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DEVICES AND METHODS FOR SYNCHRONIZED SIGNALING OF THE
POSITIONS OF MOVING PEDESTRIANS OR VEHICLES

Related Anplication

{00011 This application claims priority to United States Provisional Patent
Application No. 62/529,423 entitled Synchronized Behavior of Bicycle,
Motoreycle, and Pedestrian Warning Devices filed on July §, 2017, the entire

disclosure of which is expressly incorporated herein by reference.

Field of the Invention

[0862] The present invention relates generally to the fields of electronics
and fraffic engineering and more particularly to systems and methods for
transmitling visibility-enhancing or warning signals from group{(s) of moving

pedestrians or vehicles.

Background

{08031 Pursuant to 37 CFR 1.71(e), this patent document contains material
which is subject to copyright protection and the owner of this patent document
reserves all copyright rights whatsocever.

[0004] Pedestrians (e.g., runners, joggers, walkers, etc.) and occupants of
certain vehicles {e.g., bicyclists, molorcyclists, drivers of slower-moving or
otherwise vulnerabie vehicles) can be susceptible o injury due to vehicular
impact. Such pedestrians and vehicles sometimes travel or move along a
roadway in groups of two or more. For example, a peloton of bicyclists might
include 20 to 50 or more riders. When spread out in the direction of travel in
the early morning or evening, front andfor rear lights attached io the bicycles
may flash to provide wamning to approaching drivers of motor vehicles.
However, to the approaching vehicle driver, this may appear from a distance
as random flashing lights without giving the oncoming driver a clear
appreciation of the overall size of the group.

[0065] Existing warning lamps installed on bicycles, motorcycles and other
moving vehicles flash {o warn approaching drivers. The individual flash of
either a forward or rear facing lamp has limited energy and, therefore, limited

i
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visual light oulput owing fo available power and reflector surface area.
improvements in efficiency (LED versus incandescent) of the light source,
sophisticated optic, and improved batiery technology have led to betler
warning lights. However, injury as a result of impact conlinues and with
increasing frequency. There is a need for improvements in waming light
optics, power, and efliciency. Pedesirians suffer the same disadvaniage
when walking along a roadside. Groups of children walking to school, for
example, in the early morning hours of winter are difficult to see in the
darkness. Flashing lamps on the backpacks, headgear, shoes or garments
worn by such pedestrians can make them more visible {o oncoming drivers.

[0806] In accordance with this invention, such flashing lamps may flash in
synchrony or unison or otherwise emit light in synchrony or unison {e.g., solid
non flashing, pattern-flashing, efc.) when several pedestrians or vehicles are
moving in a group, thereby enhancing the perceived brighiness and size of

the emitied light and rendering the group more visible to oncoming traffic.

Summary

{0007] In accordance with one aspect of the present disclosure, there are
provided position indicating devices which emit synchronized position
indicating signals when moving within a particular distance range (i.e., a
synchronization range) of other ones of such moving devices. In some
embodiments, these devices may be in the form of electronic flares which
emit flashes of light or other signals, examples of such flares being described
in United States Patent Nos. 7,088,222; 7,106,179; 8,154,424, 38,550,653;
8,564,456, 8,579,460, 9,288,088, 9,835,319; D510,288; D515,957; D515,958,;
0560,533; D654,387; DB69,805; D778,752 and D778,753 as well as United
States Patent Application Publication Nos. 2013/0113634; 2016/0186971 and
pending United States Patent Applicalion Serial No. 15/883,420, the entire
disclosure of each such patent and application being expressly incorporated
herein by reference. In some embodiments, these devices may be altached {o
or integrated/manufactured on or in a vehicle, vehicle accessory or other
object, such as, for example, vehicles, bicycles, bicycle seats, bicycle lamps,

motorcycles, motorbikes, wearable garments, vesis, shoes, running shoes,
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headgear, caps, hats, helmets, hard hats, straps, leg straps, arm slraps, belts,
back-packs, ianyards, jewelry, ear rings, necklaces and wrist bands.

{0008] In accordance with another aspect of the present disclosure, there
are provided position indicaling devices which are operable while moving
along with other such devices, wherein each such device comprises: at ieast
one emitier which emits a position indicating signal; a radio or other receiver
(which may include a transmilter as well); a power source; and electronic
circuitry configured and programmed to a) receive synchronization signal(s),
via the receiver, from other position indicating devices located within a
synchronization range of said device; and b} in response 1o the receipt of one
or more synchronization signal(s} from one or more other position indicating
devices located within the synchronization range, causing said at least one
emitier o emit a signal that is synchronized with signals being emitied by said
cne or more other posilion indicating devices localed within the
synchronization range.

