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11&

14. 2019. now issued as U.S Pal. No. 10.664.880 on May
26. 2020, svhich is a continuation of U.S. application Ser.
No. 15/208,056, lilcd on Jul. 12. 2016, now issued as U.S.
Pat. No 10,21&2,345 on Apr 16, 201'7, which i ~ a continu-
ation of U.S appl&canon Ser No. 14'185,691, tiled on Feb.

I
20. 2014, now issued as U 8 Pat No 9,424,691 on Aug 23,
2011», vhich is a continuation of U.S. application Ser No.
12/875.975. tiled on Sep. 3, 2010, now issued as IJ.S Pat.
No. Ss749.403 on Jun 10. 2014, which claims the benefit of
US+ PI'0& islonal Appbcduon No 6&l/240 1 36& tilcd Scp 4
2009, cnlilhxl "Parku&g Meter Communications lbr Renu&te
Payment w&th Updated Display," the contents of each are
incorporated herein by reference for all purposes.

BACKC& ROI tND

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

For some systems, il &s possible lo prov&dc paymcnl tu B

parking meter via a mobile telephone, also referred to herein
as a cell telephone. Such payment systems are typically
rcgcrrcd lo as pay-by-cell systems. Thc pay-by-cell Iccluiul-

0~ hus evolved in the parkin industry us a method for

cashless pay&nent, as an alternative to cash-based payment
and for when debit card, credit card, or other cashlcsa fonna

of payment are not readily accessible Th&s has been espe-

c&ally tn&e in the sin le space parking meter market 1'he

pay-by-cell liutu&ology involves each pnrking mclcr urul

being tumed On (i.c.. clccuicdl power &s apphcdt al thc time

a user initiates a paid parking period ti.e.. begins a parking
session). When the parking meter is turned on, it can

conn&tail&cine willi thc locdl cell telephone hlfrastrilclUrc'. 10

complete the payment transaction and start the timing pro-
cess

The pay-by-cell technique provides a more convenient
cashless payment, m&d can also have the ability to add
additional time to a parking space remotely. For example, if
a user of B pay-by-coll parking space &s stuck &n a mcclu&g
and knows that it will be necessary to purchase more time
bcfi&rc the mccting cndb, then thc user can do so by thc
following process, described in 'table 1

TABLE 1

Step Operation

;mo;t I* u ph i Ii mi or fm porn at of I'o& iuk ass si ms
Use& de des tn use pi, b, ea n a des anated I zr a
At the des nat d In stoa the use& n rates p nertous puung meter md
pla es a .ia in a ceauzl database t'the pmkuu serv e pi v dei. ah le the
pzruns meter c mmumcatcs ith the caitral kitab:isc
Thc user pio ides uifoiinat on n pa&k&n pole space locztinn uid uimiuitnt'une

to be pur based to the central database
Time is gcantcd zud details reazcdnig thc pur hmc:ur stnird ui thc central

In pon. I ih u, ip maui 0 Iid dat hazen»m i ai . Ih

S tu «:am i t aiinp,th puking a aso, n uae iu 4 al t imi
zdd t onzl unounts io ca&end the tune pened f i the piuk n sess on b,
omnauu zi n n ih ihe centril datibase snd .uithonzui payment Hnne ei.

becmise the pzikuia m ters are a I i&says mvake lucy power dorm to siva
pone&) ihe updated rune cannot le nmnuuu ared from rhe central daraliase
to thc meter fnr displi
Because tlic meta docs uot tispli the tinic:idded ui Step 7 enfnrccmcat
requires ntlicas to clic k th thc central dztabmc fnr pzid tune. punr t
&55U&iig z cit'a&in&i bcc.'i&isa z iiicici'l'li a it&splay that uidicztcs thc parkm

n his pii tm.v. t: Ify ha I ii i,u ns. I I th Si I 7

fi&r a predetermined an&ount of time in accordance v ith the
amount of paymm&1 rccc&vert Bl lhe melar. Exp&ral&on of the z.

du&Cunt of lhuo Bt tile nu:lol cxposca fllo vchiclc iiccUpvuig
Ihe pdrtong space to n line. Advances in meter lcclmology
ill&vc gcllclail)'ol been plopdgtncd fbr Il&fu&f&gulg parkuig
meter enforcement and parking meter fee payment 1&nforce-

ment of parking meter fees is still largely performed by an fo
individual manually tmuveling to each parki&ig space and
checking the time rema&ning on the associared parking
melar. The uid&v&dual &s generally charged v,&lh noting
»olauons of fim payment and &ssuing c&lal&ons. Tins is a
ume-consuming and costly service. As w&01 numy tasks, di
n&annal involven&ent pmduces inefliciencies and unrebabil-

It)'erforming
the above pay-by-cell process is time con-

s&all&ng 10 lhc U zen I eipl lrulg lhc i&scr 10 rog& stele place B call,
and note thc local&on and Ihc amount of l&mc lo bc pur-
chased. In Bdd&t&on, thc dva&lability ol'rcd&1 card payment
for both multi-apucc m&d single-bpucc park&ng meters is
likely to have a negative impact on pay-by-cell use due to
the ease and speed of payinu &vith a credit card Some feel
that puy-by-cell is akin to paymg with a credit card. but
using a cell phone to do so. Aga&n. this is a more time
consiullulg i&ild collfUSU&g process lian JUsl pB)'uig willi a
cred&t card directly.

Thc above pay-by-cell process &s also ddlicuh from an
enforcen&ent perspective, as it requ&res enforcement person-
nel to contact the central database to determine &f time has
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biun addixl to thc meter. Enforcement personnel would
prefer to determine if a meter/space has time remailung by
simply looking for an updated expiration mdtcator on the
meter Itself. Thc uccxl for chiwkin with thc cmltral database
to determine renlaining time, on a meter that otherwise
indicates time has expired, translates into a ~lower enforce-
ment pace and reduces the number of spaces that can be
monitored by enforcement oflicers and reduces the citations
issued for expired meters, which also tmnslates into less
rcvmnlc for a city or parking authonty. I il

Some compunies have Implcmentcd ncw tcclulologles to
address the primary drawbacks discussed above, with lun-
ited success lior exanlple, enforcelnent personnel can be
provided with Web-enabled access to pay-by-ceil central
databases. Hoivever„ tins still requires additional time and
money to perform the checking. Meters can be configured to
commumcate over low-power mesh nerwork v,lrclcss sys-
tems to enable thc meters to always be awake and thcrcby
receive updated data over the mesh neuvork 'I'hi ~ allows the
nleters to keep their displays updated and show the addi- 10

tional purchased time. However, mesh neuvork parking
meters are not v, ithout problems.

Mesh networl parking meter systems require additional
infrdstnicture, Includulg wireless routers installed at venous
locations thrOUghoU( thc w lrclc'ss ncl work to act as the local
points of communication qhese muters typically require
electrical poiver on a 24/7 (twenty-four hours per day. seven
days per week) schedule, and therefore mesh network park-
in nleters are typically installed on street light. trafhc
signal, or other city utility street poles that can supply power Tc

to such units. In more comphca (cd systems
T
additional router

conunUnlcanon unlm BI'c ulstalhx! 10 plovah: Icvcls oflcdun-
dancy, and repeaters nlay also be installed to extruld the

eo raphic coverage of the mesh neuvork
1'he additional nlesh network infrastnlcture requires li

installation and maintenance. Installation of the wireless
routers is costly„can require permittin, and consutnes
clcctuclty. Tlus crea/ca mly number of issues, dcTIcndm on
which cntltv owns thc poh:6, Ihc pcnnufing ploccss Bnd
added bureaucracy to determine hoiv to pay for the con- 60

sunled electricity. allocating responsibility tilr ivho will
maintain the installed muter systeln, and what ivill be the
impact if a router fails.

Mesh neuvork technolo y can be relatively expensive in
tcnns ol'matcnal costs. maintenance costs, installation, and
pernutting costs. Wlulc u Is possible Ihat Olhcr services can
be processed tluough the mesh network, the economics of
the service is such that few customers are willing to make
such an investnlent of money and resources to install and
maintain nlesh network parking systems for such a limited 60

econonlic return.
Due to tlu: cumbersome stcqts ul current pay-by-cell

processes. pay-by-cell payments typlcafly represcn! less
flan 5% of all parking revenues for a given city In areas
with a younger demographic. and especially in luliversity Ts

settin 6, pay-by-cell is typically more popular and lfigher
percentages of Its use are typical. However. a more stream-
lined pay-by-cell process, from the perspective of both the
users dnd thc cnl'orcemcnt personnel, coukl resull In grcatcr
acceptance and morc pay-by-cell payments. 60

SUMIVLSTRY

As disclosed herein, a pariung meter rccelvcs data uldlca-
111 c of a 0:nlou: pdy'uncut bculg conlplcu:d Bnd dlsphlvs Bn 66

amount of time purchased by the relnote payment for a
parkin session 1 he parking meter deterlnines an amount of

time rcmainulg ul thc parking session and powers down al
least a portion of a meter conununication subsystem subse-
quent to rcucivulg thc data uldmdtlvc of Ihc rmuote pavment
beulg completed. I'he parking meter wakes up the powered
down portion of thc communication subsystem upon deter-
mining that lhc amount ol'ime remainulg is below a
tlucshold time, and can recco e an Indication ol additional
time being paid for remotely. and can update the displayed
time remaining to reflect the additional time

Other features and advantages of the present invention
should be apparent from the folioiving description of pre-
fbrred embodiments that Illustrate, by way of cxampleT the
pnnclplcs ol'he invention.

