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METHOD AND SYSTEM FO')R TRAFFIC FLOW REPORTING, FORECASTING, AND 

PLANN ING 

[0001] This application is a non-provisional of and claims the benefit of U.S. Provisional 

Patent Applications Serial Nos. 61/907,069, 61/907,078, 61/907,090,61/907,114, 61/907,133, 

61/907,150, 61/907,168, 61/907,188 and 61/907;210 filed on November 21, 2013, the entire 

contents of which are incorporated herein by reference.  

BACKGROUND 

[0002] The continuing development and availability of new communication and control 

technologies provide a constant source of candidate devices and techniques for improving 

infrastructure. Wireless mesh network communication is a particularly useful technology for 

infrastructure application as it is the nature of mesh interconnection, sometimes called a mesh 

cloud, to impart reliability and redundancy for the communications mission, the very etiology of 

the network, Mesh networks may be easily instituted to provide high bandwidth communications 

and network control may be decentralized or centrally managed. Sensor technology also 

continues to offer new techniques and devices to sense and measure environmental variables and 

system conditions. Cost for performance continues to decline. Adjuncting both of these 

technologies is the national treasure of the Global Positioning System (GPS) that provides 

position information as well as highly accurate time information to its users. Here too, the cost of 

a receiver for the GPS system has dramatically declined, 

[0003] Two infrastructures that can immediately benefit from the progress of these 

technologies are street lighting control and traffic control in large urban areas, Conventional 

street lighting, such as provided by incandescent, mercury vapor, and even efficient high 

pressure sodium lamps, consumes significant energy per year and total energy costs can be 

staggering for large urban areas, For example, Los Angeles currently has approximately 209,000 

street lights that use 197,000,000 kilowatt-hours of electricity per annum. A large recurring 

energy cost such as this continues to motivate more efficient energy lighting systems. With the 

conversion of street lighting to LED technology, municipal lighting budgets should see very 
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significant reductions in operating and maintenance costs, and some expect that conversion 

breakeven points may appear in as little as five years.  

[0004] Improved traffic control systems and techniques should also better husband 

natural resources. There are about 50 million traffic lights in the US in place at intersections, 

pedestrian crosswalks, train crossings, and other locations on the roadways. The majority of 

these are for controlling signalized intersections. A 1995 report of the Center for Transportation 

Research at the University of Texas, Austin, declared that, in general, "criteria for evaluating 

the effectiveness of signalized intersections are: (1) minimization of total or stopped delay, (2) 

reduction of numbers of stops (3) minimizing a. combination of delay, and numbers of stops, 

(4) minimizing fuel consumption, (5) cost-efficiency, and (6) tradeoffs of these factors." It was 

estimated in 2002 that motorists in the 85 largest US metropolitan areas suffered delays totaling 

3.5 billion hours costing about 5.7 billion gallons of fuel. Increasing the effectiveness of 

signalized intersections through intelligent traffic control should be of great benefit in 

improving US fuel usage efficiency.  

[0004a] A reference herein to a patent document or any other matter identified as prior 

art, is not to be taken as an admission that the document or other matter was known or that the 

information it contains was part of the common general knowledge as at the priority date of any 

of the claims.  

SUMMARY OF INVENTION 

[0004b] According to a first aspect of the present invention, there is provided an outdoor 

lighting system, comprising: a plurality of street lights; a luminaire associate coupled to at least 

some of the street lights and comprising a plurality of luminaire associate components 

including: a signal processor, a communications device, and a radiation transmitter or receiver, 

and a plurality of mechanical devices associated with the mounting and control of the plurality 

of street lights; at least one gimbal attached to the luminaire associate, the gimbal having a 

motorized system being operative for controlling the position of the plurality of luminaire 

associate components and thereby directing the radiation transmitter or receiver for the 

luminaire associate in a direction of at least one target area on a roadway, wherein the at least 

one target area is determined using inputs from a plurality of sensors; and a controller 

operatively coupled to the motorized system of the luminaire associate to control movement of 

the gimbal; 
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wherein the signal processor analyzes radiation received by the transmitter or receiver from the 

at least one target area.  

[0004c] According to a second aspect of the present invention, there is provided a 

method for detecting situations on a roadway comprising: determining a target area on the 

roadway using inputs from a plurality of sensors; controlling movement of at least one gimbal 

contained within at least a portion of a plurality of street lights, the portion having a radiation 

transmitter or receiver that moves with the gimbal towards a target area; transmitting radiation 

from the radiation transmitter or receiver towards the target area; receiving radiation reflected 

from the target area by at least one of the transmitter or receivers; and signal processing of 

received radiation by a computational device within the street light containing the at least one 

of the transmitter or receivers.  

BRIEF DESCRIPTION OF THE ILLUSTRATIONS 

[0005] FIG. I illustrates a plurality of roadways and traffic conditions according to one 

embodiment.  

[0006] FIG, 2 illustrates the parts of a lighting fixture according to one embodiment.  

[0007] FIG. 3 illustrates detection of water on a roadway surface according to one 

embodiment, 

[0008] FIG. 4 illustrates detection of water or ice on a roadway surface according to one 

embodiment.  

[0009] FIG, 5 illustrates acoustic tire noise detection according to one embodiment.  

[0010] FIG. 6 illustrates an artifact in a SAR image according to one embodiment.  

[(1011] FIG. 7 illustrates the Traffic Condition Database according to one embodiment.  

[0012] FIG. 8 illustrates the production of soft information from wireless voice 

according to one embodiment.  

