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METHODS AND APPARATUS FOR
INFORMATIOvt MANA(;FVIFNT AND
(JONTROL OIS OUTDOOR I,I(IHTI "Ii(;

~ IITWORKS

CROSS-REFERENCE TO PRIOR
APPLICATIONS

1his application is the U.S. National Phase application
under 35 U.S ('S371 of Internatioiml Application No. Io

P("I71132014,'059677. bled im Mar 12. 2014„1vhich claims
the benefit of U.S. Provisional Patent Application No.
GI/802,916. filed on Mar. 18, 2013 ond IJ.S. Provisional
Patent Applicatiou No 61/884,361, liled on Si)o 30, 2013.
Thcsc applicauous arc hcrcby uicorporatcd by rcfermicc
herein

'lite present invention Is directed generally to lighting
controlimanagement of outdoor lighting networks (OI,Ns)
as well as information management using on outdoor hght-
in network. More particularly, various inventive methods Io
and apparatus disclosed hcrcui relale lo uilegraled mmlagc-
mcnl ol multiple unique hghluig networks lor inlegraling
illumination with data nlanipuLotion and tmonsmission func-
tions filr lighting devices and nehvork devices, as well as
nlethods for using the fbregoing 'I'he lighting network
includes an array of outdoor li ht units or other electronic
devices. Und a network appamtus. hardware. Und softv.are
for Illonllorlng dnd illalulgulg lhC atra)i Bnd/Ol illlaly'zulg
infound iion galhcrcd from lhc array lor ldigeled mfilmui! ion
dissenlination to users and customers, as well as enabling io
neiv semices and features

New aeneration lights for example I,l JDs have the capa-
bility to adiust dinuuin level. color, direction (e, by
tilting LED panels or di itally fomlin LED li ht beams),
and/or lmrvcsttng venous cncrgy sources (e.g., solar/wuld ls
power). The new gcncrahon of hght sources also lbecs the
design ol'light units and fixtures lo provide morc clxuccs for
customers Recent advances In I liD technology have pro-
vided eflicient and robust full-spectrum lighting sources that
enable a variety of livghting efiects in many applications. So

Some of the fixtures embodying these sources feature a
lighting module, includulg onc or morc LEDs capable of
producuig difii:rmlt colors, c.g. rcd, recn, and blue, as well
ds a conlrollcr lbr independently controlluig lhc output of
the I IIDs in order to generate a variety of colors and
color-chan in lighting effects In other words, the outdoor
lighting nehvork becomes more and more heterogeneous.
Some of the hxtures may also include a variety of sensors
(e.g. light. motion, cameras. ctc.), wluch can bc used in
many ways to control lights and pmvtdc uflormahon about o

thc environnu:nt This allows addthonal flcxtbility ui savulg
energy, reducin light pollution, and complying ivith local
lighting re ulations as well as providing new services to
customers.

Outdoor lights. such as hghtin for roadways, streets, s.
parkmg lacilitics, parks, landscapes, I'ootpalhs. tunnels and
bicycle paths, are normally managed by a suiglc authouty.
For cx;miplc, street lights in New York City arc mimagcd by
the l)epartment of Tmsnsportation. ('entral control and nlan-
agement by one authority alklws better security, better io
coordination of use. and reduced maintenance cost. Most
outdoor limits currently operate independently or in small
groups supplied from a conunon power source. Howcvcr,
with Ihc use of lhc Inlcrncl and wirelcss conununicalion
systems. there is a trend toward networking of outdoor hghls ss
and nlanaging operation of the outdoor lights through a
centralized and remote server

Systmns have been ullroduccd I'or the management of an
outdoor lighting nehvork (OI N) I'or exatuple. lighting units
of an OI,N may be renlotely managed to provide contml
over liJtting behavior (e g, scheduling of the on/off times
of the lighting units and/or setting dinuuin levels of the
lighting units) and/or to monitor lighting unit characteristics
(e g., light source stahis. energy consumphon. Iighluig utul
spcclficdllolls). Matlagclllcnl ol outdoor hghhng Ilclworks
may pmvide one or more benefits to customers (e g . munici-
palities) such as energy savings. reduced niaintenance costs,
and/or reduced lighting pollution, etc

OLNs often utilize proprietary control and/or conununi-
cation protocols that are not open to other device suppliers.
Although the undcrlyuig cotuiccuvity teclmologtcs used in
certain OLN implementations may be standard (c.g., cerhiin
v ireless and/or poiver-line comnninications standards). the
colltnll Bnif oi'oillltllUllcatlon pi'otocols;ll'e often pl'optl-
etary. Other systems have been developed to fully contml
and communication protocol between a single CMS and
each of a plurality of proprietary OLN implementations.

In addition. thc currmll practices oi lighhug uflraslruclure
renovBtlon puiltmh ds well Bs llew coilslrUcllolls illcludc
several steps: design,'planning, pmject management/instal-
lation, operation and management as shown in upper portion
of Ill(i IA I'ypically. each step is provided or executed by
difl'erent entities/individuals (e.g. lighting desivgner, vendor,
contractors. facility manager. etc ). Difi'erent supporting
tools and platfliuns are used. which arc uot counccloxf nor
cxcllilngc ullornlalioll ul oils'as'o oplluuzc/all cdnll ale lhc
ovemoll process. In many projects, lighting design/planning,
is not linked or do not take into account all technology
options available from nntltiple vendors I'he customization
of products for specific projects is not explored. Moreover,
the operation/management tools are completely independent
of lhc design/planmng tools used iu thc carly stage.

Clues itic fachlg lllcrcdslng budgetary prcssurcs mxl ncoxf

to bc convinced of Ihe Inic I slue and luturc polenhal of
upgrading the lighting infmostructure Increasing energy
prices yves some motivation Io upgrade to energy etficient
LED li hting. but is not enough in some cases to justify
adoption of intelligent control systems

Currently, lighluig renovation (or ncw conslrucuon) pruj-
cct design/planning docs nol lake into uccounl all options
and potential benefits ol'vailable Icclulo logics. Also,

existi-

ngg tools and softivlme packs es do not consider integrated
solutions (e.g. includin luminaires and contmls) On the
other hand, the range of teclulology and pmduct options is
quite lar e and the customers are usually confused and do
not sce thc total value of intelligent solutions. Therefore
lhCIC w il Iiet:0 fol IOOIS thill %111 ultcgratC lhc vdlilc Challl
and help show customers Ihc bmiclits of upgrading Ihe
lighting infrastructure and installing intelligent contml sys-
tems

The state-of-the-art outdoor lighting remote management
software platfouns provide control and asset management
capobihtics to cnd users, but they cover only part of thc
value Hiain. Condthon assessment, design/plammig. regu-
lation compliance, and sysicm optimization arc not sup-
ported. 'I'he proposed lightin service platform, as shown in
the lov er portion of I'I(i. I A. inte rates these capabilities to
enable an integmated and streanllined approach to infrastruc-
ture renovation. The pkstfoun will provide on integrated and
bcllcr Uay lo working with ihe customer (e g. government
entities, towns, cities. elc.) from carly idea concephon and
phuuung stages to builduig custom soluuous and operating,'anaging

the infrastructure v bile clearly denionstrating the
benehts of the available pmducts and teclulologies
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lhc present disclosure is dlrcclcd Io ulvenuvc methods
and apparatus for nlanagement (including design X plan-
fllua. pl'q)L'Ct alan;lgColeltt, OpCI'Btlofl 8'laulICOBOCL't
upgrade. use and information exchange) of outdoor lighting
networks. The invention is a system comprising an omdoor
lighting network (OLN) Including an array of outdoor light
units, sensors and/or other integrated or connected electrical
devices (hereinafii:I'eft:rrixl lo Bs hghl uuus ). 11 central
nlanaaement systenl (('MS), a wired/wireless network,
including sofuvare. firmware, for monitoring and managing
the OI.N, as well as lnfilrnlation management via the OI,N.
The OLN comprises multiple outdoor light units tlmt may
operate mamly in an independent mode where dinmling,
smlsulg, communlcauon, and control processes ulkc place
bclwoml Ihc venous hght units. Further conunuiucation and
control may be provided between the light units and a CMS,
filr exmnple. (user) information requests.'exchanges. bght
unit failure reporting or event reporting (e.a tratfic. road
hazards, etc.). The system may be tied to the Internet for
dissemination of fksta and/or data analysis gathered by
mc;ms of multiple light units or thc dissemination of data
tluough Ihe hght units to users by memls ol'lements
integrated into the light units or comlnunication messages
transmittefp received with users via user devices. filr
example smart phones 'I'he hght units and ('MS comnluni-
cation nlay be adapted for energy-saving processes: pow-
ered-receivin fmm or power-providing to the grid. renew-
able power production tmd storage, antVor to Wi-FI hol
spots. cellular conmlunicduon, pubic sall:ty alamls, infor-
mation or advertising to the public or infilunation/analysis to
cusfonlcrS

'Ihe invention provides for the intelligent monitoring,
control and management of outdoor lighting networks and
enables new services and features for customers. The inven-
uon provides a hghl management system for ml outdoor
lighting network (OLN) havulg a plurahty of hghl ululs. the
system ulcludulg a central management system (CMS) and
a conlnninication system/network operably connecting the
central management systenl (CM)) and the light units. The
central mana ement system (CMS) is operable to: receive
and process li ht unit information, requests for infomlation
(c.g. users, hght urum), dctermulc oblectwes/constraints
infonndiion; nlcntlfy llm hghting unim operably connected
lo Ihc plural uy of hghl uml control apparatus associated with
the requests for information: determine/update at least one
of the lighting requirements. the luminance model. and the
cost model; coordinate the opemstion of the identified hght-
in units as a function of the objectives/constraints. and send
operation instructions lo lhc plurahly of hghlulg control
apparatus to direct thc ldcntilicd light umls lo operate ln
accord;mce with the opcrauon and thereby enable ncw
services and features for user/customers

For example, location based services (1,13S) are highly
popular nowadays. A location-based service can be defined
as an information or entertainment service. which is acces-
sible 0 ilh mobile devices tluough thc OLN mul wluch uses
information on thc geograplucal posiuon ol thc mobile
dcvicc. Adicrlisulg ls onc of the maul dpphcauons taking
advantage of I I)S 'I he present invention makes use of the
OI Ns in and around cities and buildings to collect very
precise traffic information. Furthermore. via sensors, It Is
possible to monitor the flow of people. and even distinguish
thc type Of trdllic (cars, blkcs, pedeslnims... ) as 0 cll as lo
uicasulc i:nvlronulculdl condulous, sUch Bs polhulou, nilisc,
or icmperalure. Thc prcscnl ulvenuon lhus collects time
sensitive data related to various conditions associated with a

iven area that would impact advertising perfilnnance

Another aspect of thc imcntion provides a CMS Io an
outdoor lighting network (OI,N), the ('MS includes a pro-
cessor; a memory opemsbly connected to the processor; and
a comnlunication module operably connected to the proces-
sor for comnuulication with the outdoor lighting network.
The processor is operable to; receive data (e.g. sen~ing. etc.)
front lbc llghlulg unlm Bful ilclt:Inane vdrlOUs i:onihtlous
includulg: trafiic, v'cather. ruad. hghting, comphancc with
legal regulations, public safety,'security; receive information

10 requests; receive objectives,'constraints; identify lighting
units associated v, ith the request; determine whether at least
one of lightin requirements„ luminance model. and cost
model have changed; update at least one of the lighting
rcquircmenls, coordulalc operation of thc idcnulied hghl

I units tls B fUnctlon ol lhi: obli:cuit:s/i:ousirtluus, lht: hghung
requirements, the luminance nlodel, and the cost model; and
direct the identified li hting units to operate in accordance
v ith the desired operation

Another aspect of the invention provides a li ht unit in the
10 OLN connected to a ('MS, the light unit Includes a proces-

sor, a memory operably coiuuxlcd to thc processor, a
smlslng unib mid a communication module opcmbly cun-
nected to the processor filr conlnlunication with the CM)
and other lighting uilits. The sensor can be any sensor filr
sensing any environnlental condition, mlnging from any
electromagnetic signals to acoustic signals to biological or
chemical signals to other signals The processor is operable
to rcccive scnsulg dale;md detennule venous conditions
including trafiiciwcalhcr/ro;uplightulg conditions/pubic

30 safety/security. etc. with or lvithout the ('MS: genemste an
infornlation request; transmit the request through the com-
munication module to the central control apparatus; receive
an operation instruction for opemtion of the liJtt unit
through the communication nlodule from the CMS: and

ls illri:ct Ihc hghl null 10 opcl'dli: ul Bccordtulci: wnh lhc
Opcrauon ulslructlon.

Anolhcr aspect ol ihe invcnuon enables slrctunlinulg
destgtt, deployment, operation and customization of lighting
infmlstmcture ivith a sinaleiintegrated platform will improve

do efficiency and cost efi'activeness of the service cycle,
increase project close mate and facilitate the radual expan-
sion of Ihc scrvicc ullo ncw and rclrolil areas Morcovcr. Bn

integrated service platform is csscntial to continuously opti-
mize the design mid Opcrauon by talong into account nol
only luminaire specifications, but also the availability of
controls solutions and their ecomlmic impact, as well as real
data from existing deployments in order to optimize opera-
tion/configuration of existing and systems Another aspect of
lhc pldlltulu is lo prot ulc vlsuahzatlon for lhc ovcltlll

ilsohulons Bcloss d dcplovuicnl Jri:d (Ironl II spi:clfic Brea ol
inlcrcst for 0 projccf lo Ihe whole city). The vlsuahzalion cml
be based on different aspects of the multiple solutions
cmlsidered for a project (e g. economic. energy, safety . )

The invention provides a light management system for an
i. outdoor lighting network system having a plurality of out-

door light units each including at least onc sensor type.
whcri: cdch Ol the hghl Unlm couuuUnlcdliw wuh al least Ouc
olhcr light uni( al Icdsl onc user ulpul/output dcvicc in
communication v,ith at one or more of said outdoor light

so ufllts,;I ccfltl';ll iu;uul coleflt systL'nl ul comnuullcatlofl w'1th

light units, said central management system sends control
conunands to one or more of said outdoor light units, in
response lo riven cd Outdoor light ulut status/sensor udor-
nunlou ffoui ouc or morc of stlld OUldoor light uulls, d

ss resource scrvcr in conunuiucauon with said central man-
agenlent system, lvherein the centmll managenlent system
uses the light unit stanls,sensor information and resources
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front lhc resource server 10 dcicl1nulc Bn cvcnt occnlrcncc,
and in response reconfigure ime or more of the lights units,
pmvide information to the at least one user input/output
device or initiate a predetermined action.

The fore oin and other features and advanm es of the
invention will become Thither apparent ihom the follov.ing
detailed descnpuon of thc presently prcfhrrcd emboduncnls,
read in conjunction with thc accompanying drawulgs. The
detailed descnption and drawulgs are merely illustrative of
tile iavcatlon, rathci tharl hnlitulg thc scope of thc hlvclrtlon ul

being defined by the appended claims and equivalents
thereof.

The following are descriptions of illustrative embodi-
ments tluil when taken ln coniunction with tlm lhllowing
ill'awhlgs will dculonstrBlc lhc Bbovc noted fcalurcs Bnd I

advantageg as well as further Ones In the folloiving descrip-
tion, for purpnses of explanation rather than limitation,
illustrative details are set forth such as architecture, inter-
faces, tcc(utjques. element attributes, etc. However, it will be
apparent to those of ordinary sl ill in the arr that other Io
cmbodimcnts that depart from these details woukl still be
understood to bc within thc scope of flle appcndcd claims.
Moreover. for the purpose of clarity, detailed descriptions of
well-knoivn devices. circuits, tools, techniques. and metlxlds
are onlitted so as not to obscure the description of the present
system. It should be expressly understood that the drawings
are included for illustmtive purposes and do not represent
lhcscopc of lhc present s)'aleut. In thc BcconlpBnvulg
drawings. hke rcfi:rance numbers in ddlhrmlt draw ulgs may
desianate similar elenlents Also. the drawing figures are nnt Ic
necessarily to scale, emphasis instead generally being placed
upon illustratin the principles of the invention

FIG. IA illustrates the lighting infrastructure project
steps;

FIG. 1B ls a pcrspcctlve view ol'le hghtmg platform for Ii
thc design. dc)I(oymcnt, operation and cuslomizalion of
lighting infrastructure:

FIG I('s a schematic view of an outdoor lightiag
netivork (OI,N) in accordance with elnbodiments of the
present system: do

FIG, 2 is a perspective view of a lighting, system in
accordance with mnbodnnenls of lhc prcscnt syslcm.

FIG. 2a ls a pcrspcctivc view ol a hghtm ulut in thc
hghting system of FIG. 2,

11Ci 2/I is a perspective view of an illumination pattern of d

the lighting unit in the hghting system of ill(i 2C;
FIG. 2r is a perspective view of an illumination pattern of

the lighting unit in the hghtin system of FICi. 2a/
FIG. 2J Is a perspective view of an l11unnlxitlon pattern of

thc lighting unit ul thc hghung system of FIG. 2a; 0

FIG. 2c is a pcrspcctlvc view of an lllunnnatlon pattern of
the lightin unit in the lighting system of IIT(i 2a;

FIG 2fis a perspective view of an illumination pattern of
the lighting unit in the lighting system of FICrk 2a/

FIG, 25 is a schematic view of a lighting unit in the ss
hghting system of FIG. 2,

FIG. 2h ls a schematic view of exemplary h hting unit
designs ul thc lighung system of FIG. 2.

11Ci 2/ is a perspective view of an illumination pattern of
the lighting unit in the hghting system of ill(i 2; so

FIG. 2/ is perspective view of an illumination pattern of
the lighting unit in the hghtin system of FICi. 2;

FIG. 2/- is pcrspimuve view of an lllunnlxitlon pallcm of
thc lighting unit ul thc hghung system of FIG. 2,

FIG. 3 illustrates an embodiment of a nnllu-vendor OLN si
system in accordance with embodiments of the present
s)'s tenn

FICi 4 shows a tlow diagram that illustrates a process in
accordance with embodiments of the present system:

ill(i 5 shov's a floiv diagram that illustrates a process in
accordance with embodiments of the present system for the
integrated service/management platform and iniilrmation
flows;

FICi 6 shows a flow diagram that further illustrates lhc
process in FIG. 5 laid show 1 fllc interactions between cut ilies
and users of the process thmugh the conlplete life cycle of
a prilicct fi'001;lsscssnlclrt, Io opci ltlon/nlalntcnancc auld

upgrades;
FICi 7 shows an inventory assessment application that

can be used by to record existing lighting inventory in the
process ln FIG. 5,

FICi 8 shows an cxcmplary hptttng dcslgnlplaluung
pmcess used in the process in ill(i. 5:

ill(i 9 shnivs an exemplary method to identify and
prioritize projects based on assessment/inventory data used
to in the process in FICi. 5.

As used herein for purposes of the present disclosure. the
tenn '*LED" should bc understood to include any ehmtrolu-
nuncsccnt diode or other type of carncr ulicctton/iuncuon-
based system that is capable of eneratlng radiation in
response tn an electric signal 'I hus. the tenn I.I il) includes,
but ls nnt limited tn. various semiconductor-based structures
that emit light in response to current. (iJtt emittin poly-
mers. organic light emitting diodes (OLEDs). electrohuni-
ncscmlt strips, and lhe like. In particular, llm lcml LED rcfi rs
to hght cnuuing diodes of all types (ulcludlng semi-conduc-
tor and Organic light emitting diodes) that nlay be configured
to generate radiation in one or more Of the infrared spectoun,
ultraviolet spectnun, and various portions of the visible
spectnun (generally including radiation wavelengths from
appmxunately 400 nanometers to approximately 700 nano-
metcrs). Some examples ol'EDs include, but arc nol
hmlted to, venous types of ulfrdrcd LEDs, ultraviolet LEDs,
red LEDs, blue LEDB, green LEDB, yellow LEDS. mnber
I lil)s, orange I,lil)s, and ivhile I.ill)s It also should be
appreciated tliat I,l il)s may be confi ured and/or controlled
to generate radiation having various bandwidths (e.g., full
widths at half maximunl. or FWHM) for a given spectrum
(c g., narrow bandwidth. broad bandwidth), and a vanety of
donnnanl wavelengths withul a given gmlerdl color cdtcgo-
uzauon.

llnr example. nne implementation of an I,l:D configured
to generate essentially ivhite light (e.g, a white I,l !D) lnay
include a number of dies which respectively emit diflbrent
spectra of electroluminescence that, In combination, mix to
filrm csscntlally wlutc light. In another lmplcmentanon. a
whue light LED may be associated with a phosphor material
thill convcrls clcctlohnnnlcsccncc havulg d frsl spccll oui to
a dltferent second spectnull. In one exanlple of this imple-
mentation, electrolnnlinescence having a relatively short
wavelength and narrow bandkiidth spectrum "pumps*'he
phosphor material, which in turn radiates longer wavelength
rddlB(lon hllvulg a sonicwhal blunder spcctnnu.

Il should also bc understood that thc tenn LED docs not
hnut thc physical and/or clcctnca1 package type of an LED.
llor example, as discussed above, an 1.111) nlay refer to a
single hght emitting device having multiple dies that are
configured to respectively enlit chfferent spectra of radiation
(e g., that mav or may not be individually controllable).
Also, an LED may bc associated with a phosphor thu»s
consnlcrixl as an ultcgral pal( ol'hc LED (e.g . some t)TICS

Of white LEDs). In general. thc tenn LED may re(br to
packaged I Iil)s. non-packs ed

I.ill )s,

surface nlolult I.I il)s,
clup-on-bnard l,l(Ds, 'I-package mount I,l:Ds, nadlal pack-
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dge LEDB, power package LEDB, LEDs u&eluding some type
ofencasement and/or optical element (e a.„a ditfusing lens),
etc

It should also be understood that the sensors ofthe sensing
unit can be any sensor for sensing any environmental
condition„ranging from any electroma netic si naia to
acousuc s&gnals lo b&olog&cal or chcnucal s&gnals to other
signals. Examples &ncludc an IR dclecior, d t uncra, a motion
detector. an ox&ne detector, a carbon monoxide detector,
other chemical detectors, a pmximity detector, a photovol-
taic sensor. a photoconductive sensor, a photodiode, a pho-
totransistor. a photo emissive sensor. a photo elecuonm-
netic sensor. a microwave receiver. a IP sensor. a mt netic
scnsol; II niagncu& I'cs&snvc scnsol; Bnd a pos&t&on sensor.

11&c sensors can bc acus&t&ve to temperature. For cxamplc,
the sensor might be a thermocouple, a thermistor, a rad&ation
pyron&eter. a radiation them&ometer. a fiber optic tempera-
ture sensor. a sem&conductor temperature sensor, and a
resistance temperature detector. The sensor might also be
sensitive to sound. e ., B microphone, a piezoelectric mate-
r&al. or m& uludsomc sensor Thc sensur might be seas&l&vc to
1 &brations, hum&d&ty, or conccntrauon of d vapor, parliculate
Ol','ls

1'he invention is not hn&ited to any particular method fbr
receiving data I'he n&ethods include various steps. such as
providing a substrate carrying a plurality of electrical con-
nections coupled to a power adapter. providin a lighting
clcmcnt coupled to an clcctncal co&u&ccl&on, providu&g a
scnsol; plovnhng a proccssol coup(ox! IO an ch:I'Ir&c&d con-
nection and to the sensor, receiving a stimulus with the
sensor, and tntnsmitting signals representative of the st&mu-

lus from the sensor to the processor. In e&nbodiments, the
method may include sending instnictionc to an acniator to
alter the position of the lighting element.

