle identifier uniquely identities
the vehicle and may compnse any of a variety of mecha-
nisms. For example. thc vcluclc ideluilier may be a liccusc
plate number tlrdt is optically dctcctixt. The vcluclc idmltifier
may be contained in an RIIID tag that is attached to the lo
vehicle. An ltlqD tag on the vehicle could be activated by
a parking sensor that is located in proximity to the parking
space. The parting sensor can wirelessly conuminicate the
vehicle identifier to the parking meter. The vehicle identifier
may be stored at the dais manager imd lmkixl v,iih a user li
idcntilicr (c g., ml RFID tag idcniilicdiion number), the
crcrhi/dcbh card. phone informanon and/Or mnail Inlbmla-
tion of the registered user

1bc method of controlling parking may include sensing if
a vehicle is parked in the parking space or bay when the do

paid-for parking time has expired or the maximum parking
umc hds been cxcixded, mid Iransmittulg a timecxpired
sigiuil 10 II nlanBgi:nli:nt i:cnicn A locailiin signal, plilvuhng
Ihe locauon of thc parking space, may also bc transmiilixh

'Ihe data nlanager may comprise a plurality of data
mana ers that include one or more klcal data nlanagers that
in turn cotmnunicate with the mmlagement system.

A predetermined number of single-space parking meters,
togclhcr w ilh an associalcxt local data manager, can form a
local group. such thai the local dais mmlagcr conununicatcs 0

with Ihc nlanagi:nli:nt svstcnl on befall ol Ihi: gtoup ordn)'f

its members.
1bc communication facility of a local data manager may

conlnuulicate with the management system by means of a
data channel. v,hich may use a cellular telephone network, ls

wireless local arcs network (LAN). a wired LAN, or thc
Inli:rncu

Communicdhons bciwccn thc parkulg mclcrs and thc
mana ement systenl nlay be m regard to payment authori-
ration. arrival event reportulg. payment alerts. time lapse io
alerts, status reports. fault reporting and/or configuration and
software updates.

In FIG. 1, an cmbodunent ol' single space pariung meter
is dcsiglmtcd generally by thc refcrcnce numeral 10 The
parking mctcr 10 ulcludcs a locauon housmg 2. a cash si
collection box 4, a nleter lulit 6, and a user identitier reader
9 such as an ltlqD reader or a card reader 'the cash

collection box 4, Ihc mcicr unit 6, mid thc reader 9 arc
received within the housin 2. The housing 2 is fixedly
attached to the pole 8 'I'he cash collection box 4 and meter
unit 6 with the reader 9 are removable and replaceable. 'I he
reader 9 receives information from a tag 3 (described further
below in connection ivith FICi. 2) and. for example, can be
a rciulcr Ilmt uses WIFi. Bluetooth, WIMax, or other short
rdngi: diini cilnunUnicdilon Iccluiolog)', ul Bccoldancc wllh
the configuration of the tag 3.

In some embodiments, for example. when the tag 3 is
cmlfigured as an RFID and/or a snlart card, the tag is
powered by the signal transmitted by the reader 9. In other
embodiments. the tag 3 can be poivered by a battery. Since
thc operational distance from Ihc redder 9 to the tag 3 is
rclaitvcly small, Ihc pow cr consumed by thc rcadcr 9 mlipor
the tag 3 can be very low. such that a relatively small
capacity battery that is compact provides sutficient power to
the reader and/or the tag In some embodinlents and deploy-
ments. the parking meter 10 can be powered by solar panels
such as photovoltaic structures. which can supplement or
replace battery power. Thc self-powered feature simulates
thc aced fol wired p0%i:I corulcctlons from Bn cli:cincal
supply utility grid to the meters

If the tag 3 enlits an infrared (Itt) bemn for data commu-
nication, then the reader 9 is conhgured as an I R reader such
that the IR beam of the tag is properly received at the reader.

The embodiment of the location housing 2 in FICi. 1 is a
clam-slmll type of housmg thai is afiixed to thc pole 8 and
Is i:onfigUIixl 10 Blate with ii rcniovablc nlctcr iulli 6. In othi:I
embodiments, however, the location housing 2 can be a
cabinet or other enclosed space that Is configured to mate
v ith one or more removable meter units, where the remov-
able meter units are configured to be mated in compartments
or sockets of the cabinet, such that each of the compartments
ls dssoclBicil with B phvslcdl limation thai ls not ncccssBrllv
ai Ihc same location as Ihe cabinet or the comparuncni. In
Other cmboihmcnts, thc locauon housing can be another type
of receptacle fixedly placed and associated with a physical
location.

FICi 2 shows functional block diagrams of an exemplary
removable meter unit 6 and a tag 3 that can be used with
meters such as thc meter of FIG. 1. Thc meter uiui 6 includes
a radio transceiver 12. Bn mltclula 14, a control module 16.
dnd Uscl hitcl lace 18. Thi: riidio Ildnsi:clvcr conlpnsi:s
communication subsystem of the meter l(l that includes
associated circuitry and components for communications as
described herein. The control nlodule 16 includes one or
more processors such as application specific intetrrated
circuits (ASICs). digital signal processors (DSPs), digital
signal proccssulg dcviccs (DSPDs), programmablc logic
dcviccs (PLDs). field progrdnunablc gate arrays (FPGAs),
pmcessors, controllers, micro-controllers, microprocessors,
other electronic units designed to perfilrnl the hinctions
described herein. and/or a combination thereof. The control
module 16 also includes one or more storage mediums. A
stol'ilgc nicdlUUI cdn ulchxlc iini: or nlori: nlcnlollcs lol
stonng dain including read only memory (ROM), random
access memory (RAM), magnetic RAM, core memory.
ntag/Ietlc disk storlge mediunls. optical stonlge mediums,
tlash memory devices and/or other nlachine readable medi-
ums for storing information. The control module 16 also
includes a ciock mechanisnl. Ivhich may be provided by
appropnalc circuilry or allcrndiivc constructions, lor couni-
iug down time rcmduung for the current parkulg session,
according to thc imlouni of tune paid for by Ihe user.