{08091  In In accordance with another aspect of the present disclosure, there
is provided a method for using a plurality of position indicating devices io
indicate the positions of a plurality of moving pedestrians or vehicles, said
method comprising the step of causing each of said pedesirians or vehicles o
be equipped with at least one of said devices, each of said devices
comprising an emitler which emils position indicaling signals and control
apparatus programmed 1{o i) sense when thal device is within a
synchronization range of one or more of the other devices and, when within
said synchronization distance range of one or more others of said devices
and, il) cause thatl device’'s emilter {o emit a position indicating signal that is
synchronized with position indicating signals being emitied by said one or
more of the others of said devices that are positioned within the
synchronization range.

[0818] Further aspecis and details of the present invention will be
undersiood upon reading of the detailed description and examples set forth

herebelow.

Brief Description of the Drawings

['S]
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{08111 The following detailed description and examples are provided for the
purpose of non-exhaustively describing some, but nol necessarily all,
examples or embodimenis of the invention, and shall not limit the scope of the
invention in any way.

[0012] Figure 1 is a diagram showing the elemenis of one embodiment of
position indicating device of the present invention.

[0013] Figure 2 is a diagram of one embodiment of a system of the present
invention comprising a plurality of position indication devices as shown in
Figure 1, attached io or carried by pedesirians or vehicles moving along a
roadway or other thoroughfare.

{0014] Figure 3 is a diagram showing one non-limiting example of an
operating protocol by which position indicating devices of the present
invention may be programmed {o operate.

[0015] Figure 4 is a diagram showing a protocol by which position indicating
devices of the present invention may be programmed to distinguish between
separate groups of pedesirians or vehicles which pass or come near each
other.

[0016] Figure 5 is a diagram showing one non-limiting example of a mesh
neiwork or “master-slave” network which may be used in devices of the

present invention.

Detalled Description

{0017] The following detailed description and the accompanying drawings
o which it refers are intended to describe some, but not necessarily all,
examples or embodiments of the invention. The described embodiments are
io be considered in all respecis only as illustralive and not restrictive. The
contents of this delailed description and the accompanying drawings do not
limit the scope of the invention in any way.

{0018] When several bicyclists are riding along the side of a road, their
warning lamps may blend in with ambient and infrastructure lamps placed for
muitiple purposes. For example, light emanating from store fronts, crossing
automobiles, retall buildings, elc., all will tend {o obscure the flashing warning

tamp of the bicyclist. Also, when vehicles altempt o travel in a group, such as
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a funeral procession, military vehicle convoy, etc., it is sometimes difficult for
other vehicles fraveling on the same roadway io visually perceive the
existence or extent of such group. The present invention provides signaling
devices and systems which may be embodied in, held, carried, worn or affixed
fo such pedestrians or vehicles and are programmed o emil synchronized
position indicating signals when such pedestrians or vehicles ate moving in a
group, thereby aiding visibility and perception of the group.

[0819] In ancther non-limiting example, the present invention provides means
to enhance or multiply the safety features of bicycle or motorcycle liumination.
The multiplication factor is simply the number of bicyclisis in the group
{peloton). Currently, each flashing lamp when not coordinated with the light
output of other members of the group provides a fraction of the group's total
available battery energy and light output. By providing coordination of the
individual flashing lamps the “group” will appear as a much larger and brighter
entity, thereby providing safety beyond that available o multiple,
independently-flashing bicycles warming lamps.

{0020} This invention addresses the advantage provided by coordinaling a
large number of individual flashing safety lights on a group of moving nodes
{for example, bicycles, molorcycles, motor homes, road-side walkers or
joggers, eic.). By coordinating the flashing of LED lamps on individual nodes,
the “Group” is made o appear larger and more distinctive, thereby providing a
safety advantage.

{06217 Using radio, infrared, or sound communication, a mesh-network,
master-slave, or hybrid communicalions network, the formerly independent
flashing of lamps on moving and non-connected vehicles or pedesirians can
be coordinated such that all the lamps flash in unison, or in sequence, or in
some other more readily visible pattem.

[0022] This invention addresses the challenges associated with coordinating
an action {for example, flashing of a lamp) amongst multiple, disparate
moving entities. To provide for dynamic position synchrony, the network must
account for positional changes as well as signal strength variations owing o
muitipath reflection off aulomobiles, trucks, and bicycles. In addition,

simultaneous flashing of all the lamps requires network coordination, timing,
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and the ability for dynamic numbering of network nodes leaving and joining
the network.