11&e u&vcnnou &s uot lun&tcd to any parucular mclhod for
transmiuu&g datu. 11&c methods may u&elude providu&g a
subsuale carry&ng a plurahty of clecu&cal connect&ons
coupled to a power adapter, a lighting element coupled to an
electrical connect&on. a signal unit for emitting a Big&&BI. and
a processor coupled to an electrical connection and to the
signai unit, and tmonsmitting sip&ai instructions from the
processor to the s&gnal un&t

It six&uld be apprcc&a&cd that all combuxit&ons of thc
forcgou&g concepts m&d additional concepts d&scusscxi &n

greater detail below (provided such concepts are not nnitu-
ally inconsistent) are contemplated as being part of the
inventive subject matter disclosed herein. In particular, all
combinations of claimed subject matter appearin at the end
ol'(us disclosure urc contemplated as being pa&t of the
invcnlivc sublixt matter dwclosed hereu&. II should alsu be
apprcxiatcd Ihal tenn&nology cxplic&lly employed lmrein ll&al

also may appear in any disclosure incorporated by reference
should be accorded a meaning most consistent with the
particular concepts disclosed herein.

Embodiments of the present system may interface v.ith
cont t ntnutdl 1&ghlulg uifrastrucIU&cs BUch Bs iubBB w&ilkwB)',

street, Bnd/Or h&gltway'&ghlu&g &vs&cuts IO connol Onc ot
morc portions of couveul&onal lighlu&g systems. Further,
embodiments of the present system may incorporate auto-
matic information retrieval for weather, traflic detection
teclmiques, legal regulation. public safety/security infom&B-

tion to detem&ine one or more lightin. settin s Bnd/or to
control and/or conligure 1&ghting systems u& accordance w&th

thc dc&em&incd onc or morc hghung settings. Embod&ments
ol'lhc present system may obtain traffic/weather/road/public
safety,'security related inforn&ation such as past and/or cur-
rent condit&ons and/or forecasts, via any suitable network or

networks (c.g., Ihc Intcmcl. a telephony network, a w&dc
area network (3VAN). a local area network (I,AN), a pro-
prietary nenvork, a wireless hdehty (Wil&litt) network. a
liluetooth&M network. a peer-to-peer (P2P) network. etc )
and determine one or ntore lighting settings or system
configurations in accordance with the past. current. Bnd/or
liiuirc cond&l&ons. Further, Ihc onc or morc dctcrnuncxi
system or 1&ghl&ng setlmgs or related u&format&on nmy be
based at least in part upon sensor infbnnation obtained from

ul sensors ot the system such as optical sensors (e.a. in&age
capture devices such as can&eras. etc ), radar-based (e.g,
Doppler effect) sensors, rain sensors (resistance based, etc.),
location sensors (e.g., FIPS, predetermined. etc.), tempera-
ture sensors (c.g.. thcrmocouples, Infrared (IR). bimctall&c,
mercury, ctc.), clc.. Wluch may be located &n one or morc
locations such as light units, li ht units, etc . in accordance
v ith embodiments of the present system l&or example, one
or more sensors may be incorporated into outdoor light uitits
and may provide sensor infonnat&on to the system using any

lo suitable comnnu&ication method. Although only a limited
number of sensors arc shown for example &0 FICIS. I & 2,
other sensors arc also envision&xi such as satellite uuage
sensors which n&ay provide images of geography. atmo-
spheric temperature, cloud cover. precipitation, etc

In accordance tvith embodiments of the present system,
the sensors may provide semor information v hich may be
processed to determine or forecast information, power avail-
ab&hty, 1&ghling sclungs, power settu&gs, system saltu&gs.
color lcmpcralurc, clc. For example, Doppler Eff'cct radar

10 sensors may provide infor&nation on an amount of precipi-
tation that is currently falling I'urther, optical sensors &nay

capture image infom&ation &vhich n&ay be processed using a
suitable image processing tee)a&jque to determine, for
example. current &veather conditions such as v hether main,

&i hail. or snow &s falling;md/or &f clouds arc prescnn The
image inlormalion nuiy be further proccsscd to detcnuu&e
condil&ons in Ihc vic&nily ol Ihc sensor such as ground
cmtditions (e g., snow on ground, ground wet, ground clear,
foreign objects (e g., mcks) on ground. tree branches or

do fallen trees. etc.), as well as current illumination conditions
(e ., sunny. dark, sufiicient lighting, insufficient Iighfiitg,
clc ) u& lhc v&cuulv ol II coltt:spondulg sensor.

In accordance with embod&ments of the prcscnt system.
BUB&crous scnshlg nlodBI&ntw (txg., sensor ty'pcsj nuiv'c
pmvided to provide sensin informat&on 1 he sensors &nay

be utilized to provide sensing informat&on for example to
determine or forecast information Bnd/or may also be uti-
lized to adjust/correct sensing information. For example,
depending on thc scns&ng modal&ly, perl&euler traffic,'&

wc&&the&&road cond&I&ons nidv Or n&Bv'ot Infiucnce scnsu&g
pcrfonndncc of Onc 01 nitac sensors. In Bccoldtincc w&lh

embodin&ents of the present system, fbr a case wherein one
or more of the system sensors is an image sensor, the one or
more sensors may be affected by cond&tions such as main,

&s wind, snov& time of day/month/year. etc In these embodi-
ments. knowledge about such cond&t&ons such as prov&dod

by II scnsol tind/or othe& ulfornuitlon sou&co nlav help hi
morc robust sensu&g. For cxdmplc, &n accordance with a
particular traffic,'weather&road forecast a specific set of

io in&age acquisition parameters and/or detection algorithm
settings may be pn&vided to one or more sensors for each
such condition. For exantple. in the case of strong rain. a
dc&&xi&on tlucshold lor an imaging sensor may bc u&crcascxi
to avoid lilac tnggcrs duc to, lhr example. a rain drop

si moving u& Iron& ol lhe sensor. As may be read&ly apprcctdlcxi
by a person of ordinary skill in the art. a similar type of
adaptation may be applied to a given sensing modality
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In accordance with mnboduncnls ol thc prcscnl syslmn, B

li hting system may be provided which obtains various
sensor information such as traffic/weather/road inforniation,
image information, etc, which is processed to deterntine
particuhsr event conditions and/or lightin. conditions in the
vicinity of a correspondin sensor at one or more times or
periods. For example, thc sensors may bc used to collcctcd
dalii iii public spaces, such as retail stores, convention halls,
public street~, sports vemies, entertainment spotw etc, to
nionitor the flow of people, vehicles, or other objects and
detemiine the nuniber ofpeople or objects which pass by the
unit. the speed at v hich the people or objects pass the unit,
or any other suitable measurement. The collected data may
Ihen bc Bnalyzcxl lo dclernunc trafiic liow, Irafiic pallems,
pouils ol'ongestion, etc. This aiwlysis may bc useful, for
example. to determine points where traffic is congested, to
help identify a change in the lighting layout or a lighting
confi umtion that may help redirect traffic fiow or ease
passage and congestion, etc Thus. an ilhmiination and/or
power settin for selected hght units are determined in
accord;mce with Ihc dctemuncd conditions and/or hghluig
conditions. In accordance with cmboduncnls of Ihe present
system there is provided a contml system which may set an
illumination coniigumtion of a first light unit in accordance
with sensory information received from a second light unit.
Tints, for example„ if the sensor information thorn the second
li ht unit indicates a dan erous condition (e, a hazard on

path siwh as a Ibreign oblect, a velucular accident, icc,
clc.), llic sy'slciii iiiay scl Bii illoiiiiiidtiiiii coiiligiiidlioii
inc)Odin one or niore of an illumination pattern (eg, a
shape of an illuminated area), illumination intensity (e g.,
brig)itness), illuiiiinatioil spectnun (e g., color), illumination
pohsrization. illumination frequency. etc.. of the first licit
unit in accordance with the sensor information received
from thc second light urut.

FIG. 1B shows an example of lighting systmn service
drchllcc litic I iii dccordaiiccw illi llic'. pn:sciit iiivciilioii.
Outdoor lighting networks (OI Ns) 3-1 to 3-N may be

radually installed and connected to the service platfornt
server 2. OLNs 3-N are not necessarily available in the
initial stages in many areas. The service platfomt server 2,
ds dcscnbcd further below. especially thc assessmcnl mod-
ule will provide thc uiiluil input to enable Ihe dcstgtt/plan
that can )cad to installation ol'olutions, such as OLNs 3-N.
But other solutions, mcluding simpler technologies (e g.
luminaire replacenient), may also be recoinmended'selected
for a given area.

The service platform server 2 may be implemented as a
central or distributed computing service (c.g. cloud service)
that connects to scvcral databases or ufihrmation syslcnw
that provides/stores ddli:rent types of ufihrmation. ui par-
ticuffir: ( ity information database 5 stores/provides records
of assets installed and associated attributes (location, type,
installation data, mamlfacturer ., ) as well as data collected
from field devices (such as any type of sensin dam. such as
trallic, cm iroiuncnt, weather. ctc.), Rc ulalion databases 7
store/provnlc iulhnnauon abmit applicable stimdards and
rcgulauons lo a specilic arcs. Iviultiplc dalabascs may exist
at difi'creat hierarchical levels. such as city, state, national,
Product databases 9 store/provide infiirmation about prod-
ucts, potentially from multiple vendors/manufactures, and
their associated capabilities/features, including teclu»cal
specification aud economics data (e.g. cost), OLN database
11 stores/provides inlonualion about uwtallcd syslcnw
(OLNs) uicluduig thc many components and connected
devices that form an OI.N: Project database 13 stores/
pmvides information related to pmjects pertormed through

thc scrvicc platform server 2 for spcciiic areas/users. Pruj-
ects may be at different stages in their life cycle, from
planning, installing, to opemtion 8i iiiailagenieiit the proj-
ect database may also include infiirniation about past proj-
ects. potential future projects, or "virtual*'rojects. which do
not include actual installation of systems. Illustmtively. the
scrvicc plalfomi scrvcr 2 may include a CPU, memory,
coiiliitliiiiciilioii iiitcifdccs, iiiid opcraliiig syslciii, siicli iis
I inux, a Web Server, such as Apache, scnpting engine, such

IB as PI IP/Perl/Python, and MySQI„as well as the Application
Processing iuiits described in lil(i. 5

The database shall be understood in a eneric sense, and
it could be any form of information source, such as city
inffirmation database 5 could bc a Wcb service data source
provided by a city management system, OLN database 11

could be pmvided by a vendor specific interface of a
pmprietary OI,N mana ement system

'I'he service platfomi 2 niay also interact with different
types of users, includinv, but not limited to: OLN system

zo administrators 15, facility/infrastnlcture mana ers (not
shosvu). lighting designer 19. OLN vendors/manufacturers
17, installation contraciors. commissionuig cnguieers (nol
shown), etc

I'he above components and entitie~. as well as OI,N
('ommissioner 21 interact over the netivork 23 I iowever. it
is understood that this may be any suitable netv orl or one
or more networks such as a wide area network (WAN). a
local area network (LAN), a telephony network, (c.g., 3G, B

4G, ctc., code division multiple access (CDMA). global
sc system for mobile ((ISM) nenvork, a plain old telephone

service (POTs) network), a peer-to-peer (P2P) network, a
v ireless fidelity (Wiisiisr) netv ork. a Bluetooth™ nenvork,
a proprietary network, the Internet. etc. to communicate
data.

is FIG IC is a schematic view of an outdoor lighluig
network (OLN) 100. B central managmumil system (CMS)
102 Bnd Bn information resources scrvcr 112 (c.g wcathcr,
traffic, public safety/security reports or other. for example
news media or Internet available information), in accor-

do dance with embodiments of the present system. Although
FI(i. I shoivs the elements of the outdoor lighting network
(OLN) 100 Bs discrctc clemcnts, it is noted that two or morc
of lhc clemcnls may bc inicgralcd into oue device. Thc
outdoor lighting network (OLN) 100 includes B plurality of
light units or luminaires (andior electrical devices) 106-1
through 106-N (generally 106-N). a plurality of sensors
110-1 tlirough 110-M (generally 110rx). a power portion
114, one or more optional user interface apparatus 122-1
tluough 122-N (gcncrally 122-N) and a network/conumuu-

o cation link 108 winch. ui accordance with embodiments of
the prcscnt system, mdy operably couple two or more of Ihc
elements of the present system.

I'he user interface apparatus 122-1 thmugh 122-N is
accessible to the user and can be used to control the light

s. units of the OLN through the CMS by providing lighting
rcquircmcnls lo thc CMS. The user cau conlrol Ihc outdoor
lighting network lo Ihc extent which thc user is authonzed.
Any number of secunly authorizations methods may be usod
(iilclnding conventional security iiiethods and ones

ic described huther below) I he user interface apparatus 122-1
through 122-N can be implemented as a dedicated device or
incorporated in another device. The user interface apparatus
122-1 tluough 122-N can be implcmentcd in a mobile
phone, PDA. computer (c.g.. laptop. tablet such as im iPad),

ss vchiclcs including d car. mrplmic, hclicoptcr, bout. or Ihc
like, device in a vehicle. mobile (ipg device, embedded
device, any intelligent device/machine, a sensing device or
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dny other dcvicc accessible Io a user. Thc user uilerfacc
apparatus 122-1 through 122-N can also be incorporated in
a device which is itself a user, e.g . a security camera which
needs ditferent light levels according to the particular situ-
ation. In one example, a user control appamnls can opemte
independently Bs an autonomous device. and autonomously
generate user temporary user policies willxlul user inlerac-
uon.

When the user is an intelhgent device, the user interface
apparatus 122-1 through 122-N can automatically genenste
the ligiiting, requirements. In one embodiment„ the intelligent
device responds to external stimulus, such Bs 0 transponder
operating independently of the user interface apparatus
122-1 tllrough 122-N, c.g., rccciving/detcclmg is wither and
I Cilia Bv co tub(lolls etc., Io lnllld Ic Iho lighting I equi lena:lux
or appropnate system responses, e.g alerting sirens in
response to a detected hazard such as a vehicle accident.
Another example of this would be a conununication device
within a vehicle that alerts a local sensor external to the
vehicle, and the local sensor provides external stinmlus to Bn
inlclhgcnt device ol llm user uilerlacc apparatus 122-1
tllrough 122-N, U)uch Butomaucaliy gcncralcs lhe hghling
requirements, e g, to turn on darkened or change the color
temperature lmht units when a vehicle/person approaches. In
another embodiment, the user interface apparatus 122-1
tluough 122-N can include a means to detect when/where
the user lighting contml service is available for a given user
by combining uilbnnauon rcccivcd from thc OLN with user
location ufionnation. Once lhc service avmlabilily is
detected. the user interface apparatus 122-1 thnluah 122-N
can indicate such availability to the user and enable the user
IIIPltt llttel't'ICC.

The user interface apparatus 122-1 throu/~i 122-N com-
municates with the OLN. using any desired technology. such
as a cellular data conunumcation protocol (C.g.. GSM,
CDMA. GPRS. EDGE, 3G, LTE, WIM~,), DSRC or WiFi
radio. ZISBcc protocol operating on lop of the IEEE
802 I ik4 wireless standard, Willi protocol under I I i)il'. stan-
dard 802.11 (such as 802 I I b/8/n), l31uetooth protocol. I31u-

etooth Low Ener y protocol, or the like.
The user interface appamstus 122-1 tluouch 122-N enables

d ilscr, slick Bs II person or Bn lnlclllgcnl device. to colllrol
ceruim li:dlurcs of an outdoor lighluig nelwork. The user
interface apparatus 122-1 llnough 122-N also enables a user
to discover (or detect) available services of the OI,N and/or
the availability of an OI,N service at any given location and
time. The user interface apparatus 122-1 through 122-N can
be any type of apparatus receiving/transmittin user or OLN
rex)utrcmcttts. Examples of OLN requirements are thc light-
ing rcquircments Bnd include average h lu mlcnsity, unifor-
nnly, color Imnperaturc, andtor Ihe hke filr lighung units
over mi area. e g . a street or park, according to factors such
as tratfic. weather, time of day/night. environment condi-
tiom: regulation: user input, or the like.

The CMS 102 may include one or more processors which
may control lhc overall operation ul Ihe outdoor hghling
Bc(work (OLN) 100. Accordingly, thc CMS 102 may com-
municate with. thc light units 106-N. Ihc sensors 110-x, thc
power portion 114, and/or the resources server 112 to send
(e .. Iransnlit) and/or receive various intilnnation in accor-
dance with embodiments of the present system. For
example. the CMS 102 may request (e, using, a query or
qUcl1cs, clc.) scnsol'nfomlalton flout linc 01 nlolc of lhc
sensors 110-x and/or other information (rom lhc resources
server 112 and may rccetvc correspondm information (c g.,
results of the query, etc ) from the sensors 110-x and/or the
resources which may be processed to deterinine lighting

seltings (e.g., a lighting slrdicgy) for onc or more of thc hghl
units 106-N or transmit information front one or more of the
light units (06-N to a user or the ('MS 102 liurther. the
('MS 102 may store information (e g, historical infouna-
tion) which it receives and/or generates for futther use such
as to detemtine lightin and/or charging characteristics in
dccorilallcc 0 1th clnbodlnlcnm of Ihc present svslcnl. As ncw
infilrmatton is rix:cn ixl by thc CMS 102, thc stored ufior-
mation nlay then be updated by the ('MS 102. 'I'he ( MS 102

10 may include a plunslity of pmcessors which nlay be located
locally or remotely fmm each other and may communicate
with each other via the network 108.

In accordance with elnbodiments of the present system,
thc CMS 102 may control thc network 108. or portions
thcrcof, to route power from selected sources such as may bc
available over a 'grid" (e.g . a municipal electrical supply
system, etc.) and/or from "green" sources (e g, solar, hydnl,
cheniical, hydmgen, andior ivind power sources) for imine-
diate use and/or storage for use at a later time in accordance

10 v ith a selected and projected lightin and/or pov er settings.
In tlus way, cmbodimmus of the prcscnt system may plan
ahead basixl Ihc past. prcscnl and future forccdslcd condi-
tions and plan power distribution and generation configu-
nstions and characteristics accordingly 'thus. in a case
wherein a windy evening is expected, enlbodiments of the
present system may determine to rely upon v ind power
generation to poster the light units so as to conserve battery
power to extend Ihc life of baucrn:s (c.g., duc Io dccrcasod
cycling anil'or opumizutg clmrgc rates). Tlnis, thc system

so may allocate power in accordance with systenl settings and
actual or predicted iveather. Accordingly, the system inay
charge storage devices in accordance with system settings
and/or actual or predicted weather. Futther, by being able to
predict illumination settings due to actual or predicted

Is wcathcr, thc system may dclenmne power draw duc Io light
uiuts and may prepare cncrgy sources (e.g., baucncs, capaci-
tors. fuel cells, chemmdl cells. Ihcnno cells, etc.) lo store
power based upon the actual or predicted weather

lior example. the (:MS 102 may deternline expected
do ener~ requirements over time (e.g., of one or more of the

light units 106-N) and compare them with tlueshold avail-
ability rcquirmncnls Ol' povscr source (c.g., a baucry, thc
grid. Il capactlon clc.) oscr unu: and, If u Is ih:Icrnllnixl

thin thc plolectcd cncrgv rcqUllclncnm exceed lhc Ihlcshokl
availability requirements of a power source, the CM) (02
may configure the system such that other power sources inay
supply poiver. However. it is also envisioned that the CMS
102 may seiect power storage devices in accordance with a
weight (e.g., a rank). Thus. Ibr cxiunple grani sources may

0 bc weighted higher than a conventional fossil fuel source
(e g., the *'gnd." c(c.). Further. thc CMS 102 may detcnuuie
lighting settings (e g. iliunlination pattern, illumination
in(anally, 1)IUinlilallotl spcctnlnl, lllUinltlatlotl polailx;ltlon,
illumination frequency, etc.) for a correspondin light unit

ss 106-N Bnd may determine energy requirements in accor-
dance vith thc detcnnined lighluig conligurations. More-
over. thc CMS 102 may rcqucst tni'onnatton from thc
rcsourccs scrvcr 112 and nuiy dclcrminc when lo char c
selected power storage devices in accordance with system

to settings based on received information and/or history infbr-
matlon (e.g., demand response situation. statistical infomta-
tion. etc.). Accordingly. the system may include statistical
and/or hcurisuc mlgulcs to lil data.

Thc network 108 may ulcludc one or morc networks and
Ss may cnablc conununicdiion bclwcmi onc or morc of Ihe

('MS 102, the resources server 112. the light units 106-N,
the sensors 110, andior the power portion 114. using any
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suitable u ansnus sion scheme such as a wired mlcVor w Irclcss
conlnuulication schemes Accordingly. the network 108 may
hlcliidc ouc or nlorc networks sUch Bs a v'ulc lilcB ac(work
(WAN). a local area network (I.AN), a telephony network,
(c.g.. 30, a 4CI, ctc., code division multiple access (CDIVLA),

lobe) system for mobile ((iSM) network, a plain old
telephone service (POTs) network), n peer-to-peer (P2P)
netivork, a wireless hdehty (Wil'ina) network, a 131u-

etootlffw network, a propnetary networl. the Internet. etc.
I i i

Furlhcr, file network 108 may ulclude one or more power
supply nenvorks v hich may provide power to the system
100 via, Ibr cxtunple, convenuonal sources (e.g., thc "gnd")
andior "green" sources such as soLsr, hydro, v ind, fuel cells,
chemical, thennul, bancry, ctc. Accordmgly, tlm network
It)8 may include power switching circuitry such as may be
included in the power portion 114 to switch pow:er ro/fmm
a desired electucal destinatioipsource

A menlory (not show n) in the OLN and CMS mny include
sny suitable non-Iransitory memory mid msy store ufiomla- lii
tion used by the system such as information reLSred to
opcl Jtulg ciidc, Bpphcatlons. scttulgs, Iustory, Uscl ullomla-
tion. account information, weather related intiinnation. sys-
tem configuration inforniation. calculations based thereon,
etc 1 he memory nlay include one or Inure memories which
may be located locally or remote from each other (e.g . a
surface area nenvork (SAN).

lhc resources scrvcr 112 may include other rciatu! infor-
msuon resources such as proprietary ancVor tlurd party news
media and Internet related resources which may pmvide io
information such as public safety, security. regulatory. traf-
fic. Iveather, road condition reports and/or forecasts to the
CMS 102 Bnd/or the liJtt units 106-N. Further. the resources
server 112 may include report applications to process infor-
mation winch may bc sent 10 Ihe resources scrvcr 112 such ii
as thc sensor inl'onnatlon and/or rcpurts mid provide currc-
spondnlg forecast ulforuuitlon. ThUs, lhc Icpol1 lipphcatlons
nlay fiirther refine a report for an area ancUor time period
using sensor information obtained by sensors such as the
sensors 110-x. 30

For example, the information from Resources 112 may
include trafiic molutoung based on cellular telephony trallic
monitorulg wluch is wxlely applied for the navigation
purposes. Molutoung is based on thc analysis 01'thc cellular
phones switching betiveen base stations 1'his combined
with feedback mfiirnlation fnim the (iVS receiver devices
via cellular data services allows for traflic indicarion with
relatively high geographical resolution. Details regarding
this technology'ire well known.

