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GEGLOCATION AID AND SYSTEM

{0001}  This application is a non-provisional of and claims the benefit of ULS. Provisional
Patent Apphications Serial Nos. 61/907 069, 61/007 078, 6 /907,090, 61/407,114, 61/907,133,
H1/9G7,150, 61/907 168, 61/907,188 and §1/907.210 tiled on November 21, 2013, the entire

contents of which are incorporated berein by reference.

BACEGROUND

(06021 Conventional systems, such as the global positioning service {GPS) and global
navigation satetite service (GLONASS) can determune the geographic location of a device that
15 compatable with one of these systems. These conventional systems are complex, such as GPS
systerns, which require satellites. GPS receivers reguire 8 view of a sufficient number of the
GFE satellites 1o keop the horizontal dilution of precision (HDOP) to a modestly low value,
There are pumerous nstances for which these complex systems may il to provide the desired
geolocation services. Particularly, in urban aress, a GPS receiver may not be capable of receiving
stgnals fromn GP3 satellites due (o one or more dielectric canvons formed by strects and/or the

structural shiclding of large metallic members.

{ELILY In view of the above discussion, there remains a need in the art for geographic
location systems that provide a cost-effoctive service within wban and other similarly shaded
arcas that can function properly where GPS and other systems are hampered because of the

urban nature of the surroundings.

SUMMARY
({0043 Embodiments of the present specification relate genersily 1o geolocstion services,
and more particularty o a systemn and method for determining a geographic location of a devics.

Existing infrastructure used fo determine geographic locations typically employs devices using

modern conynunication iechnipues and electronics.

BRIEY DESCRIPTION OF THE ILLUSTRATIONS

[0605] FIG. 1 illustrates the segmentation of a Hghting fixture according fo one
embodirpent.
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[0006] Fi3. 2 illustrates a vehicle intervrogating 3 luminaire associate according to one
embhodiment.
(00071 FIG. 3 illustrates a vehicle interrogating a plurality of luminaire associales

according to one embodiment.

{00083] FIG. 4 35 2 graph of millimeter wave atmospherio atteruation.
[0009] FIG. 5 s a portion of the graph of Fig. 4.
160107 FIG, 6A is an ilhustration of the power specitral density {psd) of the transmitted

interrogation signal across the spectral region from 57 — 84 GHz according o one embodiment,
LE B FIG. 68 s an iliustration of the psd for the interrogation signal of FIG, 64 after
sraveling a short distance according to one embodiment,

HEYE FEG. o 1s an tllustration of the psd for the interrogation signal of FIG. 8A after

traveling a signiticantly longer distance than tHustrated in FIG. 68 according to one

erabadiment.

[O013] FiG. 613 sllustrates the psd for a reesived intervogation signal according to one
ernbodiment,

[GG14] FIG. 6F illustrates an estimation of the psd in FIG. 613 according (o ong
embodirent.

357 FIG. 6F illustrates another estimation of the psd i FIG. 613 aceording o one
emnbodiment.

[6016] FIG. 6 tlustrates the power speciral density of a DS spread spectrum signal

according to gne embodiment.

(06173 FIG. 7 tHustrates an extended bumninatre associate response message accarding o
one embodiment,

DETAILED DESCRIPTION

[GG18] Various embodiments described hercin address the needs of the prior art by

providing exemplary systems and methods for grographical location of devices using street

Hehting systerns. The strest highting svstem provides geographic location services for devices
& 5 H 2 &

relative o the position of individual street hights.