[0623] Figure 1 shows an example of basic elementis that may be included in
a position indicating device 12 of the present invention. Figure 2 shows an
example of a system (e.g., a network or group) comprising a plurality of
position indicating devices 12a through 12f (e.g., each device representing a
separate “node”) moving in a common direction along a roadway or other
thoroughfare RW.

[0624] As seen in Figure 1, each device 12 comprises at least one emitter 16
(such as an LED, other lighi source, speaker, horn, etc.) which emils a
position indicating signal, a radio or other receiver 14 (which may in some
embodiments also comprise a transmitter), a power source 20 (e.g., a battery
or solar panel) and electronic circuitry 18 (e.g., an integraied circuil having a
controller).  The eleclronic circuitry 18 is configured and programmed to
receive synchronization signal(s), via the receiver 14, from other such position
indicating devices 12 located within a synchronization range SR of the present
device 12 and, in response {o the receipt of one or more synchronization
signal(s) from one or more other position indicaling devices 12 located within
the synchronization range SR, causing the emitter(s) 18 to emit a signal that
is synchronized with signals being emitted by said one or more other position
indicating devices 12a through 12f located within the synchronization range
SR.

[0625] In the example shown in Figure 2, four of the six devices 12b, 12¢, 12d
and 12e are within synchronization range SR of one another. Thus, devices
12b, 12c, 12d and 12e are all emilting a synchronized position indicating
signal. However, non-grouped devices 12a and 12f are currently outside of
the synchronization range SR of all of the other devices in the network or
group and, therefore, devices 12a and 12f are either not emitting any signal,
or are emitling signals which differ from or are not synchronous with the
signals being emitted by the grouped devices 12b, 12¢, 12d and 12e.

[0026] If one of the non-grouped devices 12a or 12f subsequently becomes
within the synchronization range SR of any of the grouped devices 12b, 12c,

12d or 12e, thal device will then aulomatically join the group and will

6
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adopli/begin to emit the synchronized position indicating signal along with the
other grouped devices 12b, 12¢, 12d and 12e.

{00271 If one of the grouped devices 12a, 12b, 12¢, 12d moves outside of the
group’s synchronization range SR, that device will then then cease to emit the
synchronized group position indicating signal and will either become
qguiescent and noi emit any signal or will adopt and begin to emit a different or
non-synchronized position indicating signal.

[0928] In some embodiments, the synchronized group position indicating
signal emitted by the grouped devices 12b, 12c, 12d and 1Ze may be
sequential in nature. For example, flashes of light may be emilted in
sequential order from the first device 12b to the last device 12d or from the
last device 12d {o the first device 12a. In such sequential embodiments, if the
order of the grouped devices 12b, 12¢, 12d, 12¢ changes, the devices will be
programmed to automatically re-sequence themselves to maintain the desired
first-to-last or last-to-first sequence, even though the aclual order of the

devices within the group has changed change.

Mesh-Neitwork

{06291 When multiple bicycles or pedestrians or other vehicles ulilizing the
same equipment approach each other and are within radio range, one of the
radios must assume control to iniliate the coordinating signal. However, this
same temporary master may soon move out of range. Hence, any other node
{bicycle) must be capable of assuming control.  Furthermore, as all the
devices are programmed exactly the same, there is no predefined "master” or
‘slave”. The network must be able to dynamicaily hand off control from each
member to the next. Hence, the network must act both as a master-slave and
as a mesh depending upon range and conflict issues. A novel aspect of this
invention is the dynamic shifting between mesh and Master-Slave topologies.
A fundamental aspect of this is that all nodes when not within range of
another node will, for example, flash the lamp once-per-second. However,
two nodes may not be flashing in synchrony even though each is flashing al
once-per-second. Once in range, each node will establish the “master” clock

to synchronize the emitted signals {e.g., flashes of light).
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[0838] With reference to Figure 3, one example of an operating scenario is
that two nodes approach within range. Each node randomiy or coordinated
with the LED flash transmils a signal requesting control of the network
{(Request-Control Signal - RCS} and seeks an acknowledgement. The first
node to transmit the reguest-control signal will take control of the network.
Upon receipt of the Request-Conirol Signal, the second node will a)
acknowledge receipt of the signal and b) cease sending out Requests Control
Signals and simply go into receive and propagate mode (mesh-network). The
second of the two nodes will flash according to instructions and timing from
the first (Master-Slave). Both nodes will begin o send out a Neilwork-
Established Signal (NES) that is coordinated with the LED flash. The Network-
tstablished Signal will include flash characteristics (time, duration, frequency,
etc.) and number of nodes in the network. As additional members of the group
move into range, they too will be sending randomily-timed Reguesi-Control
Signals. However, the first two nodes, having already established a network,
will not respond but will continue fo flash and send ouf Network-Established
Signals that includes number of nodes in the network. I a single new node
moves within range it will receive a Network-Established Signal with network
size=2. This Network-Establish Signal will elicit an acknowledgement that will
increase the size of the network 10 3 nodes. This parameter, network size, will
continue to be propagated to all nodes in the network (mesh-network).