[0013] FIG. 9 illustrates a traffic planning stem according to one embodiment.  
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DETAILED DESCRIPTION 

[0014] Described herein is a joint street lighting and traffic control system employing 

sensor technologies. In art embodiment, conventional sensors and processors are linked together 

by a wireless mesh communications architecture that may also be interfaced through one or more 

gateways into one or more monitoring and control centers.  

[0015] An embodiment relating to traffic flow reporting, control and forecasting may be 

viewed by referring to the illustration in FIG. 1. FIG. I illustrates a street lighting and traffic 

control network 100 that includes a drone 160 carrying a synthetic aperture radar (SAR) system 

with illumination radar beams 165, 170, and 175; and a series of street lights 145, -- 145N Also 

illustrated in FIG. I are: roadways 115, 120, and 125; bridges 1101, 1102, and 1103 crossing a 

river 105; traffic paths 180, 185, and 190; an accident 150; a person reporting the accident 155; a 

factory 135; and a railroad track 130.  

[0016] The street lighting and traffic control network 100 may serve numerous functional 

categories. Among these categories are: (1) intelligent street lighting control to make more 

efficient use of the available energy for lighting and better application of the lighting to serve the 

common welfare: (2) more efficient traffic control at signalized intersections; (3) data 

transportation and controls of associated sensors; and (4) miscellaneous public services spanning 

concerns of operational efficiency of public adapted infrastructure, community safety, and broad 

and timely collection, analysis, and dissemination of information of utility to the public.  

[0017] An embodiment that employs street lighting fixtures within a lighting system is 

described by reference to FIG. 2. The street light 200 as shown in FIG. 2 includes luminaire 210, 

supported by a luminaire associate 220 that may comprise electronic components. The electrical 

components contained within luminaire associate 220 may be processing devices with associated 

memory resources or other computational devices, electrical circuitry, electromechanical devices 

and various sensors. The luminaire associate also includes mechanical devices associated with 

the mounting and control of the luminaire 210. The luninaire associate 220 may be mounted 

atop a pole 230 that also provides a conduit for the powerline 240 serving to provide power to 

the luminaire associate 220 and the luminaire 210. The luminaire associate 220 may also 

function in an urban location service by providing a transponder service. Additionally, the 

luminaire associate 220 may include various devices to provide an interface for sensor data 
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obtained by the luminaire associate as well as control mechanisms the may be desirable for use 

within a street lighting control network, 

[0018] A street lighting fixture 200 may include: one or more luminaires 210 having one 

or more LEDs and a iuninaire associate 220, The iuninaire associate 220 may provide 

numerous functions for: (a) applying power at one or more power levels during one or more time 

intervals: (b) executing one or more selectable special operational modes such as lamp flashing 

wherein the lamp is repeatedly turned on and off for a visual signaling purpose; and (c) include 

various sensor devices as well as an interface for the data and controls used by the sensors within 

a street lighting control network, 

[0019] The luminaire associate 220 as envisioned in differing embodiments may be an 

application node within a wireless mesh network. A GPS receiver may be included within the 

luminaire associate 220 allowing the luminaire associate to be precisely located within the mesh 

network.  

[0020] The luminaire associate 220 may also be provided with one or more data ports to 

provide an interface for numerous types of data ports to send and receive data in accordance with 

varying embodiments. While specific embodiments described herein may illustrate wireless 

interfaces for data ports, wired interfaces are also envisioned, such as communications across the 

power line. Data ports within a luminaire associate 220 can receive data from RF enabled meters 

that include: an electric usage meter; a gas usage meter; a water usage meter; other Infrastructure 

elements such as traffic lights; or a combination of the foregoing 

[0021] There are many types of sensors that may be contained within a luminaire 

associate 220. A solid-state camera or image sensor, one or more microphones, one or more 

electrically powered gimbals to slew and point one or more sensors in a desired direction, 

electrical generation and storage devices including solar cells, batteries, capacitors, or a 

computational element having local memory, 

[0022] Embodiments are envisioned wherein the luminaire associate 220 contains a suite 

of sensors including: a light intensity sensor; a lamp condition estimation sensor; or one or more 

environmental sensors. Environmental sensors may be used to sense and measure a variety of 

items associated with the surroundings. Examples of conditions that may be measured by 

environmental sensors include: temperature; humidity; wind velocity (speed and direction); 

atmospheric pressure; a one or more axis accelerometer a one or more axis tilt sensor; chemical 
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pollution sensors; biological pollution sensors; particulate pollutant sensors, or combinations 

thereof; and sensors used to determine roadway conditions, 

[0023] The street lighting and traffic control system 100 may provide general and 

specific services for the public good. General services may be provided for various roles, An 

embodiment envisions providing the driving public with visual displays or wireless broadcasts 

on a public access channel for: traffic conditions, such as deteriorating weather; slippery road 

conditions; traffic jams; accidents; an expectation of sharing the roadway with emergency 

vehicles; roadway conditions such as newly developed potholes; expected drawbridge openings; 

high speed police pursuits; amber alerts; and/or special activities such as advertisements or 

lottery outcomes.  

[0024] Additional general services may be provided in accordance with differing 

embodiments. Reports may be provided for controlling public irrigation in situations where 

water is needed due to lack of precipitation or water is not required due to local precipitation.  

[0025] Another general public service that may be provided is a study of traffic flow to 

discern and report traffic problems. This would be of great assistance in alerting drivers of 

desirable traffic routes as well as those traffic routes they may wish to avoid due to congestion.  

