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EMERGENCY VEHICLE ALERT SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS

[G001] This application is a non-provisional of and claims the benetit of U.S. Provisional Patent
Applications Serial Nos. 61/907,069, 61/907,078, 61/907,090, 61/907,114, 61/907,133,
617907, 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

(00021 Trafiic volume continues o increase in urban areas. This ever increasing volume of
traffic continues o impede emergency vehicle fransits in an already crowded city. One very
important capability for emergency responders piloting a vehicle through a city is the ability to
control a traffic light directly in their path. Many systems involving communications have been
proposead o instantiate this capability but they are all subject to various problems including
interference and the need for pericdic maintenance of some of the vehicle electronics.

00031 There is thersfore a need for a system that is robust o interference, does not require
periodic maintenancs, such as the replacement of batieries, and doss not require a significant
effort on the part of the emergency responders o control the trafiic lights, and is, majorly

decentralized.

SUMMARY
[0004] A traffic light control system and method wherein a traffic signal is capable of generating
and fransmitling a signal within a frequency band of 57-64 GHz and a receiver capable of
receiving a response o the signal. A computational device is contained within the traffic signal
that is communicatively coupled 1o the receiver 1o provide processing capabilities that analyze

the response {o the signal to determine if a specified condition is present.
BRIEF DESCRIPTION OF THE ILLUSTRATIONS
(00051 FIG. 1 is a graph of millimeler wave atmospheric atfenuation.

[D006] FiG. 2 is a portion of the graph of Fig. 1.

{00077 FIG. 3 illustrates the transponding scenario according o one embodiment.
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0008} FIG. 4 illustrates the power spectral densily of a DS spread spectrum signal.
{00091 FIG. 5 An embodiment of the passive fransponder.

DETAILED DESCRIPTION

(00101 A suitable slectromagnetic spectrum for use in the US for enabling the emergency
vehicle alert system has been made available by the spectrum allocation of 57-64 GHz for
unficensed operation. This very large contiguous porlion of the electromagnetic spectrum has
excellent altributes for enabling an emergency vehicle 1o conirol a traffic conirol system. In an
embodiment, a passive transponder carried by the emergency vehicle is enabled 1o reflect
signals within the available spectrum allocation of 57-64 GHz back 1o the source of the signals
indicating that an emergency vehicle is in the vicinity. The source may be a traffic signal that is a
seff-contained iocalized traffic control system. The sysiem does not necessarily need o rely on
a ceniralized traffic control infrastructure; however, systems that coordinaie the local traffic
control systems with centralized traffic control systems are envisioned.

(00111 FIG. 1 is taken from "Millimeter Wave Propagation: Spectrum Managsment Implications”
published by the FCC as Bulletin Number 70, July, 1897 The figure shows the remarkable
attenuation of slectromagnetic energy in the atmosphere. Curve A s for sea level with
temperature at 20°C, pressure atl 780 mm, and water content at 7.5 gm/cubic meter (V5%
humidity); curve B is for an altitude of 4 km above sea level with temperature at 0°C and water
content at 1 gmifcubic metler {relatively dry air). FIG. 2 is an exiract of FIG. 1 emphasizing a
frequency range comprising the unlicensed specirum and showing the frequency selective
attenuation due primarily to oxygen.

[0012] As seen in Figures 1 and 2, there is relatively a high atienuation that occurs with
distance for the miliimeter wave frequency spectrum of 57-64 GHz. This high atlenuation can
work towards reducing interference from other sources, limit the number of potentially interfering
transponders and provide clutter rejeclion. The amount of bandwidth availabile within the
spectrum allocation of 57-84 GHz for the system fo use is 7 GHz wide, a significant amount of
spectrum. There are very many modulation and protocol schemes for performing transponding
activily.

[0013] The passive transponder taught herein may be a device that may mounted on the top of
the emergency vehicle. The passive fransponder may include of a pair of cormner refleclors,
spaced apart by a distance D and orlented {0 maximize the radar cross section for millimeter

wave RF signals incident upon the corner reflectors. In an embodiment, the orientations of the
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reflectors is designed o reflect millimeter wave RF signal incident from the direction in which the
emargency vahicle is proceeding.