T
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{60197 Street lighting and other infrastrocture services and devices are made more
intetiigent through instantiation of modern communication technigues and electronics. One such
rofe 15 to provide an urban location service for vehicles and pedesirians,

60261 A sireethight platform may be useful for an urban locating system. As depicted in
Fig. |, a smart street light 100 comprises 3 huminaire 110 mounted on top of huninaire associate
120 both of which are supported by pole 130, The lupunaire associate 120 comprises the
elecironic components and circuilry used in the operation and control of the smart street light
100. The huninaire associate 120 alse condains a communication system capable of transmitting
and receiving radio frequency signals within a 57-64 GHz spectrem and computational elements
meinding 2 processing device,  Additionally, the luminaire associate provides mechanical
couplings associated with the mounting and control of the huminaire 110, The huminaire associate
128 is mounted atop 8 pole 138, The pole 138 also provides s condint for the powerline 140
serving the luminaire associate 120 and the luminaire 110.The lominaire associate 120 may
perform one or more functions mchiding providing power to the lamp, assessing the lamp’s
function, and connecting 1o a contralized streetlight control systenm. The lamp associate 120 may
alse provide an wban location service by providing a transponder service,

{8021} FIG. 2 s an iflustration of z transponder service that may be performed by the
exemplary ersbodiments descnibed herein. The transponding seguence 200 begins by a
commumcations systern within vebacle 210 causing the tansmission of an interrogation signal
230 through an antenna mounted on vehicle 210, The mterrogation signal 230 i3 received by a
lominaire associate 220, A transponder contained within luminaire associate 220 transponds with
a response 240 that is received by the antenpa and communications system on vehicle 210
(60221 The response 240 from a particular luminaire associate 220 may contain data that
umguely dentifies the lumunaire associate 220 issuing the response 240, Upon receiving a
response 240 uniguely identifving the particular haminaire associate 228, the vehicle 210 may
have knowledge of the location of the uniguely identified luminaire associate 220, In accordance
with varying embodiment, the conunupications system within the vehicle 210 may have
immmediate knowledge of location of the lununaire associate 220 by storing locations or through
caleulations.  Other embodiments may provide for the communications systern within vehicle
210 1o acquire the locations of the luminaire associate through conwnunications capability for

guick access to, the geographical coordinates of the responding himinaire associate 320,
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(003237 Fi3. 3 is an illustration of a plurshity of luminaire associates 313, — 318, in the
vicimity of vehicle 216, In an erchodiment, the commurications system within vebicle 210 may
send interrogation signals 230 as it traverses the area occupied by the plurality of luminmire
assoctates 31k — 310, There will be a time delay between itiation of the interrogation signal
230 and a receipt of any potential response 240 from the plurality of huninsire associates 310, —
319,. Thess time delays can be measured and compared with one another. The interrogator
determines locations along urban streets by determining relative distances 1o the plurality of
luminaire associates 31y — 310, A procedure for caleulating position given a phwality of
distances may be based on an algorithm presented w the “Glodal Positioning System, 4
Navigation Aigorithm jor the Low-Cost GPS Receiver,” vol. 1. Pages 166-172, The Institute of
Navigation, 1980, by 8. Nee, K. A, Mvers, and T, K. W,

(00241 The mied States government has allocated a specirum of 57-84 GHz for
anlicensed operation. This provides & spectrum that s suitable for the creation of a system of
wanspongiers. This very large and contiguous portion of the electromagnetic spectrurs hag
excellont atiributes for a location systom based on trapsponders comfained within luminaire
associates 224 that do not need o rely on 8 centralized control. Many of the benefits acorue from
the frequency selective nature of the absorption of clectromagnetic radiation that propagates
through the atmosphere.

(00251 FIG, 4 is tsken from figures in “Millimeter Wave Propagation: Specinum
Management Implications” published by the FCO as Bulietin Number 70, July, 1997, The figure
shows the remarkable freguency selective atienuation of clectromagpetic onergy in the
aimosphers at and around varous frequencies. Curve A is for sea level with temperature at 20°C)
pressure at 760 nun, and water content at 7.5 gm/cubic meter {75% humidity); curve B is for an
altitude of 4 ke above sea feved with temperature at 0°C and water content at § gm/vebic meter
{refatively dry awr). FHG. 8 is an extract of FIG 4 omphasizing a frequency range comprising the
unlicensed spectrum of 57-64 GHz and showing the high ationuation that is frequency selective
due primarily to onygen. The relatively high attenuation with distance can operate to reduce
mterference from other sources and also Hmit the impact of another potentially interfering
lumninaire associate that may be transponding.