For example traffic paths 180, 185 may incur heavy traffic resulting in a traffic alert 140 as seen 

in FIG. 1 wherein traffic path 180 is experiencing heavy traffic and traffic path 185 is 

experiencing light traffic. The street lighting and traffic control system 100 may provide 

interfaces with one or more monitoring and control centers 195 to provide details of traffic alert 

140.  

[0026] An interface may be provided to provide data from image sensors contained 

within the hminaire associates 220 on street lights 14 5 1-14 5 N or data gained from the radar 

beam 175 from SAR 160. The interface in one example is with a broadcasting company that can 

provide traffic information for drivers alerting them of traffic congestion in one of the lanes as 

illustrated in traffic alert 140. The interface may alternatively be more localized using luminaire 

associates 220 on street lights 1451 41 4 5 N to provide data rel ated to traffic pattern 140 to an 

illuminated sign along the side of the road.  

[0027] As another non-limiting example, the street lighting and traffic control system 100 

might be used to recognize persistent non-standard vehicle maneuvering indicative of the 

presence of a stalled vehicle, an occurrence of an accident, impaired driver, or a significant 
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problem with the roadway surface such as a developing pothole. This type of maneuvering is a 

non-standard maneuvering that may illustrate or result in abnormal traffic flow.  

[0028] Another general public service may be provided using an image sensor or solid 

state camera to obtain images of vehicles on the roadway and forwarding those images to one or 

more of the monitoring and control centers 195. The image data m;ay be transmitted either as 

uncompressed or compressed image data. The image data may be transmitted in specific formats 

to ease processing at the monitoring and control centers. Further analysis of the transmitted 

image data at monitoring and control centers may be used to assist law enforcement efforts or be 

used for other public safety actions. The transmitted image data may be used to detect suspicious 

vehicles or to detect ongoing violations, Violations that could be detected may be issues related 

to geofencing for particular vehicles. Ordinances may be in effect to ensure that certain vehicles, 

such as those carrying hazardous loads, do not venture into heavily residential areas or areas 

where transit is prohibited such as tunnels, refinery properties, or pipeline terminations and 

crossings.  

[0029] General public services may be provided for various purposes. For example and 

not intended to be limiting, image data may provide information related to ongoing situations.  

Other sensor technologies may also be employed, such as acoustic sensors. The acoustic data 

may transmitted in a manner similar to that of previously discussed image data. Processing may 

be performed on the acoustic data at the monitoring and control centers 195 using parameters 

and thresholds to determine if unusual activity is occurring. Analyzing pedestrian calls for help, 

screams, or other types of urgent sounds for aid may be used to trigger acoustic loudness 

thresholds, interpreted by voice recognition to be an urgent situation or be monitored in real time 

by operators at the monitoring and control centers. Acoustic sensors may be used to create a 

security service that senses developing or in-progress urgent situations such as accidents, violent 

crime, persons in distress or other situations by receiving and analyzing pedestrian calls and 

ambient sounds in the area. In an embodiment, one or more microphones may be placed in a 

luminaire associate 220 that could pick up the sounds. These sounds could be analyzed locally 

or sent as compressed or uncompressed data to one or more of the monitoring and control centers 

for further analysis and possible law enforcement or public safety action.  

[0030] In another embodiment, electrically powered gimbals 225 may be used to control 

the position of the luminaire associate 220 components and/or the lamp 210. The gimbals 225 
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may controlled locally enabling the luminaire associate components to rotate automatically in a 

desired direction. The desired direction may be in the direction of sound indicating urgency as 

determined by local processing. Local processing may employ parameters and/or thresholds to 

determine urgency as well as point of origin of sensed sounds. The gimbals 225 may be remotely 

controlled from the one or more monitoring and control centers to slew and point one or more of 

the microphones and/or the image sensor or solid-state camera in the direction of the urgent 

sound, such as an audible cry for help, sound of an accident or other distressing sound. One or 

more of the lamps in the street lighting system may be commanded to enter a special operational 

mode such as laip flashing wherein the lamp is repeatedly turned on and off to visually signal 

the approximate location of the disturbance.  

[0031] General public services may be provided in the form of a traffic pattern analysis 

service. Traffic patterns may be analyzed and reports generated through observations of images 

transmitted by the luminaire associate. The image data may be used to catalog the traffic paths 

of individual vehicles by building a database of specific vehicles, using their license plates for 

identification, and their paths through the monitored roadways in the city. By analyzing the 

individual vehicles' typical paths, it may be possible to determine the probabilities that 

individual vehicles will turn at various signalized intersections. As a non-limiting example, if it 

is determined that a long vehicle, such as an 18-wheel truck, is expected to make a left turn at a 

particular intersection, the traffic signals may operate in such a manner that the truck will have a 

minimunim possible impact on the traffic flow. This could be done by, for instance, sequencing 

the traffic signals to place the truck at the intersection where it is expected to turn so that its turn 

does not unnecessarily delay traffic behind it.  

