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(57) Abstract: An impact monitoring system includes multiple sensor nodes including multiple stationary sensor nodes affixed to
stationary objects in an environment, the multiple stationary sensor nodes including a first stationary sensor node affixed to a first
stationary object; and one or more mobile sensor nodes affixed to mobile objects in the environment, the one or more mobile sensor
nodes including a second mobile sensor node affixed to a second mobile object; and a monitor configured to wirelessly receive first
data characterizing an impact event experienced by the first stationary sensor node and second data characterizing the impact event
experienced by the second mobile sensor node, and to identify that the second mobile object impacted the first stationary object based
at least in part on the first data and the second data.
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IMPACT MONITORING SYSTEM

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No. 63/430,095
filed on December 5, 2022. The entire contents of U.S. Provisional Application No.
63/430,095 are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] This invention relates to a monitoring system for a warehouse or other storage
facility.
[0003] A warehouse is a building for storing goods such as raw materials and finished

goods. Warehouses often have mobile objects such as cranes and forklifts for moving goods
to and from stationary objects such as pallet racks. Forklifts arc dangcrous picces of
equipment—especially when proper care isn’t taken. One false move can cause costly and
extensive damage to objects in the warehouse as well as create hazards to those working in
the warehouse environment and to the warehouse itself. Factors leading to crashes and
damage to property and inventory include forklift driver error, design of the workplace, work

organization, and operational malfunctions.

SUMMARY OF THE INVENTION

[0004] Forklifts move freely throughout warehouse environments and occasionally
impact stationary objects (e.g., pallet racks or protective barriers) and even other forklifts.
Even occasional impacts can cause costly damage to objects in the warehouse and can create
hazards in the warchousc environment (c.g., by making a pallet rack unstable). Aspccts
described herein relate to a system that monitors impacts experienced by both mobile and
stationary objects in a warehouse. Impacts that are detected by the system are processed to
provide alerts or other relevant information to parties such as the warehouse owners or

mandgers.

(0005] In a general aspect of the invention, an impact monitoring system includes
multiple sensor nodes including multiple stationary sensor nodes affixed to stationary objects

in an environment, the multiple stationary sensor nodes including a first stationary sensor
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node affixed to a first stationary object; and one or more mobile sensor nodes affixed to
mobile objects in the environment, the one or more mobile sensor nodes including a second
mobile sensor node affixed to a second mobile object; and a monitor configured to wirelessly
receive first data characterizing an impact event experienced by the first stationary sensor
node and second data characterizing the impact event experienced by the second mobile
sensor node, and to identify that the second mobile object impacted the first stationary object

based at least in part on the first data and the second data.

[0006] Embodiments of this aspect of the invention may include one or more of the

following features.

[0007] The monitor may be configured to correlate the first data and the second data as
resulting from a same impact event. For example, the monitor may be configured to
determine the same impact event on the basis of a time characteristic detected by at least one
of the multiple stationary sensor nodes and at least one of the one or more mobile sensor
nodes. Alternatively, the monitor may be configured to determine the same impact event on
the basis of an acceleration characteristic detected by at least one of the multiple stationary

sensor nodes and at least one of the one or more mobile sensor nodes.

(0008] The monitor may be configured to aggregate correlated data from multiple impact
events. For example, the monitor may be configured to count impact events involving each
mobile sensor node. Moreover, the monitor may be configured to generate a ranking of the
one or more mobile sensor nodes according to each mobile sensor node’s count of impact
events to evaluate the relative likelihood for a corresponding mobile object and operator to

cause an impact event.

[0009] The monitor may also be configured to generate a distribution plot for a count of
impact events as a function of corresponding time of impact within a time cycle aggregated
over multiple time cycles to identify a time pattern or trend of the plurality of impact events.
Alternatively, the monitor may be configured to generate a distribution plot for a count of
impact events involving a sensor node as a function of corresponding time of impact within
each time cycle aggregated over multiple time cycles to identify a time pattern or trend of

multiple impact events involving the sensor node.

(0010] In another example, the monitor may be configured to generate a distribution plot
for a count of impact events as a function of corresponding acceleration characteristic
aggregated over the multiple impact events to identify a pattern or trend of a magnitude or

direction of the multiple impact events. Alternatively, the monitor may be configured to
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generate a distribution plot for an acceleration characteristic as a function of corresponding
time of impact for multiple impact events within a time cycle aggregated over multiple time

cycles to identify patterns and trends of a type of impact within the time cycle.