I'he user interface 18 pmvides a means for a location user
to ulteract with the meter unit 6 and can include, tilr
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example. a display, onc or more li hts, imd a keypad. Thc
user interface N can provide a payinent interface including
a currency receiver fi)r receiving coins anrgor bills front a
user in payment fi)r using the parking locatiiuI. as well as a
reader for pmcessin credit cards. debit cards. payment
tokens. and the lil e. The control module 16 is coupled to the
user payment uucrlacc and is conti ured to receive paymcut
inf'onnation regarding thc ammmt ol a paymmu and/or card
or token information received at the payinent interface The
control module 16 communicates the payment inforntation Io

fmm the user mterface N, via the mdio transceiver 12. v ith
the management system. or a local data manager of the
management system. The one or more lights of the user
interface 18 can bc uscxf as mt utdicator as to thc paymmit
status or, as dtscusscxf further below, can be uscxl to produce
an indication that a parking space that is associated with the
location ot die Iueter IU is occupied

'lhe user interface 18 also includes a display 102 and an
internal clock 104. The display 102 is visible to enforcement
personnel. who checl for expiration of the time remaining Io
for thc current purking session. In addition, the meter unit 6

also includes a short rmigc interface 11 by means of which
it comniunicates with the tag 3 I'he tag 3 has a short range
interface 13. an ID module 15, and an optional memory
niodule 17 for storing identification information regarding
the registered user. The meter unit 6 is linked to the tag 3 for
data comnuinications by a link 37. The link 37 can be. for
example. a radio I'rcqucncy link or an optical hnk. The short
r;mgc interfaces 11 and 13 can bc any type of imar-Iield
communications (NI'(') devices such as, for example, RIIID Io
deviceg liluetooth devices. Wil'I devices, IR devices, sntart
card devices, and the like. in accordance with the link 37

In one embodiment„ the control module 16 communicates
the identification information, via the link 37. to the short
range interface 13 of thc tag 3. Thc shou range uttcrlimc 13 Ii
cmt update tlu: opuonal memory module 17 based on the
ILCt:IVCd piI)'IIlcllt lllforltlilIIOII, SUCh as rcnlaitiillg plcpBlil
balance or Ihe like I'he memory module 17 can deduct the
amount of payntent mdicated to have been paid In addition,
the memory module 17 can also receive and store uansac- So

tion-time information including the date and time of day that
Ihc pavtIicilt was lande.

lhc ID module 15 also stores a unique identifier, c ., a
senal number, that m associated with thc tag 3. Preferably,
the unique identiher of the tag 3 and the value stored In the
memory module 17 are externally readable via the short
ran e interface 13. The identifier of the tag 3 and value
stored in the memory module 17 may be read, for example,
by B suitable reader of the control module 16. If the short
range uitcrfacc 13 Is an RFID module, then the reader could o

be an RFID reader. Other types of rcadcrs that cmt bc used
depend on the configuration of the tag, and module, but can
include devices such as IR readers, smart card readers
(contact or non-contact), plu -in readers, and the like. In tlus
ivay, reading the identification information stored in the ss
memory module 17 mid the identifier ol the associated tag 3

can be performed in order to dctemtinc the registered user
Bnd track payments.

Referring to lii(i 3. a parking meter system that uses a
number of the parking meters of Iil(i. I is designated io

eneraily by the reference numeral 20. The system 20
utilizes a number of the parking meters 10. In general. the
system includes onc parking mcier 10 fiir each parkutg
space. Each ol'hc parkuig meters 10 conunuiucatcs with a
management system, dcsignatcd in FIG. 3 by thc reference si
26 The parking meters can be operated according to gmups,
such that a predeterntined number of parking meters 10

compose group mcmbcrs and each group includes a local
data manager 22 'I'hus, each group of parking meters 10 and
its associated local data nianaaer 22 can form a local gmup
24 In lil(i. 3, each operational group is indicated by a
dashed line. In one embodiment„ there are approximately
thirty parking meters 10 in each local ~Coup 24. For sim-
phcity of Illustrauon. Oot all thc parlong mctcrs 10 are
shovvu in thc local groups 24 Illustrated in FI(i 3.

Each of the parking meters 10 communicates with the
management systeni 26. 1 hey may also additionally com-
nninicate with their respective local data manager 22 ln the
example system 20 this is effected by means of a cellular
telephone network, with each local data manager 22 and the
miuiagcmcnt system 26 bcutg cotuicctcd to a respective base
station 28 of thc cellular tclephonc network. Data luiks arc
thereby established between Ihe local data ntanagers 22 and
tile ltlafl'lgcnielII s)'stclrt 26. Situllarlv, colulutulicatloll caa
be established benveen the parking meters 10 and the
management system 26. The mana ement system 26 can
perfomt management tasks associated with maintaining the
local data marmgers 22 m proper opcrutional condition and
managing operations of'hc system. In FIG. 3, thc manage-
ment system 26 is generally indicated by dashed lines
Although only three local gmups 24 are shown in I'I(i 3. it
should be understood that there can be ntore or fewer of the
local roups 24.

Each locai data manager 22 lms a modem 30, a control
device 32, a memory 34. mid a radio transceiver 36 with an
antenna 38. As indicated above, each local data manager 22
colIIOIilrllcatcs IVIIII thc p;Il'king tuctcl's IU ill Its local gmup
6U via its radio tmnsceivcr 36 and the radio transceiver 12
of the parking meter IU The local data managers 22 may do
so directly. or indirectly via another parking meter 10 as
indicated with parking meters 10-4 and 10-5 In FIG. 3.

Thc memory 34 of B data manager 22 can uicludc one or
more mcmoncs for stonng data, uicludutg read only
memory (ROM). rimdom access memory (RAM), magnetic
RAM, core memory, magttetic disk storage mediums, opti-
cal storage mediumg fiash memory devices and/or other
machine readable mediums for storin information. The
memory 34 stores the payment collection history informa-
tion rcccivcd from Ihc parking meters 10 ui thc local group
60. Thc payment collccuon history iulbmiation stored in thc
memory 34 is conununicaicd to tlu: management system 26
via the niodem 30, the base station 28 and any intervening,
networks such as, for example, the Internet

The control device 32 comprises one or more processors
coupled to the memory 34 and configured to control the
Iiinctions associated with Ihe radio Irauscciver 36 and thc
modem 30. The processor can uicludc onc or morc of
application specific Intcgratcxl circuits (ASICS), digital sig-
nal processors (l)SPs), digital signal processing devices
(DSPDS), programmable logic devices (PI,Ds), field pn)-
gmmmable ate arrays (FP(IAs)„processors, controllers,
micro-controliers. microprocessors. other electronic units
dcstgucd to pcribrm the functions descnbcd hcrcin. Bittt'or a
combination thcrco f.