[0831] Should a similar series of events occur in an approaching group of
cyclists where a network has already been esitablished, then a potential
conflict will occur. Both groups, having formed networks independently, will
be transmitling Network-Establish Signals. However, one of the parameters is
network size. The network with the greater number of nodes, for example
{could be smaller node count takes control} will take control of the smaller
network. The smaller network will continue transmilting Network-Establish
Signals but with a) a new node number that includes the sum of both groups;

b) adopt the NES identifier of the larger group; and ¢) in unisen with the larger

group.

Merging of Networks
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{0032] Referring to Figure 4, a group of nodes (bicyclists, for example) having
formed a network (group) may now come upon ancther group of nodes also
operating as a group. When a device in Group-1 receives a Network
Established Signal (NES) from Group-2, the member will compare the node
count transmitied by Group-2 with that transmitted from within its own Group-
1. (The same is taking place with the Group-2 member). If the node-count of
Group-2 is larger, the Group-2 member first receiving the Group-1NES will
fransmit a Network-in-Charge (NIC) signal with the Group-2 identifier. This
signal will be relayed by any node, either Group-1 or Group-2, to other nodes
that might not be in range of the initiating Group-1 member (mesh-network).
The NIC signal {akes precedence over other commands. Once a member of
Groups -1 or -2 receive the NIC signal, they will all begin transmitling a
Network Established Signal (NES) with Group-2 identifier and with the new
Node-Count (sum of Group-1 and Group-2).

[0833] As other Groups approach, the same systematic approach {o
establishing a single Group will take place. Should groups have the same
number of nodes, the tie-breaker will be the unique identifier of each nods
(similar to MAC address). The node with the lower numeric unique identifier
will take control. In another embodiment, the higher numeric identifier might

take control.

Simultanecus Flashing of Nodes

[0834] In systems of the present invention, a mesh network or “Master-Slave”
network may be used to coordinate timing. Other modalities include GPS
timing signals received via satellite, real-time clock modules, or cellular timing
signals or timing signais from Universal Time Transmission (e.g. WWV Fort
Collins, Colorado or similar government timing broadcast in Europe or Asia).
The technical approach used includes establishing a common clock signal
across the network. To simultaneously flash all lamps in the network, the new
approach described in this documeni incorporates a fixed delay belween
seguence number in the network and the flash of the lamp. For example,
using a 10-lamp network, node number 1 sends a signal o its most immediate
neighbors defining a timing signal. It then waits 900 milliseconds to flash its

tamp. Node number 2 hears the signal and waits 800 milliseconds io flash its

9



CA 03068992 2020-01-03

WO 2019/010440 PCT/US2018/041126

tamp. Node number 3 hears the signal and waits 700 milliseconds to flash ils
lamp. This continues until lamp number 10 receives a clock signal and flashes
immediately. The lowered number lamps all are siaged 1o flash at the same
time even without direct radio, infrared, ultrasound, or other media
communication. Based upon this scheme, all 10 lamps will flash
simultaneously. If 11 lamps are in the systemn, then node 11 will hear the
signal from node 10 other nodes and delay its flash for 800 milliseconds. it
will flash at the same time as node 1, which is the same as all the cther
nodes.

[0935] The net effect is that despite being out of range of all but one lamp, all
the lamps will flash simultaneocusly; each lamp need not *hear” lamp number
1, or any other number lamp. Using an “association matrix” or neighbor table,
each lamp must hear only 1 of the closest 8 lamps; that is, any one of 4 lamps
with numbers greater than N or 4 lamps with numbers lower than N.

[0836] This is illustrated in Table 1 below:

Table 1

Association Table

ay O O O O N O O O O

Bb 1 © 1 1 N 1 0O © ©

[0837] In the above Association Malrix illusirated by line b} above, lamp N
receives information from 3 lamps with lower sequence number and 1 lamp
with higher seguence number. Any one of these lamps can provide the
necessary information for lamp N fo acquire timing and flash-delay data.
Hence, lamp N need not be in range of lamp 1.

[0038] To dynamically establishing relative positioning, an “association matrix’
or neighbor iable is used fo efficiently define the absence or presence of

neighboring nodes.
Seqguential Flashing

[0039] An alternative to multiple moving nodes (bicycles, vehicles,

pedestrians) flashing lamps in unison is for the lamps to flash in a segquential

10
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order from last-in-line {o first-in-line. This flash pattern will present a dynamic
flashing “arrow” 1o approaching motorists. To accomplish this, each node
must establish its physical location (position) relative io the other nodes.
Furthermore, as one bicycle passes another, this position must change
dynamically {o renumber the nodes.