BRIEF DESCRIPTION OF THE DRAWINC)S

Thc ulvcntlon is now described, by way ol' non-lunltulg
example, with reli:rcncc to the accompunying dmiwings, in
which:

lil(i I is a schematic illustration of an enlbodiment of
sin le space parking meter.

FICi 2 sholvs a functional block diagram of a removable
meter unit used in the parking meter of FICi. 1.

FICi 3 ls a schcmauc illustration ol' parking meter
system wluch uses a number of Ihc parking meters of FIG.
I

ill(i 4 shows an example of a local group of parking,
meters that can be monitored by the parking meter system of
FICL 3

FICi. 5 shows another example of a local mup of parkin
meters that can be monitored by thc parking meter system of
FIG. 3

lil(i 6 shows a floivchart of an embodlnlent of a process
for remote payment of a meter such as the parking meter of
111(i I m the system of 111(i 3, including remotely adding
time to the meter prior to expiration of the meter.

FICi 7 shows a flowchart of an embodunent of a process
for uscl-ulllhltcd lcmiltc pdynlcnt of B nlctcl sUch ds thc
parlong meter of FIG. I ul the system of FIG. 3.

In the appended figureg similar components and/or fea-
tures may have the same reference label liurther, various
components of the same type may be distinguished by
followul the reference label (e . "6") by a dash and a
second label that distinguishes among the similar compo-
nents /O.g. '*6-1" imd "6-2'*). lf only thc lirst rcli:rcncc label
is used in thc specliicauon, thc description Is applicable to
any one of the similar components having the same first
reference label irrespective of the second reference label.

DETAILED DESCRIPTION

According to one embodinlent of a parking meter as
described herein, a management system having a central
database communicates with parlong meters that are not
continuousiy on. such as in a pay-by-cell configumttion. and
thc parking mctcrs thcmsclvcs will uuuate power on and
conununlctltlon 111th thc nldndgcnlcnt systcnl lust pl101 10

expiration of thc purking session, to detcnnule If additional
time has been purchased if no additional time has been
purchased, the parking meter will let the tinle for the parking,
session expire as it nornlaliy would and its associated
display will sholv expiration (zero time remainin ). If addi-
tional time llas been purchased. then thc management sys-
tcnl wifl provnie thc ncw cxpuatlon tlmc 10 Ihc parkulg
melcr when thc purking meter initiates Ihc conunulucdtlon.
1'he parking meter includes a madio transceiver for commu-
nicating with the management system. Opematlon of the
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pilrknlg IUCtCr 111CIUdcs lrdnSInltung Iddlo SlgnalS Io, Bnd
I'CCCIVlllg «Idio Signals fl'Ofll. the inailagCBICIII SVstCIU Ill this
way, enforcenlent personnel are always assured that the
display of a parking meter is current and updated to shov
actual remainin time It is not necessary for entilrcement
personnel to check the centml database of the management
system before issuing a citation I'or ml expired meter. Tlnis,
a morc streamlulcd pay-by-cell process is pluvial, and
both users and enforcement personnel benefit from a nlore
convenient process. I I I

In ihe disclosed systeni. paying Ivith a cell plmne will not
require the user to call into a central cali center. Instead,
users will register with the management system, at which
umc they will provide credit card imd cell phone ulfomla-
uon. Thc registration may bc complot est via a Wcb site. After
registration, the user will receive some forin of registered
user identifie for comnnmicating to a parking meter. 'I he
user identifier could be in the forin of. for example, an
identification card. an account number, a credit card, B debit
card, a snlart card (contact or contactless). a contnctless lc
RFID tdg or a dnver's llccnsc. Thc user idcntilier creates an
association bctw can thc rcgwtcrcd user's crcd«card (or any
other type Of payment account), the 11) Ofthe registered user,
and the registered user*s cell phone number The user
identifier may be carried on the person. or can be placed on
a key chain. in a v allet. or afiixed to the hack of a cell phone.
Other armngements are also acceptable. The user may
provide thc system with the user ldcnl«icr imd thc systmn
will associate thc user's rcgistmlion mfilrmalion with thc
user identifier. 10

When a user wishes to pay for a parking session. the user
will initiate a paynlent sessiion In one embodiment. the user
will press B button on the parking meter to activate B RFID
tag reader of the parkin meter and will present an RFID tag
in close proximity to thc parkulg melcr. In other ianbudi- Is
ments. thc user will slide a creiht card or dcbil card into a
magnetic card reader of thc parking meter. In other ianbudi-
nlents. a smart card (contact or contactlegs) reader is acti-
vated by the user to read a smart card. 1be parking meter
reads the user identifier and conununicates the user regis- 40

tration identihcation information to the management system,
wluch can thcrcby associate thc reglstcrcd user mul credit
card information ln thc system Itatabasc. Once thc user
identilier ls rcml by the parlong mcier, the user will use thc
parking Ineter buttons to complete the payment transactioii.
If the user identiher Is an Rl'ID tag aflixed to the user's cell
phone. the reader may be activated by selecting buttons on
the cell phone. After the payment transaction is completed,
thc piakulg Inclcr rccclvcs ilata Irliin tile IUBUBgcnlclit svs-
tcm io sct Ihc parlong session time. In olhcr emboduncnts, 0

thc part ulg meter may receive thc user ldmltlticr by rwiding
input from the user, for example, by user input via a keypad
or the like

Making payment using an RFID tag and the parking meter
RFID reader can be just as quiet as payment w:ith a coin or s.
credit card. Purchased time will be displayed on thc parking
meter anil ttu: crixllt card associated with the RFID tag will
bc proccssixl for payment (wluch could be m bulk Or for
each transaction)

'Ihe parking nleter includes a timing mechaiusm that ic
counts down the tune remaining in the parking session
according to the payment made. When the time on the
parking mctcr ls about to expire. QIC meter or associated
meter managemmlt systmn can scud ml expiration message
to thc user via the phone munber associated with the user ss
identifier used for the initial payment and/or via email or the
like io ask the user if the user wishes to purchase additional

time. If lhc user docs not. Ihen thc mctcr lets the time for thc
parking session expire and it sets a dispLay or other indicator
accordingly. Enfbrcemmlt persoiulcl can then issue B ciid-
tion, if appropriate If the person wants to purchase addi-
tloilBI tllnc 111 l espouse 10 thc cxplriltloll un:ssBgc, thc person
can accept to pay via retunl email Or text message or the like
The expiration message to the user can identify the parkin
space location The return response front the user will
contain mfbnnation on the pole number (or other identifier
Of the parkulg space location) and the additional time to be
purchased. Since the phone number used to direct the
cxplriltloll liicssagc ls Bssocldtix! wlttl B cled«cilld 01 thc
registered user, the credit card can be pmcessed for addi-
tional time. The card associated with thc regi~ tcrcd user cml
be a debit card or other form Of payment card Moreover, it
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 from the management system. or the
user may eatabhsh a prc-pmd debit account with thc man-
agement system, such that additional charges to extend the
parking session will be automatically dcductcd lbom the
user's account on file once the additional paynlent has been
pmcessed and authorized

I'hus, the parking meter ivill automatically initiate a
conununication session ivith management system just prior
to expiration of the parking session to determine if addi-
tional time has been purchased. It'o additioiwl time has
bien purchased, the mctcr will let the tnne expire Bs ll
normally would. If additional time has been purchased, then
infornlation about the additional time for the parking session
v ill be downloaded directly to the parking meter during the
conununication session and the parking meter will update its
display accordingly. The parking meter will then deactivate
dt ICBst II portloli 01 Im COIUIUUnlciltloll Silbsy'stCIU (I.C.,
power-down some of its circuitry) to rcxtucc power con-
Sianptloll. 111C ultCIuid tl«ICr IUCchalllsnl 01 lhC parkulg
meter v ill continue to nul, until expiration of the parking
sessimi is imminent, at ivhich time the communication
process described above repeats. In the system described,
the additional time purchased via cell phone is displayed on
thc parking meter without thc usc ot' mesh network lbr
conununlciltlon. Bnd docs 1101 IURUlrc Bny special cttolts bv
mlforccment persoiulcl to check with thc management sys-
tem before citation at an expired parking nieter

'I'he parking meter nlay be a single space parking meter
Prefembly, the sin le space parking meter displays an
amount of time paid for, thereby not requinng a printer to
pnnt out tickets such as conunonly used ul multi-space
parking meter systems.