Altcmatively to conunumcating withe local data manager
22, some embodiments can provide the parking meter 10
v ith a radio tmnsceivcr 12, shown in lii(i 2. that conunu-
nicates with the mana ament system 26 rather than throu/I
a local data manager 22. In these embodiments, the mdio
transccivcr 12 cim compnsc a cellular telephone transceiver,
a 1VLstN transceiver, a satellite transccivcr, or other type of
trilllSCCIVCI (hilt ColllllluttlCII(CS OVCI II IICtwoik lo lhC nlall-
agentent system 26 without usin an intermediary (local)
data manager.
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llic management system 26 communicstcs with Ihc park-
ing meters 10 and optional local data inanagers 22 and
includes a controller 40 with a modern and a database store
42 II also has a conimunication module for communicating
with financial institutions (not shown) to obtain authoriza-
tion for credit or debit card payments and payment. The
modem of the managcmcnt system 26 can bc miy modem
conligured to conmiurucstc over a network such as 3G
netivorks or the Internet In one embodiment, the data store
42 includes a database that stores tag IDs and/or parking Io

sensor IDs and associates the IDs with the unique physical
locations and the removable meter unit IDs in order to srore
the payment collection histories.

In a typical implemcntauon, the Irsnsceivcrs 12 of thc
rcmovsblc meter uiuts 6 aud the transccivers 36 of thc local
data man ers 22 have a pov:er rating of about I mW and
have a useful range of about 80 meters. 'Ilius, each local
gmup 24 can extend over an area hming a radius of
approximately 80 meters. Such a configumtion is easily
achievable with currently available technology. Alternative zo

conligurauons may bc suitable with ofter operatuig ranges
and Iccluiologics.

In use. if a person wishing to park at a space associated
with a parking meter as described herein ivants to pay fiir
parkin rime by nieans of a tag comprising a credit card or
debit card or other payment tol en. the relevant infomtarion
is read by a reader of the parking meter and is transmirted to
IIIC IllallagcitiCIII SVSICIII 26, ill LCIIV Over Ilic CCII lch:plloilC
network or via thc relevant local data manager 22 Thc
mans ement system 26 obtains authorization and conimu- so

nicates the authorization back to the appropriate parking
meter 10 directly or via the relevant local data manager 22.
Status reports. fmilt reporting. and/or configurarion and
software updates. may be communicated betxveen the park-
ing mctcrs 10, thc local data manager 22, and/or die man- ss
agcmmit systmn 26

In onc mnboduncnt where thc parking meter 10-4 can
ColllllliiniC;ite IVltll OIIC Ol'lloi'C OthCI'nternlediate palklllg
nieters I 11-5, and tile ultermediate parking meter 10-5 in turn
can conmuinicate with the local data manger 22. the parking so
meters 10-4 and 10-5 can communicate usiitg a mesh
network protocol. Mesh network protocols can be provided
by set eral convmiuonal protocols uicluduig Bluctooth,
WIFI, and 802-15 (e g., 802.15.4 conunonly refcircxl to as
WEAN (Wireless Personal Area Network) including Dust,
Archkock, and /igl3eej

Referring to FICi. 4. an example of a local roup 24-1 of
parking meters 10 that can be monitored by the parking
meter systmn 20 of FIG. 3 Is shown. Thc local group 24-1
includes mght parking meters 10, but other mimbers of o

parking meters 10 could bc uicludcd m die local group 24-1.
liach parkinc meter 10 is fixedly located at and associated
with a parkuig space 50 1'he parking spaces 50 are angled
parking spaces that could be located in a parking lot or on
a street„ for example Other arran ements of parking spaces s.
sre suiniblc. such as parallel spaces. Snd will occur Io those
SklllCd ill IIIC iirt.

llic parlong mctcrs 10 each uiclude s rcmovablc meter
unit 6. such as the removable meter units 6-1 and 6-2
illustrated in 11Cig 2A and 213, that include a radio trans- in
ceiver 12. The eight parking meters 10 communicate, via the
radio transceiver 12, with the antenna 38 and the radio
transccivcr 36 ol'he local dani mans cr 22. 11ie parking
meters 10 can conununicstc directly wrth the local data
manager 22, as Illustrated by connixuons 62, or mdircctly ss
(e a., usiim a niesh network) via one of the other parking
nieters 10. as illustrated by connection 64 between parking

meters 10-4 and 10-5. As discussed above. Ihc removable
meter units communicate information to the local data
manager 22, thc uifonnation including Iag IDe, parkuig
sensor IDS, removable meter unit IDs, payment collection
infiirmation includuig currency rccmvcd aud credit,'debit
card mformation.

Each of the parking spaces 50 has an associated parkin
sensor that detects when a vehicle is parked in the parking,
space 50. Each of the parking spaces 50 in the local group
24-1 Is shown with thrcc parking sensors 51, 52, imd 53.
Typically, a single parking space 50 only has one parkin
sensor, It should bc understood that thc example shown in
lilti 4 shows three possible locations for purposes of
illusIralion.

'I'he parking sensors 51, 52. and 53 can be any of various
sensors to detect occupancy (and vacatin ) of the physical
location associated with the space 50, including magnetic
field sensors. motion sensors. contact sensors, and the like.
Thc parkuig sensors 51 and 52 are located away fmm thc
parking meters 10 whereas a sensor such as the parking
smisor 53 is co-located with onc of thc parkuig meters 10.
Preferably. each of the remote parking sensors 51 and 52
includes a slmrt range wireless interface that is cimfigured to
cmnniunicate v, ith the short mange interface I I of the parking
meters 10. as illustrated by the connections 54 and 56 in
FICi. 4. Alternatively, the rentote parking sensors 51 and 52
could bc conncctcd I ia a wire Io onc of the parking mciers
10. Thc co-located parkuig sensors 53 could be connected
via a wired or ivireless connection to the parking meter 10
v ith which each is co-located (e.g, using similar connec-
tions as the tag connection 37 discussed above)

The parking sensor 51 could be. for example a ma@retie
field sensor that is afiected by the presence of a large
meIalhc objcxt such as a veluclc. Thc parluug sensor 51
could also bc a mouon sensor that is tnggercd by motion of
s vclllclc ol a cillltact sctisor (Ilicludlllg scilsors sucli iis all
accelerometer or inclinometer) that is triggered by the
weight of a vehicle I'he location of the parking sensor 31 as
depicted in FICi. 4 is only an example. Those skilled in the
art will understand that other locations could also be suit-
able The parking sensors 51 arc sullicicntly sensitive to
dcnxt a velucle that is present ui the parkuig space 50 with
which thc particular parking sensor 51 is uniquely associ-
ated, but are not so sensitive that they produce a "false
positive" signal, such as if they niistakenly determine that a
vehicle in a neighboring parking space Is parked in the
parking space 50 that is uniquely associated with the par-
ticular parking sensor 51 and parking meter 10.