[0846] An ailternative algorithm could use the combination of tail-lamp and
head-lamp to communicate sequence number from trailing to leading nodes
{bicycles, for example). Linking the tail-lamp and head-lamp would allow for a
modulated signal to carry position and sequence information in the visible light
specirum, infrared speclrum, using high-frequency sound, or radio
communication. The tail-lamp and head-lamp of any one bicycle or other
vehicle or pedestrian would communicate with each other via radio (Bluetooth,
Wi-Fi, for example), hard wire connection, sound, infrared lighi, etc. The node
number would therefore be transmitied by visible light modulation or infrared-
light modulation or sound or radio to the physically closest leading node and
physically closest following node. The rear-most {ail lamp would not receive a
recognized signal from behind, and therefore, would assume the sequence
position at the end of the peloion. The head-lamp would send position
information to the next bicycle in line. This information would be received by
the tail lamp ahead (using a photodetector, photofransisior, photodiode, LED
acting as a photodiode when not flashing, etc.). The next member would
continue to send its position information to the node ahead, and so on. This
architecture would allow for rapid sequencing of mulliple lamps. As moving
nodes (pedesirians, bicyclists, vehicles) changed posiiion, the new physical
tocation would be established via node number transmitted and received from

the tail-lamp and head-lamp.

Master-Slave

[0041] Alternatively, and depending upon size of the plastic enclosure of the
lamp and length of anienna, a lower frequency (greater range) radio signal
may be used. This will allow for deployment of a simple "Masier-Slave”
system where one node (bicycle} is designated as the Master, and all other
nodes are “Slaves”. At lower frequencies, the range of the Master will be

adequate to control all Slaves within a 2 kilometer or greater range.

11
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Dynamic Flashing Patlern

[0842] Once the individual nodes are “linked” by the mesh-network, Master-
Slave, or Hybrid network, the rate of LED flash and pattern may be
dynamically controlled. For example, with proximity detection using
ultrasound, radar, laser reflection, head-light intensity, elc., a vehicle
approaching from the rear of the group could be sensed and through micro-
controller firmware embedded in the flashing lamp change the flash pattern.
Changes could include longer duration duty cycle of flash, brighter flash, more
rapid flash, etc. This would aleri the approaching driver by providing dynamic
patterns rather than a monotonous constant flashing pattern. For example, as
the vehicle approaches, the simultaneocus flashing of many bicycle tail lamps
can increase in brightness and rapidity of flashing and ultimately become a
‘constant-on” or steady-burn illumination to make the bicyclists most visible.
Alternatively, the color of the flashing tail-lamps could change from amber o
red, or green, based upon proximity of an approaching vehicle. This dynamic
response of the flash paltern o the approaching vehicle represenis a novel

and important safety feature.

Crowd Synchronized Behavior

[{0043] Large groups of pedesirians (crowds) wearing devices that emit light or
sound or other energy form can be coordinated in a similar fashion. Recent
demonstrations of this crowd dynamic behavior have been seen in Olympic
stadiums, where wrist bands or head lamps will flash with different color and
patterns. In all the demonsirations, however, the coordinating signal is
infrastructure dependent, thal is, an infrared or radio signal is broadcast from
a central iocation in close proximity {o the crowd, and often in line-of-sight of
the crowd. The "master” signal may be broadcast by several infrared light
sources that are hard-wired to a central conirol system. In the proposed
invention, coordination of crowd node behavior does not require a ceniral
infrastructure source or master signal. The conirol signal can be generated by
any node and immediately conirol the behavior of all nodes in the network,
For example, in a large foolball stadium with 100,000 fans, each carrying a

low-cost node, a change of the electronic behavior of each node (LED color,
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flash rate, intensily, sound emission, etc.} can be coordinated by any single
node in the crowd, if programmatically permitted, or by an administrator node
sitting in the crowd. The same crowd can exit the stadium and synchronized,
coordinated behavior would continue. There is no need for a high-energy,

centrally located infrared or radio signal {o be in line-of-sight of all the nodes.