[0032] Specific services may include but are not necessarily limited to using a solid state 

camera or image sensor to acquire images of license plates. These images may be used to detect 

violations of geofencing for particular vehicles. This might be an offering for a paid subscriber 

usage. Companies may desire assurances that company vehicles remain inside an expected 

perimeter. Evidence of a violation might aid the coipariy in enforcing company policy for not 

violating geofencing regulations. Evidence presented by companies with geofencing policies 

may assist a company in defending against a respondeat superior tort action involving a company 

vehicle or company worker engaged in detour or folly.  
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[0033] License plate images may be of assistance to law enforcement for punishment and 

fee collection for exceeding the speed limits, By identifying a vehicle through an image of its 

license plate and successively measuring its location, it is possible to determine the speed profile 

of its journey, A ticket could be generated if the specific vehicle exceeds the speed limit or an 

even more sophisticated fee procedure could be provided. As a non-limiting example, it would 

be possible to bill a vehicle's owner for a fine based on the amount of time that the vehicle 

exceeded the speed limits by given amounts, select the highest penalty amount, or detect multiple 

infractions.  

[0034] Messaging to and from individual vehicles may be accomplished by associating 

the vehicle's license plate number with the vehicle owner's IIP address. Such an association file 

may be maintained for example, and riot by way of limitation, at one or more of the monitoring 

and control centers. The messaging to a specific vehicle, equipped with a suitable optical 

communication system, might, for a non-limiting example, be done by modulating one or more 

of the LED lamps in a traffic signal in optical view of the vehicle as suggested in the article 

"LED Traffic Light as a Communications Device," by Pang et al, in proceedings of the 

International Conference on Intelligent Transportation Systems, 1999, pp. 788-793, the contents 

of which are hereby incorporated by reference. It is envisioned that with a traffic light also 

equipped with an optical receiver, the vehicle may send data in reply or originate a data message 

transmission using the traffic light as an access point to a data gateway.  

[0035] The street lighting and traffic control system may be designed to satisfy more 

system criteria including: (1) ease of maintenance, (2) infrastructure hardening, and (3) 

communications security features, 

[0036] The street lighting and traffic control system may be designed so that individual 

lamps can monitor their own health status which may include such data as: lamp functionality, 

for example, burn-outs and reduced lumen output; prognostics for expected remaining lamp life; 

and structural integrity.  

[0037] The street lighting and traffic control system may also be designed to provide that 

electrical power analysis including, for non-limiting examples, power quality measurements and 

power failures. Power failures may be reported to the one or more of the monitoring and control 

centers as individual street light or traffic signal reports or, by virtue of a power-fai lure reporting 

protocol enabled by nature of the mesh network, informing via one or more perimeters of street 
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lights or traffic signals, wherein each street light or traffic signal within the one or more 

perimeters is without power.  

[0038] Additionally, the street lighting and traffic control system may be designed to 

perform self-checking routines that may be self-initiated or initiated by command from the one 

or more monitoring and control centers, such routines to assess and report to the one or more 

monitoring and control centers specific measured parameters of the street lights or traffic signals 

[0039] The street lighting and traffic control system may also be designed so that the 

street lighting and traffic control system infrastructure is hardened so that it exhibits: graceful 

degradation under single or multiple progressive failures, i.e,, single failures will not cascade 

resulting in a multiplying of failures; "operate through" ftnctionality, i.e., its operation will not 

be excessively slowed or impeded under graceful degradation; needed repairs may automatically 

be prioritized and reconstitution effected according to critical-to-quality driven algorithms that 

alert and propose repair actions and schedules according to conditions sensed and measured by 

the infrastructure awareness data gathered by the suite of sensors comprised of the street lighting 

units. The repair and reconstitution actions and schedules may be designed to maximize the 

probability that the street lighting and traffic control system will maintain its hardened character 

as it undergoes repair.  

[0040] The street lighting and traffic control system may be designed so that the street 

lighting units and traffic control signals are provided with security devices and measures. The 

security devices anid measures may be those that: detect, log, and alert the one or more 

monitoring and control centers to physical entries within predetermined perimeters of the street 

lighting units and traffic control signals. Another type of security measure would be to protect 

communications by encryption, or other suitable communication security measures. Security 

measures may be applied to the traffic that traverses the mesh network and gateway interfaces to 

promote privacy of personal information and reduces the ability for art interloper to exploit, 

insert, deny, or otherwise modify such traffic. Other embodiments provide security devices and 

measures for authentication of commands anid messages, Commands and messages that attempt 

to alter, augment, delete, disable, or otherwise modify software, firmware, or hardware within 

the street lighting and traffic control system may be authenticated. Such authentication 

techniques may be provided, for a non-limiting example, by the use of key-management 

cryptographic techniques and secret-sharing protocols.  

9



WO 2015/077626 PCT/US2014/066922 

[0041] Finally, a traffic planning system may be provided to enable traffic engineers and 

urban players to use an archival traffic database to posit and evaluate changes to the traffic 

infrastructure.  

[0042] If a roadway surface and the air above it contains water in either liquid form, 

snow or ice, there is an increased hazard of vehicle mishaps. Detection of such roadway 

interfaces and disseminating knowledge of them to drivers on these roadways helps in 

safeguarding lives and property. This type of information is helpful to traffic flow reporting and 

forecasting.  

[0043] The optical and microwave properties of water, snow and ice enable their 

detection by electromagnetic means. The differentiation between water, snow and ice may be 

aided by the fact that the permittivity of water differs to that of snow or ice. The pernittivity of 

water is eighty times that of air, compared to the permittivity of ice which is only six times that 

of air. Also, hexagonal ice crystals have intrinsic birefringent properties and detection of ice is 

therefore possible by using polarized light.  

[0044] In an embodiment, water on a roadway surface may be detected by an optical or 

millimeter wave transmitter and receiver placed within the luminaire associates, respectively 320 

and 330, of two separate lighting fixtures as illustrated in FIG. 3. As an example and not by way 

of limitation, the transmitter and receiver are located on opposite sides of a road 310. The 

transmitter emits a beam of radiation 350 towards the road 310. The center of the beam of 

radiation 350 strikes the road 310 at the angle P with respect to the direction of the roadway 310.  