[0014] Fig. 3 diagrams an example scenario. A police car 350 is proceeding on a sireet 310
towards a traffic signal 320. The iraffic signal 320 has an antenna 330 capable of fransmitting
interrogation signals and receiving reflected porfions of those inferrogation signals. The
antenna 330 may be mounted on top of the traffic signal 320 and is operatively connected to
transmitier and receiver apparatus that is contained within the fraffic signal 320. The antenna
330 may be configured o inferrogate a device by transmission of an interrogation signal within
the spectrum allocation of 57-64 GHz that may be received by a targeted device. The largeted
device that receives the interrogation signal may respond to the reception in one of many ways
in accordance with varying embodiments. In an embodiment, the targsted device may be a
passive transponder 380. FIG. 3 shown a police car 350 with a passive fransponder 380
mounted on top of the police car 350. The passive transponder 360 is enabled by traffic signal
320 sending an interrogation signal that is reflected by the passive transponder 360, Portion of
the reflected interrogation signal is received by the iraffic signal 302. Computational elements
within the trafiic signal 320 can perform signal processing on the received portions of the
reflecied interrogation signal. The antenna patiern interrogation signal fransmilted by the traffic
signal 320 is represented as the shaded area 340.

[0015] The passive fransponder 3680 mounted alop the police car may include a pair of erected
comer reflectors separated by a distance D. Therefore, the reflector further towards the back of
the police car 350 will receive the same inferrogation signal received by the reflector towards
the front of the police car 350 but delaved by D/c, where ¢ is the speed of light.

(00181 As an exampie, and not by way of limitation, the interrogation signal transmitied by the
traffic signal 320 may be a simple bi-phase coded, direct sequence (D8), spread spectrum

signal. A commion technique is {o bulld a periodic, spread spectrum signal, where »(f) denotes

one period of the periodic, spread spectrum signal. The periodic spread specirum signal is
formed by selecting a segment T-lime units long of a sine wave of many pericds that is
muitiplied by a sequence of chips, which are plus and minus ones.

{00177 In an embodiment, the sequence of chips within the interrogation signal may be chosen
to have an autocorrelation characterized by a sharp spike around the zero-offset point of the
aulocorrelation and low magnitude sidelobes. The specific sequence of chips will be delectable
by processing performed by a compulational device contained within the fraffic signal 320. The

processing may detect the aulocorrslation spikes within the reflected portions of the
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interrogation signal by cross-correlating the interrcgation signal against the received signal
which is the reflected portions of the interrogation signal.

(0018} In another embodiment, the sequence of chips within the interrogation signal may be
chosen {o have a low maximum absolute value of cross-correlation with other DS signais
operating in the 57-64 GHz specirum in order to avoid significant inferference to and from the
other DS signals operating in the 57-64 GHz spectrum.

[0018] In another embodimesnt, the interrogation signal has sequence of plus and minus ones
of the chips and the segment of the sine wave of many periods aligned so that transition times
of the sequence of plus and minus ones align with zero crossings of the segment of T-time unit
is long of the sine wave of many periods. The interrogation signal formead for this example is

buillt by concatenating one or more periods of #{7}.

{00191 Fig. 4 sketches the power spectral density 410 of the main lobe of the pericdic spread
spectrum signal with chip width cw . The main lobe is symmetric ahout the center frequency £,
and spans the frequency range f. —1, to /. +1, . The main lobe comprises about 90% of the
signal's power. For example, a chip rate of 3.5 gigachips per second with center frequency al
60.5 GHz spreads the signal’'s main lobe across the entire unlicensed band. The spreading
chips, a deterministic but pseudorandom sequence of binary values, will spread the signal
energy approximately uniformly over the main lobe. Al a signaling rate of 3.5 gigachips per
second, there are 11.867 chips per meter. f D, for example, is chosen 1o be (.3 meters, then
ihe reflection from the reflector lowards the back of the police car will be 7 chips delayed from
the reflection from the reflector towards the front of the police car.

{00201 In an embodiment, the receiver associated with the traffic signal 320 may be operatively
coupled to a computational device within the traffic signal 320 that continuously cross-correlates
a period of the inferrogation signal against the received signal and stacks the processed returns.
The stacking Torms an average of the gross-correlations by periodically summing thelr
successive overlays and resuits in noise miligation of the cross-correlation so that two cross-
correlation spikes, spaced by 7 chip times, will rise out of the clutter and noise. The cross-
correlation spikes signify the presence of a transponding emergency vehicle in the vicinity
allowing computational elements within the traffic light to set a siate of a transponding
emergency vehicle. In an embodimeni, the state of a transponding emergency vehicle may
cause the traffic light o enter an emergency mode. In an embodimant, the emergency mode
may be simply turning traffic signals in every direction to red.