(00261 Figures 8A-00 iHlustrate examples of frequency selective attenuation that may be

secn in transmissions detecied by the embodirpents discussed herein, FIG. 64 is an illustration of
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the shape of the power spectral density (psd) 610 of an intervogation signal 230 {as seen in
relation to FIC. 2} as transmifted.  As seen in FIG. 6A, the psd 610 of the transmutted
interrogation signal 234 is flat over the spectral region from 57 - 64 GHz. FIG. 6B illustrates the
pad 520 of the interrogation signal 230 as detected and received after traveling a shont distance
from the transmitter. The receiver may be coupled to computational devices and processing
clements capable of measuring the psd 620 across the speciral region from 37 — 64 GHz and
finding that the psd 620 fur the detecied interrogation signal 230 has frequency-dependent
diminution that ts more pronounced in the middic of the spectral region from 37 ~ 64 GHz, This
frequency-dependent diminution is due to the frequency selective atmmospheric absorption as
referenced n FIG. § and the discussion related thersto. FIG. 60 illusirates the psd 638 within
another detected or received interrogation signal 230 afler traveling a mouch greater distance than
shown in FIG. 6B, A receiver can measurs the pad 638 as previously discussed and determine
the amount of frequency-dependent diminution that bas ocowrred within the center frequency of
the spectral region from 57 — 64 GHz 15 rouch more proncunced than is the case eorresponding
to FIG. 6B,

({271 For the diagrams shown i Figures 6B and 6C, measurements may be performed
by computational clements and processing devices coupled to the receiver of infgrrogation
signals 230 fo estimate the distance that interrogation signals 230 have traveled from the amount
of the frequency-dependent diminution for the center frequencies within the 57 — 64 GHz
spectral region.

[0025] It should be noted that the values of the psd on the ordinaie axes do not have t©
be the same between Fig, 4, FIG, B and FIG.C as long as the psd is reprosented using the same
scale, ¢.g., logarithmic for dBs.

(00291 FiG. oD ilustrates 2 received inferrogation signal 040 that has iraveled a
sufficient distance to cause frequency-dependent diminution of the psd as shown by the solid line
depicting the recetved inferrogation signal’s psd 640, In order to estimate the distance D that the
interrogation signal hes traveled, a receiver may employ selective freguency shaorptions, sirilar
1o those shown in the curves 0 FIHG. 5, o estimate the distance ID the interrogation signal would
have to travel to cause the freguency-dependent diminution of the psd obsarved i FIG. 6D,
[0030] Referring to FIG. 6E, the detectedireceived pad 640 for interrogation signal 230 15

showin as a solid line, Dotted line 630 represents a curve with an attenuation less thap that shown
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by pad 640 iiustrated by the the solid line. In an embodiment, dotied line 650 represents & curve
from a set of selective frequency absorptions sirifar to those shown i the curves i FIG. &
Dotted ling 650 may be viewed as a distance D31 that is less than the true distance [ because the
psd represented by dotted line 650 is above the observed psd 640 for detectedirecoived
mterrogation signal 230,

(00311 Referring 1o FIG. 6F, the detectedfreceived nsd 640 for interrogation signal 238 4
again shown as a solid line. Diotted ling 661 represerds a curve with an atfenuation of the psd for
the ceniral frequencigs that is greater than that shown inferrogation signal 644, In an
crebodiment, dotted line 468 represents a curve from a set of selective frequency absorptions
sumtlar to those shown i the curves to FIG. 5. Dotted hine 66§ is below the detectedfreceived psd
48 for mterrogation signal 234 because more altenuation cocurs over the longer distance D2
traveled by the signel that dotted line 660 represents. The distance D32 is greater than the true
distance 13 because the psd shown by dotted line 668 Hes below the observed psd 640 shown by
the solid line for the interrogation signal.