[0011] Two of the stationary sensor nodes and one of the one or more mobile sensor
nodes may identify a trespassing event based at least in part on determining a location of the
mobile sensor node by a triangulation process, and the monitor may be configured to receive
and aggregate data of multiple trespassing events of the one or more mobile sensor nodes to
provide a user with counts, ranks, patterns, and trends related to the multiple trespassing

events.

[0012] The monitor may also be configured to generate a visual representation of real
time status of the multiple stationary sensor nodes and the one or more mobile sensor nodes

in the environment.

[0013] In another general aspect of the invention, a method for impact monitoring
includes the following steps. Multiple stationary sensor nodes are affixed to stationary
objects in an environment, the multiple stationary sensor nodes including a first stationary
sensor node affixed to a first stationary object. One or more mobile sensor nodes are affixed
to mobile objects in the environment, the one or more mobile sensor nodes including a
second mobile sensor node alfixed to a second mobile object. First data characterizing an
impact event experienced by the first stationary sensor node and second data characterizing
the impact event experienced by the second mobile sensor node is wirelessly received. The
second mobile object is identified as having impacted the first stationary object based at least

in part on the first data and the second data.

[0014] Embodiments of this aspect of the invention may include one or more of the

following features.

[0015] Identifying that the second mobile object impacted the first stationary object may
include correlating the first data and the second data as resulting from a same impact event
on the basis of a time characteristic detected by the first stationary sensor node and the
second mobile sensor node. Alternatively, identifying that the second mobile object impacted
the first stationary object may include correlating the first data and the second data as
resulting from a same impact event on the basis of an acceleration characteristic detected by

the first stationary sensor node and the second mobile sensor node.

(0016] The method for impact monitoring may further include counting impact events

involving each mobile sensor node. Alternatively, the method may further include generating

-3-
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a ranking of the one or more mobile sensor nodes according to each mobile sensor node’s
count of impact events to evaluate the relative likelihood for a corresponding mobile object

and operator to cause an impact event.

(0017] The method for impact monitoring may further include the following aggregation
steps. A distribution plot may be generated for a count of impact events as a function of
corresponding time of impact within a time cycle aggregated over multiple time cycles to
identify a time pattern or trend of multiple impact events. Alternatively, a distribution plot
may be generated for a count of impact events as a function of corresponding acceleration
characteristic aggregated over multiple impact events to identify a pattern or trend of a
magnitude or direction of the multiple impact events. Alternatively, a distribution plot may
be generated for an acceleration characteristic as a function of corresponding time of impact
for multiple impact events within a time cycle aggregated over multiple time cycles to

identify patterns and trends of a type of impact within the time cycle.

[0018] The method for impact monitoring may further include the following steps. A
trespassing event may be identified by two of the stationary sensor nodes and one of the one
or more mobile sensor nodes based at least in part on determining a location of the mobile
sensor node through a triangulation process. Data of multiple trespassing events of the one or
more mobile sensor nodes may be received wirelessly and aggregated to provide a user with

counts, ranks, patterns, and trends related to the multiple trespassing events.

(0019] The method for impact monitoring may further comprise generating a visual
representation of real time status of multiple stationary sensor nodes and one or more mobile

sensor nodes in the environment.

(0020] Among other advantages, the monitoring system provides a cost-effective
mechanism for collecting and transmitting data characterizing prohibited events such as
physical impacts. Aspects also enable timely analysis and reporting of prohibited events or

patterns of prohibited events to warehouse management.

[0021] Other features and advantages of the invention are apparent from the following

description, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

(0022] FIG. 1 shows an impact monitoring system.

[0023] FIG. 2 is a schematic diagram for the operation of a monitor.
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(0024] FIG. 3 is a schematic diagram for the operation of an alternative monitor.

(0025] FIG. 4 shows a location monitoring system.

DETAILED DESCRIPTION

1  SYSTEM OVERVIEW

[(0026] Referring to FIG. 1, an example of a typical warehouse 101 (or other types of
environment) includes racks 102 positioned, as shown here, in rows separated by aisles
through which forklifts 113 maneuver to place or retrieve products stored on the shelving of
the racks. Warehouse 101 also includes other stationary objects, such as support pillars 109
and protective barriers 110, which are positioned to limit access to equipment or restrictive

areas such as offices 108 and a walkway 111.