[0021] In an embodiment, computational slements may perform system processing to estimate

the emergency vehicle’s position, direction and/or speed. Embodiments are envisioned wherein
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emergency the emergency vehicle’s location, speed and direction are recorded andfor reporied
to a ceniral control sysiem.

(00227 To betler overcome clulter and increase the probability of detection while decreasing the
probability of a false alarm, an embodiment may use circularly polarized fransmissions having
circularly polarized antennas with low axdal-ratios. In an embaodiment, the comer refleclors are
specifically dimensioned. An appropriate model for the corner reflector’s role is through a radar

formulation. The maximum radar cross seclion (RCS), o, of a triangular comer reflector, with

4
Yk
‘22

3 A

J4

common edge length L, is o = where 4 is the wavelength.

(00231 In an embodiment, if an emergency responder, such as a police officer in a police car,
wishes 1o enable the passive transponder and thereby enable the emergency vehicle to respond
to a traffic light's interrogation and enter its emergency mods, the emergency responder may
manually snable the passive transponder. This may be done in many ways. In ong embaodiment,
an emergency responder releases a mechanical latch that causes the reflectors to erect 50 that
they reflect electromagnstic energy arriving at the vehicle’s front. [0024]  in ancther
embodiment the emergency responder pulls down a ring that is atiached o a metailic plate as
flustrated in FIGS. 5A and 5B8.

[0025] In embodimenis shown by these illustrations the passive transponder is located in an
sleciromagnetically transparent housing 510 that affords the passive transponder some shelter
from the elements such as winds and rain. A pair of substantially identical corner reflectors 520
and 530 is mounted so that their centers are separaied by distance D along a line oriented
iowards the traffic light's interrogator.

(0028} In an embodiment, the corner reflectors may be positioned so that the rear refiector, the
reflector furthest from the front of the policed car, is not significantly shadowed by the other
reflecior. In FIGS. 5A and 58, the rear reflector is located at a higher position than the other
reflector.

(00271 In an embodiment, a piece of RF millimeter wave opaque material 540 is located in front
and across the aperture of the comer reflector 520. When the material 540 is so located, there
wiil be no significant reflection from comer reflector 520. To enable the passive transponder, the
piece of material 540 is pullsd out of the way by pulling on an attached ring 550.

[0028] In ancother embodiment, the passive transponder may be activated by a motorized
mechanical means.

[0028] Other embodiments may provide for & more automated activations of fransponders in

emergancy vehicles. For example in one embodiment, the occcurrence of an event, such as the
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siren being used or blinking lights being activated, may in turn aclivate the transponder. In
another embodiment, the ransponder may be aclivated by a mechanism such as a swiilch
inside the emergaency vehicle.

00301 While only certain features of the invention have been illustrated and described herein,
many modifications and changes will occur fo those skilled in the art. Itis, therefore, 1o be
undersiood that the appended claims are inlended 1o cover all such modifications and changes
as fail within the true spirit of the invention.

{0031] In another embodiment, some systems will handle and haul communications for
other infrastructure systems. These messages may require a higher standard of care
ensuring delivery or notification of non-delivery. When the streetlight optical signaling
network is handling these messages, it may invoke a packet-handling protocol with strict
accountability for assuring delivery and initiating retransmissions as required.

(00321 An exemplary technical effect of the methods and systems described herein inchudes: (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 (¢}
modifying the build parameters in real-time based on the size or the temperatare of the melt pool
to achieve a desired physical property of the component.

(00331 Some embodiments invoelve the use of one or more clectronic or computing devices,
Such devices typically include a processor or controlier, such as, without limitation, a general
purpose central processing unit ({CPU), a graphics processing unit (GPU), a microcontroller, a
field programumable 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,

[0034] The methods described herein may be encoded as executable instructions embodied in a
computer readable medium, including, without hmitation, 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,

[0035] Exemplary ernbodiments for enhancing the build paramseters for making additive
manufactured coraponents are described above in detail. The apparatus, systems, and methods
are not lnited to the specific ernbodiments described herein, but rather, operations of the
methods and components of the systems may be utilized mdependently and separately from other

6
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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
practice with electronic components as described hercin, Rather, one or more embodiments may
be implemented and utilized in connection with other industries,

[0036] Although specific features of various embodiments of the invention may be shown in
some drawings and not in others, this 1s for convenience only. In accordance with the principles
of the mvention, any featore of a drawing may be referenced or claimed in combination with any
feature of any other drawing.