Group Behavior versus Individual Behavior

[0844] With successful linking of two or more bicycles, motorcycles, vehicles,
pedestrians, etc. (nodes), the flash dynamics could be designed to change.
For example, while sclo riding, a bicycle taillight might flash for 100
milliseconds once per second. However, when “linked” to ancther bicycle via
radio, infrared, light, or other signaling modality, the taillight might cease
flashing and initiated a “Steady Burn” mode where both lamps (iwo bicycles)
stays lit continuously. In a large group, simultaneous flashing might be
annoying or less effective than steady llumination of the group. The group
can choose one of many “patterns” that will become “defaull” once a group is
formed, and this can be different than the flash pattern when an individual is
riding solo. The lamp will have a solo mode and group mode, both
programmable by the operator.

[0945] Although the invention is described with respect to pedesirians or
vehicles which are “moving,” it is to be appreciated that in some instances the
movement of some or all of the pedestrians or vehicles may siop. For
example, a group of pedestrians or cyclists fraveling along a roadway may
stop from time o time, and then subsequenily resume movement. In some
instances, the position indicaling devices may remain on and may continue to
emit their position indicating signals while the pedesirians or vehicles are
stopped. In other instances, the position indicating devices may be turned off
while the pedestrians or vehicles are stopped and may then be re-siaried
when the pedestrians or vehicles subsequently resume movement.  Alsg, the
reference to moving pedestrians herein shall be consirued to include not only
pedestrians who are walking, jogging, standing or running but aiso persons
who are performing actions or otherwise moving about within an area, such as
workers or emergency personnel who are working in a construction zone or

accident site on or near a rcadway or other thoroughfare.
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[0846] It is 1o be appreciated that, although the invention has been described
hereabove with reference to certain examples or embodiments of the
invention, various additions, deletions, alterations and maodifications may be
made to those described examples and embodiments without departing from
the intended spirit and scope of the invention. For example, any elemenis,
steps, members, componants, compositions, reactants, parts or portions of
one embodiment or example may be incorporated into or used with another
embodiment or example, unless otherwise specified or unless doing so would
render that embodiment or example unsuitable for its intended use. Also,
where the steps of a method or process have been described or listed in a
particular order, the order of such steps may be changed unless otherwise
specified or unless doing so would render the method or process unsuitable
for s intended purpose. Additionally, the elements, sleps, members,
components, compositions, reactants, parts or portions of any invention or
example described hersin may optionally exist or be utilized in the absence or
substantial absence of any other slemeni, step, member, component,
compaosition, reacitant, pari or portion unless cotherwise noted. All reasonable
additions, deletions, modificalions and allerastions are to be considered
equivalents of the described examples and embodiments and are o be

included within the scope of the following claims.
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Claims
What is claimed is:

1. A position indicating device which is operable while undergoing
movement along with a plurality of other position indicating devices, said

position indicating device comprising:

at least one emitter which emils a position indicating signal;

a receiver;

a power source; and

electronic circuitry configured and programmed to;

a) receive synchronization signal(s), via the receiver, from other
position indicating devices located within a synchronization
range of said device; and

b) in response o the receipt of one or more synchronization
signal(s) from one or more other position indicating devices
located within the synchronization range, causing said al ieast
one emilter 1o emit a signal that is synchronized with signals
being emilled by said one or more other position indicating

devices located within the synchronization range.

2. A device according o claim 1 wherein the position indicating signal
selected from: visible or infrared light, constant visible or infrared light,
blinking, flashing or intermittent visible or infrared light, a particular pattern of
blinking, flashing or inlermiltent visible or infrared light, light of changing
colors, sound, constant sound, intermittert sound, a particular patiern of

intermittent sound and sound of changing volume, pitch, type or character.
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3. A device according to claim 1 wherein the receiver is of a type selected
from: radiofrequency receivers, Bluetooth receivers, Wik receivers, electrical
hard wire connections, visible light receivers, infrared light receivers, receivers
which determine the rate of refurning visible or infrared light pulses, LiDAR
devices, sound receivers, percussion sensors, microphones, ultrasound
receivers, radar devices, short range radar (SRR} devices, medium range
radar (MRR) devices, long range radar (LRR) devices, motion sensors,

motion detectors and cameras.

4. A device according to claim 1 further comprising a transmitter for
fransmitling a synchronization signal from said device io other position

indicaling devices located within the synchronization range of said device.

5. A device according fo claim 4 wherein the transmitier is of a type
selected from: radiofrequency transmitlers, Bluetooth transmitters, WiFi
fransmitters, electrical hard wire connections, visible light transmitiers, infra-
red lght ftransmitiers, light pulse transmitters, LIDAR devices, sound
iransmitiers, speakers, percussion emitiers, ultrasound fransmitiers, radar
devices, short range radar (SRR) devices, medium range radar (MRR})
devices, long range radar {LRR) devices, moving apparaius detectable by
motion sensors or motion delectors and fransmitters which transmii photonic

images detectable by cameras.