Thc transceiver of thc parking meter may haves maxi-
nnim range of up to I 50 meters, but could Operate at less
than SO meters The parking meter transceivers may Operate
in the 2.4 OHz frequency band and may have a power of
between I mW and 6 I«W. At low power levels, batteries
could IBst fol luollths or ci cii yciils (c.g., Up 10 thicc years
or morc).

Thc parking meter may hai c a payment received armngc-
ment for receiving an instniciion from a call center that
payment has been effected. via the call center, front a cellular
telephone.

The parking meter may have B solar power chargin
arrangemcnt w hcrcby thc pow cr supply unit w recharged by
sohll clicrgv. Thc parkulg Iuctcr ilcvlcc iuily'hcli also have
d power lniuulgclncllt fiicllltv.

As a further feature, the parking nleter may have a

locating arrangement tilr independently determining the
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gixlgrapluc locauon of thc parku&g meter. 11&c locating
arrangement may be (iP)-operable

'lhe parking nleter device may have a management con&-

iuuulcafiou B&zangenlcut fol'o&annul&cath&a nlauagL'nlcltt
information to a mana ement system. For example. such
managenlent information may include malhulction demils. a
tiuupcnug aicrn ilul'at&on cxpudtlou Bud thc locB&iou ol thc
park&ng mctcr dcv&cc.

linlbodinlents of the d&sclosure include a method of
controlling parking in a single parking bay, which includes &0

accepting payment for parking in the bay by means of coins,
parking tokens, a credit or debit card account. a smart card,
from an electronic purse, or by means of a cellular tele-
phone.

II payment is clfi:ctcd by me&un of a cellular Iclcphonc,
then the nlethod may include receiving an authorization
signal that payment for the parking, has been made Tlus
signal may be provided by a second fi&mncial institut&on or
fronl a control center.

Instead of an add&tional payment being received in 10

rcspoiisc to tlu: parloug mctcr commu&ucalulg a mcssa e 10

thc data nu&nagcr duc to a tuner rcaclung d tlucshold lcvcl,
a user could mitiate the paynlent with the data manager by
placing a call to the system and being placed in comnluni-
cation with the data n&anager. I'he data manager then imt&-

ates a conununication session with the parkin meter and
traiismits the additional time that vvas purchased to the
meter. The parking mctcr may be in a low power mode such
that dn incoming call can be rccc&vcd m&d I'ull opcrauon can
be restored. or the parking nleter may always be in a full lo
power mode.

'lhe nlethod of controlling parking &nay include sensing a
vehicle identifier associated v ith the vehicle that is parking
at a parking meter. The vehicle identifier unk)ueiy identihes
thc &chicle and may compose any of a vancty ol'ccha- li
msms. For cxamplc, the vcluclc &dcniilicr may be a licmlse
plate number tlrdt &s opt&cally detect&ah Thc veluclc iden&ilier
nlay be contained in an Rl&ID tag that is attached to the
vehicle. An Rl&ID tag on the vehicle could be activated by
a parking sensor that &s located in proximity to the parking do

space. The parking sensor can wirelessly conununicate the
I chicle iden&ilier to the parking meter. Thc vehicle idmltilier
uldv bc stolcd Bt thc dd&B ulauagcl Bnd hukLd with a usi'.&

iden&ilier (c.g., au RFID tag identilication number), thc
credit/debit card. phone Information and/or email informa-
tion of the registered user

The metlmd of controlling parking may include sens&ng if
a vehicle is parked in the pari ing space or bay when the
pmd-Ihr park&ng time has expired or thc maximum parku&g
nme has been cxcimdcd, m&d transmiuu&g a umc expired 0

signal to a management center. A locduon signal, prov&ding
the location of the park&ng space, may also be transnutted.

1hc data manager may comprise a plurality of data
managers that include one or more local data managers that
in n&m conmuuucate with the management system. ss

A prcdctennincd number of su&glc-space parkin meters,
together w&th du I&ssoc&B&ix! local dBIB u&BBBgcr, c&ul forul II

local group. such that thc local data manager communicates
with the management system on behalf of the group or any
of its members So

The conununication facility of a local data manager may
communicate w&th the management system by means of a
data chduuci, which u&By usc II cL'1101st tch:phone network,
a w&relcss local arcs network (LAN), d w&red LAN, or the
Intcrnct. si

('ommunications between the parking meters and the
nlanaaement ay&ten& n&ay be in regard to payment authori-

dtlt&011, I&&vivat cvcut rcpoltulg, pay'a&cut alerts, luuc lapse
alerts, status repons, fault reporting and/or configuration and
software updates.

In 11(i. I, an embodiment of a single space parkmg meter
is desilmated genemlly by the reference numeral 10. The
parking meter 10 includes a location housing 2. a cash
collection box 4, a meter unit 6. and a user &dcntiticr reader
9 such as an RFID reader or a card reader Thc cash
collection box 4, the meter unit 6, and the reader 9 are
received ivithin the housina 2 I'he housing 2 is fixedly
attached to the pole 8 'I'he cash collection box 4 and meter
unit 6 with the reader 9 are renlovable and replaceable. The
reader 9 receives infilnnation from a tag 3 (described ihrther
below in connccuon with FIG. 2) and, for cxamplc, can bc
a rcadcr tlmt uses W&Fi. Blue&Co&i, W&Max, or other shurt
osage data communication technology, in accordance ivith
the configuration of the tag 3

In some embodinlents, for exmnple. where the tag 3 is
configured as an RFID and/or a sma&t card, the tag is
powered by the si~zial transnlitted by the reader 9. In other
embodiments, the tag 3 can bc powered by a battery. Since
the Opcmtionat distance from thc reader 9 to thc tag 3 is
relatively small, the power con&un&ed by the reader 9 and/or
the tag 3 can be very lov, such that a relet&vely small
capacity battery that is con&pact provides suflicient power to
the reader and/or the tag. In some embodiments and deploy-
ments. the parkin meter 10 can be powered by solar panels
such as photovolta&c structures. wluch can supplement or
replace banery power. Thc selllpowcrcd fw&tare climu&ates
the need for wired poiver connect&ons fmm an electrical
supply utility grid to the meters

If the tag 3 emits an infrared (IR) beam for data conunu-
nication. then the reader 9 is conti ured as an IR reader such
that the IR beam of the tag is properly received at the reader.

Thc cmbodimcnt ol'hc locat&on hous&ng 2 &n FIG. I is d

clam-slmll type ol'ous&ng that is aflixcd to the pole 8 and
is conf&gurcd to matc w &th a removable meter unit 6. In other
embodinlents, hoivever. the location housing 2 can be a
cabinet or other enclosed space that is conhgured to mate
with one or more rennlvable meter units, where the remov-
able meter units are configured to be mated in compartments
or sockets ol thc cabu&ct, such that each ol the compartments
is associated w&th a phys&cal locat&ou that &s uot ncccssanly
at Ihe &tune locauon as thc cab&nct or thc compartment. In
other embodiments, the location housing can be another type
of receptacle fixedly placed and associated with a physical
loc'It&on.

FIG. 2 shows fiulctional block diagrams of an exemplary
removable meter umt 6 and a tag 3 that cau be used w&dl

meters such as the medor of FIG. 1. The meter un&t 6 includes
a radio tmnsccivcr 12,;m mite&um 14, a control module 16,
and user interface 18 I'he nldio transceiver comprises a
cmnnlunication subsystem of the meter 1(l that includes
associated circuitry and components for conununications as
described herein. The control module 16 includes one or
a&ore processors such ds dpphcatlou specific hllcgldtix!
c&rcu&ts (ASICB). d&g&tal s&gnal processors (DSPs). d&g&tal

signal process&ng devices (DSPDs), progrtunmablc log&c
devices (VI Ds), field pmgrammable gate arrays (I'V(iAs),
pmcessors, controllers, micm-co&ltrollers, Inicropnlcessors,
other electronic units designed to perform the hntctions
described herein, and/or a combinat&on thereof. The control
module 16 also includes one or morc storage mcd&ums. A
storage med&um can include onc or morc memories lor
stonng data, including read only memory (ROM), random
access memory (RAM). magnetic RAM, core memory,
magnetic disk storage mediums. optical storage mediums,
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fiash memory dcv&ccs and/or o(hcr maclunc readable mcd&-

ums for storing information. The control module 16 also
includes a cluck mecharusm, wluch mdy be prov&dial by
appropriate circuitry or alternative cons&me&ious, fbr cmult-
ulg ilowu tune rculauuug Iol (hc'. cU&real palkhlg sess&ou,

according to the anlount of time paid fbr by the user.
The user interface 18 provides a means for a locution user

to interact &vith the n&eter unit 6 and can include, for
example, a display, one or more light~, and a keypad. The

u&
user interface 18 can provule B paymen( intcrl'dcc includulg
a currency race&ver for receivin coins and/or bills from a
User ul pdvulcn( for Usulg lhc palkhlg k&cduou. Bs well »s &I

reader tilr processing credit cards. debit cards. payment
tokens. mid (hc l&ke. Thc control module 16 &s coupled to the
user payment interface and is conhgured to receive payment
information regarding the amount of B payment and/or card
or token information received at the pay&nant interface The
control module 16 conum&nicates the payment infomlation
from thc user &n(crlbcc 18, via the rad&o transccu er 12. with
the management system. or a local data manager of the
uuuu&gculcu( s)'s(cul. Thc ouc 0& u&010 hghts ol lhc User
interface 18 can be used as an indicator as to the payment
stan&s or. as discussed further below, can be used to produce
an indication that a parking space that is associated with the
location of the meter 10 is occupied.