Baslxl On thc cellular telephony tralfic momtonng infor- 0

ma(ion rcwcived (c.g. Irmlsition speed bctwccn cellular tele-
phony base stations. accompanying (IVS data) a nature of
the detected cellular traffic Is determined (e p motorized,
pedestrian. cychng. etc.). Furthemlore, such derenninarion
can also take into account additional information. such as ls
pubic umlsportation schcx)ales, in-house transitions (0 g.
when s cellular device switches betweml base stations while
basmslly remauls stationary), ctc. Once tmffic nature is
deternlined, trafiic intensity can be determined for each of
traflic types (e g motorized, pedestrian. public transports- co

tion, etc.). Based on this information. relevant light levels,
patterns. etc., can be determined. The monitorin may be
cnhanccd by nu:ans ofprediction rules based on actual Ira Ific
momtorulg. Such predlcuon rules should uikc file following
into account: Locul trallic intensities as s luncuon ol luna, si
day of week, season, etc: typical transition paths; I ocal
topolo I influencing cellular signal strengths etc

Thc power portion 114 msy include power sources w luch
may include conventional (e a., "grid*'ased (e.g, from a
municipal poiver authority) or "preen'* (e g.. from a "green'*
source such as hydro. So)ar. wind based sources, etc ) and/or
combinations thereof. Further. the "green** power may be
supplied locally (e, from a local battery. a solar celL etc.)
Or may bc su pphcx) vis an elec u ical supply gnd fmm Onc or
more remote "preen" sources. Accordingly, outdoor lightulg
network (OI,N) 100 may include a plumllity of "green*'ower

generation devices such as solar cells and/or ivind
and/or hydrodynamic generators Iiurther, the power portion
114 may inciude active and/or passive components such as
networks. sv, itches. etc. (generally power circuitry 118). to
triinsport Budcor switch power 10, or front, ouc 01 niolc
power sources (e, thc **gnd," the battery 120B muUOr
capacitor storage 12(t(, etc.) in accordance with energy
settings of the systenl 'I'he ener y settings of the system Inay
be determined by the ('MS 102 based upon. for example,
resource information. power supply information (e.g., power
blackout expected at 12:00 am„duration 3 hours, etc.),
hghlulg settings (c.g., full, energy savings, ctc.), power
requircmcnts, ctc. Accordulgly. Ihc power circuitry 118 may
be configured in accorcLInce with the energy settuips so as to
sv itch poiver to ancpor from. Sources (e g. the "grid,*'attery

storage, solar cells. capacitors, thermal storage,
chemical storage, fuel cells, etc.). Thus. the CMS 102 may
configure the power portion 114 with a power setting such
that a first light umt 106-1 may operate on power from thc
"gud." wlule a second hght urut 106-2 may operate On
battery power, ivhile a third light unit I U6-3 nlay operate on
solar power provided by a solar cell (e p, at a remote
location), etc . as desired (ienerally. the ('MS 102 and/or
other portions of the system (e. g.. one or more of the sensors,
the light units. and the power portion) may opemste as a
power management mociule. In accordance with embodi-
menls of the prcscnt system, the power management module
may dctcrnunc the power required by thc system at various
times and thereby contml power usage and/or genemstion to
allocate power to light units, stomlge devices, sources. etc.

For exampie. the CMS 102 nlay query the power portion
114 for information related to power sources such as avail-
able supply (e.g.. by day. date, hour, ctc.), charge (c.g.. 80%
of 100 kiloWatt-hours (kWh)), Operative state (ulactivc Ibr
service, operative, 50'As reliable, ctc ), etc. Thc power stor-
age devices 12U may include power storage elenients such as
batteries 120I3, capacitors 12U(L chemical cells, fuel cells,
themlal cells, etc., which nlay store pov er for later use by
the outdoor lighting network (OLN) 100 and which may be
1oca 1 ixl locally and/or rcmo 1c Irom each other. For example,
Onc Or morc storage clcmcnm such as batlcries, capacitors,
etc, may be located ul one or morc correspondulg hght unils
106-N and may be selectively confi ured to charge and/or
pmvide poiver to a selected light unit 106-N which may
include the corresponding light unit 106-N and/or a different
light unit 106-N. The poller provided by the power portion
114 may bc generated by conventional sources tmd/or by
"grccn" sources and msy bc selectively stored, routed,
and/or consumed (e.g.. by ac)ected light units, etc.) in
accordance with a selected system configuratio

'I'he sensors I it) may include a plurality of sensors types
such as sensors 110-1 through 110-M (genemslly 110-.1)
v hich may generate sensor information based on the par-
ticular sensor type such as image ulformatlon, stanis udor-
mauon (c.g., light unit opcrsiivc. Uon-opcratlvc, ctc.), radar
infiirmatlon (c.g., Doppler ulformation, ctc.), geophysical
information (e o., geophysical coordinates obtained from,
for exmnple, a global positioning system ((ipg)). pressure
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information, humidity infomiation. Ctc. The sensors 110-x
may be located at one or more geophysical locations or
integrated into a hght umt 106-N. and may report their
location to the GMS 1U2. I iach sensor 110-1. may include a
network address or other address wlfich may be utilized to
identify the sensor

lite light units 106-N may include onc or more of a
transmission/reception (Tx/Rx) portion 109. a control unit
105. illunimation sources 107 such as lamps (e g. a gas
lamp, etc.). light emittmg diodes (I,l!DS). incandescent
lamps. Iluorescent lanips. etc . and may be controlled by the
control unit 105. The contml unit 105 also manages the flow
of information to and from the user interface apparatus
122-N ui thc light unit 106-N The illumuiauon sources may
bc configured ui a matnx (c.g., a 10x10 matnx 01'illumi-
nation sources) m which illumination characteristics such as
illumination pattern, intensity. spectnun (e g, hue, color,
etc ), polarization, frequency, etc, fmin one or nxire of the
plurality of illumination sources and/or light pattern for a
plurality of illumination sources, may be actively conrrolled
by thc system. The light units 106 may further uiclude one
or morc hght controlling clemcnts vs itlun control unit 105
such as active reflector arrays to actively contnil illununa-
tion paiterlis from one or Iliore of illunlination sources of the
plurality of illumination sources I'or example, the one or
more active reflector arrays may be electronicafly positioned
and/or otherwise manipulated to provide (e.g.. via reflection,
Ii:fldCtloit. Iiixl/Or tldilsllllttaltCC) illuiilltlatloll froiil 0110 Or

morc illumination sources uito a Iksircd area thus control-
ling an illumination pattern (e.g, contnilling the shape
andior size of the illumination pattern such as is descnbed
with reference to 231-N below) I'urther, the one or nmre
active reflector arrays may be electronically controlled to
control an illumination intensity (e.g., in lumens) or color
tcmpcraturc of an illumination paucm as will be descnbcd
below. Moreover, thc light controlluig clmncnts 130 may
include onc or morc active lilters which may bc controlled
to contml illumination transniission there through (e g., via
transmittance), illumination spectnun, and/Or illumination
polarization of illumination passin there through. Further,
the controller may control illumination spectrum and/or hght
output (e.g . ui Lm/M2) by onc or morc of thc illununation
sources. Thus. Ihc controller may control illununation inten-
sity by controlling thc illumuiation ouIput from an illumi-
nation source. Similarly, the controller inay control two or
more illun)ination sources to contnil an illunlination pattenl.

Tints, illumination characteristics such as illumination
pattern. illumination intensity, illumination specrnmi. illu-
nnnauon polanzauon. etc., of onc or more light urn)a may be
controlled by thc control urn( 105 anrpor by thc respective
light unit 106-N. Each light unit 106-N and/or groups
thereof may include a network address andior other identi-
fyin information such that transmissions from/to the hght
unit 106-N may be suitably directed. The fi+t unit identi-
fying information may further include a geophysical loca-
uon.

FIG. 2 is perspccuvc view ol' lighting system 200 (a
portion of outdoor hghtuig network (OLN) 100) in accor-
dance with embodiments of the present systein. 'I'he lighting
systeni 20U niay be similar to the outdoor lighting nenvork
(OLN) 100 and may include a plurality of fig~tt units 206-1
through 206-N which may ilhuninate a surface 201 such. as
a strccL sidewalk, park, tunnel, parlung loL ctc., with a
controllable illumination pat)em 231-N. Onc or morc of the
light umts 206-.v may Include one or more 01 an illununation
source 207. a battery storage 220, a controller 205, a 'I'x/Rx
portion 209, and an alternate ener y source 222, e.g solar
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cell. Thc Illuminauon source 207 may include onc or morc
lamps such as I,ii))s. gas lamps. Ihiorescent lamps, incan-
descent Lamps, etc, which may provide illumination under
the contml of the controller 2()5. The Tx/Rx portion 209 inay
trmismit and/or receive infomtation such as. data (e.g, adver-
tisin . generai information. selected information, etc.). sen-
sor uifonnation, lightuig scuing utlomiation. power scttuig
inflirmation, ctc., to and/or Ibom the CMS 102, other light
units 206-x. a power portion, sensors, user interface appa-

ia mstus 122-N. or inputioutput devices 239, etc The battery
220 may receive energy generated by a correspionding solar
cell and may store the energy selectively for later use by one
or more seiected light units 206-» Further, one or more of
thc light iuuts 206-.v nniy uicludc input/output devices 239.
Thc Inpufloutput dcviccs 239 ol'IG. 2 or user interface
apparatus 122-1 of lii(i. I may be coupled to light units
2U6-N or mobile user devices 239-N As fiirther shown in
Iil(i. 2, input/output devices 239-1 may be mounted on a
light unit 206/4 or vehicle 236-1. Input/output devices 239

10 may be any interface output device such as speakers, colored
indicator lights (e.g. red/yellow/green), display panels with
keyboards or touch panels ctc. Iv la:rmn uilhnuauon may be
input or output, tiir example by users. to the lighting system
200 In pmticular, the display panels with keyboards or
touch panels may be used to input a password or user
identifier to obtain requested (personalized) infomiation
(e . directional path indicators. etc ). The input/output
devices 239 may also be uses to control one or morc lightuig
system 200 funcuonality, dcpmiding on tlm user's appropri-

Io ate level of access ('onventional access protocols may be
used Iiurther. One or more of the light units 206-x inay
include sensors 226 Sensors 226 niay be any sensor as
further described herein. such as an infrared (IR)/air (ambi-
ent) temperature, li ht, motion/traflic sensors. etc

Is As shown In by light unit 206-0, CMS 102 can automdii-
cilllv ililfilS( hllllps posl(1011 (hi:Igllt dllil Orli:111aitoil) to a

given lightuig quahty 01 service requircmcnt and bauer
address surrounding conditions that are influencing the
quality of lighting as well as reduce maintenance costs. The

do mechaiucal components of the dynamic li ht unit position-
ing provides the physical movements The control system is
rcsponsiblc for umtruciing ihe position of the lamp on a ligh1
pole and specifyin when and how strong thc lamp should
llgllt-Ilp (IIC ilic'd. SCixlllig )111S Illlorllla(1011 froill UIC Colltliil
system into the mechanical systeni requires the computed
lamp position intiirmation to be encoded according to soine
protocol. The folloiving parameters are defined as necessary
to provide communication between the control unit 105 or
CMS 102 and the hght umi 206-0. Tlm paramctcrs are hstcv)

0 bclovv mid depicted on FIG. 2 clmnent 206-0 and uicludc.
xl. thc direction from thc pole ui which lamp pouits too, yl.
the height on ivhich a lmnp is hold on the light pole: zl the
angle benveen the light pole and the hand holding the Lamp;
x2: the angle specifying how Lamp is tumed around the

ss pole's hand; z2: the angle betvveen the pole*a hand and the
lamp i)sell:

Thc dynamic positionmg for light urut 206-0, for
cxiunplc, may bc uscvl to improve dnving cxpcncncc.
iniprove living conditions of the surrounding environnient,

ro and to support eniergency situations. Including adapting,
Lamp position to improve aesthetic (low-heigrht horizontally-
oriented lamps during day hours„and up-height vertically-
oncntcd lamps dunng rught hours): vcnuc suppon (parades,
concerts, dcmonstrauons. sporting events), hght shows (or-

es ganizcd light positioning crea)ca visual cfli:cm): Improvuig
emergency response, directing lmht on accident scene: light
tracking (intense light points on objects of interest i.e
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pntilcgcd t clue)ca (police, ambulance). vchiclcs under sur-
veillance, people walking in dark area (fittdtt follows people
in s dark succt, over a parking lol) anil mtprove ctuncra
surveillance (lamp can be temporary positioned tnivard a
store I:rtlrttttci: wltctt sotttcottc cttlcts a sloti: tlttrlttg sttspt-
ctotts itottrs).

The dynamic heigtht adjustment has also economical
factor influencing energy costs fttr lighting, operation In
some sinlations is it required to provide as much lighting as

lit
possible. Whmt this takes place, all light units 206-N are
operating at 100% of their power. In other situations it ls
rixpnred Io save cucrgy by lowcnn thc level of lunnnancc
to 50% of the maximum level Using, the ('MS 102. all hght
unit 206-N cau be dinuncd to 50%. Usutg CMS 102 cvcry

I
second light unit 206-N can be turned-otf, while nther lmht
units 206-N stay opemstional on 100% but are adjusted to a
higher distance above the ground. (iiven that power savittg
due to tummg ofi'0% of light units 206-N is higher than
power sating duc to dunnuug all lamps by 50/0 thc hnnp's
height adjustment might be more energy eflicient than hght
units 206-N dumning control. Lastly. flte dytmnnc hght units
206-N hei ht positioning creates opportunities to save funds
on lighting maintenance

lflustratively, lighting unit 206-0 includes two main parts
the pole and luminaire design and the associated control
al oritlun. The simplified system diagmsm is shown in FIC).
2a. Thc ad)ustablc pole 260 has mulnplc sccuons. thc
dtamclcr of the top section will be smaller than Ihc bottom
ones. 1 he lunlinaire 262 can be fixed on the top section of Io
the pole or have an adjustable orientation, as descnbed
shine A nlechanical system (not shown) using such as
hydraulic pressure can be applied to increase or decrease the
length of the pole and adlust the orientation of the fixture In
tins way. Ilu: lunnumre hcighltoncnlalton ran be chan cx). Ii
Allcmalively, othcrknownmcchatucal mt mcerin methods
may be used. Also, thc lens ol'gluing utul 206-0 can be also
be flexible so that the user via CMS 102/contrnl tntit 105, has
several optinns to adjust the illumination pattern 231 by
changing the lens'irection and/or as further descnbed so
below. Several luminaire design exinnples are provided to
show Ihc unique advantages ol lhe system.

11&c control scheme will bc outluted m lhc If)lowing
scclttitts. tttciniltttg: a) a iltttttlttttg scltctttc lo citsttgi: litt: ltgltl
brig)ttness: b) control action to adjust the height of pole to
achieve desired illumination pattern 231 or for easy main-
tenance: c) control action to adjust the angle of lnmlnnire
sub-panels to achieve desired illumination pattern 231. save
cttcrgv willi t:otttplcti:11'nrtttttg ofl asstgltixl ltgltlttt tttttls
206. sharc light to the sidewalk or utlerscxtton, tl) control O

schon to adjust tlm oncntauon of thc luminatrc 262, for
example, alnng the beans of the pole to distribute light in a
desired way or luminaire tilt, as further described below; and
e) control action to achieve smooth light transition between
modes, for example from nomtal opemstion to dinuning ss
tttoiltx

11&c basic control options of thc system are shown m FIG.
2/t. Thc actual control schon could bc thc combumlion of
these basic cnntml actions lirom (A) to (1))„ the pole length
is adjusted such that the illumination pattern 231 is con- io
trolled (i.e. the street li ht in A mode will li ht larger area
than B mode) Fmm (B) to (C), the brightness of LED
strutgs ts adjusted (i.c. thc street light ut B mode ts dtnmtcd
compared with C mode). From (B) lo (D). multiple actions
arc taken in place, utcludtng I) pole lcnglh ad)uslmcnl and si
2) sub-panel angle adjustnlent (i e. the illuminatinn pattern
231 area in D mode is doubled with respect to B mode).

Ou aspect of thc system is to sharc light to sidewalk 264
and/nr intersectinn/road 266 is shnwn in lil(i. 2ti Impor-
tantly, I) the pole length can also be adjusted to illuminate
the sidewalk 264 (not shown): 2) ditferent luminaire designs
may afiect the actual control actions and mny be used; and
3) the sldev:alk 264 and intersection illumination pattern 231
paltcm can be spccilically conlrollixl based ou thc same
hardware setup. From (A) to (B), Ihc luminatrc 262 will be
ntoved towards the sideivalk side so that more light will be
distributed to sidewalk 264. Iirom (A) to (('), particular
sub-panel(s) of the luminaire 262 ivi)1 be under angle
ad)ustment to v, iden the illumination pattern Z31 re ion, as
shown ul (C). In (D) another lunlinaire desi n is suitable for
this purpose, tn wluch s separate LED slnng/panel mttbor
lens is provxhxl.

Another significant aspect of the system is shown in I'l(i
2d In FI(i 2d, the normal operation is shown when the
traffic flov's high during such as the rush hour traffic in a
city. In this case. the street lights are optimally controlled to
achieve unifoml illumination pattern 231 throughout the
road. In FIG. 2e. when Ihc Irsflic flow is rcduccd and less
light ts rcquircd on thc road. Tlu: CMS 102 or control utul
105 may be based on DAI I nr other types of control
algorttluus. I'he dimnling command ivi)1 be processed
slowly (fnr 1 st, 3rd and 5th poles) to avoid glare or other eye
adaptation impacts. At the same time. each sub-panel in the
luminalre Z6Z (of 1st. 3rd and 5th poles) will be adjusted to
a spccilic angle, rcsullutg in uniform illumination pal)em
231 Dtflbrent from traditional dumning Iccluuqucs, thc 2nd
and 4th poles in the fi ure v ill be completely shutdoivn to
save up to 50'/ extra energy. )iurtherntore. if further less
light is desired, the system will control both the height/
orientation of the luminnire (increase the len th ln this case)
and the an le of the sub-panels. until uniform illumination
paltcm 231 ts aclucved. In FIG. 2/', only thc I ~ I and 4th poles
will bc on and rest poles will bc complclcly shul down.
Therefore, about 67/o extra mtergy can be saved.

An example design of the lighting unit 206 is outlined
below As shovnl in liKi 2g. the design is shown in 4
difl'erent vievvs. The Bottom view shows the sub-panel(s)
270 position in the li hting unit 206. Sub-panel C is the
central panel, wluch ts lixml tn angle aud provides thc main
portion ol'the illummslion pattcm 231. Sub-ptmcl A1 mid A2
arc lhc sale panels lo control lhc landscape light pal)em.
Sinlihsrly, sub-panel Bl and l32 are for ponrait pattern,
especially for light distribution to the sidewalk or intersec-
tion. Each sub-panel is with heat sink 272 and the fixture
ofl'ers the overall heat sinking capability. From the top view,
the lighting untl 206 supporter 274 m shown ut FIG. 2g,
which ts connected to thc ad justmmtt bar 276 aud ad) ustmenl
slot 278. Thc ad)usuncnl bar 276 is controlled by CMS 102
or cnntml unit )05 and the mechanical system in the pole
(not shnwn in details) to mnve the luminaire 262, filr
example. along ivith the beam of the pole 260. Front view
and side viev: shows lens 280 and the axes 282 of the
sub-panels 270 and thc controlled angles Io ac)neve dcstrod
illumination palo:m. When Ihe angle ol flm sub-panel A1
and A2 is changixl, thc lmttlscapc scale of the tllumitmtton
pattern v ill be clmnged I'or example. the light illumination
pattern transition is shoivn from lil()S. 2d to 2e or vice versa
The sub-panel B1 and B2 in the side viev is shown to adjust
the pattern along vvith the beam of the pole. For example, the
transition is shown from FIGS. 2e to 27 or vice versa.

Three 1ununatrc designs for lighting unit 206 arc shown in
FIG. 2h. Luminairc A ts the same as FIG 2g. Luminaire B
is for the application shoivn in I'IG 2t; in which specific
I Ill) stung is enclnsed for sidev alk lighting I uminaire ('s
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suitable for thc park&ng lot 1&ghting. The basw. Ulea &s s&nular
that sub-panel is flex&ble to change the illumination pattern
231.

'Il&e control un&t 105 and pnver unit 114 fi&r the exemplary
1&ghiing unit 206 (c.g. Iumu&mre dcs& u&s) u& FIGS. 28 and 2/
are described bein&v An I,l (D driver is normally an isolated
A('/DC plus a DC/DC converter with both constant voltage
and constant current control modes. I'he cnntrnl unit 105
(usually an analo integmsted circuit clip) is sitti&tg on the

& I &

pnmary s&de and controls thc LED current/voltage w&th

respect to the feedback/compensation information from the
secondary side. The sub-panel s(nngs could bc con(ruffed
individually tn have different currents. thus, different bnght-
ness. The CMS 102 or control u&ui 105 cm& control both the
electrical and mechanical system of the lighting unit 206.
The current infonnat&on of each of the strings will be sensed
by m&sing-tn-digital converter of the CM) 102 or contml
unit 105 to control the string current respectively. A3 3V
power supply &s from thc maui LED dnvcr secondary side.

The conuuands received from, for example. input/output
devices 239 will bc processed by CMS 102 or control unit
105 and a control signal sent tn the electrical system and
mecharucal subsystem. Importantly CMS 102 or control un&1

105 delivers specihc commands to the mechanical system in
ihc pole taxi 1110 hu&&blanc 10 ailjUSI (&) Ihc hc&gilt of thc
fixture; b) the angle of each of the sub-panel( (c) the pnsition
of the fixn&re along with the beam of the pole and d) others
(e a. Orientat&on of the fixture). 'Il&e mechanical system may
have an additional control unit to execute the commands 30

from thc CMS 102 or control unit 105.
One embodiment. for example. relates to reducing the

so-called the bLack hole eflect in front of the nmnel entrance,
or threslu&ld zone. The significant daylight and tunnel hght

34
contrast yy ifl lead moionsis tn slow down as they approached
Ihe tunnel cntraucc Wfulc the dnver's eyes io adapt 1o thc
brightness level of the day, nearly oon-or dimly lit tunnel
entrance. drivers tend to brake. It cm&ses tratfic back-up and
the associated risk of accidents.

40
The typical longitudinal section of a one way nuutel &s

defined in CIE 88 2004; Ciuide for the Lightin of Road
Tunnels and Undcrpasscs (CIE. The Intcrnatiorml Cnnun&s-
sion on Iflununation). As shown in FIG. 2/, Ii defines an
access zone 280 &vhich appn&ach distance tn a tunnel
entrance where the dec&sion to continue at the present speed,
slow doyvn or even stop. For the entrance of tunnel. CIE
defines threshold zone Z82 as the first part of the tunnel,
directly after the portal. The threshold zone starts either at
the beginning of tlm tunnel or at thc bcgi&uting of thc

daylight sunscrecns when ncm&rring. For thc &nicnor of thc
tunnel, it delincs a irons&uon 284 and &nicnor 286 zones and
finally an exit zone 288.