Thc parking sensors 52 arc located at the base ol'ach
parking meter 10. For example, a sensor 52 could bc locatcxi
at the bottom of the support pole 8 for a meter (see lilfi 1)
1'his location has the advantage of being close to the parking
meter 10. thereby afihirding a short tmsnsmission distance and
low power consumption for conuuunications. In addition,
wiIh a base location, Ihc parking smisor 52 will not bc
blocked by the prcscncc ol' vchiclc in thc associated
parlong space, as v ould bc the case If thc parking sensor 51
v ere located in the middle of the parking space 50. 'Ihe
parking sensors 52 detect the presence of a vehicle in the
associated space and can be sensors such as ma@retie
sensors. motion sensors, or contact sensors

Thc co-located sensors 53 could also bc magnetic sensors,
motion sensors, or contact smisors. In thc case of contact
smisors. thc parking sensor 53 could simply be a button that
a person manually interacts v ith, thereby alernng the meter
10 that the associated parking space is occupied
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lhc rcmotc parluug sensors 51 and 52 cmi bc powcrcd by

an internal battery. The typical transmission distances are
relaiivcly small, so ihc bat(cry lifetune wiIh currently avail-
able technology can be on the order of months or even years.
Altcmaiively, thc rmnotc parking sensors 51 and 52 could bc
poivered by the meter 10 (e.g. via battery or solar cell
contained in the meter 10) if they are connected via a w(re.
'I'he co-located parking sensor 53 can be powered by a
power source at the meter 10 (e.g.. a battery or soLsr cell).

I I i
In some embodiments, the vclucle sensors 51, 52 and 53

can sense an identifier associated with the velficle that (s

parkmg a( a meter 10. The vclucic iikn(ilier may bc a license
plate number that is optically detected 'I he vehicle identifier
may bc contained ut nn RFID Iag. or other 1)pc of Iag ilia(
can communicate with the sensor using NI'(1 that is attached
to the vehicle. An RFID tag on the vehicle could be activated
by any one of the sensors 51, 52 or 53 that is lncated nn the
meter, on the curb or in the street in the parking space,
rcspccuvcly. Tlm parking sensor 51. 52 or 53 can wirclcssly
coninnuiicate the vehicle identifier to the meter 10. The
s chicle idenulicr could bc stored at Ihe data manager and
linked with a user identifier (e g, a Rl'll) tag, identitication
munber), the credit/debit card, phone infiirmation and/or
email intiirniation of the registered user.

Regardless of v hich type of sensors are used. the parking
sensors 51„52, 53 are configured to tmsnsmit an indication of
an arrival event Io onc ol Ihc meters 10 (ha( is uniquely
associated with the pariong space 50 whcrc the parking
sensor is located In an alternative embodiment, the parking so

sensors 51, 52. 53 could transmit to any of the parking
meters I U, as illustrated by the nndticast connections 58. In
this enibodiment, the local group 24-1 could employ a mesh
network protocol. In such a coniigniration, the parking
meters 10 that receive thc Iransnussiun fnun another sensor is
will lorward Ihc arnval cvcnt no(i(ication io Ihc local data
ilitllitigi:i 22

liach of the parking sensors 51. 52, 33 has an ID. e.g . a
serial nun(her, that is transmitted svith the arrival event
indication to the parking meters 10. The local dam manager so

22, or alternatively the central data manager 26. mainmins a
dain base Ihai associates the parkuig sensor IDs with ta IDs,
meter IDs, mid locauou information. Tlus database is used to
kiwp Irack ofwhich locations arc occupied and io kcc3s track
of the currency collected and handling credit or debit card
transactions associated with each location (space)

In the embodiment shov n in FIG. 4. the local data
manager 22 uses the modem 30 to communicate with the
central data manager 26 via thc Intcrnc( 60. Ii should be
understood tlnii '*modem" as used hcrcin rcli:rs (o any device o

thai pros ides a conununicauons uitcrface bctwcen Ihe local
data mana er and the network 'lhe information comntuni-
cated to the central data nianager 26 includes tag IDs,
reniovable meter unit IDs. arrival event indication reports,
alerts regarding failure to receive payment subsequent to s.
dcicwiuig an arnval cvcut, and paymcn( collecIion udomta-
uon uicluding currency rccmvcd and crcsit(/dcbi( card infor-
ilia Il oli.

Referring to lil(i 5, another exmnple of a local group 24-2
of parking meters (0 that can be monitored by the parking ro
meter system 20 of FIG. 3 is shown. The local group 24-2
includes eight parking meters 10, but other numbers of
parking meters 10 could bc uicludcd m Ihe local group 24-2.
Each parking meter 10 is lixedly located ai and associated
wi(h a parkutg space 50 (only lour ol Ihc eigh( pariong ss
spaces 50 are shown) 'the parking spaces 50 are parallel
parkin spaces that can be located on a street. for example.

Thc parkuig meters 10 each utcludc a removable meter
unit 6, such as the removable meter units 6-1 and 6-2
illustrated in lif(iS. ZA and 213. that include a radio trans-
ceiver 12 I'he eight parking meters 10 communicate, via the
network transceiver 12 with the antenna 38 and the msdio
trmtsceiver 36 of the local (kata manager 22. The parkin
meters 10 can conunumcate directly with thc local dais
manager 22, as illustrated by connections 62, or indirccily
(e g., using a mesh network) via one of the other parking
meters I U, as illustrated by connection 64 between parking
meters 10-4 and l(85 As discussed above. the removable
meter units communicate information to the local data
manager ZZ ivhich then conununicates the information to the
central data marmger 26, e.g. sis the modem 30 and thc
Intcrnct 60. Thc inl'ormation conununicatcd Io the central
data manager Z6 includes taa Il)s, removable nieter unit Il)s,
amval event indication report~. alerts regarding failure to
receive payment subsequent to detecting an arrival event,
and payment collection infomtation including currency
received and credit/debit card infonnat(on.