[0027] The racks 102, pillars 109, and barriers 110 are prone to being struck by forklifts
113 or other mobile vehicles moving about the warehouse. To monitor events where the
forklifts collide with the stationary objects, an impact monitoring systcm 100 is installed in
the warehouse. The impact monitoring system 100 includes a monitor 150 and impact
sensors including stationary sensors 120 affixed to stationary objects (racks, pillars, barriers)

as well as mobile sensors 131 affixed to mobile vehicles (e.g., forklifts 113).

(0028] When a forklift 113a collides with a stationary object (e.g., stationary barrier
110a), both a mobile sensor 131a affixed to the forklift 113a and a stationary sensor 120a
affixed to the stationary object 110a emit sensor data signals 141, 140 to transmit sensor data
elements, Dma (i.€., data from mobile sensor M,) and Dsa (i.e., data from stationary sensor
Sa), respectively. In one example, each sensor data element includes an identifier of an object
associated with the sensor data and a time that the sensor experienced an impact (e.g., Dma =
(M, ts) and Dsa = (Sa, ts)).

[0029] In some examples, the emitted sensor data signals are relayed to monitor 150 over
a network established using the sensors (stationary and possibly mobile) in the warehouse as
nodes. As is described in greater detail below, the monitor 150 processes received sensor data
to generate alarm data 155 including, for example, an identification of the forklift 113a and
the associated operator involved in the collision, an identification of the stationary object
110a involved in the collision, and the time of the collision. Monitor 150 transmits the alert
data over the internet 151 to external applications such as a monitoring application on a

warehouse supervisor’s smartphone 153 or a database application 152.
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(0030] In some examples, to establish the sensor network, each of the stationary impact
sensors 120 or mobile impact sensors 131 communicates wirelessly with other nearby
sensors within a corresponding wireless communication range to relay collected data towards
client node 121 (closest node to monitor 150) to ultimately reach monitor 150. A portion of
or all the wireless communications may be based on Bluetooth technology or similar close-

range wireless technologies.
2 MONITOR

(0031] Referring to FIG. 2, in one example, monitor 150 includes a time correlation unit
201, an impact analysis unit 202 supported by a data store 206, an alarm threshold unit 203, a
radio 204, and an antenna 205. The time correlation unit 201 of monitor 150 receives and
stores both the stationary sensor data elements 210 (e.g., Dsg. Dsk, Dsa, etc.) and the mobile
sensor data elements 211 (e.g., Dma, Dwj, etc.) from the warehouse network. It is important
to note that the stationary sensor data elements 210 and the mobile sensor data elements 211

may be received by the time correlation unit 201 at different times (e.g., t1, t, ts).

[0032] The time correlation unit 201 then correlates the sensor data elements 210, 211 to
identify impact events 114 where a mobile object such as a forklift collides with a stationary
object such as a rack. In some examples, impact events 114 are identified by determining that
a mobile sensor data element and a stationary sensor data element have an equivalent
timestamp (i.e., a mobile object and a stationary object experienced an impact at the same
time). The sensor data elements correlated by the time correlation unit 201 are used to
generate the impact events Ex = (Si, M, tc), where S; represents the i stationary object
involved in the event, M represents the j mobile object involved in the event, and tx is the
time of the k™ impact event. Mobile sensor data elements with timestamps that don’t match
the timestamp of any stationary sensor data element, and vice versa, are not considered to be

part of an impact event.

[0033] The impact events Ex (e.g., E1, Ez, ...) generated by the time correlation unit 201
are received by the impact analysis unit 202 and stored in the data store 206. In certain
embodiments, when a new impact event is received by the impact analysis unit 202, the
impact analysis unit 202 processes the stored impact events to determine an aggregation of
impact events (Nwm) for each mobile object (i.e., counts of the number of times each mobile
object has been involved in an impact). For example, a particular mobile sensor could be
involved in multiple impact events at different times and locations with different stationary

sensors according to the stored records in the data store 206, and that mobile sensor would be
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associated with a number corresponding to the multiple impact events as Ny. Impact analysis
202 can also rank all mobile sensors according to their respective number of impact events.
The more impact events a mobile sensor is involved in, the more troublesome is its

corresponding forklift or associated operator.