FIG. 3 illustrates a patch of water 340 on the road surface. The receiver in luminaire associate 

330 receives some of the radiation 360 scattered from the interaction between the beam of 

radiation 350 and the patch of water 340. The receiver in luminaire associate 330 has its antenna 

oriented at angle E with respect to center of the beam of radiation 350. The scattered radiation 

360 is processed to reveal the presence of the water by using the change in scattering observed 

relative to a dry surface and the inferred water on the road surface may be reported to a Traffic 

Condition Database through a lighting control network, 

[0045] In another embodiment, a roadway may be investigated by illuminating the 

roadway surface with a linearly polarized beam of radiation as illustrated in FIG. 4 to check for 

deposits of ice, snow or water. Lighting fixture 430 comprises a luminaire associate 420 that may 

further comprise a collocated or monostatic, radiation transmitter and receiver 440, The 
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monostatic radiation transmitter and receiver may be alternatively mounted on a support 

structure for lighting fixture 430. One or more motorized gimbals 425 are mounted so that the 

monostatic radiation transmitter and receiver 440 may be rotated to produce, transmit and receive 

patterns 450 in such a manner as to be able to scan an area of the roadway 410 encompassing the 

area 475. The controller for the gimbals 425 may run a search pattern that is stored in the 

luminaire associate 420 or control of the gimbals 425 may be done remotely via electronic 

signaling from a control center.  

[0046] The monostatic radiation transmitter and receiver transmits linearly polarized 

radiation towards an area 475 of the roadway 410, If the area 475 is icy, then, as taught in 

US5243185 (incorporated by reference), the birefringent property of the hexagonal crystalline 

structure of ice causes the incident linearly-polarized radiation to become elliptically-polarized 

radiation upon return (via either reflection or refraction). By using signal processing techniques 

taught in US5243185, it may be determined if the area 475 has a deposit of ice or water. Traffic 

flow may also be estimated using the radar to detect and measure changes in the transmit and 

receive patterns 450 for the return radiation which would indicate a vehicle passing. The results 

produced by the processed sensor data may be entered into the Traffic Condition Database 

maintained at a remote location through a lighting control network.  

[0047] In yet another embodiment, sensor data may be produced by a road noise sensor 

located on a structure near a roadway. Sensor data gathered from the road noise sensor may be 

indicative of a dangerous situation on the roadway surface such as rain, snow, or ice. As 

illustrated in FIG. 5, road noise 550 is produced by a tire 540 of a vehicle 530 traveling over a 

rain, snow or ice covered roadway area 575. The road noise 550 produced from vehicle tires 

traveling on a dry surface is different from a surface covered in rain, snow or ice. A lighting 

fixture 570,. proximate to the roadway 510, may have a luminaire associate 520 containing a road 

noise sensor 560. Additional embodiments may have the road noise sensor 560 located elsewhere 

on lighting fixture 570. Still additional embodiments may have a road noise sensor 560 not 

actually mounted on or within the luminaire associate but instead mounted remotely and located 

in the vicinity of the luminaire associate 520. In embodiments that employ a remotely mounted 

road noise sensor 560, an interface may be established between the road noise sensor 560 and the 

luminaire associate 520 that enables communication. The road noise sensor 560 may be an 
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acoustic to electric transducer such as a generic microphone or a specialty microphone such as a 

highly directional shotgun microphone.  

[0048] The road noise sensor 560 is capable of detecting a vehicle traveling on roadway 

510. Processing capabilities within Itmninaire associate 520 processes the signal from the road 

noise sensor 560 to detect changes in road noise 550. In an embodiment, wet surfaces, snow and 

ice result in an increase in the road noise 550 created from vehicle 530 traversing road area 575.  

The road noise sensor 560 detects the increase in road noise. The road noise sensor 560 can track 

the vehicle by having a processor programmed to orient the road noise sensor 560 towards the 

track of the detected vehicle by orienting the road noise sensor 560 using one or more motorized 

gimbals 525.  

[0049] The acoustic signal 550 may be locally or remotely processed (using signal 

processing techniques such as those described in U.S. Patent No. 5852243, the contents of which 

are hereby incorporated by reference) to determine if the roadway area 575 has a potentially 

hazardous deposit of rain, ice or snow, The determination of the presence of a hazardous deposit 

of rain, ice or snow may be reported to the Traffic Condition Database through a lighting control 

network, 

[0050] In another embodiment, a street light may have a noise sensor 560 used to detect 

and track vehicles using one or more motorized gimbals 525 rotate the noise sensor 560 as 

described above in relation to FIG. 5. A monostatic radiation transmitter and receiver 440, 

similar to that discussed in relation to FIG. 4 above, may also be included to transmit radiation 

towards the area of the road identified by the noise sensor 560 has having either water, ice or 

snow on it, If the area 475 is icy, then, it may be determined if the area 475 has a deposit of ice, 

snow or water on it. Traffic conditions may also be estimated using the radar to detect and 

measure road conditions more accurately by having rotated gimbals 525 allowing radiation 

transmitter and receiver 440 to focus on that specific area that noise sensor 560 has determined 

has either ice, snow or water on it.  