The user interface 18 also includes a dispLay 102 Bnd Bn
in(en&al clock I 04. Thc d& splay 102 is v&s&b1c to enlhrcemml(
pcrso&ulel. who check for expiration ol thc tune remaining
for the current parking sess&on In addition. the meter un&t 6 &o

also includes a short range interface I I by means of which
it communicates &vith the tag 3 The tag 3 has a short mange
interface 13. an ID module 15, and an optional memory
module 17 for storin identification information regarding
thc regis(crcd user. Thc meter unit 6 is lulked (o tlm tag 3 for li
data conunun&cat&ous by a link 37. The huk 37 can bc, for
cx&unple, a rad&o I'rcqucncy link or an opucal lulk. The short
ran e interfaces 11 and 13 can be any type of near-field
comnnmicat&ons (NI'G) devices such as, for example. RlqD
devices. Blue(Co(i devices. WIFI devices. IR devices, smart do

card devices, and the like. in accordance with the link 37.
In onc cmbodunm&(, thc con(rol module 16 communica(es

Ihe &denulicanou infonnanon, vm thc lu&k 37, to lhc shor(
r;mgc interface 13 of the tag 3. The shor( range ul(erfacc 13
can update the opt&onal memory module 17 based on the
received payment informat&on, such as remaining prepaid
balance or the like The memory module 17 can deduct the
amount of payment indicated to have been paid. In addition,
thc mmuory module 17 cml also rcce&vc mid s(orc transac-
tion-lime udonnation &ncluding thc dale and tnue of day (l&a( B

thc payment was made.
1hc ID module 15 also stores a unique identifier, e g., a

serial m&mber. that is associated with the tag 3 Preferably,
the unique identifier of the ta 3 and the value stored in the
menulry module 17 are externally readable via the short s.
r;mgc &n(crface 13. Tlm alcntilicr of fiie tag 3 and value
stored in thc memory module 17 may be read, for cxamplc,
by a sui(able reader of thc control module 16. If thc shor(
ranee interface 13 is an Rl'ID module, then the reader could
be an Rl'ID reader Other types of readers that can be used io
depend on the configuration of the tag and module. but can
include devices such as IR readers, smart cord readers
(contac( or non contact), plug ul rcadcrs, mid thc like. In tlus
wdy, rcddulg the &dent&lication in(i&nndlion s(orcd in the
memory module 17 aud thc idcntilicr of thc associa(ed (ag 3 si
cml be perfornled &n order to determine the registered user
Bud t&"Ick p'0'niente

Referring (o FIG. 3, a parking meter system (hat uses B

number of the parking meters of FICI. I is desi nated
generally by thc rclbrcnce numeral 20 Thc system 20
ut&hzes a nuinber of the parking nleters 10 In general. the
system includes onc parking mctcr 10 for each parlang
space liach of the parking meters (0 comn&unicates with a
management system, designated in FICI. 3 by the reference
26 'I'he parking meters can be operated according to gmups,
such that a predetermined number of parking meters 10
comprise group members;md c&mh group includes B local
data manager 22. Thus, each gmup of parkin meters 10 and
&ts assocaited local da(a ma&u&gcr 22 can lorm a local group
24 In FI(i. 3, each openltional group &s indicated by a

dashed linc. In onc emboduncn(, there arc approximately
tlurty parking meters 10 in each local group 24 I or sim-
pl&c&ty of illustration, not Bli the parkin meters 10 are
shown in the local Bmups 24 illustrated m I'IG 3.

Each of the parkin meters 10 communicates with the
m&u&agcmcnt system 26. They may also adihnonally com-
municate with their respective local data manager 22. In the
example sys(cm 20 tins &s CITect&xt by means ol' cellular
telephone network, &vilb each local data n&anager 22 and the
management systenl 26 being connected to a respective base
station 28 of the cellular telephone network l)ata links are
thereby established benveen the local data managers 22 and
the management system 26. Simdarly. communication can
bc estabhshed bc(v,ccn thc parking mctcrs 10 and thc
m&u&agcmcnt sys(em 26. The managcmcn( system 26 can
perfornl management tasks associated w&th mamtaining the
local data managers 22 in proper operational condition and
managing operations of the system In l&i(i 3, the manage-
ment system 26 is generally md&cated by dashed lines.
Although only tluee local gmups 24 are shown m FIG. 3. it
should bc understood tha( there cau bc morc or fcwcr of (hc
local groups 24.

Each local da(a manager 22 has a modem 30, a con(rol
device 32, a menlory 34, and a radio tnlnsce&ver 36 with an
antenna 38 As indicated above, each local data n&anager 22
conununicates v, ith the parking meters 10 in its local group
60 v&a its radio transceiver 36 and the radio transceiver 12
of the parkulg mctcr 10. Thc local data managers 22 may do
so d&rimtly. or &nd&rccxly v&a another parku&g mc(cr 10 as
iud&catcd with parking mc(ers 10-4 and 10-5 ul FIG. 3.

'I'he memory 34 of a data manager 22 can include one or
more nlemories for storing data, including read only
memory (ROM). random access memory (RAM). U&ag&efic

RAM. core memory. magnetic disk stomge mediums, opti-
cal storage mediums, fiash memory dcwccs m&d/or o(hcr
maclunc rcadablc mcdnuns Ihr stonug information. The
memory 34 s(ores Ihe payment collect&on h&story informa-
tion received fronl the parkin nleters 10 in the local gmup
60 I'he payment collection history infornlation stored in the
memory 34 is communicated to the management system 26
via the modem 30, the base station 28 Bnd any intervening
uc(w olks sUch ds, lol'xdulplc, (hc Iu(clue(.

Thc con(rol device 32 composes ouc or morc processors
coupled to (hc memory 34 and conligured to control thc
functions associated with the md&0 transce&ver 36 and the
modem 30 I'he processor can include one or more of
application specific integrated circuits (ASICs). digital si-
nai processors (DSPs), digital signal pmcessin devices
(DSPDs), progranuuablc log&c devices (PLDs), field pro-
granuuablc gate arrays (FPGAs), processors, controllers,
nucro-controllers, m&croproccssors. o(hcr ehxlronic unils
des&g&ied to perform the functions described herem and/or a
cmnbmation thereof
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Altcnu&tu cly to conunun&caung w i&h a local da&a manager
22. some embodiments can provide the parking meter 10
with a radio transceiver 12. shown in l1(i. 2. that con&mu-
nicates with the managen&ent system 26 rather than tluough
a local data manager 22. In these embodiments. the radio
transceiver 12 can comprise a cellular telephone trmisceiver,
a MAN transcc&vcr, a sa&ell&&c Iransccivcr, or oIhcr type of
transccivcr tha& conmiurucd&cs over a network lo Ihe nuui-
agement system 26 &vithout using an intermediary (local)
data mana er 1&&

1'he mana ement system 26 communicates with the park-
ing meters 10 and optional local data managers 22 and
includes a controller 40 with a modem and a database store
42. It disc has B co&lui&oilicdnon Il&odulc fo& conn&un»cd&ing
with financial u&situ&&ons fno& shown) Io ob&mn auIhonza-
tion for credit or deb&t cmd payments and payment 'lhe
modem of the management system 26 can be any moden&
confi ured to communicate over a nenvork such as 3(i
networks or the internet. In one embodiment, the data store
42 includes a database that stores tag IDs and/or parking &o

sensor IDs and assoc&ates thc IDs wnb Ihc unique physical
locai&ons and Ihc removable mc&er uni1 IDs m order Io s&ore

the payment collect&on histories
In a typical in&plementation. the transceivers 12 of the

removable n&eter units 6 and the tnsnsceivers 36 of the local
data mangers 22 have a power mating of about I mW and
have a useful mange of about 80 meters. Thus. each local
group 24 ca&1 ex&cud ovc& B&1 B&e&I llavu&g a Idd&us of
dpproxuna&cly 80 mctcrs. Such a conliguration &s easily
achievable w&th currently available technology Alternative &c

confi unstions may be suitable with other opensting ranges
and technolo ies.