[00371  Thas written deseription 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 ocenr 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 mclude
eqguivalent structural elements with insubstantial differences from the hiteral langnage of the

claims.



WO 2015/077622 PCT/US2014/066917

Claims
1. A traffic light control system comprising:
at least one traffic signal apparatus;
& signal generator, conlained within the traffic signal apparatus, that generales a
signal within a frequency band of 57-64 GHz;
& fransmitier, contained within the traffic signal apparatus, that transmits the
signal;
a receiver, contained within the traffic signal apparatus, that receives a response
to the signal; and
a computational device, contained within the traffic signal apparatus,
communicatively coupled to the receiver that analyzes the response o the signal {o delermine

if a specified condition is present.

2. The traffic light control system of claim 1 wherein the computational device sets

an emeargency mode for the traffic signal if the specified condition is present.

3. The traffic light control sysiem of claim 1 wherein the signal generalor generates
a direct sequence spread spactrum signal with a main lobe that occupies a majorily of the 57-84
GHz band.

4, The system of claim 1 wherein the response received is a reflection of the

fransmitted signal.

5. The traffic light control system of claim 4 further comprising a pair of erected

refleciors separated by a distance D, said pair of erected reflectors generating the reflection.

. The traffic light control sysiem of claim 5 wherein the computalional device
processes the reflection by continuousiy cross-correlating the transmilted signal against the

received response and stacking the cross-correlations.

7. The fraffic light control system of claim 6 wherein the specified condilion is the
presence of two spikes in the slacked cross-correlations wherein the spikes are separated in

time by twice the distance D divided by the speed of light.
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8. The traffic light control system of claim 1 wherein the specified condition is a

sharp spike around a zero-offset point of an autocorralation and low magnitude sidelobes.

9. The traffic light control system of claim 1 wherein the specified condition is a
seguence of plus and minus ones within reflected portions of the signal and a segment within
the signal having a sine wave of many periods is aligned so that transition times of the

sequence of plus and minus ones align with zero crossings of the sine wave within the segment.

10. The traffic light control system of claim 1 wherein the response is generaled by

an emergency vehicle in response to the emergency vehicle receiving the signal.

11. A method for traffic light control comprising:

aquipping at least one traffic signal with a signal generator;

generating a signal within a frequency band of 57-64 GHgz;

transmitting the signal;

receiving a response to the signal;

further equipping the at least one traffic signal with a computational device for

processing the received response;
processing the response to determine if a specified condition is present; and

controlling the al least one traffic signal on determining the presence of the specified

condition.

12. The method of claim 11 wherein generating the signal within a frequency band of
57-64 GHz further comprises generating a direct sequence spread spectrum signal with a main

lobe cccupying a majority of the 57-64 GHz band.

13. The msthod of claim 11 wherein controlling Turther comprises setling an
emergancy mode for the traffic signal if the processing of the response determines the presence

of the specified condition.

14. The method of claim 11 wherein receiving the response further comprises

receiving a reflection of the transmitted signal.
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15. The method of claim 14 further comprising erecting a pair of reflectors on an
amergeancy vehicle wherein the reflectors are separated by a distance D, said pair of reflectors

generating the reflection.

16. The method of claim 15 wherein processing further comprises processing the
reflection by the computational device to continuously cross-correlate the transmitted signal

against the received response and stacking cross-correlations.

17. The method of claim 16 wherein processing further comprises defermining the
presence of the specified condition by revealing the presence of two spikes in stacked cross-
correlations wherein the spikes are separated in time by twice the distance D divided by the

spaed of light.

18. The method of claim 14 wherein processing further comprises delermining if the
spacified condition is met within the reflection, wherein the specified condition is a sequence of
plus and minus ones within reflected portions of the signal and a segment within the signal
having a sing wave of many periods is aligned so that fransition times of the sequence of plus

and minus ones align with zero crossings of the sine wave within the segment.

18. The method of claim 18 wherein processing further comprises processing the
reflection to continuously decorrelate and incoherently stack processed returns of the reflection

to identify correlation spikes spaced by a predetermined number of chip limes.

20, The method of claim 11 wherein the response is generated by an emergency

vehicle in response o the emergency vehicle receiving the signal.

i0
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