(0034] The impact analysis module 202 provides the aggregation, Ny to the alarm
threshold unit 203, which compares the number of impact events associated with each mobile
object to a threshold number of impact events, No. In some examples, No represents a
minimum number of impact events for a forklift and the associated operator to be found
troublesome and needing attention by the warehouse supervisor. If the number of impact
events for any of the mobile objects represented in the aggregation exceeds the threshold,
then alarm data, Zy, including the identity of the mobile sensor that has exceeded the
threshold and the number of impact events, is output by the alarm threshold unit 203 to the
radio. Alternatively, alarm threshold unit 203 may also output an alarm data Zy including the
identity of the mobile sensor involved in an impact when a magnitude of the corresponding
acceleration signature of the impact event exceeds a threshold (not shown). The radio 204
transmits the alarm data, from the monitor 150 to external devices via the internet, as

described above in relation to FIG. 1.

2.1 Exemplary Monitor Operation

[0035] In the example shown in FIG. 2, the time correlation unit 201 has received three
stationary sensor data elements 210: Dsg = (Sg, t1), Dsk = (Sk, t3), Dsa= (Sa, t5). The time
correlation unit 201 has also received two mobile sensor data elements 211: Dya= (M,, t5),
Dwj= (Mj, ts). The time correlation unit processes the stationary sensor data elements 210
and the mobile sensor data elements 211 and determines that Ds. and Dma have the same
timestamp (i.e., ts), and generates impact event data 220: Es = (Sa, M,, ts) to indicate that an

impact event occurred at time ts between stationary object 110a and mobile object 113a.

[0036] The impact event, E| associated with time t; is processed by the impact analysis
unit 202 to recognize that mobile object M., was involved in another collision.
Hypothetically, because the mobile object M. has already been in 4 previous impact events,
the impact analysis unit 202 updates the aggregation of impact events Nma by incrementing
the number of impacts for mobile object M, from 4 to 5. However, the number of impacts for

mobile object My remains unchanged, because mobile object My is not involved in E;.

[0037] The updated aggregation of impact events Nma is provided to the alarm threshold
203 which, in this example, has a threshold number set to be No = 4. Since Nwma > No, the
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alarm threshold unit 203 outputs a signal Zw. associated with the M, sensor including its
mobile sensor identity M., the number of impact events Nwma, and all other related
information such as the identities of all 5 impact events, the identities of all 5 stationary
sensors involved and all 5 timestamps for the events, etc. The signal Zys. is then transmitted

by radio 204 and antenna 205 to external applications via the internet 151 (see FIG. 1).

[0038] Referring to FIG. 3, in another example, monitor 150 includes an acceleration
correlation unit 301, an impact analysis unit 302 supported by a data store 206, a radio 204,
and an antenna 205. Received stationary data element 310 includes one or more data sets Ds;
= (Si, Aa) and received mobile data element 311 includes one or more data sets Dy = (M;,
Ap). In this case, received data sets Ds; and Dy include no timestamp data but acceleration

signatures A, and Ay, instead, which may include magnitude and direction data.

[0039] In one example, acceleration correlation unit 301 receives stationary data 310: Dsg
= (Sg, A1), Dsk=(Sk, Az), Dsa=(Sa, As) and mobile data 311: Dya= (M., As), Dvj= (M;, As),
and then correlates them by determining that Ds, and Dm. have equivalent acceleration
signatures (i.e., As). Acceleration correlation unit 301 then generates impact event data 320:
Es=(Sa, Ma, As) to indicate that an impact event occurred between stationary object 110a
and mobile object 113a with an equivalent acceleration signature As. This acceleration
correlation is based on Newton’s Third Law of Motion predicting that, during each impact
event 114, the respective impact acceleration data for the involved stationary and mobile
sensors should both have an equivalent signature, although with opposite acceleration
directions. Mobile sensor data elements with acceleration signatures that don’t match the
acceleration signature of any stationary sensor data element, and vice versa, are not

considered to be part of an impact event.

[0040] Similarly, after completion of the acceleration correlation, correlated data 320 are
then analyzed by impact analysis unit 302 by aggregating the received data over multiple
impact events (E1, Ea, ...) stored in the data store 206. For example, the impact analysis unit
302 counts the number of impacts Nm, of each M, involved in all impact events and ranks
each M; according to Numa to evaluate the relative likelihood of each individual forklift and its
associated operator to cause an impact event. The analysis result Zys. is then sent externally

through radio 204 and antenna 205 with or without triggering an alarm .