In use. if a person w&shing to park at a space associated
with a parku& meter as described herein wants to pay for
park&ng time by mcuns of a tag comprising a crcih& card or &s

debit card or other paymen& token, thc relevant mfhnnanon
is read by a rcadcr of Ihc parkuig me&cr m&d is Iransnu&1cd Io
the management systen& 26. d&rectly over the cell telephone
net&vork or v&a the relevant local data &nanager 22 1he
management system 26 obtains authorization and conunu- do

nicates the authorization back to the appropriate parking
Il&c&cr 10 d&i'cctlv or v&B &lie IclcvB&11 locBl daIB &I»inagcr 22.
Sta&us rcq&orts, lhult reporting, and/or configuration and
sof&ware updates, may bc conumuuca&ed between the park-
ing meters 10, the local data manager 22„and/or the n&an-

agement system 26
In one embodiment where the pari ing meter 10-4 can

communicate w&th one or more other intermediate parking
mc&ers 10-5, aud thc &ntcnneihate pariung meter 10-5 ui turn
em& communica&c wi&h thc local da&a manger 22, the parkuig o

mc&ers 10-4 aud 10-5 can conunu&ucdtc usuig a mesh
net&vork protocol Mesh nenvork protocols can be prov&ded

by several convent&onal pmtocols including llluetooth,
WiFi. and 802-15 fe g.. 802.15.4 commonly referred to as
WPAN (Wireless Personal Area Network) including Dust, &1

ArchRock, and ZigBCC).
Rcfcrring to FIG. 4, an example ol a local group 24-1 of

parkmg meters 10 tlrdt cim bc mo&utored by tlm parking
meter system 20 of l1(i 3 is shown 1'he local amup 24-1
includes ei ht parking meters l(l, but other numbers of ic
parking meters 10 could be included in the local group 24-1.
Each parking meter 10 is fixedly located at and associated
w i&h a parku&g space 50 The parking spaces 50 are angled
park&ng spaces that could bc loca&cd m a parlong lot or on
a strcc&, for example. Other arrmigcmems ol'parkmg spaces Ss

are suitable. such as parallel space~. and will occur to those
skilled in the art

Thc parkuig me&crs 10 each uicludc a removable meter
unit 6, such as the removable meter units 6-1 and 6-2
illustrated in l&l(iS. ZA and 2B. that include a radio trans-
ceiver 12 I'he eight parking meters 10 communicate, via the
radio transceiver 12, with the antenna 38 and the msdio
trmisceiver 36 of the local dsata manager 22. The parkin
meters 10 can conunumcatc directly w&th thc local dais
manager 22, as illustra&ed by connect&ons 62, or indirccily
(e g., using a mesh network) via one of the other parking
meters 10, as illustrated by connection 64 between parking
meters 10-4 and l(h5 As discussed above. the removable
meter units communicate information to the local data
manager 2Z, the infom&ation including tag IDs, parking
sensor IDs, rcmovablc mc&cr uni& IDs, paymm&t collect&on
ink&rmation includuig currency rccmvcd aud crcdu,'deb&t
card information.

l&ach of the parking spaces 50 has an associated parking,
sensor that detects when a veh&cle &s parked in the parking,
space 50. Each of the parking spaces 50 in the local group
24-1 &s sho~n &vith tluee parking sensors 51, 52. and 53.
Typ&cally, a s&nglc parkmg space 50 only has onc parku&g
sm&sor, &1 should be understood Iha& Ihc example shown in
l&l(i 4 shows three possible locations for purposes of
illustmtion

I'he parking sensors 51, 52. and 53 can be anv of various
sensors to detect occupancy fund vacatin ) of the physical
location associated &vith the space 50, including magnetic
field sensors. mo&ion sensors. con&act sensors, and thc like.
Thc parku&g sensors 51 and 52 are loca&cd away fmm thc
parking meters 10 whereas a sensor such as the parking,
sensor 53 is co-located with one of the parking meters l(j
Preferably, each of the remote parkmg sensors 31 and 52
includes a short range wireless interface that is configured to
conununicate ivith the slu&rt mange interface 11 of the parkin
meters 10. as illusudtcd by thc connect&ons 54 and 56 in
FIG. 4. Alterant»cly. (hc rcmotc park&ng semors 51 and 52
could bc conncc&ed»a d wire Io one of thc parku&g meters
10 11&e co-located parking sensors 53 could be connected
via a w&red or v, ireless co&inection to the parking n&eter II)
with ivhich each is co-located fe.g „using similar connec-
tions as the tag connection 37 discussed above).

Thc park&ng sensor 51 could bc. Ihr cxiunple a magncuc
field sensor that is afihctcd by tlm prcscnce of a lar c
metallic oblcc& such as a veluclc. The parloug sensor 51
could also be a n&otion sensor that is triggered by motion of
a vehicle or a contact sensor fincluding sensors such as an
accelerometer or inclinonieter) that &s tri ered by the
v e&ght of a velucle. The location of the parking sensor 51 as
dcpictcd in FIG. 4 &s only an cxamplc. Those skilled in Ihe
ar& w&ll understand tlui& o&her locations could also bc suu-
ablc Thc park&ng sensors 51 arc suflicmn&ly scnsitivc Io
detect a vehicle that is present in the parking space 50 &vith

which the particular parkin sensor 51 is un&quely associ-
ated. but are not so sensitive that they produce a "false
positive" signai. such as if they mistakenly determine that a
vcluclc ui a ncighboruig parkuig space is parked ui thc
parlong space 50 tha& is un&quely assoc&a&cd with Ihc par-
t&euler parku&g sensor 51 mid parku&g me&cr lb.

'I'he parking sensors 52 are located at the base of each
parking meter 10 For exan&pie, a sensor 52 could be located
at the bottom of the support pole 8 for a meter (see FI(i. I).
This location has the advantage of being close to the parkin
meter 10, thcrcby afihrdmg a short trausm&ss&on d&stance and
low power consumption lhr conunun&cat&ons. In add&t&on,

w&th a base locat&on, thc parking sm&sor 52 w&ll no& be
blocked by the presence of a veh&cle in the associated
parking space. as would be the case if the parking sensor 51
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acre located iu the middle ot'hc parkuig space 50. Thc
parking semors 52 detect the presence of a vehicle in the
associated space und can bc sensors such as magnetic
sensors. motion sensors, or contact sensors

lhc co-located sensors 53 could also be magnetw. sensors,
nlolion sensors, or contact sensors In the case of contact
sensors. the parking sensor 53 could simply be n button ttmt
a person mamially interacts with, thereby alerting the meter
10 that the associated parking space is occupied.

I I ilhc rmuotc parluug semors 51 and 52 cmt bc pow cred by
an internal battery. The typical transmission distances are
rclalivcly small. so Ihc battery lifclimc with currcnlly avail-
able technology can be on the order of months or even years.
Allcmalively, the rmnolc parking sensors 51 mtd 52 could be
powered by the meter 10 (e.g. via battery or solar cell
contained in the meter 10) if they are connected vin a wire.
'I'he co-located parking sensor 53 can be poivered by a
power source at the meter 10 (e.g.. a battery or solar cell).

In some cmbodnueuls, thc vcluclc smtsors 51, 52 mtd 53
can sense an identifier associated with the velficle that ls
parking al a nu tcr 10. Thc vclucle idemiticr may bc a licmtse
plate number that is optically detected 'I he vehicle identifier
nlay be contained in an Rlill& tag. or other type of tag that
cmi communicate with the sensor using NFG, 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 located on the
meter, on the curb or in thc strccl m the parkutg space,
rcspccuvcly. Tlm purking sensor 51. 52 or 53 can wirclcssly
communicate the vehicle identifier to the meter 10. 'the so

vehicle identifier could be stored at the data manager and
linked v ith a user identifier (e g, a Rl'll& tag identitication
nuntber). the credit/debit card, phone information nnd/or
email information of the registered user.