8. A device according o claim 1 wherein the elecironic circuitry causes
the device o synchronize fiming of position indicating signals emitied by the
emitier with the timing of position indicating signals emitted by the other
devices esess position indicating devices presenily located within the

synchronization range of said device.
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7. A device according io claim 6 wherein the eleclronic circuitry comprises

a mesh network or flocking protocol.

8. A device according to claim 1 wherein the electronic circuitry further
comprises a motion or percussion sensor and causes the emitler to turmn on or
off in response {o motion or percussion sensed by the motion or percussion

SENSOT.

9. A device according to claim 8 wherein the motion or percussion sensor
is selected from the group of molion sensors, percussion sSensors,
accelerometers, tilt sensors, gyroscopes and micro electrical mechanical

systems.

10. A device according to claim 1 wherein said at least one emiller
comprises at least one light emitier which emits visible or infrared light, and
which aliernately operates in a top emitting mode wherein light is emitied
upwardly or a side emitling mode wherein light is emitted laterally and wherein
the electronic circuity comprises switching circuitry configured to cause the

device {o switch between top emitling mode and side emitling mode.

11. A device according to claim 10 further comprising a housing having
cne or more side walls which is/are at least partially franslucent and cne or
more top walls which is/are af least partially translucent, and wherein said at
least one light emitier altemnately emits upwardly directed light through said
one or more top walls when operating in {fop emitling mode or laterally
directed light through said one or more side walls when operating in side

emitting mode.
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12. A device according to claim 7 wherein the switching circuilry comprises
a motion activated swilching apparatus which causes swiiching between the
side emilling mode and the lop emitling mode in response to cerfain

movements of the flare.

13. A device according to claim 12 wherein the motion activated switching
apparatus causes dynamic emiilter orientation such that the flare swilches
back and forth between the top emitting mode and side emitling mode as the
flare is moved back and forth belween a horizontal orientalion and a vertical

orientation.

14. A device according to claim 12 wherein said at least one emiller

comprises a plurality of light emiiting diodes.

15, A device according to claim 12 further comprising one or more

magnets.

16. A device according to claim 15 wherein, when the device is in a vertical
position, the swiiching circuitry causes the device lo operate in fop emilting
mode and wherein said one or more magnets are usable to attach the device
io a ferromagnetic member such that the device is in the vertical position and

the switching circuitry causes the device to operate in top emitting mode.

17. A device according o claim 12 wherein the swilching circuitry includes

a locking function which overrides the motion aclivated switching apparatus.
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18. A device according to claim 17 wherein the locking function allows a

user to lock the device in either {op emitling mode or side emitling mode.

19. A device according to claim 1 further comprising one or more
connectors for altaching the device o an object selecled from: vehicles,
bicycles, motorcycles, motorbikes, wearable garments, vests, shoes, running
shoes, headgear, caps, hats, helmets, hard hats, straps, leg straps, arm
straps, belts, back-packs, lanyards, jewelry, ear rings, necklaces and wrist

bands.

20. A device according {o claim 1 altached to, buill into or inlegrated in an
object selected from: vehicles, bicycles, bicycle seats, bicycle lamps,
motorcycles, motorbikes, wearable garments, vests, shoes, running shoes,
headgear, caps, hais, helmets, hard hals, straps, leg straps, arm straps, belts,

back-packs, lanyards, jewelry, ear rings, necklaces and wrist bands.

21. A device according to claim 1 wherein the electronic circuitry is
adapied to communicate with other devices within said synchronization range
such that turning on or off said device or any other device within said
synchronization range causes all other devices within said synchronization

rage to turn off.

22. A flare according to claim 1 further comprising an on/of button and a
utility bution, the on/off button being useable {o turn the flare on and off and

the utility button being useable to trigger the flare to perform cerlain function.

23. A system comprising a group of devices according to claim 1.
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24. A system according to claim 23 wherein the electronic circuilry of each
device in the group is configured and programmed such that, so long as that
device is within said synchronization range of at least one other device in the
group, that device will emit a position indicating signal that is synchronized

with position indicating signals being emitled by other devices of the group.

25. A system according fo claim 24 wherein the electronic circuitry of each
device in the group is further configured and programmed such that, if that
device falls outside of said synchronization range, that device will either stop
ernitting any positioning signal or begin to emit a different positioning signal
that is not synchronized with position indicating signals being emitted by other

devices of the group.

26. A system according to claim 24 wherein said at least one emitier emits
visible or infrared light and wherein the electronic circuilry is configured and
programmed to cause all devices within said synchronization range to emit

synchronized flashes of light.