[0041] Referring to FIG. 4, in some examples, in addition to collecting data during
impact events, mobile sensor 131b and nearby stationary sensors 122, 123 are also capable of
determining the location of mobile sensor 131b in real time through a triangulation process

by wirelessly communicating with one another. Location data 501 of mobile sensor 131b is

- 8-
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relayed wirelessly by intermediary sensors 120 in a network to reach monitor 150 for
monitoring the movement of the forklift. If location data 501 determines that mobile sensor
131b (and forklift 113b) is trespassing into a restricted area such as a walkway 111, monitor
150 can send an alarm signal to external applications. Location data 501 of a particular
mobile sensor may also be used to determine involvement of the mobile sensor in an impact

event.

3  ALTERNATIVES

(0042] In another example, impact analysis 202 generates a distribution plot for the
number of impact events as a function of corresponding time within each day cycle
aggregated over different days for all impact events to identify a time pattern or trend of the
events. This analysis helps the warehouse supervisor to identify high and low frequency

periods of each day when impact events tend to occur.

[0043] In some examples, impact analysis 202 generates a distribution plot for the
number of impact events as a function of corresponding time within each day cycle
aggregated over multiple days for a particular sensor to identify a time pattern or trend of all

impact events for that particular sensor.

[0044] In another example, impact analysis 302 generates a distribution plot for the
number of impacts as a function of corresponding acceleration signatures aggregated over all
impact cvents to identify a pattcrn or trend of the magnitude or direction data of the cvents.
This analysis helps the warehouse supervisor to monitor particular types of impact events

which tend to occur more frequently.

(0045] In some examples, impact analysis 302 generaltes a distribution plot {or the
number of impacts as a function of corresponding acceleration signatures aggregated over all
involved impact events for a particular sensor to identify a pattern or trend of the magnitude

or direction data for that particular sensor.

[0046] In some examples, both time and acceleration data can be received and analyzed
by monitor 150 to generate distribution plots of acceleration signatures as a function of
corresponding time within each day cycle aggregated over multiple days for all impact events

to identify patterns and trends of particular types of impact events throughout a day cycle.

[0047] In another example, monitor 150 aggregates the received trespassing (i.e., mobile

objects entering prohibited areas such as walkways) data of mobile sensors over time and
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processes the aggregated data through impact analysis to provide the user with counts, ranks,
patterns, and trends related to different mobile sensors and trespassing events in ways similar
to those described above. An alarm threshold can be set in monitor 150 to send out alarm

signals including mobile sensor identities or restrictive area locations involved in trespassing

counts above the threshold number.

[0048] In some examples, each stationary and mobile sensor is configured to analyze the
distance from a nearby sensor according to the received signal strength from the nearby
sensor. This allows not only the determination of sensor locations (e.g., for provisioning) by
triangulation, but also the monitoring of any potential change in the location of a stationary

sensor caused by a physical impact.

[0049] In some examples, the monitor may generate a visual representation of the real
time status of some or all of the sensors in the warehouse, which includes real time data

relating to the health, location, power, and other aspects of the sensors.

[0050] In another example, some of the stationary or mobile sensors need not be

provisioned.

4  IMPLEMENTATIONS

[0051] The approaches described above can be implemented, for example, using a
programmable computing system executing suitable software instructions or it can be
implemented in suitable hardware such as a field-programmable gate array (FPGA) or in
some hybrid form. For example, in a programmed approach the software may include
procedures in one or more computer programs that execute on one or more programmed or
programmable computing system (which may be of various architectures such as distributed,
client/server, or grid) each including at least one processor, at least one data storage system
(including volatile and/or non-volatile memory and/or storage elements), at least one user
interface (for receiving input using at least one input device or port, and for providing output
using at least one output device or port). The software may include one or more modules of a
larger program, for example, that provides services related to the design, configuration, and
execution of dataflow graphs. The modules of the program (e.g., elements of a dataflow
graph) can be implemented as data structures or other organized data conforming to a data

model stored in a data repository.