(00337 In an embodiment, the distance D, between the transmitier and receiver, is that
distance that causes 2 ransmitted signal with 3 fiat psd between 37 - 64 GHz to be received as o
sigrial with a psd that has been frequency selectively atienuated according to the frequency
selective absorption charactenstics of the atmosphere through which the signal propagated for a
distance D
({3331 An embodiment exploits the frequency dependent absorption behavior of the
atrnosphore on the 57-64 GHz unlicensed specinim by providing an estimats of the distance that
a transimitted signal has traveled 10 a recetver within this unbiceonsed spectrum. By having
knowledge or obtaining the frequency dependent absorption values for the unlicensed specirom
within a geographic proximity to the operation of the geolocation systern, this information may
be used to generate location estimates. The frequency dependent absorption values may be
olxained through measurcments reade by 2 metrological service and electronivcally distributed to
the components of the geolocation sysiem. Anvther manner of the geolocation system to gain
knowledge of this mformation is to enter estimates into the geolocation system that remain
mvariant. In many cases, this latier practice may introduce only minor and acceptable errors into
the processing. The nformation related to frequency dependent absorption vahies may be used

for processing performed by the geslocation aystem.
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[0034] in an embodiment, the geolocation systein has knowledge of the power spectral
density of signals that are transmitted within the §7-64 GHz unlicensed spectrum. Once the
signal 15 received it 35 measured 1o determune the power spectral density of the received signal,
The frequency dependent absorption values, known to the geoloecation systom, are used to
estinate the distance the received signal has traveled. The estimate is made by using the
frequency dependent absorption values io determing the distance the signsl would have to travel
0 cause the transmitied power spectral density 1o have the shape of the powar spectral deasity of
the received signal.

351 The contigious bandwidth available for conmmunication in the unlicensed 57-64
GHz spectrum 18 7 GHz wide and provides a significant amount of spectrom. There are
numerous known meodulation and communication protocol schemes that may be used for
fransputiing inferrogation signals and transponding messages within s common BF specirum. As
an example embodiment, and not by way of Hmitation, a simple bi-phase coded direct sequence
{8} spread spectnum system. The DS spread spectrum systery uses a binary-valued sequence
wherein each bit of the binary valued sequence is termed a chip, and sach chip has a time
duration, or chip width, of cw. An example of bi-phase coded DS spread spectrum system may
be found within chapter &, “Spread Spectnun Signals for Digital Communication,” in Digital

Communications by Jobn G. Proakis, McGraw-Hill, 1983, for an overview of DS theory, A

“chip” is a well kpown term within the art of DS sysiems.

{80361 In an embodiment, a DS ransnutter employs binary phase shift keying (BPSK)
combined with a binary-valued sequence. The binary valued sequence is a sequence i which a
zero of the sequence causes no phase inversion of a sine wave and a one of the sequence causes a
phase inversion, The phase shift keying is performed so that the boundaries of the binary-valued
seqquence are concident with zero crossings of the sine wave.

{60371 FIG. 7 is an illustration of the power spectral density (PSD) 710 of the main lobe
of the transmtted signal within an embodiment. As seen in FEG. 6, the PSD 710 is symmeatric
about the center frequency £, and spans the frequency range /. —5, to £ +1, which comprises
about 20% of the signal’s power. In this embodiment, a chip rate of 3.5 @gachips per second
with center frequency at 60.5 GHz is selected for the transmitied signal. These parameters spread

the main lobe of the signal across the entire unlicensed band of 57-64 GHs. The spreading chips,
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g deterministic but pseudorandom sequence of binary values, will spread the signal energy
approxirpately umiformly over the main lobe. Also, emmbodiments are possible that overlay two
38 transmussions without creating significant mterference in the demodulation of either provided
the two spreading sequences vsed for the chips for each DS transmission are significantly
decorrelated, where significant decorrelation means that under normal operating conditions ong
D38 trapsmussion will not be mistaken for the other,

[GO3R] i an embodiment, vehicles may interrogate huninaire associates with an
mterrogation signal having is a sequence of binary vahies, such a3 an m-sequence period or
extract from an meseguence period. Such a sequence 1s ught in chapter 8, "Random and

Pseudorandom Sequences,” in Bata Trapsportation and Protection by Jobn E. Hershey and B K.