[0051] Another embodiment envisions that a mesh network of smart street lights have 

noise sensors and radiation transmitters and receivers spread within a relatively close vicinity 

along a roadway. The different sensors may be used in conjunction with one another to identify 

potential hazardous areas on the road or other types of dangerous situations, such as a criminal 

acts.  
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[0052] In an embodiment, sensor data for estimating traffic flow may also originate from 

an airborne drone equipped with a Synthetic Aperture Radar (SAR) system and SA R image 

processor. As illustrated in FIG. 1, a drone 160 carries a SAR system that may form and process 

images derived from areas illuminated by directional radar beams 165, 170, and 175. It is a 

known property of SAR imagery that a SAR image of a target that is moving may be displaced 

from its true location by a distance that is a function of its velocity. An example of this effect is 

shown in FIG. 6 where a moving train appears to be spatially displaced from its track. In an 

embodiment, the drone carried SAR system and SAR image processor may be similarly used to 

estimate the speed of vehicles traveling on a roadway. Another embodiment may determine the 

average speed of several closely spaced vehicles moving in essentially the same direction at 

approximately the same speed. Results of the SAR image analysis may be broadcast to ground 

receiving stations and the data entered into the Traffic Condition Database.  

[0053] Illustrated in FIG. 7 is an embodiment for a Traffic Condition Database (TCD) 

710 that gathers information from a plurality of data classes. A first class of data is hard data 

730. Hard data may comprise data originating from sensors such as traffic counters, speed 

estimators, roadway condition monitors, and weather condition sensors.  

[0054] A second class of data is soft data 732 that comprises unstructured or free-form 

data such as data derived from spoken reporting as, for example, wireless emergency responder 

communications and surveillance helicopter traffic reports.  

[0055] Spoken messages from sources such as emergency responders reporting by radio 

may be extremely valuable for inferring information about traffic conditions. Much of this 

emergency radio reporting is done without a strict format because it originates from a human 

talking. Substantial advances in signal processing have made voice recognition possible wherein 

algorithms convert acoustically derived human speech to digitally represented words. Once the 

words of a spoken message are in digital form, a contextual analysis algorithm may reveal the 

meaning and context of the message. Once the context of this data is derived, it may be 

forwarded to the TCD 710 to be incorporated as soft data. The process is illustrated in an 

example illustrated in FIG. 8, wherein, a police officer 810 at the scene of an accident 820 

reports observations via wireless communication 830 to a police facility 835. An antenna and 

radio receiver 850 configuration monitors police communications by receiving the broadcast 

signal 840 and passing the broadcast signal 840 to voice analysis unit 860. The voice analysis 
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unit 860 comprises an analog-to-digital (A to D) converter 862 that may convert the analog voice 

signal into a digital voice signal. If the voice signal of the police officer's wireless 

communication 830is already in digital form, the digital (A to D) converter 862 may be 

bypassed. The voice signal in digital form is presented to a speech to text converter 864 that 

produces the series of words spoken by the police officer 810. The words are presented to a text 

analyzer 866 that creates a formatted report of the incident such as location, time, and traffic 

implications. The formatted report is forwarded to the TCD 710 for incorporation as soft data.  

[0056] Soft data sources may also include some E-ZPass and toll collection data, and 

traffic cam feeds. Other soft data sources may include data from activity monitors not directly 

related to traffic conditions but still having correlation to traffic conditions such as active 

subscriber levels and inter-cell handoff rates. Such data may be directly provided by the cellular 

provider but an approximation to it may be gained from an automated monitoring facility 

proximate to the cell antennas.  

[0057] Anecdotal data 734 is a class of data derived from sources of unknown credibility 

and ad-hoc formatting such as data derived from social media networks, Metadata or hashtagging 

on many social media networks will allow message grouping and searching indexed by a 

particular hashtag.  

[0058] Historical data 736 comprises data that relates to known schedules involving 

significant amounts of traffic such as plant shift change times, exiting schedules for large events, 

traffic light settings at signalized intersections, and the time intervals during which two-way 

streets are designated for one-way traffic. The TCD 710 also maintains and updates the historical 

data files 736.  

[0059] The Computation Engine & Distribution Servers 740 receives data from the TCD 

710 and reports traffic conditions within a local area to the local area center. The Computation 

Engine & Distribution Servers 740 may also estimate future conditions based on historic traffic 

conditions, weather conditions and other conditions in areas surrounding the local area using 

computerized prediction models. The Computation Engine & Distribution Servers 740 may also 

check the accuracy of its estimates, and refine its prediction models and the historical data.  

[0060] The Computation Engine & Distribution Servers 740 may integrate available data 

to form predictions and projections that may be constantly refined as future data becomes 

available. The data integration proceeds by having the Computation Engine & Distribution 
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Servers 740 run a plurality of traffic models in parallel, known as a model farm, Computation 

Engine & Distribution Servers 740 then performs a weighting and combines the outcomes of the 

models to form a single estimate of future traffic conditions, Some of the models may be traffic

equation centered using conventional Jackson or Gordon-Newell network formulations, for 

example. Other models may place more emphasis on human factors and predict how drivers will 

respond to conditions. Still other models may model traffic as a continuum flow and disruptions 

as shock waves. Other models may include probabilistic models invoking accidents and 

microscopic models of traffic flow at signalized intersections. As time progresses the weights 

assigned to each model are adjusted in order to more nearly maximize the single estimate's 

correct prediction of future traffic conditions. The individual models themselves may also be 

adjusted.  