Thc location of thc parking sensors 51 ui thc local group
24-2 is illus(ra(cd as being ui the strixi at thc cdgc of Ihe
respective parking spaces 50 'I'his sensor location ensures
that the sensor transmission signals will not be blocked by
a vehicle parked in the parking space 50 In icue embodi-
ment, the parking sensors 51-53 tmsnsmit to any of the
parking meters 10 utilizing a mesh networl protocoL as
illustrated by thc connccuons 58.

In onc cmbodimcni, thc parking smisors 51, 52, 53 usc
shielding in order to detect an arrival event when a vehicle
enters the associated parkin space 5U and to avoid a false
amval event detection. e.g due to vehicle traffic in the street
or parking lot ivhere the parking space 50 is lncated. The
shieldin can include physical shielding that prevents detec-
tion in onc or morc dircwiions For example, thc parkuig
smisors 51 in FIG. 5 could bc shicldcd from detcciuig
vchiclcs in the street Thc sluelding can also be unplcmcn(csi
in software where signals emanating front one or more
directions are not considered indicative of an m rival event

Referring to FIG. 6. a fkiwchart of an embodiment of a
process ZUUU for operating a meter in the parking meter
system 20 ol'IG. 3 is illustrated. The process 2000 illus-
trates an embodiment for makuig remote payments associ-
ated with a parlong mcier such as Ihc parluug meters of FIG.
I, including remotely addina time to the parking nieter prior
to expiration of time at the meter. I'he embodiment of the
process 2000 uses an RFID ta as the user iden(ilier, but
other embodiments could user other fomis of user identifier
such as a crixhi card, a debit card, a smart card (contact or
contacilcss), or a dns cr's license. for example.

Thc time addition proci:ss 2000 starts at block 2002 where
a user of the pay-by-cell service registers with the manage-
ment systein 26 of the parking meter system 20. The
registration can be conducted over the Internet. in person,
over a telecomnnuiication system. or by any other method
thai cmi provide ihe user registration information. Ai regis-
tration, the user provides credit/debit card information for a
credit/debit card that will bc used to make the pay-by-cell
payments Optionally. the user could also pmvide bank
account information. 'I he user also provides cell phone
information (e.g., handheld or in-vehicle) w(th which the
user can be contacted regardin hiture pay-by-cell notifica-
noiIs.

In one cmboihmcnt. the user is provided with an RFID tag
tha1 can be used io comnnmicatc with a pnrkuig meter 10. In
tlus embodiment, an 13FID tag identihcation number is also
linked to the credit,'debit card, phone information and/or
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muml uilomiatiou of thc registcrcd user. Tins tag nlenufi-
cation number creates an association between the credit
card, the Rl'll) tag, the cell plione number and/or the email
address of the registered user. 'I'he Ni(D tag can be carried
about by the registered user and can be placed on a key
chain, in a isallet. or affixed to the back of a cell phone, for
cxtunple.

Allot leglSB:orig Vvltll tile uiauagClllcllt SVSIClll 26, 111C

user, at block 2004, initiates a payment session with a
parkin meter where the user is parking a car at a designated in
location associated with the parking meter. 1be user can
initiate the session by puslfing a button on the user interface
18 of the parking meter. Pushing the button wakes up the
control module 16 (FIG. 2) of the parkmg meter 10. Alter-
naiivcly to pushuig a button. Ihc user could miIiatc reading
of a smart card, a credit/debit card. an Rlill) tag, a dnver's
license or other user identifier by inserting one of the cards
into a card reader or placing the Rl'ID tag or contactless
smart card in proximity to a respective reader of the parking
meter. 2O

In one embodnueut, uiitiating Ihe payment session at
block 2004 includes a parkuig sensor (c.g., one of the
parkin sensors 51, 52 or 53 shown in lil(ig. 4 and 5)
sensing an identifier associated with a vehicle that is parking
at a parkin meter 1 he vehicle identifier inay be provided in
a variety ofmechanisms, such as a license plate number that
is optically detected by the sensor. The vehicle identifier
may bc contained ui mi RFID tag tliat is aiuiched to thc
I chicle. An RFID tag on thc vcluclc could be activated by
a parking sensor that is located in proximity to the parking io
space I he parking sensor can wirelessly contmunicate the
vehicle identifier to the parking meter 'I'he vCiicle identifier
could be stored at the data manager and linked with a user
identifier (e, a RFID tag identification mnnber). the credit/
debit card, phone uiformation and/or email mfiirmation of is
thc rcgistcred user.

Upon initiatiou of thc payment session at thc block 2004,
the process 20UU continues to block 2006, where payment
information is communicated to the inanagement system 26.
In one embodiment. the user uses a cellular phone to so
contnuuiicate the payment iniiirmation (e.g., user identifi-
cation and/or au amount of time to bc purchaswl) imd to
conuuunicate Ilm mctcr iden(i(ication mfiirmation Io thc
management systmn 26. Iu onc cmbodimcnt, thc manage-
ment system 26 can use a caller ID feature of the cellular 6

telephone network to identify the registered user and to
identify the associated credit/debit card information of the
user.

In;mother mnboduncnt, the user swipes tlm RFID tag 3

provided following thc registration ui Ihe proxinuty of an c

RFID reader associated with thc parking meter. such as a
reader integrated with the control inodule 16 'I'he sv ipe
wakes up the parking meter. which then contacts the ntan-
agement system 26, via the radio transceiver 12, with the
RFID tag identification number and with the amount of time s.
being paid for (this could bc cntcred by thc user usuig thc
user uitcrlhcc 18). Thc managcmcnt sys(em 26 dian uses thc
RFID Iag idmitification number to idenufy Ihc associated
credit/debit card information of the user and contiun pay-
iucitt to tlte Illa(et 60

Upon receivin the payment infomtntion at block 2006,
the management system 26 processes the payment transac-
tion. Upon successful completion of thc paymm11 Iransac-
non. Ihc process 2000 continues to block 2008 where the
IlulluigculCIII SVSICIII 26 WirclCSsl)'olllltlillilciiICS llllomla- 66

tion confirming the successful payment of the amount of
time requested by the user to the parking ineter. At block

16
2010, the control module 16 of thc parkuig meter causes thc
purchased time to be displayed on the display 102 of the user
interface 18 At this poiiit, the parking nieter goes into a low
power niode lhe low power mode can slnit off power to all
systems of the parkin meter except the internal clock and
the meter display. For example„all conumuiication circuitry
of thc mctcr can be tumed olf In addition, the control module
16 Call pCIloiliCall)'loliltol thC paid tllllc Icilltlilllllg. TRC
meter display is visible to parkiim enforcement persomiel.