Rao Yarlagadda, Plenuwm Press, 1988, for an overview of m-sequences. The m-sequence used in
this embodimpent is a umigue interrogation sequence that 1s known and used by all participating
vehicles. It s also known by all participating luminaive associates.

{60351 The luminaire associate responds with another unigue sequence of binary values.
An example may be ansther n-sequence poriod, or extract from an ne-sequenee period, that is
significantly decorrelated with the veluele inforrogation sequence. The unique sequence 1s then
corpbined with the BPSE signaling. The lominaire associate response signal will tus exhibit the
same power speciral density as the vehicle interrogation signal. The unigue luminaire associate
response sequence is known and used by all participating huninaire associales. I s also known
by all participating vehicles.

[O040] An embodirpent for a protocol of determining vehicle distances with respectto a
set of luminaire associates may have the comrmunications sysiem on a vehicle {eguipped ina
manner similar to the forgoing discussion) lstening to ensure that no fransmissions are in
progress before initiating an inferrogation signal. The vebicle then sends an interrogation signal
230 o the luminaire associates and waits for a response signal from one or more of the luminaire
associates. Hach luminaire associate that successfully receives and demodulates the vebicle
mterrogation signal uses a filter matched to the interrogation sigoal. The luminaire sssociste may
employ filters on the received interrogation signal using 3 plurality of bandpass fitters. The
phurality of bandpass filters are such that they partition the spectrum of the interrogation signal.

The luminaire associate may calculate a rough estimate of the distance to the interrogating

e <]
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vehicle by fitting the measured outputs of the plurality of bandpass filters to an atmospheric
atienuation curve such as those displayed in FIG. 5.

(60417 In an embodimend, the luminaire agsociate 220 may remain silerd for a period of
tine based on the estimate of the distance to the interrogating vehicle. The period of time that the
luminaire associate remains silent is computed to prevent the response of the luminaire associate
from colliding with responses from other himinaire associates. The silence interval may also
comprise a randomly generated delay. The silence interval ends by the luminaire associate
transtnitting the response signal to the interrogating vehicle in a closed loop fashion regarding
pre-emphasis, e, the luminaire associate 220 shapes the power of the response DS signal so that
the vehicle 210 will receive a I8 signal with 3 power spectral denaity that is approximately flat
ever the main lobe. The response from the luminaire associate 15 a 133 transmussion that reports
the geographic location of the huminaire associate and the time delay between receiving the
inlerrogation signal o the {ransmission fime. The DS trapsmission from the luminaire associale
uses a known extension of the sequence of binary values used for the response sequence data
reporting its geographic location and the time that it waited from the receipt of the vehiele
interragation signal to the beginning of its transmission. The huninaire associate’s B3

fransmission ceases afier sending the response sequence data.

{60427 In an embodiment, the communication system within the vehicle 2186 receives and
demodulates the response 240 to the inferrogation signal 230, The response from the luminaire
associate 220 gives the geographic location of the luminaire associate 220 and the time delay
incusred by the luminaire associate from receiving the interrogation signal (o transmitiing a
response, Calculation is made of the round trip signal propagation time between fransnussion of
the interrogation signal 230 by the vehicle and reception of the response 2440 from the lununmre
associate 220, The result of the caloulation is used to determine the relative location of the
vehicle to the responding luminaire associate 2208, The communications systerm uses the reported
tocation of the responding huninaire associate 220 combined with the relative location of the
vehicle 210 to the responding huminaire associate 220 o determine the location of the vehicle
218,

{13431 In ancther embodiment, the communications system may also be provided with a

Doppler systern. If the velucle is moving, the Doppler system can provide an estimate of the
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Doppler present in response 1o the inferrogation signal sent by the luninaire associate and
determine if the responding huminaire associate is abead or behind the vehicle.