The CIE 88 2004 standard and most countries* tunnel
lighting standards, define the tunnel hghting starts from
threshold of the tunnel It recommends high power luminar-
ies in tlus Lone. LU&=KeL20. L20 ut thc access zone &s

defined as thc average of the lumu&ance values measured in
a conical field of vieiv. subtending an angle of 20" (Zxlfl"),
by an observer located at the reference point and looking
towards a centered point at a height equal to one quarter of
the hei ht of the tunnel openina K depends on the defined
vclliclc spcv:0

In this embod&ment. hghi urui 206-0 un&1 (wluch can also
be installed in a dust and water proof housing) includes tyvo
sensors 226, one traffic flow sensor and another ambient
light level sensor or hybrid t&vn sensors (alternatively a
luminance camera can be used in the tunnel access zone on
i1 also could &york together with thc photo dciiminr of ihe
tUU&lcl 1hrcshnld Lo&lc lo gcl i»1&nrc accU&d(0 rcsUI1). L&gh1

unit 206-0 could be installed in the tunnel accesc zone or
tunnel entry. Alternatively, the light unit 206-0 can receive
traffic flov and yveather (an&bient light) data from resource
server 112, if others sensors are nnt installed or are unavail-
able The control un&t 105-0 nr CMS 102 processes data
from thc two sensor 226 (e.g. traflic flow mon&tnru&g sensor
and real time ambient Iigott level infonnat&on). to control the
tilt angle 290 of light unit 206-0 (e.g. tilt angle/height
ad)ustment). I'he tilt angie 290 ad)ustment module can use,
for example, a servo system or use multiple angle I,l (Ds tn
gci 1hc d&lfereni t&11 angle nf beam. (Ihc hmghi of thc light
unit 206-0 may also be adjusted. as descnbed above). The
lighting module may comprise a d&mmable I.i&D panel, heat
sink and driver (not shown) and the briJottness is adjustable,
as described herein.

Light &u&it Z06-0 detects the ambient ligrht level and traffic
flnw. Thc rccnnuucnd height is ahgn&ng with the tunnel
proof, c.g. noi lugher than the height ol'hc tunnel openu&g.
'I'he (two) sensors ZZ6s gather the information of ambient
light level and traffic flo&v then tnnnsfer data to control unit
105 or CMS 102. The control unit 105 or CMS 102 uses the
sensing data to automatically control the tilt angle 290 (as
shown &n FILI. 2 I-20) and adjusts the bnghtness of light unit
206-0 and continuously monitors thc sensor data. It auio-
maucally adlust the uli angle 290 ol'he l&ghi source and
adiust the brightness of the lamp. to reduce the "blackhole*'ffect

then impro& e the traflic safety of the tunnel.
The method of title angle and brightness adfustment is

shown. for example. in Table 1. wh&ch shov s 12 modes
defined in tius invention. It combines the information of both
traflic flow and &m&b&cnt light level.

TAi)i.i& I

mo& . & (in ri &o &h &o n&

&:(hca
(Hemy)

I: ai* Uu

Troihc ttoy&. level &Med um& (Vi no&)

Mnde 1 Sunny + T &ftic Vinde Sunny + Tmihc
tIoyy level (He&yy) tIoy level (Mednun&

V1odc 4 Cloud& ~ Tryaic Mode y Cloud& + Tmaic
f(n ic el (Heu 3) ao ic ci (V1cd&um&

+ I;Hi*0 1 1 eno + 1:(&i*&io

(Heflyy) (Med um)
Mnde 0»y ght + Trofhc vinde &1 h ght + Tmmc

f(n ic el (Heu 3) ao ic ci (V1cd&um&

:Viode 3 S'anny + Truihc
t1 u &eye( (Mu&or&

Mode 6 Cioudy+ T&e&1ic

f(n &e cl (Mu&nr)

Cvi n &)

:Viode 1 1, h&+ Truh
f(n &e cl (Mu&nr)
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11&c Traflic flow lcvcl, as dclined in CIE 88 2004, rela&es
to the tunnel specification A typical definition for a single
direction tunnel is "heavy" means the Tratfic tloiv level &s

lar er or equal to 2400 v/hr, "medium'* means the volun&e &s

between from 700 v/hr to 2400 v/hr and "minor" means less
than 700 v/lm

11&e &unbient l&ght lcvcl &s ddlhrcni m&d c&m vary by both
ume and w cather. Illustrauvcly, &t is classflicil as: (I1 Suiu&y
30(N)0 Ix or higher, if hnk with 1.20 luminance camera. it'
higher than 2000 cd/n&2; (2) ('loudy 3000-300(10 lx, if li&nk &a

with 120 luminance camera, it's 1(FUO-2000 cdn&2: (3)
Overcast or rain or snow: 100-3000 lx if link with L20
lun&inance camera. it*a 500-1000 cd/m2: (4) Night: below
100 Ix. if link with L20 luminance camera. it's lov&cr than
500 cd/m2

Modes 1-6. are shown in I I(i Zn, &nodes 7-9, are shov n
in l&I(i. 26, modes IU-12, are shown in I'l(i 2r

As further shown in I'I(i 2. the lighting system 200 may
include illustmtively; a mot&on sensor 228. a radar sensor
230. an image sensor 232, a light sensor 242. an acoustic zo

sensor 240-1, 2, ctc (collect&vely "sensors 226"j, which may
be u&cludcd u& sensor &nl'onnat&on provuled to a controller &n

accordance with embodiments of the present systen&. As
shoivn in l&I(i 2 the acoustic sensor 240-1, 2 may be
installed close to the ground (i.e, at the bottom of the hght
unit/pole) so that they are close to the sound/vibration
sources or may also be built inside the luminaires.

An IR tempera&urc sensor may rcport tmnpemturc such as
ground tcmpcraturc in onc or more locauons about a corre-
sponding light unit 206-N 'I'he infmred (IR)/air (an&bientj &o

sensor may pmvide air temperature information m the
vicinity of a corresponding light unit 206-N. Further. the
image sensor may pmv&de image information (e, which
may be processed to determine atmospheric conditions such
as whe&hcr i& is rau»ng, dcs&rcd &fluminal&on levels, etc j. 3&

Lastly, thc acousuc sensor may prov&dc acoustw. mfi&nnat&on

(c.g., wh&ch may bc proccsscd to dc&ermine var&ous cvcn&s
such as car acc&dents or pot holes in the road surface).

Moreover. the sensors 226 of lighting system 200 may
include sensors which are sensitive to vegetation. grass so
reflection, especially green li ht sensors or light sensors
with green Iiltcr and a l&ght emitter to k&11 leaves around thc
lamp, c.g. ultrav&olct l&ght

11&c motion sensors 228-N can bc used to anticipate
li hting needs or event detection I'or example, the OI,N
may con&prise anticipate the direction traveled by a vehicle
236-1 or user 237-1. wh&ch may include user interface
apparatus 122 or input/output devices 239. Motion sensors
228-N along a road can dc&cct the direction tlwt vehicle
236-1 &s trai cl&ng and clrange thc hglu lcvcl. color tempera- o

turc. d&rection of thc ncx& fi:w neighboring hght u&uts 206-N
in the direction of the traveling vehicle fwhile leaving other
light units 206-N unchanged) At intersections, light units
206-N in any viable direction for tmvel are aflected when the
vehicle has begun tmvel along a particular route from that ss
iniersection. at wluch tnne the ligh& u&u&s 206-N ahead of
&ha& vcluclc ligh& up wlulc thc o&her routes dm& or are tumed
olf. S&milarly, in a parku&g lo& or a park, motion sensors
228-N can detect the d&rection that a person is traveling and
li ht units 206-N in the direction that the person i ~ nx&ving, ro
or create some other &flumination pattern that promotes
safety, alertnes~, path hghtin directions or other des&mble
goals.

Relhrnng to FIG. 2. when veh&cle 236-1 is m arcs 231-1
travclu&g along thc strcc&, thc mouon sensors 228-1 and si
228-2 aflov the OI N to determine the direction and speed
of travel. In this n&anor the appmpriate light units 206-N

immed&a&ely illumu&atcd anil 1&ght un&ts 206-N further along
are illuminated ahead of the vehicle. lighting its way ahead
of its path of travel As the vehicle approaches an intersec-
tion other light units 206-N are illuminated or changed as
needed. anticipating the direction of travel along one of the
two streets. Once vehicle 236-1 lans traveled beyond the
1&ghtcd path ol'avcl. &hc hght units 206-N arc dinuncxI
ilown to fl&c low 1&gh& Ici cl 0& tume&I ofl ia&hi thc ncx& even&

sensed by the motion sensor In th&s scenario, light units
206-N n&ay be considered indiv&dual nodes in a wireless
mess nenvork

Altemativeiy. a (spo&ts) person/user could use the light
units 206-N to help then& maintain a pace or time. The user
provides a prude&conn&cd pace or t&mc to the hght urut
206-N via thc user u&put/output dev&cc f239-N). As thc user
nu&s (or cycles etc ) the ligi&t units 206-N indicate fe o. flash,
change color etc ) the pace or a virn&al ghost runner for them
to race against, using the user input/output device f239-Nj
For example, the user input/output devices (239-Nj can
display an image of a runner. cyclist. etc.

A (sports) person/user coul&i also use thc l&ght u&uts 206-N
fi&r replchon acts such as timed spi&nts bctwccn two ligh&

units 206-N &chere the light units 206-N iflmninate alter-
nately to indicate when to run An acceleron&eter senor or
Nli('ensor in the light units 206-N could sense when the
runner has reached a light unit 206-N to assist with tin&h&g.

In addition. the sensors n&ay detect other hazards in the
v&c&nity ol the 1&gh&ing sysu:m. For example dc&iw&u&g po&-

hole 238-1 and alertu&g velucle 237-1. Sill I'urthcr br&mch
241-1 of tree 241 may be detected ffi&r exan&pie via color
detection, shape recognition. texture recognition, edge gra-
dient histogram, ultrasonic sensor to detect the branch/leaf
distance from the li ht unit, etc.) obstructing light unit
206-N from functioning appmpriately, Alternatively, the
1&ght sensor may bc loca&cd below of tlm l&ght u&ut Ihcu& up,
wh&ch cm& conunuously dc&ect the 1&ght from the hgh& uni& a&

n&ght A companson wi&h his&or&cal lum&nm&cc data cm&

determine ivhether there is vegetation overgmwth problem
that can be reported to ('MS IU2 ('MS 102 may be alerted
of pothole 238-1 or branch 241-1 and maintenance sched-
uled. Alternatively. the light unit 206-N may be equipped
with a 1&gh& mni &ter /suC& as an ultrav &olct l&ght) designed &o

inh&b&t or kill thc branch 241-1 or other vegetation in thc
v&c&nity of &hc hgh& umi.

'I'he acoustic (sound or vibration) sensors 24U-N may take
san&plea with a regular frequency Depending ioa the sam-
pl&ng rate. tlfis may require high bandwidth in the conunu-
nication. Each sensors 240-N may extract the bacl ground
no&sc fmm the da&a. and transmit thc sensory daLi only when
the sound level excccds a tl&reahOI. Thcrcforc. background
no&sc data will not bc tr;msnnttcd

I'o save comnn&nication bandwidth, each sensors 240-N
may decrease its sampling frequency if the sound level
within a time window is less than a threshold. However. in
th&s case, the sensors 240-N may miss some events that are
supposed to bc detcc&cd. To improve this, sensors 240-N can
conunu&ucatc wi&h each other to inlhnn thc comu&g traflic.
For cxamplc. when a sm&sor 240, at one light point detcc&s
sound greater tl&an a level. it sends a notification to the
sensors 24U-N next to it fone on each side). If the traflic
direction can be determined. it may only send the notifica-
tion to the next sensor along the traffic direction. When
race&ving a conung &raffic no&ilicat&on. sensors 240-N w&ll

incrcasc its samplu&g frixpicncy for a pcnod of umc. Tlus
period can bc dctenmncd by the average tr&flic speed and the
distance between sensors 24(RN. If the sensors 240-N detect
something interesting, ivithin the t&me period, it w:ifl propa-
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gale llus traflic uotilicat&on to thc next sensors 240-N down
the mad Since the notification packets travel much faster
than trafitc. the sensors 24(LN always receive the notifica-
tion and start smnpling before the trattic approaches

The sound s&gnals wit)un a time window can first be
processed through a hi+-pass filter to remove unnecessary
cnginc noises und w&nd noise, and are &hen comer&ed u&lo

thc power spectrum by fast Fourwr transform (FFT). After
that. we extract venous features from this pmver spectnun.
'I'he most popular features used in acoustic analysis include
total power. subband power, spectrum centroid, signal hand-
&vidth and Mel-frequency Cepstral Coeflicients (MFCC).
These feanires are obtained at each sensor for the current
umc w&ndow. Thcsc Pcdlures of each sensor 240-N also
evolve oscr umc. Therefi&re, in tlm linet sound profile, wc
use the averages of the feature values over time.

A sound prohle of each sensor 240-N represents a point in
a high dimensional feature space The noise protiles for
sensors at ad)acent light points should be very sin&ifar. Tlus
means that these profiles form a cluster in the feature space.
Exislu&g a)gun&luna can bc Usixl to liud oulliers u& Ihc cluster.
11'n oull&er &s found, wc know thol somctlnng happens al
that location 'I'his could be a road surface problem or a car
accident I lowever, if th&s outlier exists fora long time, then
we know that son&ething part&euler to this location happens,
&vhich must be related to mad surface.

The above method works without learning from labeled
iliila. As lane goes Uu, lhc load ulauncuaucc 0 au& &s d&s-

palchcd lo reps&r lhe rond, wluch can conlimfllabcl thc ruad
surface cond&tion and the severity ti&r different sound pro-
files With these sound profiles labeled as training data,
existing machine learning algorithms can be used to hnd
correlations between the sound protiles and diflerent mad
conditions/severit&es. During system operation. iven a
sound prolilc outl&cr, Ihe system cm& mdp &I lo a ruad surface
cond&lion/sci cnly.

When m& abnormul surface cond&tion &s dctcclcd, the CMS
)UZ &vill be notified and maintenance can be scheduled.
Static priorities can be ass&gned to different road surface
conditions and seventy. The maintenance teams can be
dispatched based on the priority of the repair. Also. the
locatiorm of the reps&rs can be taken in(o accounl so that
rcpmrs w&thin v&cinily cim bc scheduled li&r repmr logelher.
Furthcm&orc. higher puoutws may bc g&vcn lo roads with
higt&er traflic. 'I'his pnontization can also be done dynam&-
cally by the surface condition estimate algorithm When
there is a problem on the road surface. the estimate algo-
rithm detects it faster and with more repetitions if the trafhc
I 0)U&t&c on lh&s I'oad &s high.

Still furlhcr, hght sensor 242 can also bc uses) I'or lm&gird

detixuon. Each 1&ghl sensor 242 obtains Ihe mte&mity of the
reflection light fmm the local n&ad surface (ti&r example fi&r

2-5 hours after nudmght every day). 'I'hereafter ('MS 102 or
control unit 105 determines the average or median intens&ty.
Average or median intensity (I, at time i) helps avoid the
influm&cc of temporary veh&cles and pcdesugu&s. Thc ong&-
nal recorded light &nlm& ~ &ty (Ie), is previously recorded, for
example al system u&alai)ation. Since thcrc arc &x& defimls on
the road surface at that time, it establishes a reference to be
compared ivith current data

Defects on the road surface such as inclement weather
(e.g. main, snow and ice) v ill influence the reflection 1&ght,

thus. I, ca&u&ot bc d&rcctly compared w&(h I,. However, s&nce

inclement weather gcncrally occurs in a large arcs and most
hghl scusots w&ll dc(cot B d&flclcucc when con&pa&lug cur-
rent data with the&r ouginal data. When sensor 242 deter-
n&ines this cond&tion after communication with other sensors

242, il d&rcclly ignores mirrcnt data Ie Th&s cooperation can
be done at each light unit,'pole 206-N when each light unit
2U6-N is &nounted with an embedded lighting system.

I,ocal temponsry road conditions such as objects. leaves,
garbage will also influence the reflection liJ&t, thus, I, cannot
directly be compared with I,. Thus the need of variable I,',
wh&ch &s defined as lhc following ixNut&on.

// /,,ql/,. She&e /e',
&0 where f is the learnin factor The smaller f is, the smaller

the temporary road condition &nth&ence I,'I'he recom-
mended & slue is 0.1. With tins equation. only local reflection
light difference exists for several days (bad v esther day is
nol u&cludixl duc lo step 2). I,'ill finally update to Ic

4) Each se&mor 242 compares I,'&th &ts onginal dais I,
every day Set a threshold th, if l),'-),l)th, the respectively
light unit 2U6-N can report &0 ('MS )U2 which indicates that
there exists road surface defect.

Also the lieght can give a stepwise or square wave light on
Io the road and detect the reflection light Because stepw ise or

square wave con&arne many ddlerm&t frixNcnc&cs, ihlfcrenl
road sUl laces w&ll g&vc inc&cul response ciirvcs wh&ch
represent the total response to all these frequencies (fre-
quency response) if this curve chan es significantly, it can
also indicate that there is a defect.

Besides notifying the maintenance teams. the same meth-
ods can be used to m&ti fy drivers. In addit&on. the notitication
can also bc scut lo lhe navigate&on dcv&cc, wh&ch can detcr-
m&nc thc best route based on (his u&format&on.

so 'I'he, light units 206-N n&ay be part of a su&gle mesh
network and the nehvork may communicate with a ('MS via
the master light unit Z06 'I he selection of wh&ch light units
206-N are adapted to be the slaves and wluch is adapted to
be the master may be done according to various criteria,

&I iucludu&g opt&mal location for the muster 1&ght unit 206 cell
or salclhtc conunumcahon with Ihc u&tcrncl, and/or pmx-
im&ly lo support m&d mdu&lm&ance structure, for example. Il
may be noted that "on-light unit" refers to actions that are
specific to one light unit 206 that do not relate to other light

do units 206-N. For example. motion sensed at a smgle light
unit 206 in a parki»g lot will increase the light level for just
thol 1&ghl uni& 206, m&d docs uol h&vol vc 0(hcr 1&ghl Uu&ls 206.
It may bc noted that '*across-1&ghl un&ts" means tlmt a series
or group of light units 206-N arc involved, for cxim&pie, a
seues of light units 206-N along a street As a car passes at
least hvo light units 2U6-N. the motion inforn&at&on (speed,
direction of travel) must be conununicated to the other light
units 206-N aion the street in order to 'light the w ay'head
of Ihc cars travel path.

o Controller 205 and/or a CMS may also process thc sensor
i&lorn&dt&ou iindio& olfe& ullonnal&ou (C.g., rccc&vc'd front B

tlurd party or resources server 112) and determine a lighting
sctth&g, 1&glit»ig scqUcucc. Object u&ot&ou. cvcut s&tuat&ons0&'atternut accordance &vith the information and/or the sensor

&1 information. For example to signal a dangemus road con-
d&lion or a direct&o&uil path lighlu&g method. Thc controller
205 and,'or a CMS may then foun corresponding 1&ghtu&g

setting infi&rmahon lluil may bc transmit&cd to onc or morc
of the light units 206-N. 'I'he lighting setting information

io may include information that n&ay be used to cimtrol char-
acteristics of a light unit 206-N such as power use, illumi-
nation patterns. illumination intensities. illumination spec-
trums (e.g., luics, colors, clc.). ilium&rmt&on polanzal&ons,
elc, of one or morc of thc light un&ts 206-N. Further, in

ss accordance with embodunm&ts of thc present system. &I &s

envisioned that one or more light un&ts 206-N may transmit
sensor information to a neighbonng light un&t 206-N (e.g,
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Usillg ii low power conunUnicalion link) which util)'hen
form corresponding sensor information for two nr nxlre hght
units 206-N and transnlit (e g, using a higher power cnnl-
munication link) this sensor information to the controller
205 and/or CMS for further processing.

Moreover, with respect to an illumination pattern 231-8,
thc CMS may control the light uluts 206-N to ad)us( illu-
nllniitltul Intcilslt)'or Onc ol nlolc dctcnnlncd iircBs or
portions 0 fnne or nlore aieas ofan illumination pattern (e g.,
see, darker shading which indicates brighter illumination in

than liahter shading in ill(i. 2) in accordance v ith the
li hting setting information. Thus. for example. assuming a
li ht unit 206-N such as the light unit 206-8 mny illuminate
an area 235-8 wluch may corrcspond with, filr cxmnplc, an
illunnnatcd matnx (x,, y,), thc CMS may control thc illu-
mination source 206-8 to adjust an illuminatinn pattern to
illuminate an area such as the whole matrix (x„. y,) or a
portion of the matnx such as an area defined by an illumi-
nation pattern 231-8. Moreover. within an illuminarion pat-
tern such as the illumination pattern 231-8 the conrroller zc

may control the light utut 206-N to control an illunuliation
intensity (e.g. in lummis/areal) such lhat portions of the
pattern 231-8 have more or less illumination as illustrated by
the above mentioned lighter and/or darker shading slxown
within the illumination pattern 231-8. 'I bus. an illumination
pattern, color tempemture and/or an illumination intensity
(e, within the pattern or within the whole area illuminated
by a corresponding light unit 206-N) may be controlled by
the system.

In one aspect of the invention light unit 206-N detect 10

wireless signa)s sent front vehicles 236 or users 237 fitere-
inafter "users") 'the wireless signals. for example. via
DSRC or WiFi radios. or any other wireless radios. includes
identities of the users. The identities can be represented by
VIN numbers oi'chiclcs, and/or IVLAC addresses oi'wireless li
radios. Light unit 206-N records thc wireless signals
togcthcr with the idcntitics, timeslamp, mid signa) stren th.
Other information about the wireless signals may be also
included depending on the receiver nldio's capability at hght
units, such as angel of arrival. Li ht unit 206-N sends So

collected information ofwireless signals to CMS 102, which
stores and updates the information ul a vehicle/user data-
base. 11&c vehicle/user database is or anizcd in a way liat
users are grouped togcthcr around thc cloaca( light unit
2()6-N on the same road and relative locations from velucles/
users to the light unit 2()6-N are recorded. 'I'ratfic speoI and
volume information around each li ht unit 206-N is denved
by CMS 102 according to multiple wireless signals fmm
Vehicles/users. Thc trailic spccd and volume mformation can
also be obtauuxl by sensors 226 installed on light units 0

206-N. All trailic speed and volume information obtained
fmm various ways can be integrated together to provide
nlore accumte and complete services 'I'he nther types of
sensors 226 can also be used to help to obtain accurate trafhc
information, such as magnetic sensor~, acoustic sensors, and ss
CO2 sensors.

Besides providuig the trailic speixl Bnd volume ulfomla-
non, ihe user database also scrvcs another tmportmlt feature
to locate each user according to its identification informa-
tion, e g. MA('ddresses of wireless nldio in the vehicle or ic
the VIN of the vehicle, and provide customized services.
This can also be used to determine possible traffic vioLations
and ihe output could bc not only a spccilic location, bul a list
oi'ocanons that dctermuic the history of flle givml user
wit)un certain tune Interval. Other methods ol'dentifying si
each vehicle can also be used by the proposed system and
pmvide information to the vehicle database. I'or example,

26
cameras can also bc used to detect plate number of vcluclcs.
which also uniquely identifies each vehicle.

A snlalt device ill B vchlclo Ust:I'cuds II rixlUcsn to qiiciy
traffic information ahead of the vehicle to ('MS 102 'the
rcqucst includes Ihc identity of tlu: user, such as thc VIN of
the vehicle, or the MA('ddress n f the wireless radio in the
smart device or in the vehicle, or plate number of the
vehicle. C MS 102 receives the request and obtains the user* a

identification mnnber. The identification number is used by
CMS 102 to query thc user database to obtain thc light ulut
206-N closest to the user and the relative location betvveen
thc light iuut 206-N and the user. The CMS 102 uses thc
location intilrnlation relative to light units 2()6-N to serve
sclvlcc IOSUcsts froln llscls.

'I'he user interface apparatus 122 or input/output devices
239 in a vehicle or with a user sends a request to query tmlflic
informatinn ahead of the user After receiving such a request,
CMS 10Z first matches the request (using the identification
lnfornlatltln In thc rcqUcst) to thc lociitlon of thc Uscl; thon
provides traflic infomlation around the location and sends
the ulformation bacl to thc user, where thc local trailic
informatinn includes traffic speed.'volume, mad accidents,
and mad constmctions

('MS 102 or other system nlanager (not shown) may send
traflic information to subscribed users. If there are some
events (e.g., traflic accidents. new constniction. etc.) hap-
pclllng Bhcinl of vchlclcs/User. Ihcsc oven(a Brc scut lo thc
Users ln rcBI tlute.