At block 2U12, the contml niodule 16 wakes up when the
internal clock indicates that the paid parking time remaining
falls belov: a tiueshold level. For example. If the time
remainin falls below 5 minutes. the clock could signal the
control module to wake up. Upon walong up, thc control
module 16 contacts Ihc mmiagcment system 26, using thc
msdio transceiver 12 The central data manager then contacts
the user, at block 2014. via a text message to the cell phone
of the user. In one embodiment, the parking nieter contacts
the user directly at block 2012 via a text message, for
example. and in that case the block 2014 can be omitted. In
order to contact the user directly, at block 2012, thc phone
number ol Ihc user could have been communicated to Ihe
parking meter by the management system 26

I'he text message sent to the user infiirnis the user that the
time is about to expire and provides a phone munber or
email address ivhere the ntanagement system 26 can be
contacted. If the user wishes to add time to the meter. the
user contacts Ihc management system 26 at block 2016. Thc
user cmi contact Ihe cmiiral data manager by email, tcx1
message or plmne call If the user chooses not to add time,
the clock at the parking meter ivill expire and the parking,
meter can display a violation indication 'I'he parking meter
cmi contact the management system 26 just prior to expira-
tion to see if additional time has been purchased.

If Ihc user chooses to pny for additiooal time to park at Ihe
parking meter, thc process 2000 continues Io block 2018,
WIICrC IIIC IllilllagCIIlcllt Svslcui, upoll I'CCClvlllg illC usci S

request for additional time, processes another payment
transaction In one embodinient, the credit card could have
been used to pay for pre-paid parkin time, thereby creating
an account of minutes associated ivith the registered user,
and minutes could be dcductcd lbom the user's account.
Upon successful completion of the payment lmnsacuon, tile
miuiagcmcnt system 26 communicatcs information uidicat-
ing the additionally purchased time to the radio tmsnsceiver
12 of the parking meter. In some embodiments, upon suc-
cessful compietion of the payntent tmsnsaction, the manage-
ment system 26 communicates an electronic receipt to the
cell phone of Ihe user and/or Io an email account of Ihe user.
The nuuiagcmcnt system 26 could alternatively conumuu-
catc thc rcccipt to a Web site that Ihc user can use to retrieve
the receipt at a later date.

At block 2U20, the radio transceiver 12 of the parking
meter receii es the additional time infounation and adds the
additional time to the tinte remairun . if the meter has not
cxpircd already, Io dc(ermine an updated time rcmainuig.
Thc updated time rcmmning is Ihcn displayed on Ihe display
102 of Ihc user intcrfacc 18. The parking meter then returns
to the low power mode, such as a sleep niode. and the
pmcess 20UU continues back to the block 2012, where the
control module 16 periodically checks the time remainin
and will a ain wake up the conununication circuitry when
the time remaining for the parking session falls below Ihe
tllrcshold level.

Thc process 2000 is cxcmplary and 11 should bc under-
stood that blocks can be omitted, rearranged and/or neiv
blocks added lior exaniple, the managenient system 26
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couki contact thc user at block 2014 prior lo receiving a
message from the parking meter at block 2012 In tlus
example. the actions at block 2012 could be omitted since
the management system 26 contacts the user without mlti-
fication from the parking meter.

Referring to FICi. 7. a Iiowchart of an embodiment of a
process 2100 for user-uutialcd rcmutc paymenl of a meter
such as thc parkulg meter ol'IG. I in thc syslmn of FIG. 3
includes the stages shown. The process 2100 enables a user
to add additional time when the user knows that time will Ic

expire before the user can get hack to the parking space and
replenish the meter time Sta es 2102, 2104, 2106. 2108,
and 2110 are the same as the sta es 2002. 2004, 2006. 2008,
dnd 2010, rcspcctivcly. dwcusscd abuvc in rclerence to thc
process 2000 of FIG. 6. In thc process 2100. entering a low
power nlode at stage 2110 is optional such that the parking
meter can be either fully powered or in a low pov er nlode.
in the low power nlode. the radio transceiver 12 is powered
such that it can detect an incoming call and restore full
operation of the meter. 20

At stage 2112, thc rcgtstcrixi user coniacts (hc manage-
ment system 26 usulg Ihc ceil phone llml lhc user registered
at stage 2102 I'he management system 26 can identify the
cell phone of the user which will then identify the user and
the parking meter that the user paid filr at stage 2104 1 he
user then remotely pays for additional time using voice
conlnlands or key presses on the cell phone.

Subsequent to lhc user remotely paying I'or additional
umc. (hc process 2100 contulucs at s(dge 2114 where thc
mana ement system 26, upim receiving the user's request 10

filr additional time. processes another payinent transaction.
In one embodiment, the credit card could have been used to
pay for pre-paid parkin time. thereby creating an account of
minutes associated with the registered user. and minutes
could bc dcductcd I'rom thc user*a account. Upon successful ls
Colllplt:lion Ol lhi: pay'mCIII ltitllSBClliiil, thC luBIIBgClni:ill
system 26 au(isles a conunuiucalion session with Ihe park-
ing meter and communicates infilrmation indicating the
additionally purchased time to the radio transceiver 12 of the
parking meter. do

At block 2116. the radio transceiver 12 of the parking
OICICI Ii:CCl st:S lhi: dddlllollal lllnC llllollna11011 Blld itdiis thC

dddiiional luna to thc time remaining. If tlm meter has nol
expired already, to dclcrminc an upds(ed tune remauling.
'I'he updated time remaming is then displayed on the display
102 of the user interface 18. I'he parking meter then option-
ally returns to the low power mode and the process 2100
continues back to the blocl 2112.

lite process 2100 is cxcmplary and il should be under-
stood that blocks cdn be omiucd, rearranged mliVor ncw 0

blocks added.
linlbodinlents in accordance with the disclosure can be

implemented in the form of control logic in software or
hardware or a combination of both. The control logic may be
stored in an information stomsge medium as a plurality of ss
inslrucuons adapted lo diriml an udormalion-processing
dcvicc lo pcrfonn a scl of slaps disclosed in embodunenls of
the prcscnt invention. Bases) on lhe disclosure and teachulgs
pmvided herein. a person of ordinary skill in the art will
appreciate other ways and/or methods to implement embodi- ic
ments in accordance with the disclosure.