160441 Embodiments emploving wideband millimeter wave comununication for location
determining applications may have additional benefits. One of these 15 the mitigation of
rouitipath problems. This is because many of the mulipath rays greatly excesd the distance of a
spreadmg sequence chip lengih. To counteract any very short multipath produced, for example,
by reflection off of the vehicles body, it may be 8 good engineering practice (o use RY absorbing
material on reflective arsas lying forward of the transmutting aperture o it may be good practice
to use circularly polarized transmissions with circularly polarized antennas with low axial-ratios.
0451 o a further embodiment the response 244 from the huminaive associate 220 may
carry information useful o vehicles such as road conditions, traffic delays, and accidents. As
ilostrated i FIG. B, such information could be conveved by extending the luminaire associate
rosponse informational signal 800,

(0046} in yet another erpbodiment, a vebicle 210 may generate 3 second signal that could
convey a message (o be inserted into a network by a receiving luminaire associate 220, In this
embodiment, the signal from the vehicle could be a DS signal of the same power spectral density
characterisiics as the vehicle interrogation signal but combined with a unique binary valued
sequence that is known 1o the luminaire associates and different from binary valued sequonces
used by the vehicle imterrogator and huminaire associate response signals,

(00471 In another embodiment, some systems will bandie and haul commumications for
other infrastruciure systems. These messages may require & higher standard of care ensuring
delivery or nedification of non-delivery, When the streetlight optical signaling network is
handiing these messages, it may invoke a packet-handiing protoco! with sirict accountability for
assuring delivery and iniisting refransmissions as reguired.

(048] An exemplary technical effect of the methods and systems deseribed herein
mcludes: (a) generating a melt poolbased on the build parameters of the component; (b}
detecting an optical signal generated by the melt pool 1o measure the size or the temperature of
the melt pocd; and () modifying the build parameliers in real-time based on the size or the
temperature of the melt pool fo achieve a desired physical property of the component.

{3049} Some embodiments involve the use of one or more electromic or computing

devices. Such devices typically include a processor or controller, such as, without Hmitation, a

10
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general purpose central processing unit {CPU}, a graphics processing unit {GPUY, a
microcontrolier, a field programnable gate array {(FPGA), 8 reduced instruction set computar
{RISC) processor, an application specifiv integraled circuit (ASICY, 3 programmable logic circuit
{(PLCY, and/or any other circuit or processor capable of executing the functions deseribed horein,
REERT The methods deseribed herein may be encoded as executable instructions
embodied i a computer readable medium, meluding, without hmutation, a storage device, and/or
a memory device. Such instroctions, when exscuted by a processor, cause the processar o
perform at least a portion of the methods deseribed herein. The above examples are exemplary
only, and thus are not intended to Hinif in any way the definition and/or meaning of the term
PIOCESSOT.

(60511 Exemnplary embodiments for enhancing the build parameters for making additive
manufactured components are described above in detail. The apparatus, systems, and methods
are not Limnited o the specific ersbodiments described herein, but rather, operations of the
methods and components of the systerns may be ulilized independently and separately from other
operations or components described herein, For example, the systems, methods, sod apparatus
deseribed berein may have other indusirial or consumer applications and are not himited (o
practice with electronic components as described berein. Rather, one or more erpbodiments may
be implemented and uiilized in conpection with other industries.

(0052 Although specific features of various embodiments of the invention may be
shown 18 some drawings and not in others, this is for convenience only. In accordance with the
principles of the invention, any feature of 2 drawing may be referenced or claimed in
combination with any feature of any other drawing.

[H0333] This written description uses exaroples 1o disclose the tnvention, including the
hest mode, and to enable any person skilled m the art to practics the invention, including making
and using any devices oy systerns and performing any incorporated methods. The palentable
scope of the invention is defined by the claims, and may include other exampies that ocour {o
those skilled in the art. Such other examples arg intended to be within the scops of the claims if
they have structural elements that do not differ fror the biteral language of the claos, or i they
inchude equivalent structural elernents with msubstantial differences from the hiteral language of

the claims.