'I'he user interface apparatus 122 or input/output devices
239 in a vehicle nr ivith a user sends a request to query better
travel mutes/directions and smart local detour mformation if
inclement v,esther (e.g. fog„snoiv„etc.). road congestion
and/or road construction conditions are ahead of the user.
Such a rcqucst includes thc next dcstinations Ihat Ihc user is
going to. Aflcr receiving such a request, CMS 102 Iirst
malclms Ihe rcqucst (by using thc idcnnlicanon information
in the request message) to the locatinn of the user. checks the
various mformatinn database. then provides hazard indictor,
or better route and smart local detour information based on
the local information around the velficle. and sends the
infilrmation back to ihe user Or via an indication usulg
input/output devices 239 on a It ht unit 206-N. Some
standard shortest routing algoritlun can bc used, such as
Bellman I'ord and Dijkstra's algonthnls. by using delay,
route length, or other metrics as the cost in these algorithms

CMS 10Z may also query tmffic information between the
input/output devices 239 and seveml popular locations
ahead of thc movulg direction of users. CMS 102 scuds
nlcssagcs lnchidlng thc traiilc lnforlnBtlon to thc lnptln
output dcviccs 239. Uluch shows thc messages. These
messa es can include mad condition, road constniction,
traffic congestion. andior delay to certain destinations

CMS 102 dynamically changes the display messn ec on
the Input/output devices 239 to perfoml tasks such as
aikiptivc trafiic balanculg. For adaptive (ra)lie balanculg.
dc(our mcssagcs on displays arc controlled and adaptive to
real-time Iraihc iniormation. When thc Irailic spcod on thc
road is slov; and traflic volume is high, CMS 102 may find
alternative routes ivhich are better in terms of distance and
time to certain destinations. These alternative routes are
shown on the input/output devices 239. CMS 102 monitors
the traflic information. c.g. fllrough thc user database. If
there are bcucr altcnuiiivc routes or better alternative routes
change, CMS 102 sends mcssagcs to thc uipul,'output
devices 239 tn chan e the displayed detour messlges
accordingly
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CMS 102 analygcs nil rcqucsts I'rom users movuig close

to inputinutput devices 239 One such request is normally
generated by a driver once when he or she sends a route
request 10 the ('MS I U2. which constantly serves the request
and may actively send instructions to a driver whenever it
receives a new location of the vehicle. Destination addresses
arc cxtractcd Irom these requesm. Some dcstuiations are
chosmi by CMS 102 accorduig to certain niles, winch may
choose several most popular destinations. nr clmose several
common lncations between the outdoor display and IIlnst
destinatinns ('MS 102 query the service database and nbtain
traffic infomiation between the input/output devices 239 and
the chosen destinations and sends a messa. e including the
information to thc input/output devices 239. v,hich shows
the mcssagcs. Thc messages are adaptive to passing
vehicles.

CMS IU2 analyzes all requests from users mnving close
to the input/output devices 239. Destination addresses are
extracted from these requests. Some destinations are chosen
by CMS 102 according to certain rules, which may choose
several most popular dcstuiations, ur choose several cum-
mon locations bctw can thc outdoor display and most desti-
nations. (:MS 102 chooses advertisements based on the
chosen destinations I'hese advertisements can be chnsen
accordiim tn the business of the destination addresses. such
as gas stations. shopping mails. restaurants. etc.. or accord-
ing to businesses around the destination addresses. CMS 102
smids those adveruscmcnts to outdoor displays, wluch show
these advertisemcnts accorduigly.

Some sensnrs 226 are installed on light units 206-N to
detect occupancy status of parking lots nearby. 'Iliese sen-
sors 226-10 could be centers sensors with some basic image
processing, or infrared sensors. One sensor can monitor one
or more parlung lots around a light unit 206-10. One
CXIIIIlplC Of lie lllla SC pro CCSSlllg Blgoll111111 19 10 CiillipBI C 111C

image without vehicle withui the parkuig lot and thc uuage
with our. and test whcthcr thcrc Is a sigiuiicant ddli:rcnce for
the parking lot part of the two images Vehicle detection
algorithms can be also used together with camera sensors.
Some semors 226 can also be installed in or around a
parking lot. and they can conununicate ivith the light units
206-10 about thc occuprmcy status of die parkuig lots

llic street parluug lorn as well as large parkuig areas arc
monitored by hght uruts 206-N tluough these sensors 226.
'I'he light units 2U6-N transmit messages including avail-
ability inforniation of parking lots nearby to other light units
206-N around and to CMS 102. Each light unit 206-N can
maintain a local database about the updated infomiation
about parking lots in a ccrmin distance. CMS 102 main)sum
a database ol'all monitored parkui lots. CMS 102 adap-
ui cly conuols Input/output devices 239, wluch show park-
ing availability information, according to updates of the
database. I i ht units 206-N can also use their local database
to control parlong availability messages shown on outdoor
displays according to their own local database. These park-
ing aimlability messages include closes( available parking
areas/lots and also mny include how to ge1 Iherc (such as go
abend, turn left or nght, or a map with marks on currmit
location and the location of avaihable parking lots).

A driver,'user in a vehicle requests parking availability
information tluough input/output devices 239 in the vehicle
or a mobile device (e.. a smart phone). The requests include
thc identity of thc vehicle, such as VIN Of the vchiclc or the
hfgC address of a wireless ratio in the vclurlc. Thc rcqUcsls
cmi bc sent to nearby light uiuts 206-N or directly to CMS
I UZ thmugh communication netivork 100 P(hen ('MS 102
receives such a request. it first uses the identity infnrniation

of Ihc vchiclc to query the user danibasc to lind thc closcs1
light unit 206-N to the user and the relative location infbr-
mation between the light iuiit 206-N and the user. ('MS 102
uses the location information to query the parking availabil-
ity database. and send a message back to the input/output
devices Z39 in the vehicle includin the parlung availability
iufiirmation around thc iehicle. The mcssagc can also
include route udomiation for thc user to follow to arnvc at
tlxise parking lots If li ht units 206-N receive such a request

in from a user and they lmve lncal database about available
parking lot infnrmation nearby, they can send the smne
messa es directly back to the input/output devices 239 in the
vehicle. The input/output devices 239 show the response on
its screen or any available screen in thc vehicle for the dnvc
to choose a parkuig lot and/or follow a route to get to a
parklllg k11.

('M 5 102 analyzes all parking requests from user moving,
close to input/output devices 239 Destination addresses are
extracted from these requests. Some destinations are chosen

30 by CMS 102 according to certain niles. which may choose
scvcral most popular desunations, or choose scvcral com-
mon locations close to thc display. CMS 102 adaptively
cmitrol outdoor display to shoiv real time parking lot avail-
ability infnnnation in areas close tn the destination addresses
of passing vehicles. In this v ay, drivers can follow the
instructions on displays and take actions in a timely manner
to choose the best parking lot.

Furtlmr, thc controller 205 may rcccivc/trammit (e.g., in
rcsponsc to requests or periodically) sensor information

30 v hich may be analyzed (e g., usiim image analysis of image
inforniation received in the sensor information) either in the
light unit 206-N or a CMS. and determine whether a lighting,
pattern is sufftcient and/or to adjust a lighting pattern if it is
determined that a current lightin pattern does not meet

39 cilrrcllt liglltlllg ICUUIICIllcilm (0 g., 19 IJISUIIICICIII) OI 10

respond to a parncular cvcnt (e.g scud trailic data to users,
rcport ligllt illllt fililUIC9. Iiiad IliailltCIIBIICC issues, CIC.).

I'he controller 205 ani('or a ('MS may then form and/or
update a lighting setting,'reaction information database in a

90 memory of the system 200 in accordance with infomiation
generated and/or received by the system such as the current
llglltlllg SCttlllg IllfonIIBIIOII, 9CIISOI lllfollllBtioll, ICJCIIOIIS,

oIhcr infomiation, and/or lorccasls, lime of day, clc. Ior later
usc Thus, hghting scuings Ibr certain patterns or respomcs
to request nr event situations may be modified by the system
and/nr by a user as described herein

For example. adaptation of colour temperature for light
units 206-N may be changed based on (I) weather (more
blue for alerting when for example, roads arc slippery,

o treaclmrous duc to fog. ctc.). (2) time of day/rught (c.g. Io
deal with cyc sensitivity or fatigue in predmvn conditions),
(3) tratfic (either high speeds or high volume require oreater
alertness), etc. 1hcreby minimixin energy consumption
Note that the importance or utility of each objective is both

ss location and time varying. For instance. (a) slippery road
and traliic condiuons arc locauon dcqicudcnt mid (b) safety
nsk duc to langue is tmie depcndcnt, that is most pro-
nounced in thc carly momuig hours. 11&c adaptauons arc
dynaniic, memiing the ligiiting strata y that is adopted varies

ii! based on locatinn of event and time of day/night Alterna-
tively. vehicles Z36-I or users 237-1 with driver accessories
(user interface apparatus 122-1) that have fiexible colour and
light uitcnsity LEDs can bc used.

It is noted Ihat Ihc sleep physiolo»cal rcsponsc to hglu is
si frixpicncy dependent. It is known that thcrc is a sensitivity

of light spectnun to nielatonin suppression Iior example,
blue bght is more effective in melatonin suppression than
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rixk While monocluomauc (e g. blue) hght &s cflic m&ous for
fatigue and eflicient fi&r energy savings, it is bad ti&r visibility
of obstacles and tin&s safety

Illustratively, based on data from sensors 226, augntented
by infonnat&on from Resources 112 (e.g. &he Internet),
information related to weather (and like&vise) traflic is ath-
crcd. For utstancc, u& those parts of lhe c&ty where the
tcmpcralurc is near Irccz&ng pout& and lhcrc &s prcc&pile!ion,

rester alertness &s warranted and therefi&re light units 206-N
are adapted to mcrease alertness (by changing, the color &B

temperature to include more blue wavelength light). Simi-
larly, where measurements show traflic conditions (e g.
localized greater tmffic volume) requiring greater alertness,
lhc color tcnipizi&&U&c ls ~ uu&la&lv ixlapu:d. Suu&lilrl)) B hule
dcpmximtt proiile of safi:ty risk duc lo fatigue may bc us&uk

based on known studies, for example, N'IS13 (] 9')5) l&actors

that aflect fat&gue in heavy tn&ck accidents. National 1'rans-
portation Safety 13oard. Safety study N fSI3/SS ') 5/01, Wash-
in ton D.C. & Connor J. Whitlocl (I, Norton R, Iackson R
(2001) The role of driver sleepiness in car crashes a zo

systcmauc rcvicw of epxlenuological studies. Accnl A&ml

Prey. 33 21-6I.
Another known problen& is a lack of baLsnce between the

corn ti&rt of opti nial visibility and appropriate energy saving.
I&or example. as described in, 'I he Economist, Print 1&dition
Iune I*'013: Web: http://www.economist.corn/news/tech-
nolog) -quarterly/21578519-lighting-teclmoiogy-there-
hghl-ncvcr-gi&cs-out&t-J Us&-g& Bdi&ally-duns-over)

In daylight, v&s&on &s handled largely by cone-shaped cells
packed around the centre of the retina Apart front io
pmcessing colour, cone cells help the eye perceive
detail and rapid changes in surroundings In the dark,
by contrast. perception is handled almost exclusively
by the more sensitive rod-like cells towards the retina* s
pcriphcry. For pix&pic driving at m lu, howcvcr, artdi- &s

c&al light&n means cond&nous are usually nc&&her p&lch-
dark nor hght enough to sec usutg cones alo&m.

Moreover. as a vehicle moves thmugh patches of lighter
and iLsrker illuminat&on. both rods and cones are
required. Bnd the demands on them change constantly. So

When it is briefly flghter. the eye is more sensitive to
gremnsh-yellow l&ghn When darker, it responds best to
light &n thc green&sh-blue pan of thespeclrum. It tunm
out tlmt wlutc LED lamps do a better lob ol'meeting
these conflicting requirements than sodium lamps can
ntanaae and they do it at lower power level ~ . to hoot.
There could therefore be some energy savings fmm
switching to LED streetli hts afler all.

11&Um h& pr&or B&l hghnng svslcnls wh&lc 0& )'cilowish-
slrecl 1&ghtutg &s a comprom&sc to mint conlhcluig require- O

ments, thc compronnsc &s not pcrfccl and lighung comfort
sufl'ers. 'I he ideal is to have the right cok&r at the right hght
level Varyin light level means that a vehicle moves
tluough patches of hghter and darker illumination wh&ch &s

considered unpleasant. s.
11&c lighting system 200 gradually d&ms hght (to save

mtergy) and al thc same time adjusl the color lo improve/
ma&ntain 1 &s&b&lity and utcrcase comforu For example. hghl
units 206-N start out dunng the evening and rush-hour as
full-&vhite. I ster in the evening, when a new lighting (dun- io
ming) strategy is folio v ed. the light color is adjusted as well.
The lightin system 200, throuJ& sensors 226.1 ceps track of
both thc light units 206-N lcvcl as well as lhc total mnbmut
light (e.g. from tlm moon or nearby bu&ldutgs). The light
strategy slowly adiusls &ts color w&th dte total dmuning level ss
ntovin tov ards greenish-yellow. I,ster during the nmht,
when traffic &s minimal, hght units 206-N are h&rther

dutuned and thc color transitions towurds grimn&sh-blue. In
dark nights. e g. new moon. the total hght level is much
lower and the chmtge towards greenish-blue will occur
ca&hcr in thc il&gilt

It is also noted that if color adaptive light units 206-N are
used &n streetiights, it increases the lifetime of the light
source by allow&ng bc&ter cahbration ol thc 1&ghl&ng output
iu case pcrfomtance &s dcgradcd. For example, blue-wluie
I EDs tend to become ntore blu&sh over an extended usage
time I he lighting system 200 also in&proves on limiting
light pollution At the lowest dim levels, the optunized color
ensures that less light is necessary than» ith another color at
the same level. This a sin reduces hght level. The appro-
puate color may also bcnciit mumals that arc less d&slurbod
than &s &th while light.

Moreover, the lightina systent 200 may be used to delib-
erately pmvide unpleasant lighting characteristics intended
to encourage nearby vehicles 236-1 and users 237-1 to take
certain actions (e.g. leave a certain area). For example. the
light units 206-10 may be positioned to be bri hter point
sources within thc Iield of v&sion to muxun&zc lhe unpleas-
antness ol'user 237-1. For salbty, 1&ght un&l 206-10 shouldn* I

be at an accessible eye level to prevent eye damage It could
be placed just over eye level (e g 2 m) to ensure it is in the
field of view. but can't easily be reached to cause eye
damage This is the opposite of most li ht&ng design wlfich
auns to diffuse the light and reduce the presence of bright
po&nts mtd lmrsh shadows. in tlus case thcsc arc dcs&rable.
Alternatively a 'very bright'ett&ng could be addmk Thc
color temperature, color, or color rendering index or other
aspects of the light could be designed for desired effects
Such as be less pleasant to intoxicated people (cold color
temperature). have a calming effect ( reen light). or confus-
in (dellberateiy bad color rendenn index). These can be
accomplished»h&le still maintainutg suflicim&l v&sib&hty and
ulihty for law cnl'orccmmti mtd others. Tuned opera&&on lo
control thc hght units 206-N to come ou at umcs when
people should be encouraged to leave, such as bar closing
times. 'I'he timed operation could include gradual increasing
and decreasing dinuning to achieve different degrees of
efl'ect at different times. Light units 206-N may be integrated
with cmwd mcasurcmcnt dcvicca prov&ding fi:cdback to
achieve target&xi crowd lcvcls usutg thc input/output dev&ces
239 Rcmotc operation using CMS 102 allowutg law
enforcement or others to activate the hght units 206-N ivhen
des&red in case of incidents I,ight units 206-N may be
positioned to focus nu&stly on the street, near eye level, to
reduce the irritation to neighborhood residents. Time domain
variation, such as slow osc&llauous or dehbcratc Ihcker
w&thin the 1&ghl urn&a 206-N may also bc used.

In some cases &f lhc hghting has h&ghly sclcctcd spectral
cmnponents, law enfi&rcement or others working in the
district could be provided with hltering glasses to reduce the
unpleasantness.

The li hting system 200 ntay be used to enable users
237-1 to makes rcqucst for a&ailablc lax&cs/car services.
hcrcirmflcr collcctivcly tax&. Thc lighuug system 200 can
automatically delver users rcqucsts v&a Ihc &npul/outpul
devices 239 to ('MS 102 ('MS 102 will determine the
region/area in which the request should propagate and
broadcast the message to available taxies, for example by
conventional wireless tecluiiques or via input/output devices
239 loca&cd within taxies.

fixer 237-1 uttcracts with thc input/output devices 239
installed on each pole or with a mob&lc input/output dcv&ce
239 I)sera 237-1 can send or cancel a request iiach light
unit 206-N maintains a request list. When a request is given,
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d mcssagc with a unique ID Is added lo lhc list. As long as
the request list is not empty. an indicator light (for example
lie input/output devices 239 on thc light umt 206-N) will
indicate that there are users 237-1 lvaiting there. I iach hght
uml 206-N cml communwdte the message with its neigh-
bors I he size of the region to deliver the message is limited
by the message dehvery stmtegy in CMS 102. which Is
reffited to local traflic condition I iach light unit 206-N uses
sensor 226 to detect the local traflic conditions. Bs further

I 1 Idescnbcd below. Each hghl unit 206-N rccmving tins mes-
sage will broadcast it to B small local region around It. via
input/output devices 239. Taxies may Imve a wirclcss
receiver to receive messages from light units 206-N I km-
cvcr, only the available taxies w 111 display thc message ul the
taxi to tell the drivers Once an available taxi receives a
request message, the driver can make the decision. If he Is
wiflina to execute the task, he w:ifl send an answer message
to management center by a wireless teclulolo y as noted
dboic. There mlitt be multiple taxies Buswcllug iulccu
request„ thus„ the CMS 102 will select an optimal taxi and
send the conlinnauon message back lo lhc taxi lo lel the
driver go to pick up the passenger guided by (iPS. as further
dcscnbmi below.

I iach request message is imly delivered to a local region
uctlr fllc I'cqUcsnug user 237-1. However, flu: size iif fllc
region is not a fixed parameter. it's reffited to the local traffic
condition. If the tmffic Is heavy. there are already many
vehicles including several taxies nearby, tlnis it's not nec-
essary to send the message far away. and the taxi far away 10

wifl also take much time lo amve herc. finis, m tlus
condition, the message is only delivered in u smafl region.
Olhcrwlsc. fllc size ol fllc legion ls d hule lllrgcn

'Ihe message dehvery method is defined as follov ing.
Partunclcrs of lhc request message include. Icxtucst ID,
passenger position and energy. Where the "request ID" is the
identity of that request. which is unique in the OLN: and the
*'passenger position", is the pre-calculated position of Imht-
ing pole. Since each light unit 206-N ic fixed. its position du

(e.g. longitude und latitude) is known. for example recorded
at the installation stage. This parameter is used to guide taxi
lo find the passcngcr. **energy" decides flle message dchvcry
region. At each hghl unit 206-N, "energy'* will be subtracted
by a value. which is related to the local tratfic condition. If d

the traffic is heavy, this value is ffir er Otherwise. it'
smaller. As long as this value is positive. each light unit
206-N will deliver the message to its neighbors. Otheiwise
thc message dchvcry wifl stop. Thus. Ihe lralfic condinon
divides this partunclcr aud thc dchvery region. 0

lhc Mcssagc dchvery strategy includes. when the rcxtucst
is given by user 237-1, a nlessage is created by the tirst hght
unit 206-1, winch includes the above noted parameters.
Then the first hght unit 206-1 delivers this messa e to its
neighboring fiptt units 206-N. The neighboring fiptt units c.
206-N will check the '*cncrgy** parameter. If flus parameter
is positive, il wifl broadcast ibis message lo ils local re ion
around It by a wirelcss tcclmology. Each taxi has a receiving
device Ifan available taxi is in that region„ it ivill receive the
message aud tell the dover. 'I'hen "ener y" is subtracted by 10

a value consumption. which is related to current trafhc
condition. Each li ht units 206-N has sensor 224 to detect
thc locdl lraflu: suuUs/coudtltou, If lhc local ndflu: ts hctlvg
consumpuon is larger, othclwisc, it*a smaller, given by the
Ioflov'ulg cqUBUOU si

cccrgr cscrg '-Ccsscsupncs

II'lm traflic is heal y. the message will bc dchvercd ul a
small region Othenvise, the region will be a little larger If
"energy" is negative. it will stop delivering the message

'I'he algorithm for selecting optimal taxi in management
center is as foliows. There may be multiple available taxies
respondin a same request. Thus. when CMS 102 receives
scvcrBI I is pousi s to d mane I ixli nun ll sch:cm du op 1 until taxi
which nught amvc al lhc wailiug users 237-1 locauon
eeriest Since the request message contains a parameter
"energy", v;hich represents the accumulation of traflic con-
ditions around each flg)tt unit 206-N from the user's 237-1
location to each taxi, it will be used to evaluate the travefling
time consumption from each taxi*a place to the user 237-1.
And since the distance bclw ecn cv cry two ncighbonng hght
uiuts 206-N is approximately equal, '*cncrgy" is dcctdixi by
the length of the path from the user 237-1 to the taxi aod the
accumulated traflic conditions.

If the path front the user 237-1 to a taxi is longer, there are
more light units 206-N and the accumulation of consump-
tion is larger. which results in lower "energy", and also if the
accumulatcxt trdflic condition is hcuvmr, accumulanon of
consumption is also larger;md '*cncrgy" is smaflcr. Thus, lhe
taxi v ith largest 'energy" mi ht arrive at the user's 237-1
place earliest, v,hich is the optimal taxi

I'hus, the optimal taxi selection algorithm is comparing
the "energy" parameter of each taxi *

a message and arranging
the taxi with luchest "energy*'o picl up the user 237-1.

With a baucry 220 lhc OLN cdn also respond to power
oulagcs when coiulcclcd on lhe gnd lo create an unintcr-
niptible power supply (called herein "UPS'*). 1he OI,N
detects the loss of grid power and comnlunicates with the
utihty company to deternline hoiv to place power from the
energy storage device back onto the gnd. The OLN can also
act as a UPS in a small localized energy grid, ehminating or
supplmncnting backup power gcncrators. The behaviors
would bc similar lo that on the larger power gnd.

Thc prcfcircxt cmbodmlents compnsc adaptations lor
independent processeg such as independent nionitoriog„
cmltrol, mid output (light. alarms or other conlmunication,
etc ). Vvhich independent comprise sensing. communication
and control only between the light units/nodes of an indi-
vidual OLN. When adapted;md opcrauug ul tins indcpcn-
dcnt mode, thc prcfbrrmi array may bc considered an indc-
pcndcnt army and/or dn indcqtendent network of nodes.