[0052] The software may be stored in non-transitory form, such as being embodied in a

volatile or non-volatile storage medium, or any other non-transitory medium, using a

- 10-
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physical property of the medium (e.g., surface pits and lands, magnetic domains, or electrical
charge) for a period of time (e.g., the time between refresh periods of a dynamic memory
device such as a dynamic RAM). In preparation for loading the instructions, the software
may be provided on a tangible, non-transitory medium, such as a CD-ROM or other
computer-readable medium (e.g., readable by a general or special purpose computing system
or device), or may be delivered (e.g., encoded in a propagated signal) over communication
medium of a network to a tangible, non-transitory medium of a computing system where it is
executed. Some or all of the processing may be performed on a special purpose computer, or
using special-purpose hardware, such as coprocessors or field-programmable gate arrays
(FPGAG ) or dedicated, application-specific integrated circuits (ASICs). The processing may
be implemented in a distributed manner in which different parts of the computation specified
by the software are performed by different computing elements. Each such computer
program is preferably stored on or downloaded to a computer-readable storage medium (e.g.,
solid state memory or media, or magnetic or optical media) of a storage device accessible by
a general or special purpose programmable computer, for configuring and operating the
computer when the storage device medium is read by the computer to perform the processing
described herein. The inventive system may also be considered to be implemented as a
tangible, non-transitory medium, configured with a computer program, where the medium so
configured causes a computer to operate in a specific and predefined manner to perform one

or more of the processing steps described herein.

[0053] A number of embodiments of the invention have been described. Nevertheless, it
is to be understood that the foregoing description is intended to illustrate and not to limit the
scope of the invention, which is defined by the scope of the following claims. Accordingly,
other embodiments are also within the scope of the following claims. For example, various
modifications may be made without departing from the scope of the invention. Additionally,
some of the steps described above may be order independent, and thus can be performed in

an order different from that described.

-11-
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What is claimed is:

1. An impact monitoring system comprising:
a plurality of sensor nodes including

a plurality of stationary sensor nodes affixed to stationary objects in an environment,
the plurality of stationary sensor nodes including a first stationary sensor node

affixed to a first stationary object; and

one or more mobile sensor nodes affixed to mobile objects in the environment, the
one or more mobile sensor nodes including a second mobile sensor node

affixed to a second mobile object; and

a monitor configured to wirelessly receive first data characterizing an impact event
experienced by the first stationary sensor node and second data characterizing the
impact event experienced by the second mobile sensor node, and to identify that the
second mobile object impacted the first stationary object based at least in part on the

first data and the second data.

2. The system of claim 1, wherein the monitor is configured to correlate the first data

and the second data as resulting from a same impact event.

3. The system of claim 2, wherein the monitor is configured to determine the same
impact event on the basis of a time characteristic detected by at least one of the plurality of

stationary sensor nodes and at least one of the one or more mobile sensor nodes.

4. The system of claim 2, wherein the monitor is configured to determine the same
impact cvent on the basis of an acceleration characteristic detected by at least onc of the

plurality of stationary sensor nodes and at least one of the one or more mobile sensor nodes.

5. The system of claim 2, wherein the monitor is configured to aggregate correlated data

from a plurality of impact events.

6. The system of claim 5, wherein the monitor is configured to count impact events

involving each mobile sensor node.

-12-
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7. The system of claim 6, wherein the monitor is configured to generate a ranking of the
one or more mobile sensor nodes according to each mobile sensor node’s count of impact
events to evaluate the relative likelihood for a corresponding mobile object and operator to

cause an impact event.

8. The system of claim 5, wherein the monitor is configured to generate a distribution
plot for a count of impact events as a function of corresponding time of impact within a time
cycle aggregated over a plurality of time cycles to identily a time pattern or trend of the

plurality of impact events.

9. The system of claim 6, wherein the monitor is configured to generate a distribution
plot for a count of impact events involving a sensor node as a function of corresponding time
of impact within each time cycle aggregated over a plurality of time cycles to identify a time

pattern or trend of a plurality of impact events involving the sensor node.

10. The system of claim 5, wherein the monitor is configured to generate a distribution
plot for a count of impact events as a function of corresponding acceleration characteristic
aggregated over the plurality of impact events to identify a pattern or trend of a magnitude or

direction of the plurality of impact events.

11. The system of claim 5, wherein the monitor is configured to generate a distribution
plot for an acceleration characteristic as a function of corresponding time of impact for a
plurality of impact events within a time cycle aggregated over a plurality of time cycles to

identify patterns and trends of a type of impact within the time cycle.