The systems and methods discussed above involved the
usc of parking mctcrs located and associates) with specific
parking space locations. However, lhe above methods and
systems are applicable to monitor other sccmtnos where a ss
nleasurable quantity of pmduct or an ainount of measurable
time that a product is being consumed is associated lvith a

uiuquc physical location. For example. an arnval event
could be a person moving up to a lvalk-up space in a queue,
or a packlge arriving at a certain point on a conveyor, e.g,,
in a production process

The systems and teclmiques described herein may be used
in conjunction lvith a slide variety of parking meters con-
ligured to operate as desvnbed barmn. For example, Ihe
remote paymcnl techniques as dcscnbcx) hereul may be
carried out v,ith suitably contigured parking nleters of the
type described in U 8 patent application Ser No )2/072524
entitled "Parking Meter" assi~ed to the assignee of the
present invention. The contents of the aforementioned U.S.
patent application Ser. No. 12/072524 are incorporated
hcrcin in their mltirely for all purposes

Thc parking mclcr described the aforemcntioncd U.S.
patent application Ser No )2/072524 includes features
comprisiilg a coin sensor, a card reader, and an electronic
device electrically connected to the sensor and reader so as
to receive information electronically therefrom. the elec-
tronic device bavin a screen to provide infounation visu-
ally, a Iclephonc cotulcciion io provide rcceivulg informa-
tion ul rcspimt ol'a card used in respect ol'aid card reader,
and connections for at least one rechargeable battery to
power the reader, sensor and device 1 he parking meter also
includes a solar cell operatively associated with said con-
nections to charge said battery. a housing in which the coin
sensor. card reader. and electronic device are located. The
housing composes nn utlemtcxliatc panel sel and a cover
panel, whcrcin lhe cover p;mcl is movably atlachixi to lhc
intermediate panel set, and a surface of the cover panel and
a surface of the intermediate panel set comprise a front face,
and the front face surface of the cover panel includes a
control panel bavin a windotv and a plurality ofbuttons that
operate the parkin meter upon manipulation by a user. a
coin slot in thc front Ibce ulto which coins are ulserlcd lor
ili:lives y to lhi: scllsol dlld (hen 10 d coill li:ci:putclib B cdld
slot in the I'runt face into wluch a card is ulscrt ix) lo bc read
by said reader, a rear face comprising a surface of the cover
panel mid a surface of the intermediate panel set providing
a window aperture via which said solar cell is exposed to
light. The parking meter operates such that the coin sensor
dlld thC Ciild ICailCI itli: ClCC(rlCtdlv lillki:il 10 provlili: llllol-
malton lo lhc elcclroiuc dcvicc lo provide informauon of
whclhcr paymcnl luis bccn made. and thc scrccn of Ihc
electronic device is visible through the window of the
control panel v,hen the cmer panel is attached to the
intermediate panel. One or nlore of these features may be
incorporated into a parking meter that is otherwise confi-
urcd for operation in accordance with thc dcscnption herein.

Spccilic details are goen ul the above descnplion lo
provnlc a thorough understanding ol'he cmboduuenls.
I lowever, it is understood that the embodiments may be
practiced without these specitic details lior example. cir-
cuits may be shown in block dia rams in order not to
obscure the embodinlents in unnecessary detail. In other
instances. well-known circuiis, processes, algonlhms, stnic-
turcs, and lecluuques nuiy be shown without unnecessary
dc(ail ul order to avonl obscunng the embodiments.

hnplementation of the techniques. blocks, steps and
means described above may be achieved in various ways
For example. these tecluuques. blocl s, steps and means may
be implemented in hardware. software, or a combination
thereof. Fora hardware implcmentauon. thc processing units
may bc implemented w ithm one or morc application speci lie
integrated circuits /ASICS), digital signal processors
/DSPs), digital signal processin devices (DSPDs). pnl-
grammable logic devices fPI Ds). Iield progranunable gate
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arrays (FPGAs), processors, controllers, micro-controllers,
microprocessor&. other electmnic units designed to perfnrn&
the functions described above, and/ore combination thereof.

Also, it is noted that the embodiments &nay be descnbed
as a process which is dep&cted as a flowcharr. a flov
diagram„a data flow diagmm, a ctructure diagram. or a block
d&agrtun. Although a flowclmrl may dcscnbc Ihc operat&ons
as d sc&fucnfial process, many of Ihc operat&o&w can be
performed &n pamsllel or concurrently In addition, the order
of the operations may be re-arranged A pn&cess is tenm- &B

nated when its operat&ons are completed. but could have
additional steps not included in the figure. A process may
correspond to a method, a hn&ction, B procedure. a subrou-
une. a subprogrdm, ctc. When a pmccss corresponds to a
funcl&on. &ts tennu&al&on corresponds lo a rclurn of thc
function to the calling funct&on or the &nain function.

I a&the&'nuu'c, cnlbodnucnts mav bc InlplLUIL'ntcd bv hard-
ware. software, scripting languages. fir&nware, middleware,
microcode. hardware deccription languages. and/or any
combination thereof When implemented in soflware. firm- &0

ware, nnddlcw are. scnpl&ng language, and/or nucrocodc, the
progldnl code or code scgulcnls IL& pc&loin& lhc nociwmlry
tasks may be stored in a n&achine readable medium such as
a storage medium A code segment or rnachine-executable
h'Icn'action nlav rcprcccltt;I procedure, a fU&let&oil, a subpro-
gram. a program. a routine, a subroutine. a module. a
software pacl sge. a script, a clacs, or any combination of
inslrucuons. dnla struclures. and/or pmgrmn slalemcnls. A
code segment may bc coupled to another code segment or a
hard&vere circu&t by passing and/or receiving inforn&ation, &0

data. arguments, parameters. and/or memory contents Infor-
mation. argunle&its, paran&eterc, data, etc may be passed,
forwarded, or transm&tted via any cuitable means including
memory shanng. message passing, token passing. network
transnusslon, clc. &c

For a Iim&werc and/or sofiware implmnenuit&on, ihc meth-
odolog&cs may bc &mplmncnted wuh modules (e.g.. proce-
dures, functions, and so on) that perform the functions
described herein. Any mach&ne-reaiLsble medium tanbubly
en&bodying instructions may be used in implementin the do

metlu&dologies described herein. For example. softv.are
codes mdy bc storixl u& a memory. Memory may bc unple-
menicd w illun thc processor or cxlemdl lo the processor As
Used hcu:ul lhc lorn& ulcnlory rcfcls IL& anv lvpc of long
tenn, short term, volatile, nomoLctile. or other storage
medium and is not to be lunited to any particular type of
memory or number of memories, or type of media upon
which n&emory is stored.