In addition, the preferred embodiments comprise adapta-
tion for non-independent processes, such as couinluilication
between the master light unit/device/light unit of the OLN
and the CMS. Preferably each of the preferred hght units
206-N employs battcnes. recharged by solar panels tlm1 may
bc used to transmit signals lo mulhple of the oflmr slaves,
and thc master prcfcrably also employs a battery(ies) lo
transmit signals to a renlote location 'I'hus, an ilnportant and
novel feature of the preferred embodiments is that multiple
light units of a sin le network comprise equipment and
pro ramming on or in the light unit that adapts said multiple
hght units of a paruculdr OLN lo communicate wifll each
olhcr. This indcpcndcnl communicdnon bclwixu thc hghl
uiuts of each OLN cradle the "indepmldmlt" fi:dturc ol'ach
OI N, in that at least one. and preferably several, sensing and
control tasks are handle betiveen the nlultiple hght units
v ithout requiring control from the CMS. The preferred OLN
each also have a self-discovery feature for self-identification
ofnels hghl units and inlcgraiion of the ncw hght uiuls onto
the ucmork. Thc cspcciafly-prcfi:rrcd hght units/devices,'ght

uiuls ol'ach OLN arc each powered by a battery and
can use solar panels to recharge the battery Preferably, each
outdoor light unit of the OI.N has a wireless modem and
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conliollcr fornung B wirclcss nc'lwolk, fiir nlonilornlg Bail
control of its devices to allow for adjustment fiir low battery
conditions and the ability to measure excess power gener-
ated by the devices to be placed back on the grid, for
example. for bein applied Iiir a credit to the account.
Optionally. the master hght lulit/device/light unit, as
descubcd above. may also conunulucalc to, or rcceivc Ibom,
thc CMS infounauon and instructions about saul low battery
conditions and/Or excess power Outdoor lighting arrays,
particularly in public settings provide a ready-made wireless
intrastnicture. since nearly all municipalities and niany
public roadkiays utilize light units. In such seuin s. it Is
desirable for individual outdoor lighting nodes, witlun an
array of outdoor hghting, Io bchavc in ml intcrdcpmldmlt
manner. II is also desirable lor thc lighting Iixlurcs and/or
devices connected to these outdoor light units to behave in
an intel)i ent manner to enhance security and safety, ivlule
mininiizing, energy costs ln addition. because public out-
door fipctting arrays form a ready-made wireless infrastruc-
ture, they are ideally suited to wireless conununication for
pubic salety, or with Ihc proper pmtocols mxl secun!y. for
pubic access to thc Inlcmct.

As noted above, the OI,N may include slave and master
light units. A slave light unit of the OI,N may consists of an
outdoor lighting structure with lighting fixture. network
board with a micro controller. power supply. electronics as
required for the mesh netv ork. and zero. one or more
dcviccs that act as sensors or active devices. There Is also a
wireless modem '*on-board" each slave hght unit. An AC to
I)('ower supply connects it to an A('ystem if available.
lf no power is available, a w:ind genemstor and/or a solar
collector power the system. Pow:er can be stored to an energy
stomsge device, such as a battery, capacitors. fuel cells, or
devices that store and release hydrogen.

A nui ster outdoor hghl uiu1 of thc OLN Ims all of thc same
components as tlm slave hght uiut with thc addition Of a cell
or satellite radio. Thc wirelinc. ceil or satellite network Is
already in place, which provides the communication to the
('MS

The outline below hats some, but not all. of the features/
options that may be included m various embodiments of the
OLN mi mition. Following arc "supportability" fi dturcs It is
preferred lo uiclude, ui thc OLN controller/progrmluning, a
method for separation ol'pcrauolml pdrmncters Ibom code,
with the following preferred features all operational parani-
eters that atTect how the systems and algorithms behave are
abstracted out of the code, leavin behind variables in the
code that are evaluated at system start: operational param-
ctcrs arc stored separately from code ui a profile Ihal Is easily
read dnd proccsscd by thc code, said prolile should be easy
to rcyllacc in its cntircly, individual values I'or Opcratiolml
parameters in said profile should be easy to replace: on
system restart or reset, all systems and algoritluns tlush their
values for operational parameters then re-read and re-pro-
cess opemstional parameters from the profile: a method for an
opcraior or mauitmiancc personnel Io rcscl Ihe device al
ground lcvcl (i.c standing on Ihc sireel), hke a reset button.
Pushmg tlus buuon Is thc equivalent to power cyclm thc
systeni. Ivhich causes all hardware, firmware and sofiware to
re-initialize. re-read and re-pmcess all operational parani-
eters; a method for indicating device system smnis. like a
3-color light or set of lights (e.g., green, yellow. red) at
groiinil li:vcl that conveys onc of tluec states. Operatuig
properly. operanng but there is an issue nccxfing allml!ion,
and nol operating. Tlus provides ground level fimdback
regarding ivhether to push the reset button as v ell as v hether
or not pushin the reset button resolved the issue.

Methods and algoutlmis are used that create modulauly of
systems on the device in order to facilitate unit testing as the
nuntber of components increases: more easily enable in-
field, black-bnx replacin as a cost-etTective support stmstegy
in the field; and so that replaced modules are sent back to the
manufacturer or certified service representative for trouble-
Shootnlg, rcPBB Bnd ICCBCBIBIIOB.

Methods and algoritluns are used to enable an cxpmldable
bus architecture on the device to enable in-field hardware

in feature expendability Over time (eg, new sensor. high
bandwidth radin, video camera).

Folloiving are "Nenvorking & Control'* features that are
preferably included in various embodiments of the OLN
invmition. Ihe followmg Icaturcs arc prcfcrrcd "on-hghl
ulut", that is, on EACH uidn idual light uiut or on a plurahty
of light units in the wireless netivork algorithms to perform
all fiuictions in above thmugh a network and set of com-
mands and prntocols.

Preferably included "on-light unit" for event manage-
IO ment: algorithms for monitorin and storing discrete and

contnnlous II1ggcls. Ina:tprcthlg Illggcrs dail Ildnslalulg
them into cvcnts to bc pubhshcx); algontluns for subscribulg
to and receiving events with specified attnbutes as a way of
performing a task in response to a pubhshed event; algo-
rithnis for interpreting one or a collection of conditions,
assessin their severity and then detemuning v hether a
warning or error condition existsl al oritluus amund sched-
uhng Iobs at predefined limes and/or with prcdclined frc-
qucncics Io perl'orm tasks. dnd algontluns enabling thc way

10 an event is treated throuchoul the system to be dictated by
the classification and characteristics of the event itself

linr joining a network and seltuor anizing algorithms fiir
initialization processes that include broadcasting across fre-
quencies and channels to find other devices within range;

is and algorilluus surrounding whether Io lout an exislulg
network versus crmiung a ncw Bc(work In response 10 other
dcviccs loca(cd witlnn range. their functions willun Ihe
netwnrk, their capabilities and the breadth of the networks
they share

do The following features are preferred to be "Across-Light
Units" (that is. behveen multiple hght units): algorithms
around how, whcrc, mid how redundantly lo rcgistcr a
device's capabihties on a nctss ork, algouthms for determin-
ing conncctivily issiies on Ihc network, routing around
issues, repairing issues and reestabhshing routes once
repaired; algorithms for favoring eiiicient routuig. penaliz-
in inefiicient routin and adjusting both over tune based on
changeable dehnitions of etficiency: algontluns for locatin
dnd shiii1ng rcsoiirci:s iin Ihc ni:Iw Ork Bs ri:soiilcc dvliilabihlv

0 and location changes over ume. algoutluus for securing Ihe
network against unauthorizixl **network lout~" Imd cnsuung
intra-network comnmnications cannot easily be intercepted
and interpreted; algorithms for using monitoring events
across a population of devices to determine a coordinated

ss action to take like li hting the way ahead of a walker along
a pathway or turning on a video camera based on tuangu-
latlon Of nliiltiplc dcvici: niolliul sensors, such Bs Iilgolllhnis
thill dctccl nlotion (inaction dnd velocity) Bnd cslunlilc Ihc
future direction and location of the movmg object as a

ic function of time; and al orilhms that activate devices based
on the anticipated location of the moving object per the
algontluus in (i.e. tunling on or brightening lights or turnin
00/wakuig up security cmncras ahead ol' moving car or
moving person).

ss Algontluns Ibr aggrcgatulg events over populations of
devices, rolling up event information based on criteria,
interpreting iniv-level event information and using it to
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crenlc ncw lnghcr-order cvcnts: algonfluns Ior dclcmuning
the location of a device based on known fixed locations and
trian ulation of multiple device nsdio sipial ~; algoritluns
that allow hght units m a network to look for and sense
difl'erent sensors that come into range of the wireless
sensor(s) on the light units; algorithms that allow li ht units
in a nclworl lo idcntiiy and calcgorizc thc diili:rmll lypcs of
SCBSOIS flult Collie 11110 IBllgC Of IIIC% II chuS SCIISOI(S) 011 lllC

light units; algorithms that allow light units in a network to
comnnmicate with the different types of sensors that come 10

into range of the wireless sensor(s) on the light units: and
al oritiuns that allow li ht units in a network to activate
certain function on the different types of sensors that come
inio range of the wirclcss sensor(s) on thc hghl uruls

Rcgardulg Content and ini'ormauon Delu ery (for
example. gathering of weather or other intiinnation front
rlcthvol'ked devices bh'oininuiilcatiorl fi'Oin nile of iuoi'e
nodes,'light units of a OI.N to the ('MS, andior providing
messages„adveitising, and public information that may be
communicated from the CMS to one of more nodes/light 30

units of a OLN and then to thc public). Slgonlhms mvolving
securely bridging a low-power, low-bandwidth network and
a medium-power, high-bandwidth nenvork, or providiag
secure gatev ay capabilities between the two netv orks,
algorithms for aggregating information across populations
of devices and securely delivering this information tiuou h
a broadband hvireless infrastructure to a OLN-manufacturer-
opcrakd network opcrauous center: mid al onflmls for
guar;mlecd or best-cilbrts dclivcry of inibnnation to thc
nethvork operations center based on the classiiication of the 30

information.
Regarding Management that may be preferred and/or

necessary for the business of operatiiig and maintaining a
OLN: algoritluns amund creating and managing user/cus-
tomer accounts and passwords with associated roles and li
pernnssions that spun diITi rani kulds of customers as well as
thc ncuds of thc OLN mamifacturcr itself, algoritluns lliat
enable authentication of individual users to specific accounts
and roles v ith associated permissions. and that track failed
authentication attempts for intrusion detection security, ao

al oritiuns for mlthonzing mdividual users/customers to
access and use only Ihcir devices aml assocratu! dale,
algonthms Ibr detecting when siuunty nughl bc compro-
mised anywhcrc ui the system and lakulg scion once
security is believed to be compromised such as locking out
a user or customer, denying access to devices or data,
locking out parts of the system globally or by customer and
flushing all security keys requiring re-initialization tluough-
oul lhc system of all secunty subsystmns: algontluns for
creating sets of dcviccs that meet prc-dclined conditions 0

then proactively und remotely mmlagulg those dcviccs
including resetting, updating firmware. updating operational
parameters. triggenng on-demand infiionation delivery,
troubleshooting issues. ovemding operation for prescnbed
periods of time. etca analytical algorithms that operated on s.
aggrcgalcd ini'onnauon al thc OLN manufacturer's ncnhork
opclilllons ccillcr Bill provulc cilsiolncls with Bll lnllllllcl of
opcraiioiial aud cuviromnenuil insighls; algorifluns lhal
allow a nenvork of light uilits to manage power being pulled
fmm the pov er god or placed back onto the pohver grid. such ic
as: algoritiuns that allow a network of light units on the grid
to put power onto the rid a desired times, either as certain
cnlena arc sensed aud mcl on Ihc grul. or via a conunand
from a central conmiand ccntcr or a Nclv,ork Operation
Center (NOC), and algoritluns lo draw power from lhc gnd si
at desired times, as certain coterie are sensed and met on the

rid, or via a command from a NO(

36
Algonlluus to vary Ihc control signal to flm load(s) lo teal

its operation (i e. to test the ability of the light to run full
brightness and dim dohvn to various diniming levels)

Regarding conlmunity assistance aild relatioils. or adver-
tising to the conununity: algorithms relating to advertising
and other information that may be announced and/or dis-
played on onc or morc of the nodes/light units oi' OLN,
prcfi:rably powcrcd by rcncwablc systems aud cncrgy stor-
age systems that are also powering lights for the community
methods for leveraging the convenient locations of street
lighting and the surface area pnivided to offer advertising
inventory; methods and aigoritlmls for providing program-
mable inventory on a light unit that includes advertising
iuvmilory and lime-based rotation of ad Inventory, methods
and algoritlmls for sclcciulg collcctious of light uium Ihal
meet various criteria (e a., location, amount of foot traflic
based on motion triggers, average nlonthly temperature) and
then delivering programmable ad inventory to light units
meeting the criteria: methods and algorithms for wirelessly
detennuling additional context from a passerby (e.g.. mobile
dcvicc brand and service provulcr) and cnablulg more
targeted advcrtisul baslxl on tlus mlditional context: and
algontluns tiir detemlining the direction a passerby is head-
ing, identifying light units in that direction and then stream-
ing advertising across light units along the passerby's path
to overcome bandkvidth linlitations„provider a longer and
richer ad experience or both.

Algontluus regarding/providing Wi-Fi holspots. methods
for ulcluding mobile broadband roulcrs on hght uruts in
order to offer community Vi'i-lii hotspots; algorithms fiir
leverapng sensor information (e.g, nlotion) and system
parmneters (e.g, time of day, available battery energy) to
enable or disable Wi-Fi hotspot capability: and methods for
enabling/disabling and changing the behavior of Wi-Fi
hotspots remotely, from a network operations cmltcr.

Algontluns regarding/prox iding Iioancial transacuons.
melhods and algolttlmts for sccurcly rcccivuig, aggregatulg,
uploading and reconciling Iinancial transactions from RF
devices within range.

There is a coliection of struictural elements, methods. and
algoutlmts that reside on preferably each device

Solar Dcvicc. dcvicc design clemcnts and algonlluns Ibr
maxinuzing solar collccuon capubilities. relationship
bclwiun hght unit height. location on solar isolation map
and mnp-hours; relationship between light unit diameter,
location 8; ainp-hours; and relationship between Pxy etTi-

ciency Hardware and interfaces for coniiguring power
delivery options like voltage and current during manufac-
turing and/or ulsta lint ion to support multiple diili:rent device
activities (c.g., lighung, security gatv, broadband wireless.).
Coniigurable winng luimcss(es) and routing to support
nniltiple device activities powered on-device (e g.. lighting„
video and broadband hvireless at the top of the device, USH
attaclmlents at pound level) and oflxdevice (e.g., security
gate and sensor fence.). Ciranular operational and environ-
lllclllal ckiul logglllg lo correhlle solar colleclloll Bnd char 0

ChiirBCICIISIICS iis B IOBC11011 01 101 atloll Slid cllvlloluuCnlal
inffirmalion (c.g., average daily sunshine. Icmpcralurc, pres-
sure, luunidity.) Algoritluns for deterniining when and how
much energy to invert back onto the grid as a function of
device operational and environmental parameters. Algo-
rithms for minimizing energy consumption as a function of
iICVICC opClallollal alai CBVllolllllclltal paralllclcrS BS% Cll IIS

smisor tnggcrs like photo cell and motion. A separable solar
engine kil thai includes solar collector, charge controller,
ener y storage, delivery and wireless monitonng backhaul;
alono with all the connectors meclianical, electrical E;
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software/Iirmwarc &nlerfacc lo m&able Hurd parties lo
install our solar engine on other types of devices

I.ight l)elivery Stack Delineate light delivery into d&stinct
layers with unique parameters that can be independently
adjusted to meet ovemsff intensity and shape requirements
cost efi'actively. A whole-luminaire. high efficiency lens tlmt
inlcgrdics diffus&on technology Ior smooffnng hghl dislribu-
tion w herc &here are hotspom w &Ih Fresncl lens lecln&ology lo
direct light at precise wide angles to achieve standard Il&S

luminaire d&stnbution types I thru V and sufficient envimn-
n&ental protection to achieve IP65/66 approval A luminaire
mounting pLste w ith highly adjustable I ED module mounts
that enable cost efi'ective. highly variable lighting patterns
outs&dc of the standard IFS types I &hn& V. along with
dlgonthuls Ior how to BHIUsl ulodUIcs lo Bein:vc &I givi.'u
li ht distribution

Modularily Meehan&cal modularity ofdevices that affows
different activities to be attached and configured easily at
manufacn&nn time. &nstafiation time or even in the field
post install. Iqarness. conduit and wiring that enable baueries
to be located offzboard, meanu&g oIT &he device vcl w&rcd u&lo

thc dcvicc. Well defined abstmcl&ons with interfaces to allow
wireless connectivity hardware and protocols to evolve over
time and be upgraded without affecting the architecture or
higher-level apphcat&ons relying upon this connectiv&ty.

Diaknn&sties & Repair: Algorithms to diagnose which
energy stomsge unit(s) is bad or failing. Algorithms to
dclernnnc whether lhe sensu&g devices arc Failing or fa&lixk

Algorifiuns lo detcnnu&e whclhcr any OI lhc hghl era&1!ing
devices (i e. I,l:D nlodules) are failing or failed Algoritluns
to determine whether the A( /I )('ower convener is failing
or failed. Algorithms to reset A('/D( pov;er converter (e&-

ther wirelessly or via harduire connection). Algorithms to
determine whether the Charge Controller (device converting
cncrgy Irom Ihc Power Cicncralor lo energy to bc slorcd or
consumed) is fa&lu&g or fmlcd. Algonlhms to reset Charge
Controller (c&ther w&rclessly or v&a hardw&rc connection).
Algorithms to detern&ine whether the Power (ienenstor (i e.
Solar Panel) is failing or failed Algorithms to detern&ine
&vhether the power inverter is tbiling or failed. Algoritluns to
reset po&ver inverter (either wirelessly or via hardwire con-
n&muon). Algontlmw to dclcnninc w bc&her lhc conlrol board
is fmling or fa&hxl. Algontluns to react control board (e&ther
wirclessly or wa hardw&re connection). Algonlluns lo les&

various subsystems and/or subroutines on the contml board
(either &virelessly or via hardwire corn&ection); Algorithnls to
put selected subsystems and/or subroutines in selected states
(either wirelessly or via hardwire connection): and Algo-
r&fiuns lo react venous subsystems and&or subrouuncs on the
control board. &Ucludu&g eul&rc control board (either wirc-
lcssly or v&a hardw irc connection). Algorifiuns lo dctenuiue
whether other dev&ces (such as a security camera) are failing
or failed Algorithn&s to reset those other devices (either
&virelessly or v&a harduire connection)

Supportability: All operational pamsmeters that affect how
the systems and algontluns behave arc aha&meted oul of thc
code. leaving beh&nd variables in thc code H&at are evaluated
dl sysu:m start. Opcrat&onal paramclers arc stored separalcly
fmm code in a profile that is easily read and pmcessed by the
code 'I'he pmtile should be easy to replace in its entirety.
Individual values for operational parameters in the profile
should be easy to replace. On system restart or reset. afi
systems dnd algontlnns Hush their values fi&r opcratio»al
parduu:leis lieu rc-rcdd Bud rc-process opc&'Bt&oual pB&'&uu-

clcrs Irom the prolile. A method Ior rcsctling lhe dev&ce al
mund level (i e standing on the street), like a reset button.

Pnshin this button &s the equivalent to power cycling the

system, wluch causes BH hardware, Iinnw are and software to
re-initialize, re-read and re-process afi upcast&onal param-
eters A method for indicating device systen& status. like a
3-color light or set of lights (e g., green. yellovt red) at
ground level that conveys one of three states: operatin
properly. operating but there is an issue needing attention,
and not opera&&ng. This prov&dcs round lcvcl fiwdback
ri gardiug whether to push the rose& button as wi H as whether
or not pushing the reset bmton resolved the issue. A method

&B for providing a ground-level memory card reader (e.g,
('ompactl'lash, SmartMedia) Memory card reader is boot-
able. meaning on reset the card reader is checked tbr a set
of operationai parameters and if exists„ these operational
parmnelcrs are used u&stead of auy ofimrs that may bc
ouboard. System logg&ng pcrs&sts on a memory card u& thc
gmund level slot so that the card can easily be replaced, ivith
logging data taking back for n&ore thorough analysis than
can reasonably occur in the held. Amount of memory for
operational parameters and log in is easily increased by

zo replacing lower capacity card with higher capacity card over
t&mc. Methods and algoritluns for crena&g modulanly of
systems on thc dcvicc. Fac&litatc uiut test&ng as the number
of components increases. More easily enable in-field black-
box replacing as a cost etTeclive support strategy in the field
Replaced &nodules are sent back to a certified service rep tbr
troubleshooting. repair and recirculation. Methods and algo-
rithms for enabling an expandable bus arch&tecture on the
dcv&ce to cnablc in-field hardware feature expendability over
t&me (e.g., ncw sensor. Ingh bm&dunlth rad&o, vxlco camera).

&o I&nv&ronmental Sensing Me&hocks for collecting and log;
giag environ&nental data (e .. luminosity, ten&perature,
hunlidity, pressure. wind speed) for later use and correLstion
v ith other information like device opemst&onal parameters.
Methods for adding, contigurin and enabling sensors on a

&i dcvicc during manufacluru&g, u&staffat&on and/or u& the Iield.
Smart W&rclcss Mesh. Thc bas&cs of mesh networks are

known by mesh providcrs, such as self-orga&using, repair-
ing, mute optimization via feedback, etc I lowever, some
unique mnovations occur in hov mesh ne&working is used,

do for example, the following features.
Mesh: Methods for providing difi'erent backhaul channels

to meet thc characlcnsucs of diff'creat types oi'dcv&ce data
(c g., Iow bandw &dlh. best cffbrts, open channel, high bm&d-

width, guaranlccd dcl&very, VPN chtu&ncl). Algontlun Ibr
selecting a backhaul channel based on the characteristics of
a specific type of device data, that is, data-driven backhaul
channels (e.g., for small size„non-cntical. Insensitive &kata,

use low bandv, idth, best efforts. open channel; for streaming,
real-lime sans&l&vc dard. usc lugh bandw&d&h, gut&nu&tecdt

o dchvcry, VPN channel). Method and algontlnns for periodi-
cally poilu&g thc mesh, check&ng ddlbrcnces u& Ihe
responses, using these ditferences to deternune when indi-
vidual devices are unresponsive and then takmg action
sending alerts. repurposing a nearby functionin device to

&s assume unresponsive device's role„dispatching field support
to rcsct or troubleshoot &I ucccssa&y, clc

QU»mntu&c. A method for allowing formerly unknown
dcv&ces to jou& a mesh, but lo 1&mit lhc I'unctionality of thc
device and therefore ils risk lo the ovensfi system until

io the device successfidly passes several well defined phases of
quarantine. Al oritluns for describ&ng what behavior and
conditions must be met for each phase of quarantine and
Hlcu dctcnuhuug &Chen d spec&I&c Unknown dcv&cc succcss-
Iiilly mccts thcsc condn&ons.

si Coffectivc lntclhgcnce. A method for shanng informal&on
wirelessly with a collection of devices. havmg each device
in the collection perform tasks to nlake one or more deter-
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minations, and then sharulg these delcnninalions w ilh other
devices in the collection yielding a result that causes a
change in Ihe behavior of a collection (e g., hvo or nlore
li hting devices deternline a walker*s direction and speed
and then light the way ahead of the walker.). An al orithm
for lightin the way ahead of a moving object (e.g., walker,
automobile.). An algontlml for poulting a POV video cam-
CI'll In Ihi: dlrCi:11011 Of BICdlllllgiil1 BCllvlly'lai follow lllg lhBI

activity as it Inoves Ail algoritluu tilr using motion triggered
lighting across a large collection of lighting devices as a way la
of indicatina where potentially meaningful activity is occur-
ring (e.g., border crossing, college campus.). An algorithm
for targeting advertisements to devices tlmt follow an lndi-
1 idual user as they move. Algonlhms around how. whcrc
dnd lxiw redundantly lo rcgistcr a device*s capabilitms on a
netlvork. Algorithnls for determining connectivity issues on
the network. routing around issue~. repairing issues and
reestablishin routes once repaired Algorithms filr favoring
efficient routing, penalizing mefiicient routing and adjusting
both over time based on changeable definitions ofefliciency. 10

Algorilluns kir locating and sharulg resources on Ihc ncl-
work as rcsourcc availability mid location chan es over
time Algorithnls filr secunng the network against unauthor-
ized network joins and ensunng intra-network comnnuuca-
tions cannot easily be intercepted and interpreted Algo-
ritluus for using monitoring events across a popuLltion of
devices to determine a coordinated action to take lil e
llghlillg lhC Wdy'lhCad Of awtllkcl Blollg a pillhwBy Or

lullllllg 1111 B vldi:0 i anlCId bBsi:il Oil lrlallguliitliill 01 luulllplC
device motion sensors Algorithms that detect nxltion (dirtx- 10

tion and velocity) and estiniate the hiture direction and
location ot the nloving object as a tunction ot time Algo-
rithms that activate devices based on the anticipated location
of the moving object (i.e. turning on or brightening lights or
turning on/wakulg up sccunty ctmlcras ahead of a moving ls
cdr or moving person.). Algonlluns for dclernnning the
location oi' device based on known lixed locations and
trianaulation of multiple device radio sig/IBIS Algoritluns
that allolv devices in a nenvork to look for and sense
difi'erent sensors that ixlme into range of the wireless do

sensor(s) on the devices. Al orithms that aliolv devices in a
nciwork lo idcnuiy mid categorize lhe ihÃcrenl lypcs of
scllsols lhdl ciilni: itllo rallgi: ol lhc wilt:Ii:ss si:nsol(s) oil thc
dcviccs.