Regardless ot'wluch type of sensors arc used, the parking is
sensors 51, 52, 53 arc coutigurcd to transmit an indication of
an arrival event to one ot'hc mcicrs 10 that is uniquely
associated ivith the parking space 50 where the parking
sensor is located In an alternative einbodiment, the parking
sensors 51, 52. 53 could transmit to any of the parking ao

meters 10. as dlustmsted by the nndticast connections 58. In
this cmbodimmtt, the local group 24-1 could employ a mesh
nciwork protocol. In such a contiguralion. Ihc parking
meters 10 thai rcccivc the transnussion from anolhcr sensor
will forward the arrival event notification to the local data
mans er 22

Each of the parkin sensors 51. 52, 53 hns an ID. e.g.. a
serial number„ that is transmitted with the arrival event
indication lo lhc purking meters 10. Thc local data manager
22. or allernauvcly thc central data manager 26. maintains a o

rial it bit sc llial its sue tali s itic parkiiig si itsoi IDs willi Iiig IDs,
nleter I I)s, and location infounation. This database is used to
keep track of ivhich locations are occupied and to keep tmsck
of the currency collected and handling credit or debit card
tramactions associated with each location (space), ss

In the embodiment shown in FIG. 4, thc local data
manager 22 uses thc modem 30 to conunumcale with thc
cenual data manager 26 vm thc Inicrnci 60. It should bc
understood that "nlodem" as used herein refers to any device
that provides a communications interface bets een the local ro
data manager and the netv orl . The information conmtuni-
cated to the central data manager 26 includes tag IDs,
removable meter unit IDs, amval evcnl inilicalion reports,
alcrm regarding lailure to rccmvc paymenl subscqumtl lo
delixlutg an amval event, aud paymem collection inlomta- ss
tion including currency received and credit/debit card infiir-
iuatloil

Referring lo FIG. 5. another cxmnplc of a local group 24-2
of parkmg meters 10 that can be nlonitored by the parking,
meter system ZO of I'I(i. 3 is shown. The local gmup 24-2
includes eight parking meters IO. but other numbers of
parking meters 10 could be included in the local group 24-2.
Each parking meter 10 is fixedly located at and associated
with a parking space 50 (only Ibur of thc eight parkuig
spaces 50 arc shown). Thc pari utg spaces 50 arc parallel
parking spaces that can be located on a street. for example

I'he parking nieters 10 each include a renlovable meter
unit 6, such as the removable nleter units 6-1 and 6-2
illustrated in FIGS. 2A and 2Fm that include a msdio trans-
ceiver 12. The ei ht parking meters 10 conuuunicate, via the
network transceiver 12 wiih Ihc antenna 38 and Ihc radio
transceiver 36 of Ihc local data mauugcr 22. The parlung
meters 10 can communicate directly with the local data
manager 22, as illustrated by connections 62, or indirectly
(e g, using a mesh network) via one of the other parking,
meters 10. as iliustrated by connection 64 between parkin
meters 10-4 and 10-5. As discussed above. the removable
melcr units conunumcntc information lo Ihc local dale
manager 22 w luch lien communica les the uit'ormauon lo Ihc
central data manager Z6, eg via the modem 30 and the
Internet 60. I'he information communicated to the central
data nianager 26 includes ta Il)s, removable nleter unit Il)s,
amval event indication reports. alerts re arding failure to
receive payment subsequent to detecting an arrival event,
and payment collccuon uifomuitiou includutg currmtcy
rcccivcd and crcxttt/debit card utfonuauou

'I'he locatinn nf the parking sensors 51 in the local group
24-2 is illustrated as beinu in lhe street at the edge of the
respective parking spaces 50 'I'his sensor location ensures
that the sensor transmission signals will not be blocked by
a vehicle parked in the parkin space 50. In one embodi-
ment, thc parking sensors 51-53 trammit to imy of Ihc
parking meters 10 uulizing a mesh network protocol. Ss
illustrated by Ihc connccuons 58.

In mie embodiment. the parking sensors 51, 52, 53 use
shieldmg in order to detect an arrival event when a vehicle
enters the associated parking space 50 nnd to avoid a false
amval event detection. e.g. due to velucle traffic in the street
or parking lol where the partong space 50 is localixh Thc
stuelding can uicludc physical shielding thnt prcvcnts detec-
tion in onc or more dirixuons. For cxumple, lhc parlung
sensnrs 51 in FI(i 5 could be shielded from detecting,
vehicles in the street 'I'he shielding can also be implemented
in sothvare where signals emanating from one or more
directions are not considered indicative of an arrival event.

Rcfi:rring lo FIG. 6. a tlowcharl of au cmboduncnt of a
process 2000 for operaung a meter ui thc parking mcicr
system 20 of FIG. 3 is illustrated. Thc process 2000 illus-
trates an embodiment for making remote payments associ-
ated with a parking meter such as the parking meters of I 'l(i
1. including remotely adding time to the parlong meter prior
to expiration of time at the meter. The embodiment of the
process 2000 uses mi RFID tag as lhc user idcntiticr, but
other emboduncnts coulii user other Ibmis of user idcntdicr
such as a crcxttt card, a iicbit card, a smart card (contact or
contactless), or a driver's license. for exaniple

'I'he time addition process 2000 starts at block 2002 where
a user of the pay-by-cell service registers with the mmlage-
ment system 26 of the parkin meter system 20. The
registration can be conducted over the internal, in person,
over a tclcconuuunicauon system, or by any other method
ltiiil cari provutc 1!tc user rcgisirtitiiiii iiifoi'matioit. Al rc is-
tmstion, the user pmvides credit/debit card information fiir a
credit/debit card tliat will be used to make the pay-by-cell
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payments. Opfionully, the user could also provide bank
account infomtation. The user also provides cell phone
hiltuluafion ft:.g., hanifilt:ltl ol ul-vchlclc& w&th wh&ch lhc
user can be contacted regarding future pay-by-cell notifica-
nous.

In one embodiment. the user is provided with an Rl&ID tag
that can be used to conuuunicate with a parking meter 10 In
this enibodinient, an Rlql& tag identification number is also
linked to the credit/debit card. phone information and/or

& I I

cnunl uffbm&atiou of thc rcgistcred user. Tins tag &dcntdi-
cation number creates an association between the credit
card, lhc RFID tag, thc cell phone mm&bcr and/or thc email
address of the registered user. 'I'he RI1D taa can be carried
about by the rcgistcred user m&d can be placed on a kcy
chain, in a wallet, or affixed to the back of a cell phone, for
example.

Afier registering with the manageinent system 26, the
user. at block 2004„Initiates a payment session w&th a
parkmg melar wlmre Ihe user is parkm s carat a iles&gnated It&

location associated w&th the parking meter. The user can
imlialc the sess&on by pusluug a buuon on the user &nlerface
18 of Ihe parking meter. Pushing the button v akes up the
control module 16 flq(i 2) of the parking meter 10. Alter-
natively Io pushing a button. the user could initiate reading
of a smart card, a credit/debit card. an RFID mg, B dnver*s
license or other user identifier by insertin. one of the cards
into a card reader or placuig thc RFID lag or contactlcss
smart card &n proxun&ly lo a rcspccl&vc reader of Ihc parkingBlate'&'ti

In one embodinient, initiatu&g the payinent sess&on at
block 20U4 includes a parking sensor fe g., one of the
parking sensors 51, 52 or 53 shown in FIOS. 4 and 5&

sensing an identifier associated with a vehicle that is parking
at a pnrku&g mclcr. Tlm vcluclc &dcntilicr may be provided &n is
a vancly ofmtxlrsn&sms, such as a license piale mmtber llml
is opucally dctccted by thc sensor. The vchmlc identifier
niay be contained in an Rlill) tag that is attached to the
vehicle. An Rill l) tag on the vehicle could be activated by
a parking sensor that &s located in proximity to the parking so
space. The parking sensor can wirelessly conununicate the
1 chicle identifier to the parking meter. Thc vehicle itlmilifier
coultl bc a&or&xi al thc data mtmagcr and linked v,&lh a user
iden&ilier fc.g, a RFID tag &dcntdicauon number), lhc crcd&t/
debit card, phone inforn&at&on and/or email information of 1

the re istered user
Upon initiation of the payment session at the block 2004,

the process 2000 continues to block 2006, where payment
hiltuluafion Is I:Onunun&txnctl 10 lht: nuulBgcn&t:nl sy'steal 26.
In onc mnboduncnt, thc user uses a cellular plx&nc 10 0

commumcale thc payment infonnat&on fe.g., user &dcntdi-
cation and,'or an an&Cunt of time to be purchasedi and to
comnnmicate the meter identification information to the
management system 26. In one embodiment. the manage-
ment system 26 can use a caller ID feature of the cellular &.

Ielcphonc network lo &dentil'y lhc registered user a&xl 10

identify thc assoc&atcd crcdiltdcb&I card u&formauon Of thc
User.