[0061] The Computation Engine & Distribution Servers 740 may also periodically or 

periodically search for correlations between the data from different data sources that might aid 

in increasing the accuracy of predictions. These correlation searches may include investigation of 

correlations between data from different data classes. Additionally, the Computation Engine & 

Distribution Servers 740 periodically or aperiodically tests correlations that it has identified and 

determines if those correlations still obtain or need adjustment up to and including removal from 

the models.  

[0062] The Computation Engine & Distribution Servers 740 may report traffic conditions 

and predictions to Radio & TV Stations 750, Police & Emergency Responders 752, and Public 

"billboards" 754 such as lighted information signs placed along roadways. The Computation 

Engine & Distribution Servers 740 broadcast alerts to traffic subscribers 756. The Computation 

Engine & Distribution Servers 740 also stores traffic conditions and predictions in an archive 

database 758.  

[0063] The Computation Engine & Distribution Servers 740 may report numeric traffic 

conditions to local area centers, e.g., expected speed or expected wait times if hard data or 

historical data is driving the computations. If computations are driven largely by soft or 

anecdotal data, the reporting may use fuzzy terminology, e.g., "delays expected" or "slowdowns 

possible." 

[0064] Additional embodiments for traffic flow analysis and forecasting systems are 

envisioned such as an embodiment for a traffic planning system that enables traffic engineers and 
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urban planners to implement databases for traffic control. An architectural and/or intersection

signalized improvement to traffic control infrastructure is envisioned using an archival traffic 

database to posit and evaluate changes to the traffic infrastructure and signalized controls. As 

illustrated in FIG. 9, the archive database 758 is used to provide simulation data for a planning 

system computer 910. The planning system computer 910 interfaces with consoles 9201 - 920M 

that enables operators of these consoles to use an archival traffic base to posit and evaluate 

changes to the traffic infrastructure. The consoles 9201 -- 920M may be in close proximity or 

distant from the planning system computer 910 in accordance with various embodiments. The 

operators of these consoles 9201 - 920M may be traffic engineers or urban planners or the 

operators may be in contact with engineers or urban planners. The planning system computer 

910 has access to many traffic models and may run them in parallel with weightings on the 

individual model results in a manner, or similar to the manner, that the Computation Engine & 

Distribution Servers 740 integrates the data available from the archive database 758 and forms 

predictions and projections.  

[0065] FIG. 10 illustrates an exemplary method, generally referred to as routine 1000, 

that runs once enter 1005 is activated. Once routine 1000 is entered, a target is designated using 

methodologies previously discussed, A computational element may read the target from 

memory or determine the target from various sensor inputs. Once the target is detennined, 

Rotate Gimbal Towards Target 1010 moves gimbal or gimbals within the street light to orient 

one or more sensor types (as previously described) within the street light towards the target.  

Transmit Radiation Towards Target 1015 illuminates the target with either millimeter wave or 

optical radiation energy. In a manner similar to that described in relation to FIG. 3, scattered 

radiation will reach another of the street lights equipped with a transmitter/receiver that is 

compatible with the radiation type being used. Receive Radiation From Target 1020, in an 

embodiment, will operate within the system to have the other street lights receive the radiation 

that has scattered from the target. Once the scattered radiation is received, Perform Signal 

Processing On Received Radiation 1025 will have the system process the radiation to determine 

if there is snow, water or ice on the target area. The processing may be performed by the 

receiving street light or the received radiation data may be transferred and processing performed 

remotely from the receiving street light. In the event that the processing of the received radiation 

data indicates an issue (such as water, ice or snow) Transmit Issue Detected 1035 will transmit 
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the results of Perform Signal Processing On Received Radiation 1025 to the system to allow for 

alerts to be made, In the event that Perform Signal Processing On Received Radiation 1025 does 

not indicate any issues form water, snow or ice on the target area, then the system returns to 

Rotate Gimbal Towards Target 1010 which will use either computer memory or sensor input 

such as from an acoustic sensor or image sensor, to orient the transmitter receiver towards the 

determined target. The Routine 1000 can Exit 1045 if the appropriate signal 1040 is received.  

The signal 1040 may be a system reset, an interrupt or other indication that the Routine 1000 

should be exited.  

[0066] An exemplary technical effect of the methods and systems described herein 

includes: (a) generating a melt pool based on the build parameters of the component; (b) 

detecting an optical signal generated by the melt pool to measure the size or the temperature of 

the melt pool: and (c) modifying the build parameters in real-time based on the size or the 

temperature of the melt pool to achieve a desired physical property of the component.  

[0067] Some embodiments involve the use of one or more electronic or computing 

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

general purpose central processing unit (CPU) a graphics processing unit (GPU), a 

microcontroller, a field programmable gate array (FPGA), a reduced instruction set computer 

(RISC) processor, an application specific integrated circuit (ASIC), a programmable logic circuit 

(PLC), and/or any other circuit or processor capable of executing the functions described herein, 

[0068] The methods described herein may be encoded as executable instructions 

embodied in a computer readable medium, including, without limitation, a storage device, and/or 

a memory device, Such instructions, when executed by a processor, cause the processor to 

perform at least a portion of the methods described herein. The above examples are exemplary 

only, and thus are not intended to limit in any way the definition and/or meaning of the term 

processor.  

[0069] Exemplary embodiments for enhancing the build parameters for making additive 

manufactured components are described above in detail, The apparatus, systems, and methods 

are not limited to the specific embodiments described herein, but rather, operations of the 

methods and components of the systems may be utilized independently and separately from other 

operations or components described herein. For example, the systems, methods, and apparatus 

described herein may have other industrial or consumer applications and are not limited to 
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practice with electronic components as described herein. Rather, one or more embodiments may 

be implemented and utilized in connection with other industries.  