27. A system according to claim 24 wherein all devices within the
synchronization range emit flashes of light in a sequence progressing from a

first-positioned device of the group to a last-positioned device of the group.

28. A system according to claim 24 wherein all devices within the
synchronization range emit flashes of light in a sequence progressing from a

last-positioned device of the group to a first-positioned device of the group.
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29. A system according to claim 24 wherein all devices within the

synchronization range emit flashes of light in unison.

30. A system according fo claim 24 wherein all devices within the

synchronization range emit continuous light in unison.

31. A system according to claim 26 wherein the electronic circuity is further
configured and programmed to enable the devices {o emit flashes of light in
available flashing patterns selected from: a) a bright, slow and smooth
patiern, b) pairs of devices flashing in a series, ¢) two devices flashing

separated by a non-flashing device and a tail-off flash patiern.

32. A system according to claim 23 wherein the eleclronic circuitry is
configured and programmed such that the devices communicate with each

other over a mesh neiwork, master-slave network or infrared light network.

33. A system according to claim 23 wherein each device comprises:

an antenna configured to receive and transmit a radio frequency (RF)
signal or photodetectors and transmitters o provide visible or infrared light
modulated communication, computer hardware comprising a microcontrolier
configured to perform instruction stored in memory, a RF transceiver or
photodeteciors configured to transmil and receive messages from the

microconiroller, and a power source; and

memory comprising a neighbor fable including a timing indicator of
neighbor modules, the timing indicator indicating a latency before emitling the

warning signal with respect to a network-coordinated clock;
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wherein the computer hardware is configured to share timing and a
relative position data o at least modules in its neighbor table, the relative
position at least in part based on the proximity indicator, the timing and
relative position data used to synchronize simultanecus emission of the

warning signal with at least the modules in its neighbor table.

34. A system according to claim 23 wherein the emitiers emit position
indicating signals of a type selected from: visible or infrared light, constant
visible or infrared light, blinking, flashing or intermittent visible or infrared light,
a particular patlern of blinking, flashing or infermittent visible or infrared light,
ight of changing colors, sound, constant sound, intermittent sound, a
pariicular patiern of intermittent sound and sound of changing volume, pitch,

type or character.

35. A system according fo claim 23 wherein each device comprises a
power source comprising at least one oft a battery, a solar collecior for
charging the baltery or powering the module, a mains power, a generator, an

alternator, wind generated power, and kinetic generated power.

36. A system according to claim 23 wherein the devices communicate with
each other by at least one of. wireless communication, wired communication,
infrared communication, sound communication, uitrasound, and visible light

communication.

37. A system according to claim 23 wherein each device comprises a GPS
radio receiver for receiving a radio clock signal transmitted by government or
standards agency and wherein the electronic circuity is configured and
programmed {o determine an absoclute position and relative position of each

device based on said radio clock signal.
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38. A system according io claim 23 wherein devices within the
synchronization range emit coordinated, simultanecus flashes of light thereby

causing an onlooker to perceive all those devices as a group.

39. A system according to claim 38 wherein the emission of coordinated,
simultaneous flashes of light is delermined independent of when the devices

are initialized.

40, A system according fo claim 39 wherein the devices begin to emit said
coordinated, simullaneous flashes of light when they move into said
synchronization range and cease to emit said coordinated, simullaneocus

flashes of light when they move out of said synchronization range.

41. A system according to claim 23 wherein failure of any device does not

affect the operstion of other devices within said synchronization range.

42. A system according to claim 42 wherein a failing device can be
replaced by a replacement device without requiring a user to enter any code,

number or other setling.

43. A system according to claim 23 wherein additional devices can join the
group at any time without requiring a user to enter any code, number or other

setling.

23



CA 03068992 2020-01-03

WO 2019/010440 PCT/US2018/041126

44. A method for using a plurality of position indicating devices to indicate
the positions of a plurality of moving pedestrians or vehicles, said method

comprising the step of:

causing each of said pedestrians or vehicles to be equipped with at
least one of said devices, each of said devices comprising an emitler which
emits position indicating signals and control apparatus programmed to )
sense when that device is within a synchronization range of one or more of
the other devices and, when within said synchronization distance range of one
or more others of said devices and, ii) cause that device's emitter to emit a
position indicating signal that is synchronized with position indicating signals
being emitied by said one or more of the others of said devices that are

positioned within the synchronization range.

45. A method according o claim 44 wherein the pedestrians or vehicles

stop moving for a period of fime.

48. A method according to claim 45 wherein the device’'s emiiter continues

o emit the posilion indicating signal while stopped.

47. A method according to claim 45 wherein the device’'s emiiter ceases to

emit the position indicating signal while stopped.
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