In another embod&ment, the user stripes the Rltll) tag 3
pmvided following the registration in the proximity of an tc
RFID reader associated with the parking meter. such as a
reader integrated with the control module 16. The swipe
wakes up the parkutg meter, which then contacts Ihe nuut-
agcmmtl system 26, v&a the rad&o trm&scc&vcr 12, with the
RFID lag ulmtt&licstion number and with thc lm&ount of t&me ss
being paid iiir fthis could be entered by the user using the
user interface 18) 'I'he management system 26 then uses the

16
RFID lag &dent&licanon number Io iden&&fy thc associatod
credit/debit card information of the user and confirm pay-
&&lent ul thc

&Betel'pon

receiving the payment information at block 2006,
the mana ement systent 26 processes the payment transac-
t&tnt. Upon sUcccssfUI ctuilplctlon of thc pavnlcnt trans'Ic-
t&on, thc process 2000 contu&ucs to block 2008 where Ihe
mauagcmcnt system 26 wirelessly conunun&catcs informa-
tion confirming the successhd payment of the amount of
time requested by the user to the park&ng meter At bk&ck
2010, the control module 16 of Ihe parking meter causes the
purchased time to be dispLayed on the display 102 of the user
interface 18. At tins point. the parkin meter goes into a low
powcl n&otic. 11&c low pow'cr nlotlt: can shUI ofi powcl 10 Bll

systems of thc parkmg mclcr except Ihc internal clock and
the n&eter display. I or exmnple, all corn&nuit&cat&on circuitry
of the meter can be turned offi In addition, the contml
module 16 can periodically monitor the paid time remaining
The meter display is visible to parking enforcement person-
nel.

At block 2012, Ihe control module 16 wakes up when Ihe
iulcnml cluck &nd&ca&ca Ihal ihe pa&d parking Umc rcmainuig
falls belov; a threshold level lior exmnple. &f the time
remaining falls below 5 niimites. the clock could signal the
cmttrol module to wake up Upon waking up, the control
module 16 contacts the management system 26. using the
radio transceiver 12. The central data mana er then contacts
thc user, at block 2014. 1 &a a text mcssagt: to Ihe cell phone
of thc user. In one cmbodunmit, the park&ng meter conuicls
the user directly at block 2012 via a text message, ft&r

exan&pie, and in that case Ihe block 2U14 can be omitted In
order to contact the user directly. at block 2012, the phone
number of the user could have been communicated to the
parking meter by the management system 26.

Thc l ex( message sent lo Ihe user utforms lhc user lhal Ihe
t&mc &s about &0 expire and provulcs a phone number or
erne&1 tuldress whcrc the nu&nagcment system 26 can be
cmttacted If the user wishes Io add time to the n&eter, the
user contacts the management system 26 at block 2016 The
user can contact the central data manager by email. text
messa e or phone call. If the user chooses not to add time,
thc clock al lhc parking meter w&ll expire aud lhc pariang
meter can display a v&Cia&ion indication. Thc pariung meter
can contact lhc management syslmn 26 Iusl poor Io cxp&m-
tion to see if additional tinie has been purchased.

If the user chooses to pay for additional time to park at the
parking meter, the process 2000 continues to block 2018,
v here the management system, upon receiving the user*a
request lor tuld&t&onal tm&e, proccsscs another paymenl
transact&on. In Onc embodunent, thc crcd&t card could lmve
btxu used 10 pay for prc-paid parking t&mc, thereby crcaluig
an account of minutes associated with the registered user,
and minutes could be deducted front the user's account
Upon successfili completion of the payment transaction, the
management system 26 conununicates information indicat-
ing llm tuld&t&onally purchased tune Io thc rad&o uausce&vcr
12 Of lhc parking mctcr. In sonu: emboihmcnts, upon suc-
ccssild conlplcl&on ol Ihc pavnlt:nl II'iulsBI:Uon, lht: nuuu&gt:-
ment systetn 26 communicates an electmnic receipt to the
cell phone of the user and&or to an email account of the user
The marmgement system 26 could alternatively communi-
cate the receipt to a tVeb site that the user can use to retrieve
the receipt at a later dale.

At block 2020, the rad&o umiscmvcr 12 of thc pariung
meter race&vcs the adduio&ral t&me &nformat&ou and adds Ihe
additional time to the time remainmg. if the meter has not
expired already, to determine an updated tinie remainiog,



17
US 11,776,022 B2

18
Thc updated lime rcmau»ng is then displayed on Ihe display
102 of the user interface 18 'I'he parking meter then returns
to the low power mode, such as a sleep mode, and the
pmcess 2000 continues back to the block 2012. where the
control module 16 periodically checl s the time remaining
and will again wake up the communication circuitry v.ben
thc tmle remaining for the parking session falls below the
tlucshold lcvcl.

1'he process 20(NI is exemplary and it should be under-
stood that blocks can be omitted. rearranged andior new io

blocks added lior example, the inanagement systenl 26
could contact the user at block 2014 prior to receiving a
message from the parking meter at blocl 2012. In tlus
example. tlu: acuous at block 2012 could be omitted sulcc
Ihe maiiagmncnt syslcm 26 conlacm lhc user wilhou! Ootl- 1

fication from the parking meter.
lteferriug to I'I(i 7. a flowchart of an embodiment of a

pmcess 2100 for user-mitiated remote payment of a meter
such as the parkin meter of FICI. 1 in the system of FICr. 3

includes the stages shov n. The process 2100 enables a user lc
to add additionul umc when Ihe user lolows thai tune will
cxpirc belbre thc user can get back tu Ihe parking space and
replenish the meter time Stages 2102, 2104, 2106, 21U8,
and 2110 are the sante as the stages 2002, 2004, 2006, 20U8,
and 2010, respectively. discussed above in reference to the
process 2000 of FICi. 6. In the process 2100, entering a low
power mode at stage 2110 is optional such that the parking
meter can be either I'ully powered or m a lov; pow cr mode.
In the low power mode, thc radio tmnsccivcr 12 is powered
such that it can detect an incoming call and restore full lc
operation of the meter

At stage 2112, the registered user contacts the manage-
ment system 26 usin the cell phone tltat the user re istered
at stage 2102. The management system 26 can identify the
cill phone of thc user wluch will then alcntll'y thc user and ls
thc parkulg meter that the user paul Ibr at sta e 2104 The
uscl lieu rculotcly pavs for aikhtliluill Ilute llslug voice
commands or key presses on the cell phone

Subsequent to the user remotely paying for additional
time, the process 2100 continues at stage 2114 where the do

management system 26, upon receiving the user's request
for addinoirdl tune, processes another payment Iransimtion.
In onc cmbodimcnt, the credit card cuuld have been used to
pay Ibr pre-paid purlung tune, thcrcby crmhng an account of
minutes associated with the registered user, and minutes
could be deducted from the user's account Upon successfiil
completion of the payment transaction. the manageinent
system 26 mitiates a conmuuucation session with the park-
ing meter and conununicates infomlation indicating the
additionally purchased umc to the radio Irdnscelvcr 12 of the o

parking mctcr.
At block 2116. the radio transceiver 12 of the parking

nleter receives the additional tmle information and adds the
additional tune to the tune remaining, if the meter has not
expired already. to determine an updated time remaining. ss
Thc updated lime rcmau»ng is then displayed on Ihe display
102 of the user ultcrl'acc 18. Thc parkulg meter then option-
ally returns to thc low power mode dnd the process 2100
contimies back to the block 2112

')lie process 2)UU is exemplary and it slxluld be under- ic
stood that blocl s can be omitted. rearmsilged and/or nev
blocks added.

Emboduncnts in accordance with thc disclosure can be
implmncntcd iu Ihc form of control logic ul soflwarc or
hardware or a combulauou ofboth. Thecontrol logic may be ss
stored in an information storage medium as a plurahty of
instructions adapted to direct an information-processing

device to pcrlbnn a sct of steps disclosed ln embodiments of
the present invention. I)ased on the disclosure and teachings
pmvided herein, a person of ordinary skill in the alt will
appreciate other ways andior methods to inlplenlent embodi-
ments in accordance with the disclosure.

The systems and methods discussed above involved the
usc ol parkulg meters locdtml and associated with spccliic
parking space locauons. Howeier, the above methods and
systems are applicable to monitor other scenarios where a
measurable quantity of pmduct or an amount of nleasurable
time that a product is being consumed is associated with a
unique physicai location. For example. Sn arnval event
could be a person moving up to a walk-up space in a queue,
or d piickdgc airlvhlg dt il ccltiilu point on d couvcvon c.g..
iu a production process.