CLAIMS

A method for identifying positions within a geolocation system comprising:

transmitting an interrogation signal from a vehicle;

detecting the interrogation signal by a luminaire associate within at least one smart street
light, wherein the smart street light has knowledge of a predetermined power spectral density

shape of the interrogation signal transmitted by the vehicle;

sending a response from the smart street light;

receiving the response by the vehicle; and

measuring outputs of a plurality of bandpass filters employed with the luminaire associate
and thereby estimating a position of the vehicle within the geolocation system from the

interrogation signal detected by the luminaire associate.

The method of claim 1 further comprising listening, prior transmitting, to determine that no

interfering signals are present.

The method of claim 1 wherein the interrogation and the response signals are direct

sequence (DS) spread spectrum signals within a 57-64 GHz spectrum of frequencies.

The method of claim 3 wherein sending further comprises shaping the power of the response
DS signal such that the vehicle will receive a DS signal with a response signal power spectral

density that is approximately flat over a main lobe of the DS signal.

The method of claim 3 further comprising computing using a computational device
operatively coupled to the vehicle to calculate a round trip signal propagation time between
the vehicle transmission of the interrogation signal and reception of the response from the

smart street light.
The method of claim 5 wherein the response carries a positioning estimate of the vehicle

relative to the smart street light and the computational device uses the positioning estimate

and the round trip signal propagation time to estimate position of the vehicle.

12



10.

The method of claim 1 further comprising:

measuring, after detecting, the power spectral density of the interrogation signal received by
the smart street light to determine a difference in a shape of the power spectral density for
the interrogation signal received by the smart street light as compared to the predetermined

power spectral density shape used to transmit the interrogation signal; and

determining a distance traveled by the interrogation signal received by the smart street light
by determining attenuation as a function of distance required to create the difference in the

shape of the power spectral density.

The method of claim 7 wherein measuring further comprises comparing outputs from a

plurality of band pass filters to the predetermined power spectral density shape.

The method of claim 1 further comprising the vehicle originating a second signal that is

received by the smart street light and inserted into a communication network.

A system for identifying locations within a geolocation system comprising:

a vehicle having a communication system operatively coupled to a transmitter that is

configured to transmit an interrogation signal;

at least one street light having a luminaire associate that detects the interrogation signal and

sends a response signal,

a receiver operatively coupled to the communication system, that receives the response

signal; and

a computational device operatively coupled to the communication system that calculates a
time period between transmission of the interrogation signal and reception of the response

signal,

wherein the luminaire associate comprises a processing device that is configured to estimate

a distance from the vehicle to the luminaire associate, and

further wherein the processing device estimates the distance by measuring a shape of the
power spectral density of the interrogation signal detected by the luminaire associate and
compares the shape with prior knowledge of the power spectral density shape for the

interrogation signal as transmitted.

13



11.

12.

13.

14.

15.

16.

17.

The system of claim 10 wherein the interrogation and the response signals are direct

sequence (DS) spread spectrum signals within a 57-64 GHz spectrum of frequencies.

The system of claim 11 wherein the processing device compares the shape of the power
spectral density of the interrogation signal detected by the luminaire associate to power
spectral densities indicative of distances traveled by signals within the 57-64 GHz spectrum

of frequencies.

The system of claim 11 wherein the luminaire associate shapes power of the response DS
signal such that the vehicle will receive a DS signal with a response signal power spectral

density that is approximately flat over a main lobe of the DS signal.

The system of claim 11 wherein the response carries a positioning estimate of the vehicle
relative to the luminaire associate and the computational device uses the positioning

estimate and the time period to estimate position of the vehicle.
The system of claim 10 further comprising the communication system listening for
transmissions and wherein the transmitter waits to transmit the interrogation signal until there

are no detectable transmissions.

The system of claim 10 further comprising the communication system originating a second

signal that is received by the luminaire associate and inserted into a communication network.

The system of claim 10 wherein the response from the luminaire associate carries

information useful to vehicles.
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