12. The system of claim 1, whercin two of the stationary scnsor nodes and once of the onc
or more mobile sensor nodes identify a trespassing event based at least in part on determining
a location of the mobile sensor node by a triangulation process, and the monitor is configured
to receive and aggregate data of a plurality of trespassing events of the one or more mobile
sensor nodes to provide a user with counts, ranks, patterns, and trends related to the plurality

of trespassing events.
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13. The system of claim 1, wherein the monitor is configured to generate a visual
representation of real time status of the plurality of stationary sensor nodes and the one or

more mobile sensor nodes in the environment.

14. A method for impact monitoring, comprising:

affixing a plurality of stationary sensor nodes to stationary objects in an environment, the
plurality of stationary sensor nodes including a first stationary sensor node affixed to

a first stationary object;

affixing one or more mobile sensor nodes to mobile objects in the environment, the one
or more mobile sensor nodes including a second mobile sensor node affixed to a

second mobile object;

wirelessly receiving first data characterizing an impact event experienced by the first
stationary sensor node and second data characterizing the impact event experienced

by the second mobile sensor node; and

identifying that the second mobile object impacted the first stationary object based at

least in part on the first data and the second data.

15. The method of claim 14, wherein identifying that the second mobile object impacted
the first stationary object includes correlating the first data and the second data as resulting
from a same impact event on the basis of a time characteristic detected by the first stationary

sensor node and the second mobile sensor node.

16. The method of claim 14, wherein identifying that the second mobile object impacted
the first stationary object includes correlating the first data and the second data as resulting
from a same impact event on the basis of an acceleration characteristic detected by the first

stationary sensor node and the second mobile sensor node.

17. The method of claim 14, further comprising counting impact events involving each

mobile sensor node.

- 14-
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18. The method of claim 17, further comprising generating a ranking of the one or more
mobile sensor nodes according to each mobile sensor node’s count of impact events to
evaluate the relative likelihood for a corresponding mobile object and operator to cause an

impact event.

19. The method of claim 14, further comprising generating a distribution plot for a count
of impact events as a function of corresponding time of impact within a time cycle
aggregated over a plurality of time cycles to identify a time pattern or trend of a plurality of

impact events.

20. The method of claim 14, further comprising generating a distribution plot for a count
of impact events as a function of a corresponding acceleration characteristic aggregated over
a plurality of impact events to identify a pattern or trend of a magnitude or direction of the

plurality of impact events.

21. The method of claim 14, further comprising generating a distribution plot for an
acceleration characteristic as a function of corresponding time of impact for a plurality of
impact events within a time cycle aggregated over a plurality of time cycles to identify

patterns and trends of a type of impact within the time cycle.

22. The method of claim 14, further comprising identifying a trespassing event by two of
the stationary sensor nodes and one of the one or more mobile sensor nodes based at least in
part on determining a location of the mobile sensor node through a triangulation process; and
[) receiving wirelessly and aggregating data of a plurality of trespassing events of the one or
more mobile sensor nodes to provide a user with counts, ranks, patterns, and trends related to

the plurality of trespassing events.

23. The method of claim 14, further comprising generating a visual representation of real
time status of the plurality of stationary sensor nodes and the one or more mobile sensor

nodes in the environment.

24. A non-transitory machine-readable medium having instructions stored thereon, said

instructions when executed by a processor cause the processor to:

- 15-
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wirelessly receive first data characterizing an impact event experienced by a first
stationary sensor node affixed to a first stationary object in an environment and
second data characterizing the impact event experienced by a second mobile sensor

node affixed to a mobile object in the environment; and

identify that the second mobile object impacted the first stationary object based at least in
part on the first data and the second data.