I(emote Troubleshootingi A method and algoritluns for d

periodically querying a population of devices filr coiutix-
tivity, comparing these snapshots diflerentiaily and deter-
mining when individual devices have lost connectivity A
method for remotely rcsettulg a device, wluch lais the eficcl
oi'ycling llu: power on lhc device, Iluslnng all runtime 0

memory mid then reloading mid rcstarlulg all svslcms on the
device

I ivent Managemeilt: Algorithms tiir monitoring and stor-
ing discrete and continuous triggers. interpreting triggers
and translatmg them into events to be published. Ai oritluus 11

for subscribing to and rimciving evmus with spccificxt attn-
butcs as a way oi'eri'ormulg a uisk in response to a
pubhshcd elcnt. Algontluus for ultcrprcung oiw. Or a col-
lection of conditions, assessing their severity and then
deternlinina whether a warning or error condition exists. Io
Algorithms around scheduling jobs at predefined tunes
and/or with predefined frequencies to perfoml tasks. Algo-
rilluns enablulg the way an event gets lrca led ihroughoul lhc
system lo bc dictated by thc classfiicalion mid characlenslics
oi ihe el ant imclf Algonlhms Ior a gre atulg events over ss
populations of devices. rolling up event intilnnation based
on criteria, interpreting low-level event information and

using it lo crcalc ncw higher-order events. Algorilluns
involving securely bridaina a low-power, low-bandwidth
network and a medium-power, high-bandwidth network. or
pmvidmg secure gateway capabilities between the two net-
v orks. Al oritluns for agpegatlng information across popu-
Lltions of devices and securely delivering this information
tluough a broadbmld wirelcss infrastructure to a network
operations ccntcr. Algonlluus for guaranteed or best-cfiilrls
delivery of intilrnlation to Ihe network openstions center
based on the classification of the information

('ontent Services: Methods and elenlents for delivering
content services via the OLN are described below, wlfich
content services may be delivered by a single li hting unit
of thc OLN but morc pret'crably are dchvercd by a new ork
ofmultiple lighting units ofOLN(s) Dcfivcrutg said content
services may be in one or Inore directions, filr exanlple,
gathering of infommtion fmm a population (multiple) net-
v orked light units for transmittal preferably to a master light
unit and then to a control station for pmcessing and/or use,
or (in the opposite direction) ihssemination of information,
advertising, alamnc or oihcr content by thc control stauon lo
the master light unit and then to one or morc of Ihe slave
light units in the netlvork

Mmlitoring: Methods tilr setting thresholds filr values
generated by devices or populations of devices that when
met. cause actions to be taken like sendin an email or text
alert, raising other events. etc.

Management. Methods for dclinulg B task or set of
drycndcnt tasks to be dclwcrcd lo populatlotts oi'evices
and then executed Methods for dehning jobs. comprised of
a task or group of dependent tasks that can be scheduled filr
delivery and execution to a population of devices Algo-
rithms around creating and mana in user/customer
accounts and passlvords with associated roles and permis-
sions liat span dillhrcnl kulds of customers and operators.
Algonlluns that cnablc authentication oi'mhvidual users lo
spccilic accounts and roles wilh associated permissions, and
tracks failed authentication attempts filr intnision detection
security Algorithnls for authorizmg individual users/cus-
tomers to access and use only their devices and associated
data Algoritluns for detecting when security might be
compronuscd anyss hcrc in Ihc system and lakulg action once
security is bclicvcd to be compronuscd such as locking out
a user or customer, denying access lo dcwccs or ddld.
locking out parts of the system lobally or by customer and
tlushing all security keys requiring re-initialization through-
out the system of all security subsystems. Algoritluns for
creating sets of devices tlmt meet pre-defined conditions
then proactivcly and rcmolcly managing thcsc dcviccs
includulg react tulg, updating Iinnwarc, updating operational
parmnclcrs. Inggering on-demand informauon dchvcry,
troubleshooting issues. overriding operation for prescribed
periods of time. etc. Analytical al orithnls that operated on
aggregated information at an networl operations center and
provide customers with all nunmer of opemtional and envi-
ronmental insight~. Algoritluns that allow a network of
devices to manage power being pulled from thc power grid
or placed back onto thc power grid. Algoritluns that allow a
network of devices on the rid to put power onto the grid a
desired times, either as certain criteria are sensed and met on
the ghd. or via a command from a CMS or a Netv'ork
Operation Center (NOC). Algoritluns to draw power from
lhc grid dt ilcsllcil tlnlcs, ds ccrldin cllli:ila Brc si:used dllil
met on thc grnl, or iia a command from a ChIS/NOC.
Algonlluns lo vary thc conlrol signal to thc load(s) lo test ils
openstion (i e. to test the ability of the light to run full
brightness and dint down to various dinlming levels)
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V&sualization. Algonthms for placing devices on a map
based on precise location. and then overlaying weather,
insolation, energy cost, tmff&c, safety and other nleaninafi&l
data over these mapped devices. Methods fi&r graphically
illustrating key monitoring metrics for devices (e.g.. KPI,
ROI) in a dashboard Methnds for enabling the distribution
ol sinu&1&d&y &1&o&1&&cong u&lcm&i&non o&1 populBfious of
devices Io other webs&&cs as w&dgcnu

Analytics: Methods and algoritluns fi&r quickly searching,
reining and sorting sets of devices based on device attri- &a

butes Methods for correlating attributes across large popu-
lations of devices and then deriving insights based on the
correhstions.

Some embodunm&ts of thc invention, thcrefi&re, may bc
dcscnbixl as autonomous outdoor hghtuig systems accord-
ing to any of the features described herein, Iinergy produc-
tion (such as solar), stowage of energy, and control of the
outdoor lighti&m, its light iuiits, and the mesh network for
said light units may be included in the preferred embodi-
ments. Wireless communications channels (W('C) give the zo

ab&1&&y io prov&dc w&relcss connccnun of 1&ght units Iu the
inlcrnci via w&rcless modems in each inihvulual 1&ghl un&I

("slave" light unit), ivith a "master" or coordinator light unit
transmittin data v&a cell phone or satellite nsdio to master
station at connection to internet 'lite VVCC also enables the
use of both high bandwidth & low bandwidth capabilities
(cluumels) tlmt can be selected based on individual system/
ac&work rex)u&rc&Bouts. High bandwul&h speed &s prcfcrably
grcd&cr than or equal to 11.000 kbts (k&lobytes per second)
and low bandwidth speed is preferably 20-250 kbts (k&lo- &o

bytes per second) I'or exaniple, under nor&nal conditions,
die low bandwidth channel is utilized to conserve enerav of
the system. Upon the detection of an event (motion sensor
activated), the high bandw&dth mode is then employed (nirn
on camera). Also, the prefi:rrcd cmboduncnts may bc self- &s

Aciing, w&th event "awareness", whcrcin actions of each
indivulual light un&I are taken based on that hght un&I's
"v ie&v" of its local sensor data (solar collection data. motion
sensor data. wind or baronietric pressure, etc (inoperative/
('omnninity Actions may also be included in the preferred do

processes of the livght units and network, wherein the open-
non of Ihc ligh& un&t(s) (and a&&ached dev&ces/systems)
clrdnge/respond w&&h rcspcct to adjacent light umts w&tlun
the conunun&ty. Tlus includes smail nc&work actions (10-100
li ht units), city-wide actions, and/or barge area nenvorks,
and part of this includes the "self-organizing" g& "self-
recognition" of new light units joining the network charac-
teristic of Mesh or ZigBee networl s. Remote ('onh aration
is also prcfcrably included in Ihc processes of Ihe light
un&m/network wlmre&n changes lo Ihc w&rcless controller o

cmi bc done rmnotely v&a Ihe uiteme& web interface. wh&ch
this includes new pn&gramming, firmwar, upgnsdes,
troubleshootin and reps&r (system reset if required. etc.
Li ht unit/Node Management may include actions needed
for "light the v, ay*2 power delivery to/from the grid. Bnd/or &s

con&en& serv&ces. Thc preferred h ht umts and network arc
made w&&h a lurgc umount of modularity, for cx&miple. by
using an "open" arclutecturc, wh&ch may include Ihe uul&-

ration of standard open pmtocols. hardware and archit&x-
ture, ivith un&versal bussing that allows the i&nplementation io
of new systems„and/or devices that may be needed on the
light units. In some light units/networks, financial transac-
nons may be conmiun&cd&cd via RF, security cameras may
provide da&a and vuleo to law enlorccmcn&, and WI-Fi
routcrs may bc provuled. Both for "on-light um&" devices ss
and "otT-li ht unit" devices. the long-tenn supportability of
the system is provided by the control syste&n self-healing

and rcpidr funct&ons. together w i&h thc capab&1&&y of ground
level access and repair Security (Systen&/Ne&work protec-
tion) s designed to limit connectivity and access based on
v ho is attempting to connect to the network: new: devices
v ill &nunediately connect to the network, but under a sys-
temat&c quarantine period to determine device type E. autho-
rizalion level.

Flfi 3 is an mnbodnnent of a mult&-vm&dor OLN man-
agenient system 300 'I'he management system 300 includes
a single CMS 31U in coninninication with a first OI.N 330A
via communication link IUIA. a second OI.N 330B via
conununication link 301B, and a tlfird OLN 330C via
conununication link 301C. The management system 300
also uicludcs a lira& vendor nuu&agmncnt systems VMS 350A
in conunun&cat&on with the Iirs& OLN 330A via conununi-
cat&on hnk 301)), a second VMS 35UI3 in comniunication
v ith the second OI,N 330l3 via con&munication hnk 3011k
and a third VMS 350('n communication with the third
OLN 330C via conununication link 301F. Each of the OLNs
330A-C is topoio ically interposed between the CMS 310
and a rcspccuve of Ihc VMS s 350A-C. Comnnmication links
301A-F may include, Ihr cxtunple, onc or morc w&relcss,
mire/cable, and/or fiber optic links I'he ('MS 310 and each
of the VMSs 35UA-C may include a computer such as a

desktop computer. a handheld coniputer device, a server,
and/or a bank of servers. The computer may execute com-
puter program instructions that implement one or more of
thc fuucl&ous spec&1&cd »1 Ih&s dppluult&on &liat Brc tissue&aiixl
with suCh device. Thc CMS 310 may include at least onc
user interface alloiving the customer to perfi&rm functions
related to the CMS 310 and each of the VMSs 350A-('nay
include a sepanste at least one user interface allow:ing the
vendor to perfi&rm functions related to its respective VMS
350A-CL In some embodiments the CMS 310 may provide
d&)Term&I control a&xl/or mformat&on cdpab&lines Io ccr&ain
users For example, in some cmboduncnts a lucrarch&cal
control model may bc utilized where uuthon&&cs at dilTcren&
levels access the CMS 310 with difi'erent priorities As an
exaniple, different management levels (e 5, local, c&ty, state,
and national) could have control and/or infomiation capa-
bilities that are tailored for the particular management level.

Each of Ihc OLNs 330A-C may include onc or more d&rect

conunu&ucat&on OLN dcviccs such as hghung un&ts, scg-
mcnt/local controllers, and/or o&hcr associa&cd assets (e.g..
lighting fixtures, sensors, light sources. can&eras. storage
devices, poiver sources) that are equipped with contml and
conununication capabilities to enable communication with
the CMS 310 and/or with a respective of VMSs 350A-C.
Each of the OLNs 330A-C mdy also opuonally uicludc one
or morc miumgcd OLN dc& ices such Bs 1&ghnng u&u&s,

sensors. I&ghtulg fixtu&cs, hghl soi&rccs, cd&lu:rds, Bnd/0&

power sources that may be controlled and nianaged by the
('MS 310 and/or a respective of VMSs 350A-( . but cannot
establish direct connection with the CMS 310 or a respective
VMS 350A-C. For exaniple, a mana ed OLN device may be
controlled by the CMS 310 and/or u VMS 350A-('ia a
d&rect communication OLN dei ice (c.g., a scgmcn& contrul-
lcr) that &s &n conunurucauon w&th thc CMS 310 mid/or a
VMS 350A-('nd thar controls the managed OI,N device
based on input received fmm the ('MS 31U and/or a VMS
350A-C.

Cienerally speaking. the CMS 310 conuminicates with
each of Ihc OLNs 330A-C to remotely control and mmiage
certain aspects ol'hc dcvwes ol'hc OLNs 330A-C, wlule
the VMSs 350A-C connect to the&r respixnvc OLNs
330A-('nd manage other aspects of the devices of the
OI,Ns 330A-C. 1&or example. &he ('MS 310 may conununi-
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cate with lhc OLNs 330A-C to control and manage thc
li hting behavior (e g, switch on/otf, set dimming level, set
color level. and/or set lighting schedule) ofone or nx&re Imht
sources of the OI,Ns 330A-('either directly or via one or
more lighting unit, segment controller. etc.). Also. for
example. the CMS 310 may comnuulicate with the OLNs
330A-C to control and manage measuremcnts anil fimdback
conligurauon ol'onc or morc OLN dev&ccs (c.g., receive and
n&anaae measurements and/or feedback from one Or ntore
OI N devices, alter measuren&ent and feedback status of one &0

or more OI,N devices, and/or alter measurement and feed-
back reporting frequency of one or more OLN devices).
Also. for example, the CMS 310 may also conunun&cate
w ith thc OLNs 1330A-C to control mid manage one or morc
OLN dcvwes (e g., manage &nl'onnat&on of OLN controllers,
li hting fixture. sensors. cameras. and/or po&ver sources,
switch on&off OI N controllers. lighting fixture. sensors,
can&eras, and/or power sources: and/or configure controllers,
lighting fixture. sensors. cameras. and/or power sources)

The VMSs 350A-C may manage other aspects of the 10

OLNs 330A-C For cxtm&pie, thc VMSs 1350A-C may
commumcale w&th respect&vc ol'hc OLNs 330A-C to per-
form OI,N contmissioning of one or more devices of the
OI Ns 330A-('e g . assigning geographical infi&rmat&on to
the device. assigning in&t&al installation location inforntation
to the device. ass&gn&ng initial configuration information to
the device. and/or assigning relationships benveen multiple
dcviccs). Also, for example, VMSs 350A-C may commu-
nicate with rcspcct&ve of thc OLNs 330A-C lo maixigc thc
OI N (e g., optinuze con&munication benveen OI,N dev&ces, &c

identify and troubleshoot connectivity issues, and/or install
sofnvare updates) Also, fi&r example, the VMSs 350A-C
may also conumuucate v ith respective of the OLNs 330A-C
to provide security management for the OLN (e.g.. verify
newly connected OLN dcv&ccs, dciect security breaches, &s

and/or correct six unly &ssues). Also, Ior example, thc VMSs
350A-C may also conunun&cate with respect&vc of the OLNs
330A-('o control certam vendor specific hutctionahty of
one or n&ore of the devices of the OI,N 1his bifurcation of
aspects of the control and management of an OLN between dc

the ('MS and VMS enable~ a customer to control and
manage ccrla&n aspects of mulu-vendor OLNS, wlnle leav-
ing nuiny vendor-spec&lic aspects ol lhc control and man-
agement of thc mulu-vendor OLNs up lo thc VMSs. Ccrtmn
aspects of the control and management of an OI,N mav also
optionally be dictated by either the ( MS or the VMS I&or

example. the CMS may be able to set reporting parameters
in certain situations (e, at setup and/or in an override
Slnld1&011).

FIG. 4 shows a fiow d&agrmn llwl illustrates a process 400 0

in accordance with muboduuenls of thc present system The
pmcess 400 may be performed by a system as slxown in
l&I(iS. IC 6; 2. 'I'he process 400 may include one of more of
the folio&sing steps. Further. one or more of these steps may
be contbined and/or sepamted into sub-steps. if desired. In &1

opcranon, the process may start during s&c7& 401 m&d then
proceed to slap 403.

During stc7& 403. the process delcrmincs if uifomtat&on &s

needed or requested by a user. the ( M)„other light unit
2()6-N, etc ). This may be in response to (I) an inforntation ic
request foun a user interface apparatus 122, (2) a routine
status or ntaintenance request from CMS 102. (3) an event
delixuon tugger, such as a veh&cle or obicml cnlcnng the
lighting system 200 arcs. etc. II llus delcrmmalion is Ycs,
then thc process proceeds to step 405. ss

Iyuiring step 405 the process may obtain soine or all sensor
information from sensors 226, which may include infonna-

t&on related to lhc slntus ol cond&lions in lhe v&cu&ity of onc
or more luminaires in accordance w&th embodiments of the
present system liurthennore the pmcess may obtain infi&r-

mat&on fmm l(esomces 112. such condit&ons niay include
v esther conditions, traffic conditions. hazardous or dangers
conditions, monitorin /tracking of objects, information
requests from user inlcrfdcc devices. &hc Internal, eic.
ACCO&illllglv. &hC p&OCCSS iluiy'ibldlll 11&lo&1&ldl&011 wh&Ch

may, for example, include one or more of in&age informa-
tion, temperature information (e.a, ground and/or air), Dop-
pler radar inforn&ation. pressure information, object speed
and/or direction information„database information, histori-
cal data. location information. etc. After obtaining the infor-
mauon, thc process may conunue to step 407.

Duru&g s&c7& 407, die process may detcrm&ne current OLN
status by analyzing the information. I'or example, the pro-
cess may analyze image information, acoustic information,
and determine that a car accident has occurred, or that
bmke-in/robbery lies occurred in a building near a luminaire/
sensor of the OLN; or it could analyze pressure information
and radar inlormalion, m&d dclcnn&nc lhal &I &s currcndy
rauung. For example, lhc current status &nfom&ation from
Resources 112 nmy include information related to the cur-
rent weather conditions in the vicin&ty of reporting sensors
such as one or more of precipitation (e g, main, snow, fog„
drizzle, ice. etc.), a rate of precipitation (e.g.. 0.02, 2, etc.,
inches of rain per ln&ur obtained by mdar. collector, and/or
image based sensors), luunid&ty (bar), barometnc pressure
(&aches-mercury in-hg). dew po&nt, amb&cnt &lluminat&on

(e g, dark such as nighttime &vhich may also be determined
together with or indecently &vith t&nie information on a
current time), etc Moreover. the process n&ay process image
ulfi&ra&at&on Ushlg an huaige reel&gllrtlon algol'&thill or 0 tiler
di ital signa) processin technique and detemline that it is
rauung and dark mid from corrcspond&ng current [weather
status] informal&on. Thc process may also dctcnninc ground
and/or air tcmperaturcs, cic. To dclcrm&nc thc current
[weather statusj information. the process may use any suit-
able niethod such as a weather forecast application which
may be nul locally or at a rentote location (e g., by a third
party application, etc.), etc. Accordingly„ the process may
forward Ihc processed or unprocessed sm&sor informal&on lo
a weather lorecasl application and race&vc &nfonnat&on
rclalcd to lhc current weather slauis (e.g.. ra&n, dcw pou&b
expected weather pattern (e g., clearing. becoming cloudier,
colder, etc ) etc ) liurther. it is envisioned that the process
may obtain the other status infi&rmation (e . tmsflic infor-
mat&on) from a third party application. Afier completing step
305. thc process may conluiue lo step 407.

During step 409, thc present system may dc&em&inc a

1&ghlu&g sclluig in accordance with or rcsponsc &n lo lhe
current status information or take other actions. such as
pmvide an alerting signal to users/vehicles in the area or
send information/messages to one or more user interface
apparatus 122 or input/output devices 239. or provide a
coordi&lated lighting scuu&g response using two or more hght
uiuts 206-1, sensors 226, uiput/output dcv&ccs 239-1,'user
interface apparauis 122-1. 11&e 1&ghlll&g si:11&ng may. Ibr
exan&pie, contml the pmhle. illumination pattern(s), inten-
sit&es, spectrum(s), polarization(s), frequencies (e g., fi&r

fiasllul'l'oittil&UC&ls lips&ting, etc.), etc., of lllU&llulat&on

provided by one or more of the one or more light units.
Accord&ngly. the appropr&sled lighuug systmu 200 response
may bc dctemnncd using an algontlun und/ore look up table
or manually by a user.

Accordingly, the present systent may set the lighting
settiag based upon the status infi&nnation I'or example. if
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the identificxi status &s dclcrmincd to be Fog (O.g., fi&ggy), thc
pmcess may set the light profile to spread the intens&ty to
normal, the color to yellow and the frequency to 90 I Iz (e g.,
nof flashina) The illun&mation pattern may include a norntal
and a spread pattern. The nom&al profile may define a nomtal
area (e.g., a matrix) bavin a normal shape and/or size wh&le
a spread prolile may have, lor example, lhc smnc shape but
may ha&ca b&g er s&zc (or may have a ihlfercnl shape. &f

desired). I'he BP(utg settings may be set and/or updated by
the systen& and/or hy the user I or example, with respect to IB

the l&og sta(us settmg, the user may set the color frequency
to Red and may set the frequency to 20 Hz such that a
flashing red light will be perceived by an individual when
no(&ch&g light UU(pUL Iron& B colrcspondu&g IUnun&lac. How-
ever, &t Is also env&s&oned that the system may usc historical
information to modify information in a lighting setting table.
After de(ermining the lighting setting„ the pn&cess mav fnrnt
correspondin lighting settu&g information which ntav be
transmitted to, and/or received by CMS 102 and/or one or
more of the selected li ht units of a plurality of light units Io
in the hghling system, & f des&red. Afier completing step 409,
thc process may coul&nuc to s(07& 411.