Morcovcr. as d&sclo sad herein, thc tenn "storage med&um"
nuly'cprcscn& Onc 0&'orc Bleu&011L's for slolnl data,
includmg read only memory (ROM), random access
nlemory (RAM), &1&agnetic RAM, core memory, nlagnetic
disk storage n&ediun&s. Optical storage mediums, flash
menu&ry devices and/or other machine readable mediums for
storing infonnat&on. &s

Wlnle the pru&c&plea of thc disclosure have been descnbed
dbo& c in co&u&cct&on w&th spccdic apparatuses and methods,
il &s lo bc clearly understood that tlus descnpl&on &s made
only by &vay of example and not as limitation on the scope
of the disclosure So

We cLcim:
1. A parking system compricing: a vehicle sensor. a

ccnlrdl dale manager. n park&ng meter comprism a d&splay
and associated w&th a parku&g space.

a) ihe &chicle sensor coiifigurccf lo delccl arrival and sc
departure inforn&at&on for a vehicle in the parking space
to determine an occupancy status for the parking space,

b) thc central data manager configured to.
i) receive data indicative of a first payment for parking

tune at thc parking space being completed R&r d

parking session:
ii) rcccive data indicalive ol a second paymcnl lor

additional parking time at the parking space being
completed, the second payment a remote payment;
and

iii) communicate payment information for the second
payment u& Ihc parking mc&cr, thc paymm&t informa-
tion comprising an amount of addit&onal time based,
Bl least ul purl, on Ihc occi&pancy slalUs ol lhc
parking space;

c) the parku&g meter configured to:

i) control the display to display an amount of parking,
time remaining:

ii) vary po&ver supply to at least a portion of a com-
munication subsystem of the parking meter after the
park&ng lime remaming &s below a tlucshold iimc
prior to expiration of the parking session: and

&ii) in rcsponsc lo reccivu&g Ihc payment u&formal&on
for the second payment. control the d&splay to update
the displayed amount of parking time remaining to
retiect the additional time.

2 The system of cLaim 1„where&n the vehicle sencor
comprises a magnetic field sensor. a motion sensor, a contact
sensor, or a combu&a&ion Ihereof.

3 Thc system Uf claim 1, wlmreu& thc vch&cle sensor is
integrated with the parking meter

4 'I'he system of claim 1, wherein the vehicle sensor is
physically distinct from the parking n&eter

5 The system of claim 1, cvherein the vehicle sensor
comprises slfielding to minimize false detect&ons of arrivals
and departures.

6 Thc syslcnl of clt&inl 1, whcrcul lhc vehicle sensor is
liirlhcr configured to detect a vclucle &denuficr assoc&alccf
with the vehicle

7 'I'he system of claim 6, where&n the vehicle sensor
detects the vehicle identifier from a license plate of the
vehicle, a RFID ta associated &vith the vehicle, a user
idcntificr, or a combu&a&ion thereof

8 Thc system ol'lmm 1, whcrcin Ihc cenual dard
m&u&ager is further conligurcxl lo allow a user lo rcgistcr Ibr
making remote payn&ents

&) 1'he system of claim 8, wherein the central data
manager aflo&vs the user to register for making remote
payments by accepting data compnsin remote contact
hlloruldtlon Bnd B nu:dns Ol pav'UICU&.

10. Thc system of claim 1, whcrc&n llm central dmd
manager is further configured to conunun&cate w&th a user
via an email. a text messa e. or a phone call

I i. The system of clain& 1. v herein the first payment is
completed at the parking n&eter.

12. The system of claim 1, wherein the first payment is a
rcnlolc pdvnlcnt.

13. Thc system of claim I, where&n thc rmnote paymcnl
is made v&a a mobile 1clc7&hone of a user and does not re&IU&rc

the ucer to call into a central cail center
14 The system of claim 1, fi&rther comprising a reader

device confi ured to read identification information from a
user identiher in close proxin&ity to the reader device.

15. A method ol'perating a meter dev&cc compnsu&g.
a) reci &ving, al a ccnudl data manager, data u&dicative of

a first payment for parking time of a veh&cle for d

parking session at a parking space associated with the
meter device being completed,
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b) displaying, by lhc parkuug mcier, Bn amount ofparking
umc remaining based on thc dale uldmative ol'he lirst
payment;

c) varyin power supply to at least a portion of a com-
munication subsystem of the parking meter after the
parkin time remaming is beloiv a threshold time prior
lo expirdtiou ol'hc parkulg session.,

d) detecting, by a vehicle sensor, amval or dcxiatturc of
the vehicle in the parking space to determine an occu-
pancy status for the pari ing space;

e) receivinu, by the central data manager, data indicative
of a second payment for additional parking time at the
parking space being complclixk Ihe scxond paymmll
being a remote payment:

f) comnnmicating, by the central data manager. payment
information for the second payment to the parking
meter„ the payment information comprising, an amount
of an additional time based. at least in part, on the
occupancv'tatus of fllc palkulg space, Bnd

g) displaying, by thc parkuig meter ul response to receiv-
ing the paynlent information tilr the second payment,
updated parking time remaining to reflect the amoluit of
the additional time

16. The nlethod of claim 15, further comprising: shield-
ing, by the vehicle sensor, to minimize ihlse detections of
dlrlvdls dni! dcpalliucs.

17. Thc method of claim 15, further compnsulg, dciecl-
ing, by the vehicle sensor, a vehicle identifier associated
with the vehicle.

if The method of claim 17. ivherein the vehicle identifier
is detcctcd from a hccnsc plate of lhc vehicle, a RFID tag
associated with the vehicle, a user identifier, or a combina-
tion thereof.

19 '1'he inethod ofclaim 15, further coniprising: allowing,
by the central data manager„a user to register for making

1 I l
remote paymcnm ulcludulg ihe second paymenl

20. The method of cLaim 19. hirther comprising: accept-
iug, by Ihc central ddia malinger, data composing remote
cmltract infounation and a nleans of payment

21. Thc method of claml 15, further composing commu-
nicating, by the central data manager, with a user via an
email. a text message. or a phone call

22. 'I'he method of claim 15, further comprismg com-
pletulg the first payment at the parking meter.

2)k The method ol'laim 15, further comprisulg. com-
pletin the hrst payment by another remote payment.

2sk Thc method of cldun 15. wherein the remote paymenl
is made via a mobile telephone of a user and does not require
the user to cali into a central call center.

s e e d
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