- 16-



PCT/US2023/082462

WO 2024/123747

1/4

™

Aemlepa

T TIT

$30UHO

I

e goT

m vmumw - ] r..):&f.f
I-vM % .?.‘/.? _‘I\VL nu*lu | rl
e 70T
i
308y
..nw E o,
e 7OT
hw g, 3
£ HoBy <
) “ ’ .p._ ,(
20T ‘ o
P 1.“«\ \\,\. N




WO 2024/123747 PCT/US2023/082462

2/4

% [EA—— 3
\ G 205
N ¢

N, &
'.\ "/
i

e Y e 150
Radio {7 204

N
N
e

Zyia={Ma, Naaar o}

Alarm Threshold

i, i
o~ S H
., H
t Ny
R Ao
§ Wa

e 203

. Data | . ImpactAnalysis L 202
| Store | {Eq Eg oo}

20— A e 114
220 \ ESZ{SB, i\"’ia, tg}

Time Correlation
{equivalent t}
t—210 4 011

i
| s
Stationary Data
Diﬁg=(sgf ti)f’
Dse={S¢, 12},
Ds.={(S., &)

e 201

i
Mobile Data
DMa={§Ma: ti-}.!

Da=tM;, ts)

FIG. 2



WO 2024/123747 PCT/US2023/082462

3/4

S A 205

= 150

Radio 204

206 :
/ § — )
J—  ZuamMa Nuga, )

Data Impact Analysis e 302
| Store | {Eq Bz )

\-"‘“-- \\\\\v—“'“‘d

i

320~ 114

Ee=(S. My, As

Acceleration Correlation | . 301
{equivalent A-signature}

i T
- 310 Le—- 311

| §
Stationary Data pabiie Data
D:g:{sg: Ai}i‘ QM3={M€; AB}!

95‘\={S~9 QS}I DWA:{M; Ag}
953={Saas AS)

FIG. 3



PCT/US2023/082462

WO 2024/123747

4/4

¥ Dl

s Mkh ks hhs hhs, Ak i, AUk, b, Al Akl Uk ks, ChAls Ak ks ChAE kA e MM ARAA ks bk, Mhn, KAk ChRS Al Akl AUk hhA Ak Ak Al Ak Ukl hn - Hhds A Vb RS A, Al kS AR A, ki, bk ks KAk hikn Al kLD

Aeroles

FOPUCIN

A




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2023/082462
A. CLASSIFICATION OF SUBJECT MATTER
INV. GO08Gl/16 G06010/08
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
G08G GO06Q

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2021/088394 Al (OSWALD EVAN [US] ET AL) 1-24
25 March 2021 (2021-03-25)

paragraph [0010] - paragraph [0013]; claim
21; figure 1

paragraph [0018]

paragraph [0026]

paragraph [0028]

A WO 2017/203235 Al (A-FAX LTD [GB]) 1-24
30 November 2017 (2017-11-30)
claims 1-7

A WO 2011/041351 A2 (CROWN EQUIP CORP [US]) 1-24
7 April 2011 (2011-04-07)
claims 1-3

A KR 2013 0045877 A (NEXLOGITECH CO LTD 1-24
[KR]) 6 May 2013 (2013-05-06)
claims 1-4

I:‘ Further documents are listed in the continuation of Box C. ‘z‘ See patent family annex.

* Special categories of cited documents : ) ) ) - o
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international "X document of particular relevance;; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance;; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
20 February 2024 28/02/2024
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, . .
Fax: (+31-70) 340-3016 Lavin Liermo, Jesus

Form PCT/ASA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2023/082462
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2021088394 Al 25-03-2021 NONE

WO 2017203235 Al 30-11-2017 AU 2017270908 Al 22-11-2018
AU 2022201174 A1 17-03-2022
ca 3023679 Al 30-11-2017
CN 109154626 A 04-01-2019
DK 3465228 T3 13-06-2022
EP 3465228 Al 10-04-2019
ES 2915403 T3 22-06-2022
GB 2550586 A 29-11-2017
GB 2567566 A 17-04-2019
JP 6997109 B2 17-01-2022
JP 2019523394 A 22-08-2019
PL 3465228 T3 08-08-2022
PT 3465228 T 30-05-2022
Us 2020346835 Al 05-11-2020
WO 2017203235 Al 30-11-2017

WO 2011041351 A2 07-04-2011 AU 2010300762 Al 29-03-2012
BR 112012006981 A2 06-10-2020
ca 2773788 Al 07-04-2011
CN 102574528 A 11-07-2012
EP 2483120 A2 08-08-2012
KR 20120081608 A 19-07-2012
RU 2012115652 A 10-11-2013
Us 2010039247 A1 18-02-2010
Us 2020175778 Al 04-06-2020
WO 2011041351 A2 07-04-2011

KR 20130045877 A 06-05-2013 NONE

Form PCT/ASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report