I)n&ring step 41(, the present system may contigure the
OI N. in particular the selected light units to illuminate in
accordance &vith the 1&ghting setting infbnnation or take
other actions. such as pmvide an alerti&tg signal (for example
using the input/output devices 239) to users/vehicles in the
B&CJ or scud u&fo&mB(&on/nicsstl cs 10 Laic 0& a&ore Usi.&

interface apparutus 122, or provide a cuordinated hghting
settin response using two or more light units 206-1. sin&aors &o

226 or input&output dev&ces 239 i&or example, I,l:D sources
may be confi ured to output illumination patterns, intensi-
ties, colors. color intensities, color spectnuns. Bnd/or fre-
quencies in accordance with the lighting setting infomtation.
Thc &llumu&ation paucrns may bc dctennined usmg matrixes &s

winch may u&d&cate in(wishy d&stnbution over arcs. Murc-
over. difl'crent &llumu&auou sources (c.g., gas lmnps, LEDs,
etc ) n&ay be selected based upon the illuinination settiags.
After completmg step 4 I I, the pmcess &nay continue to step
413. so

During step 413, the present system may fomt and/or
update lnstory udonnauon (c g., a sla1&st&cal uflormat&on) of

memory of thc prcscnt system m accordance w&lh thc
ih:lcrnuncil w i alber s(B(UB, lhc scnsol ulfonuBnon, ihlyi dale,
tin&e. user travel pattern~. etc &vhich information may be
used a( a later time, for example to provide optimized
directional path gu&dance that considers historical user tmvel

patterns (e.g. for day and night tmsvel) as &veil as safety
factors, crune rcporm from resource server 112. Afier conl-
plclu&g step 413, the process may conlu&uc lo s(07& 415. 0

During slap 415, thc prcscnt system may dctenuu&e
whether to repeat one or more steps of the pn&cess Accord-
ingly, if it is determined to repeat one or nx&re steps of the
process. the process may cont&nue to step 403 (or to another
step which is desired to be repeated). Conversely. if &1 &s &s

dciernnncd nol lo rcpcal oue or morc slcps of lhc process,
the process may cont&nuc to s(07& 417, where &t ends. Thc
process may bc rcpcalcd at cenmn pcnodw. and/or non-
periodic time intervals I3y repeating the procesw lustory
information may he accessed and used to determine. for io
example. rate of change of the sensor infomtation. Tlus
information may be used to determine and/or tune appro-
pnalc rcsponscs u& l&ght&ng system 200 lo venous situat&ons
and events.

FIO. 5 shows a flow d&agrmn tl&al illustrates a process 500 ss
in accordance with embodiments of the present lightina
platform for the integrated service/management platfornt
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and infom&a(ion flows within serv&cc platform scrvcr 2.
v hich represent the interactions between the various stages/
modules of design, deploymen(. operation and customiza-
tion of lighting infras(mcture. I'he process 501) may be
perfom&ed by a lighting platform as shown in FIGS. IA &
IB The process 500 may include one of mnre of the
fi&liow&ng s(cps. Further, one or more of thcsc steps may be
comb&ncd and/or sc7&Bra(cd into sub-steps, &f des&red.

Infom&ation floiv A 502: information exchange between
em&dition/inventory assessment unit 512 and design/phsn-
ning unit 5(4 ('ondition,'inventory assessment data may
include asset condition plans. project prioritization plans,
general Information about existing infmsstnicture, such loca-
t&on, type, model, manufacturer. capab&1&trna, opcral&onal
conditions, c(c. Il may bc collected tluough mobile/ponablc
devices in the field or through ex&sting documents/files, such
as files m a city infom&ation database, &vhere ma&fable lt
should be noted that the direc(ion of the information flow A
is only a conceptual representation. whereas the actual
information may be contnuu&icated through the service
pl&ufo&Bi se&vc& 2.

FI(i 7 shows an exemplary inventory nssessmcnt appli-
cat&on that can be used by to record existing lighting
inventory in the process in II I(i. 5. 'I'he inventory assessment
application cm& be used by either lighting engineers or city
res&dents. The user can go to the held and use the application
to add a nevv light point at the current geo-Incation. The
application also allows thc user lo Bdd u ncw hght pouu al
an arbitrary locat&on on the map (c g., by double tapping on
thc nu&p) I or OBch 1&gill po&nl. thc use&''ul mput so&Bc bas&c

attnbutes such as luminaire (ype and the height of the light
pole Iiy using image processing techn&ques, these attributes
may also be automatically extracted from the picture taken
for the light point.

Thc appl&cat&on shows nol only the light po&nls addcxf by
the current user, but also those added by other users. 39lulc
pnvilcgc users may remoie or mod&fy all thc light pou&ls
shown on the map, normal users ntay only remove or modffi&

the light points added by themselves. however. a normal user
may flag a li ht point added by others if she/he thmks some
information is inaccurate. Priv&lege users then may verify
thc infom&ation Ibr B light po&nt &f it reccivcs lots of flags.
Meamvlulc, nom&al users may be ranked and gmn trust&ness
based on thc&r behaiiors such as the accuracy of thc input
Info&'&nation

Information flo&v l3 504: information exchange between
des&gn/plannin unit 514 and installation unit 516. The
output of the design/planning unit 514 will include design/
phuuung plans and spccilication of solut&ons compnsu&g
dcviccs (lum&naires, controls. Sensors), capabilities/li:sturcs
(e g. d&ming, motion/lighi/traflic scns&ng. commu&ucal&ons,
power sources, etc., and installation/comnussioning instruc-
tions (e.g, which type of devices to be installed w:here, and
device confi uration parameters) . The installation unit
may also inciude further steps where it interacts with OLN
vendors 10 cus(omizc order. manufacture nnd dchver prod-
ucts, as well as coniraclors to pcrlomi BIB(alia(ion and
conan&ss&onhlg of fhc sv'sxcni. Tlic scrv&cc platform scrvc& 2
coordinates the interac(ion with manufacturers/vendors/con-
tractors and maintains an up to date record of the systems
that have been installed. It also supports the initial conunis-
siomng of the system. where communication and initial
ilcv&cc conf&guru(&on Is pcri011nci!.

Infom&ation tlow C 506. infom&nt&on cxclrsnge be(warn&
the installation u&ut 516 and operut&on unit 510, wluch
include the registration of installed devices on operation
map, the operation plans and parameters such as dinuning
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schcdulc. dunm&ng zone spccdicduon (for group control,
like a street, park). sensor-light association table. sensitivity
ot sensors. etc. After installation and comnlissioninn, opera-
tional cnntml over the system is handled to the proper users
who can access the system throu h the same service plat-
form used in the prior des&gn/plarufing and installation steps.

Information tlow D 508 wlule under normal operation,
system data is collected &md it &s used lo continuously
nlaintain system operat&on plans as well as identify and
recommend upgrades or improvements to operational ln

behavior. and devices capab&lities. 1&or instance, burning
hours and logs ofuser conunands per fip&t point can be used
to determine an optimum maintenance/replacement sched-
ule. System and methods dcscr&bcxt ul dpphcauon number
PCT/IB2012/051737, m&t&flcd '*OLN Lighi Chan e/optun&-
ration system", publication number WO2012/143814. and
incorporated by reference therein, can be used for the
optimization.

Infomlation flow E 510: In order to optimize the operation
unit 518 and ma&ntenance un&t 520 of the system. feedback 10

int'onnalion aud/or opt&nuzal&on plans may bc nccdixk
winch can bc provided by flm cond&tion dsscssmenl unit. &n

addition to measurement from operation unit 518 as of
infonnatinn flow D. Sevemsl assessinent devices and appli-
cation can be used to provide feedback data. I'urthernlore,
metlu&ds to coordinate measurements described in WO2012/
143814 can also be used to obtain feedback that is made
dva&table to other un&ls tlumigh thc serv&cc platform Thc
uldultt:a&ulcc/Upgldilc Uu&l I:oidtl lriggi'I nla)ol rcuoviulou
thus a ne&v cycle of lighting service 30

In additinn the service platform server 2 may send cnnl-
mands to the centmll managen&ent system 102 to manage or
reconfigure the one or more of the outdoor fighting networks
3-N based on any hghtin service units updates or optimized
pl&u&s. &s

FIG. 6 shows a flow d&agmm lhal furlher &lluslralcs the
process in FIG. 5 and shows the &ntcmcl&ons bctwiwn cnt&i&cs

and users of the process thmugh the complete lite cycle of
a prt&ject frnm assessinent, to opemction/Iuaintenance a&ld

up~vades. do

FI(t. 8 shows an exemplary li hting design/pLmuung
process used in thc serv&cc platform server 2 m FIG. 5. Thc
process 800 may include onc of morc ol the follow mg steps.
Further. Onc or morc of these steps may bc rombulcd and/or
separated intn sub-steps. & f desired. In opemctinn. the process
may start during step 801 and then proceed to step 803 In
step 803 an area of interest (AOI) is selected. In step 805 the
AOI is decomposed Into task groups. In step 807 the
regulation codes Brc dctcmfincxl based on lhc ADI. In step
909 thc illuminacc requ&remcnts are dctenuined for lhe task 0

plane. In step 911 lhc cucrgy and coal conslrmnls are
dehned ln step 813 the pole distance and mounting he&ght
of lhe luminaires are determined In step 815 the design
goals are defined. In step 817 it ic determined &vherher to use
existing luminaires vs. des&gning new luminnires. If exisring»
lununmrcs are us&1k step 819 SO&rchcs for lununa&rcs from

protluct database. Iu step 821, lightulg perfi&nnancc,
I:ucrgv I:onsuulpt&ou &ulti opcldl&on cost ls I:vsh&BI&:d. Iu su:p
823. it is determined whether the luminaire design goals are
met If yes. Ul step 825 the luminaires are selected. If no. the to
process proceeds to step 827. to design a new luminnire. In
step 827. the operatin parameterc (e.g. opemting rempem-
turcs, litblunc. ctc.) are dctermulcd. In step 829, thc optical,
thcnudl uliulilgt:alen& Bail clcclllcBI svslculs Brc scicc!LLI. Iu
slap 831, tlm cflicieuc&cs ol'hc opl&cal, thermal and elcctn- sc
cal systenls are estimated In step 833 the lamp types and
munberr are selected/calculated In step 835, the lighting

pc&fora&ance, Luclgv cousUulplion anti opt:Id&lou cost Is
evaluated In step 837, it is determined &vhether the luini-
na&re design goals are met if nol. the process returns to step
827 If yes, precedes to step 839. to inlplenlent the design of
the new luminaire. In step 841. the contml solutions are
evaluated and the best control strategies are determined. In
step 843 thc best conuol soluuons arc &mplcmenlcd. In s&L7&

845. the energy mid total coal of ownerslup (TCO) are
determined Step 847 ends the process

l&I(i 9 shov,s an exemplary method to identify and
prioritize projects based on assessment/inventory data used
to in the process in FICi. 5. The process 900 may include one
ofmore of the following steps. Further, one or more of these
steps may bc combmcd;md/or separated into sub-steps, if
dcsirtxh In opcranon. thc process may start dunng s&L7& 901
and then proceed to step 9U3 In step 9U3, a request is sent
(by a user) to the se&vice plattornl server 2 in 11(i. 5 to
deternnne retrofit opportunities, (e g. AOI, requirements,
financial constraints. etc.), In step 805. the service platfoml
server 2 searches It+ting projects. In step 807, a lightin
inventory study and cond&nous asscssmcnt &s pcrfonncd. In
step, 809, hghlulg solunons ma&clung thc rcqucst arc dcier-
nuned. In step 811, an economicsienergy benehts calcuLstion
is performed In step 814. a prioritizing/msnking of the
pin)ects is perfornled In step 815. recomn&endations are sent
to the requesting user for retrofit projects, solutions and
benefits

Wlulc scvcrdl invcntivc embod&ments have bccn
dcscribcd and ill usu at cd hcrcul. those of'ordulary skill in thc
art will readily envision a variety of other means and/or
stn&ctures for performinn the function and/or obtaining the
resultc and/or nne or more of the advantages described
herein, and each of such variations and/or modifications is
deemed to be &vithin the scope of the inventive embodiments
described hcrcul. Morc gcncrally, those skilled &n the alt w ill
rtn&illy'pplcc&dtc thill dll pal dult:ters, tin&i:ns&ous, u&B&c&IBIS,

and contigurat&ons dcscr&best barmn Brc meant to bc exem-
plary a&ld that the actual parameters, diillens&oils, materials,
and/or configurations &vill depend upon the specific appli-
cat&on or applications fi&r which the inventive teachings
is/are used. Those skilled in the art v, ill racon&ize. or be able
to Bsccrlaul Ushlg no a&ore lian roU&ulc I:xpt:Iuucu&BI&L&u,

many cqu&valenls lo lhe specific &nvcnl&vc mnbod&ments
dcscribcd herc&n. Il &s. thcrcfore. to bc understood flrdt thc
foregomg embodiments are presented by way of example
only mid that, within the scope of the appended claims and
equivalents thereto. inventive embodiments may be pmsc-
ticed othenvise than as specifically described and claimed.
Invcntivc cmbod&ments ol'the prcscnt disclosure arc ihrccled
to Latch ulthv&ilUBI Ici&&U&e, svstt:ul. Brt&t:ltm u&B&c&IBL kil,
and/or method descnbcd herein. Iu add&uou, m&y combina-
tion of two or more such features. systen&c. articles, mate-
rials, k&ts, and/or methods. if such features. systems, articles,
materials. kits. and/or methods are not nuitually inconcis-
tent. &s included ivithin the inventive scope of the present
d&sclosure.

All definitions, as delinctl and used hcrcin, shoukl bc
understood to control over d&clionary dctin&t&ons, delinilions
in documents incorpnmted by reference. and/or ordinary
meanings of the defined terms.

The indefinite articles "a" and "an.'* as used herein in the
specification and in the cLaims. unless clearly indicated to
the contrary, should bc understood to mean "at least one."

Thc pluasc "and/or." as used herc&n &n thc spccitical&on
dail hl fllc cli&hus, sht&UI&1 bt: Unite&a&Coil lo ulcdu I:ilier ol
both" nf the elements so conjoined. & e. elenlents that are
ctutjunctively present in some cases and dislunctively pres-



49
US 9,907,147 B2

|0
n&i m other cases. Multiple clcmcnls 1&slnl with '*and/or"
should be constmed in the same fashion, i e.. "One or more"
of the elements so conjoined Other elements may optionally
be present other than the elements specifically identitied by
the "and/or** clause, whether related or unrelated to rhose
alen&ents specifically identified. Thus, as a non-limiting
cx&unple, a refi:rcncc to **A m&d/or B'*, when used u& con-
Iuncfion w&lh open-ended IBnguagc such as con&p&1su&g

cm& refer, in One embodiment, to A only (optionally includ-
ing elements Other than 13k in another embodiment, to 13 &c

only (optionally n&eluding elements other than A): in yet
another embodiment. to both A and B (optionally including
other elements): etc.

A9 U9cd hcrcul u& lhc spec&f&cdl&tui dnd ni lhc CIBuus, 0&'houldbe understood to have Ihe same mcamng as '*and/or"
as defined above i&or example. when separating iten&s in a
list, "or" or "and/or" shall be interpreted as being inclus&ve,
i e., the inclusion of at least one, but also including n&ore

than one, of a number or list of elements, and. oprionally,
additional unlisted items. Only terms clearly indicated to the Io
ct&utu&iy. 9Uch Bs only'nc ol 0& cxacllv onc of. 0&, when
used u& the cia&ms. **cons&st&ng of," w&11 rcfcr to thc &nclus&on

of exactly one elen&ent of a number or list Of elements In
eneml. the term "or" as used herein shall Only be inter-

preted as indicating exclusive alternatives (i.e "one or the
other but not both*') when preceded by tern&a of exciusiv&ty,
such as "either.'* "one of." "only one of.*'r "exacriy one of.**

wgot&s&sfing esscnually ol:" when used in the claims, shall
luivc ils ordu&ary mearuug as used in Q&e iield of patent law.

As used herein in the specification and in the clainls, the &o

phrase "at least one," in reference to a list of one or nmre
elements. should be understood to mean at least one element
selected from any one or more of the elements in the list of
alen&ents. but not necessarily including at least one of each
and cvcry clement spec&lically listed w&lhin Ihe list of &s

clnuents dnd nol excludu&g auy combu&auons ol elements &n

the 1&st of clemculs This delinition also allows lhal elements
n&ay optionally be present other tlmn the elements spec&fi-

cally identified within the list of ele&nents to which the
phrase "at least one" refers, whether related or unrelated to ao

those elements specifically identified. Thus. as a non-limit-
ing example. "al least ouc ofA and B*'or. cxIU&vain&!Iy, "al
least one ofA or B," or, cqu iv el cally '*at lees I onc ol A and/or
B") can refi:r, iu onc nnboduncnl, lo Bl least one, opuo&x&lly
includin more than one, A, with no 13 present (and option-
ally includ&ng elements other than 13): in another embodi-
ment, to at least one. optionally including more rhan one. B,
with no A present (and optionally including elements other
than A), u& ycl another nubodimenk lo at lcasl onc, option-
ally including more than one, A. and al leael onc, optionally o

includmg morc than onc, B (and opiionally u&cludu&g other
elements); etc

It should also be understood that. unless clearly indicated
to the contrary. in any methods claimed herein rhat include
more than one step or act, the order of the steps or acts of &9

Ihe method &s nol nixcssarily lun&tcd lo Ihc order in which
Ihe slaps or acts of thc method are rec&ted.

in the clmms, as well as u& thc spccilicat&on above. all
transitional phrases such as "comprising," "including," "car-
ryinc." "bavin," "containing," "involving." "holding," to
"composed of.** and the like are to be understood to be
open-ended. i.e., to mean including but not limited to Only
thc um&siliomil pluascs "consisting ol" and '*cons&slu&g

csscnually ol" slrall be closed or semi-closnl trans&tio&ml

phIdscs. I'cspccl&vclg Bs scl Io&lh ni lhc Un&le&i Susa:9 Pdlcnl Ss

Office Manual of Patent iixamining Procedures, Section
2111.03

Wlrat Is clduucd Is.
I A light managen&ent infounation systen& for an outdoor

lighting network system, comprismg,
a plurality Of outdoor light units each including at least

one sensor type, where each of the outdoor light units
communicates with at least one other outdoor light unit;

at least onc user input/output dev&cc u& commu&ucal&on
w&th Bl onc or a&ore ol sBBI UUuloor hghl u&uhu

a central management system in comn&unication &vith

outdoor light units. said central managen&ent system
sends contml commands and/Or inforn&at&on to one or
more of said outdoor light units, in response to received
outdoor light unit status/sensor infonnat&on from one or
more of sa&d outdoor 1&ghl un&ts or reccivcd user
inlormauon rcqucsls Irom sa&d user &npul/outpul
device;

a resource server in commun&cat&on with said centnsl
management system:

wherein the central n&anagement system uses the outdoor
light unit status/sensor information and/or resources
Iron& lhc lcsoUI'ct: 9crvci to provuh: u&fora&Buon &0 lhc
user u&pUI t&U&pul dcv&cc &u&d rcconfigU&c onc or u&0&c ol
the lights iuiits,

wherein tbe at least one user input/output dev&ce sends/
receives wireless sicnals to said the plurality of outdoor
light units. said &vireless signals having a user identity;

said central mana ement system having a user database
fi&r stonng Ihe user related inlbm&at&on. u&cludu&g user
spccilicd requesm m&d relet&ve locauou lo resp&xi&vc
outdoor light units as the user's location changes:

wherein respective outdoor light units maintain taxi
request infi&rmation for a user. and where&n a taxi
request is made using the at least one user input/output
device, &vherein one of the plumlity of outdoor light
units conunumcatcs the lax& request lo another one of
thc plurahly of outdoor light un&ts willun a prcdcler-
nuncd rcg&on and sn&ds Ihc lax& rcqucst to uix&cs w&thin
the predetermined re ion and/or the at least one user
input/output device prm ides an indicator signal fi&r a
taxi/car service and wherein the predetermined region
is detem&ined using a location of the taxi request using
thc outdoor light units and traflic status usu&g thc
Beast&rs.

2 Thc system ol'lmm 1, whcrcin Ihc rcsourcc scrvcr
includes cellular telephone traffic reports that are used to
distinguish between vehicle and pedestrian traflic, and
v herein one or more of the lights units are reconfi ured
based on the respective vehicle and pedestrian traffic inten-
91&y

3 The system ol'clmm 1. whernn thc central management
system's user database stores park&ng information in Ihe
vicinity of a respective outdoor light unit using at least one
sensor type.

4 The system of clain& 1„where&n. upon request, a user
rece&ves traffic information from the centmsl management
system's user database for d region u& thc locat&on near thc
user or a region &ICS&gna&cxI by thc user us&ng Ihc user
input/output dcv&cc.

5 I'he system of claim 4, wherein the traflic information
is selected from the croup consisting of travel routes/
directions. detour inii&mtation„parkin information and road
co&lgcs tlon.

6 Thc syslnn of cldun 4. where&n lhc user further
race&vcs, based on n user specilied rcqucsl, advcrtisemn&ts
rcldl&vc 10 thc Usc& loc» l&tui.

7 lhe systen& ot claim I, wherein the coinnuu&ication of
the taxi request fmm one of the plurality of outdoor light
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u mls to mlo tin:r one will only occur il'redctenuuled veluclc
trafflc coudlnous of flli: ilscr locallou alc uli:I.

8. The system of claim 1, v herein one of the outdoor hght
units is located in an access zone of a tunnel with an
illumination pattern directed toward the tunnel entrance and
the at least one sensor type is a tnltfic flow sensor and/or a
light level sensor, whcrcul the central mdnagemmll system
processes onc or morc ol the lralhc flow, hghl level sensor
data and data from resource server to detemline a tilt angle
for the outdoor light unit.

I I I

9 A method of light management filr outdoor lighting
netivork system, the outdoor lighting network havuig a
plurality of outdoor hght units each ulcludulg al least onc
sensor type and mch outdoor light umt m conununicalion
ivith at least one other outdoor light unit. at least one user
input/output device and a central management system in 'omnnmicationwith the outdoor light units, the method
comprising the steps of

receiving, in thc central management syslcm, slalus/sen-
sor ulformatiou from thc al least one sensor type and
resources from the resource server; Io

sending. by the central management system. control com-
nlands to one or more of said outdoor light unita

wherein the central management system uses the omdoor
light unit status/sensor information and resources from
Ihe resource scrvcr to provide udormalion to lhe user
hlpiil/iiulpul ilcvlci: aud/ol Iccouligulc ouc ol ulolc of
the lights units.

ivherein the at least one user input/output device sends/
receives wireless signals to said the plurality ofoutdoor
light units. said wireless signals having a user identity,

storing user related infomuitlon ul a user database ul said
central mana ement system, said information including
user spccllied requests;md rclativc locauou lo respec-
tive outdoor light units as the user location changes:

wherein respective outdoor ligtt units maintain taxi
rcqucst Information for a user, and whcrcin a taxi
request is made using the at least one user input/output
device, whereul onc of thc plurahty of outdoor hghl
units conununicates the taxi request to another one of
thc plurahly of outdoor light units wiflun a prcdcler-
nnned region and sends the taxi request to taxies within
thc prixlelcnnined region and/or lhc at least one user
input/output device prm ides an indicator signal filr a
taxi/car service and ivherein the predeternlined region
is detemlined using a location of the taxi request using
the outdoor light units and traflic status using the
scusiirs.

10. Thc method of clmm 9, further Includulg thc slaps of
stonng, ul thc user database, taxi rcqucsl inl'ormation for a
user, and rcqucsling a taxi usulg thc at least onc user
input/output device

11. '111e system ofclaim 10. furthering Including the steps
of communicating, using outdoor hght unit. the taxi request
to another outdoor li+t unit within a predetermined region
and sendin the taxi request to taxies v ithin the predeter-
mined region and/or the at least one user input/output device
provuhug ilu uuhcalor slgudl lol a ttixt/ctir sctvli:ix
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