[0070] Although specific features of various embodiments of the invention may be 

shown in sonic drawings and not in others, this is for convenience only. In accordance with the 

principles of the invention, any feature of a drawing may be referenced or claimed in 

combination with any feature of any other drawing.  

[0071] This written description uses examples to disclose the invention, including the 

best mode, and to enable any person skilled in the art to practice the invention, including 

making and using any devices or systems and performing any incorporated methods. The 

patentable scope of the invention is defined by the claims, and may include other examples that 

occur to those skilled in the art. Such other examples are intended to be within the scope of the 

claims if they have structural elements that do not differ from the literal language of the claims, 

or if they include equivalent structural elements with insubstantial differences from the literal 

language of the claims.  

[0072] Where any or all of the terms "comprise", "comprises", "comprised" or 

"comprising" are used in this specification (including the claims) they are to be interpreted as 

specifying the presence of the stated features, integers, steps or components, but not precluding 

the presence of one or more other features, integers, steps or components.  
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The claims defining the invention are as follows: 

1. An outdoor lighting system, comprising: 

a plurality of street lights; 

a luminaire associate coupled to at least some of the street lights and comprising 

a plurality of luminaire associate components including: a signal processor, a 

communications device, and a radiation transmitter or receiver, and a plurality of 

mechanical devices associated with the mounting and control of the plurality of street 

lights; 

at least one gimbal attached to the luminaire associate, the gimbal having a 

motorized system being operative for controlling the position of the plurality of 

luminaire associate components and thereby directing the radiation transmitter or 

receiver for the luminaire associate in a direction of at least one target area on a 

roadway, wherein the at least one target area is determined using inputs from a plurality 

of sensors; and 

a controller operatively coupled to the motorized system of the luminaire 

associate to control movement of the gimbal; 

wherein the signal processor analyzes radiation received by the transmitter or 

receiver from the at least one target area.  

2. The system of claim 1, wherein radiation is transmitted towards the target area 

from one of the luminaire associates and reflected radiation energy is received by 

another of the luminaire associate to determine if there is water, ice or snow on the 

target area.  

3. The system of claim 1 or 2, further comprising at least one search pattern that 

the controller operates for the gimbal.  

4. The system of any one of claims I to 3, further comprising at least one security 

device or security measure, wherein the security device or the security measure is 

selected from: monitoring a predetermined perimeter delineated by the street lighting 

system; or authenticating; encrypting communications; or authenticating commands and 

messages throughout the system.  
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5. The system of any one of claims 1 to 4, wherein the plurality of sensors 

comprises an image sensor, wherein the image sensor is rotatable by the gimbal.  

6. The system of any one of claims I to 5, wherein results of analysis of received 

radiation by the processor are sent by the communication device to a traffic condition 

database at a remote location.  

7. The system of any one of claims 1 to 6, wherein the remote location interfaces 

with the plurality of street lights and provides control and monitoring of the street lights, 

and wherein the results are used to adjust operation of the street lights.  

8. The system of claim 7, wherein the luminaire associate contain a GPS receiver 

allowing the system to have knowledge of the locations of the street lights and the target 

area.  

9. The system of claim 8, further comprising a search pattern stored within the 

luminaire associate that controls the gimbal to rotate the transmitter or receiver to view a 

sequence of the target areas.  

10. The system of claim 5, wherein the plurality of sensors comprises an acoustic 

sensor and wherein the signal processor runs an algorithm that analyzes sounds in the 

vicinity of the street light to provide a location of the target area and controls the gimbal 

to rotate the image sensor towards the location.  

11. A method for detecting situations on a roadway comprising: 

determining a target area on the roadway using inputs from a plurality of 

sensors; 

controlling movement of at least one gimbal contained within at least a portion 

of a plurality of street lights, the portion having a radiation transmitter or receiver that 

moves with the gimbal towards a target area; 

transmitting radiation from the radiation transmitter or receiver towards the 

target area; receiving radiation reflected from the target area by at least one of the 

transmitter or receivers; and 
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signal processing of received radiation by a computational device within the 

street light containing the at least one of the transmitter or receivers.  

12. The method of claim 11, wherein the signal processing is performed by an 

algorithm run by the computational device that analyzes received radiation to determine 

if water, ice or snow is present on the target area.  

13. The method of claim 11 or 12, wherein receiving further comprises receiving 

images via an image sensor within the street light to acquire images of the target area.  

14. The method of any one of claims 11 to 13, further comprising communicating 

results of signal processing to a traffic condition database at a remote location using a 

communications device within the street light.  

15. The method of claim 14, wherein controlling further comprises controlling the 

plurality of street lights from the remote location that interfaces with the 

communications device for the street light.  

16. The method of claim 15, wherein controlling further comprises running a search 

pattern using the gimbals to rotate the transmitter or receiver to view a sequence of the 

target areas.  

17. The method of any one of claims 11 to 16, further comprising accessing 

locations of the street lights and the target area using a GPS receiver within at least one 

of the street lights.  

18. The method of any one of claims 11 to 17, wherein controlling further comprises 

controlling the gimbal in response to sounds received from an acoustic sensor in at least 

one of the street lights.  

19. The method of claim 18, further comprising signal processing sounds received 

by the acoustic sensor to determine if water, ice or snow is present on the target area.  
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20. The method of claim 19, further comprising communicating signal processing 

results to a traffic condition database at the control and monitoring station.  
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