'I'he systems and techniques described herein may be used
in conjunction lvith a wide variety of parkmg nleters con-
figured to operate as described herein. Iior example. the
remote payment techniques as described herein may be
carried out lvith suitably configured parking meters of the
type described in U.S. patent application Ser No. 12,'072,
524 cull(lcd "Pillkulg Merci dsslgnix) to thc dsslguce ol fllc
present mvention The contents of the aforementioned U 8
patent application Ser No )21072,524 are incorporated
herein in their entirety for all purposes

The parking meter described the aforementioned U.S.
patent application Ser. No. 12/072,524 includes features
coulprlshlg il coul scusol; d ciird 1'cddcr, aud au electronic
device chmtncally coiuuxtcd to the sensor and reader so as
to receive information electronically therefronl. the elec-
tronic device having a screen to provide information visu-
ally, a telephone connection to provide receiving informa-
tion in respect of a card used in respect of said card reader,
and connections for at least one rechar cable battery to
power the reader, sensor dnd dei icc. The parking mctcr also
includes a solar cell opcrativcly associated with said cun-
nccttons to charge said batiery. a housing ln wluch thc coin
sensor, card reader, and electronic device are located. 1'he
housmg comprises an intermediate panel set and a cover
panel, lvherein the cover panel is movably attached to the
intermediate panel set, and a surface of the cover panel and
a surface of Ihe ultcrnuxliatc panel set compnsc a front face.
dud fllc loni Idcc suiiacc of thc coviu pilucl ulchldcs
control panel having a wuldow and a plurality ofbuttons 01st
openlte the parking nleter upon manipulation by a user. a
coul slot in the front face into which coins are inserted fbr
delivery to the sensor and then to a coin receptacle. a card
slot in the front face into which a card is inserted to be read
by said rcadcr. a rear Ibcc compnsin a surface of thc cover
panel mid a surlbcc of Ihc ultenncdlatc panel set providulg
a wutdow apcrturc lie whicl said solar cell w exposed to
light. 111e parking nleter operates such that the coin sensor
and the card reader are electrically linked to provide intbr-
matlon to the electronic device to provide information of
whether payment has been made. and the screen of the
clectroluc dcvicc is visible tluuugh the window ol'hc
control panel when the col cr panel ls attached Io thc
intermediate panel. One or more of these fotturcs may bc
incorporated into a parking meter that is othetwtse config;
ured for operation in accordance lvith the description herein

Specific details are given in the above description to
provide a thorough understanding of the embodiments.
However, it is understood that the cmboduncnts may be
pracllced without Ihesc specilic dc(alla For example. cir-
cuits nuly bc shov n in block diagranw in order not to
obscure the embodiments in unnecessary detail. In other
instances, ice)i-known circuits, processes, algontluns, struc-
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Iurcs. and tcclu»ques may bc shown wiilxiui unnecessary
detail in order to avoid obscuring the embodiments.

implcmcntation ol'hc Iimluuqucs, blocks, SICTIS and
means described above may be achieved in various ways.
For cxmnplc. thcsc tcclmiqucs, blocks, stcpis mid memis may
be implemented in hardware. Softcvare, or a combination
thereof. For a hardv are implementation, the processing units
iu;I)'c ullplcnlcnlcrl ivlthu1 otic ol'ol'c alppllcatkul specific
integrated circuits (AS)CS). digital signal processors

I it
(DSPs), digital signal proccssui devices (DSPDs). pro-
ranunable logic devices (PLDs), field programmable gate

arrays (FPGAs), processors, controllers, micro-controllers,
niicroprocessors. other electmnic units designed to perforni
thc functions dcscribcd above, anikor a combmation thereof.

Also, it is noted that the embodiments Inay be descnbed
as a process which is depicted ac a tlowchart, a tlow
diagmm, a data floiv diagram, a structure diagram. or a block
diagram. Although a flowchart may describe the operations
ss a sequential process, numy of Ihc opcrauons can bc
performed m pamsflel or concurrently. in addition. the order
ol Ihc opcrauons may bc rc-arranged. A process Is Icmu-
nated when its operations are completed. but could have
additional steps not included in the figure A process may
correspond to a Inethod, a function, a procedure. a submu-
tine, a subprogmm. etc. When a procesc corresponds to a
function. its termination corresponds to a rerum of the
funcuon io Ilu: calluig funcuon or Ihe maui function.

Furthermore, cmboduncnis may be implemented by hard-
ware. software, scripting languages. firinware, middleware, io
microcode. hardware description languages, and'or any
combination thereof When implemented in software. firni-
ware. middleware. scripting language. and/or microcode. the
prograni code or code segments to perform the necessary
tasks may bc stored in a maclunc readable medium such as ic
s sioldgc nicduuu. A code scgnlcnt ol nlac11uu:-cxcciltablc
instruction may rcprcsmu a proccdurc, a funcuon. a subpro-

rani. a progrmn. a routine, a subroutine„a module, a
softcvare package. a script, a class, or any combination of
instructions, data stnictures. and/or pro@sin statements. A so
code segnient may be coupled to another code segment or a
luirdw are circuit by passing andior rccerving information,
dais. argummits, purametcrs, tmd/or memory conicnIs. infor-
mauon. argummits, parameters, data, cic. may be passixh
fotwarded, or transnutted via any suitable Ineans including
memory shanng. message passing, token passing. nenvork
transmission„etc.

Fora fiunware and/or software implementation. the rneth-
odologics may bc Implmncnted wuh modules (e.g.. proce-
dures, functions, and so on) that pcrliinn Ihe funcnons o

descnbcd hcrcin. Any maclunc-readable mednim tangibly
clllborh'ill luslnlctloils Ill,'Iv bc Ilscrl h1 unplcnIeuthlg tile
ntethodologtes described herein lior exmuple, softv are
codes may be stored in a memory. Memory may be imple-
mented cvithin the processor or external to the processor As ss
used hcu:ui Ihc terai aleatory re(cia Iii anv Ivpc of long
term, short term, volatile, nonvolaule, or oIhcr storage
medium and is not to bc ignited to any partmular type of
memory or number of niemories, or type ot media upon
which memory is stored. Sa

Moreover, as disclosed herein, the term "storage medium**

may represent one or more memories for storing data,
includmg read only memory (ROM), random access
uicnioiy (RAM), ulagncuc RAM, core ulcnloiv, nlaguciic
disk storage mediums, optical storage mcdnims, l?Ssh sc

niemory devices and/or other niachine readable mediunls fiir
storing information

Wlulc Ihc pnnciplcs of thc disclosure have bccn described
above in connection with specific apparatuses and methods,
it is to be clearly understood that this description is made
only by way of example and not as limitation on the scope
of the disclosure.

Wc claim.
1 A parking nieter device comprising a display. aod a

communication subsystem contigured to provide two-way
v ireless comnninication. at least a portion of the conunu-
nication subsystem coniprisin a first power mode. a second
power mode, and a third power mode. the pari mg meter
ilcvlcc couligurixl Io pcrfonu ai least Ihc lollowulg.

a) opcrsic ui a lirsl power mode,
b) periodically enter into a second power mode, commu-

nicate with a reniote management system, and subse-
quently return to the said first power mode:

c) I'cccivc ail ulrhc;uloll of;I p;iy'aleut frofn tile rcllli1ic
marmgement systeni. and enter. from the first power
mode. into a third pocver mode, and

d) upon completion of receipt of said payment indication,
return Io stud lirsi power mode.

2 The parking meter device of cluun 1, whcrcin Ihe first
power mode is a slccqt mode.

3 The parking meter device of cluun 1, whcrcin Ihe first
power mode is a poiver down mode

4 'lhe parking meter device of claim 1, wherein the
second power mode is sleep niode

5 The parkin meter device of claim 1, wherein the third
power mode is a full power niode.

6 The parkin meter device of claim 1, wherein the
second and tlurd power modes utilize thc same tunount of
pow cr.

7 llic parking meter dec ice of claim 1, whcrcui Ihc
second and third power modes are the same power mode

g '1'he parking meter device of claim 1, wherein the first
power niode requires less power than the second and third
power modes.

9 A method of operating a parking meter device wluch
comprises a display and s conuuumcstion subsystem cun-
figured to provide nvo-way ivireless communication. at least
a portion of the comnnmication subsystem comprismg a first
power mode. a second power mode. and a third power mode,
the method comprising:

a) operating In a first power mode:

b) periodically enterin into a second power mode. com-
municating with a remote management system, and
subsequently returning to the said first power mode;

c) rccclvulg Jn inihcsilon lif a pa)'aleut front Ihc u:nloic
management system, and entering, fmm the first power
mode, into a third power niode; and

d) upon completion of receipt of said payment indication,
return Io stud lirsi power mode.

1 tl. 'lhe method of claim 9, wherein the first power mode
is a sleep mode

11. The method of claini 9, wherein the first power mode
ls a power down OIodc.

12 The method of claim 9, ivherein the second power
mode is sleep mode

13. The method ofclaim 9, wherein the third power mode
is a full power mode.

14. '1'he method of claini 9. v herein the second and third
power nlodes utiliÃe the same alnount of power
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15. The method ol'claun 9, whcrcut dte second mtd tlurd
power modes are the same pow:er mode

16. The method of claim 9. wherein the first power ntode
requires less power than the second and third power ntodes.
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