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SYSTEM AND METHOD FOR DETECTING
OPERATIONAL ANOMALIES IN TRAIN CONSISTS AND RAILCARS

Field of the Invention

[0002] The present invention relates to the field of railcar and train safety management,
and 1s specifically directed to a system and method for continuously collecting

and analyzing operational parameters of railcars and train consists to detect

anomalous operating conditions.

Background of the Invention

[0003] Current prior art monitoring of bearings and wheel to rail interactions on train
consists has been managed primarily through the use of wayside detectors located
throughout the rail system, which includes detectors for monitoring the
temperature of railcar wheel bearings, and wheel impact load detectors which
1dentity damaged wheels by monitoring impacts of wheels on the rails. These

detectors are installed at fixed points in the rail network.

[0004] Since their introduction, these methods have provided railroad operators with

information to improve railcar and train consist performance. However, these
detectors lack the benefits of a wireless network capable of transmitting
information and data regarding operational anomalies, such as when a railcar
derails, the condition of the bearings and wheels when not in range of detectors,

and wheel damage. Further, these prior methods do not provide a mechanism to

continuously monitor assets at any location in the rail network.

#1502040



CA 0293509%4 2016-06-23

WO 2015/100425 PCT/US2014/072380

[005]

[0006]

Wheel damage in the railroad industry is responsible for significant
maintenance costs related to the ratlcar wheels, raticar body, ratlcar
components, rail tracks and rail ttes. Wheels that are shd flat have an uneven
section on the wheel where 1t comes mto contact with the rarl. As the wheel
rotates this section creates an abnormal tmapact pattern, which can cause
turther damage t© the wheel, damage to the racar and damage to the rail and

track struciure.

Presently, however, there 15 no reliable system for continuousty monioring
the temperature of wheel bearings or wheet 10 rall interactions where 8 wheel
impact load detector is not mstalled on a section of ra il or in the area between
detectors. Accordmgly, it 1s deswrable to provide a _syxtem and method for the
real-time, on-board monitoring of various operational parameters of a railcar
and/or train consisis, and for analyzing the readings n real fime to predict or

timely detect anomalous operational conditions.

{008

The system presented heremn addresses the deficiencies in prior art momtoning

systems for railcars and tramn consists, The system consists of a hierarchical
arrangement of components which provide a distributed data analvsis
capability that i1s capable of detecting operational anomalies at various levels
of the hierarchy, and which provides for the flow of data, events and aletts 1o

a central point,

At the fowest level of the hierarchy, each raticar s equipped with multiple
arranged i a mesh network controtled by a commumication management unit
(CMU™Y, usually on the same ratlear, referred to herein as a ratlcar-based
mesh network, The wireless sensor nodes collect data regarding vagious
operational parameters of the railcar gnd are capable of detecting certain

anomalies based on the collected data. When anomalous operational data 1s



CA 0293509%4 2016-06-23

WO 2015/100425 PCT/US2014/072380

10009]

(0010]

detected, an alert may be raised and the data may be communicated to the
conmmutication management unit located on the raxlcar. Although mesh
networks are used in the emboduments tHustrated herein, other types of

network topologies may be used.

The communication management units Iocated on each ratdear are also
arranged in a mesh network which is controlled by a powered wireless
gateway, tvpically located m the locomotive. This i referred to herem gs a
train~based mesh network.  Again, although mesh networks ave vsed i the
snhodiments ilustrated herein, mth&&r types of network topologies may be

used.

The train-based wireless mesh network commumicstes the length of the tramn
consist and delivers information about the ratlcars o a powered host of
control point, such as the locomotive or an gsset with access 1o a power source

and to a ratdvoad remote operations center.

Jof Deseription of the Drawings

(0011}

[0012]

(00} 3]

The present invention will be more fully and completely understood from a
reading of the Detailed Description of the Invention in conjunction with the

drawings, m which:

Figure 1 is g schematic of a railcar 103 equipped with a conumunication
management unit {OCMUY 101 and a pluratity of wireless sensor nodes {WSN3s)

104 installed thereon, forming a radlcar-based mesh netwaork 1035,

Figure 2 is a schematic of a train-based mesh network with twao ratlcars 103
cach equipped with a CMU 101 and multiple WSNs 104, a railcar 103

equipped with just a CMU 101 {(no WSNs), a railear 103 without a CMU or
WSN, and a powered wireless gateway device 102 installed on a locomotive

108.
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Figure 3 shows a tram-based mesh network 107 and various means of

communicating data off-tram.

Figure 4 18 an exploded view of a first variety of WSN 104 which can be used, for

example, for monitoring bearing temperature and wheel acceleration.

Figure 3 15 an exploded view of a second vanety of WSN 104 which can be
used, for example, for monttormyg ratlcar body acceleration, and which can

mclude a temperature sensor {not shown} for montonng temperature.

Figure & shows the WSN 104 of Figure 4 mstalled on a ratlear wheel bearing

fitting 111.

Figure 7 is a flow chart showing the conditions under which longitudinal

iupact acceleration event processing is enabled and disabled.

Figure 8 15 a flow chart showing the conditions under which vertical and

tateral hunting accelergtion event processing 1s enabled and disabled,

Figure 9 1 a flow chart showing the condibions under which deratiment

montormg event processing 13 enable and disabled.

Figure 10 18 a flow chart showing the conditions under which wheel damage
ar vertical nupact event processing 15 enabled and disabled.

Frgure 11w a flow chart showing the condittons ander which bearng

temperature event processing 1s enabled and disabled.

Figure 12 is an architectural disgram showing a generatized model for
mnplementation of the data analvsis porbion of a WEN 104

Figure 13 18 a spectfic implementation of the model shown in Figure 12
directed to deteciion of ratlcar body events.

this one direcied to detection of wheel bearimg events.

Detailed Description of the Invention

PCT/US2014/072380
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[0026]

(0027

(0029

A railcar, as the term is used heremn, may be a sing le railcar 103 see by b or
may consist of two or more rafdcars 103 which are permanently connected,
often referred 1o by those of skill 1n the art as a “tandem pay™, “three-pack™,
“five-pack’”, ete.

A train consist, shown in the drawings as reference mumber 109, see Fig. 2,18

defined as a connected group of ratlears 103 and locomotives 108,

A vommunication manggement anit (CCMU™Y, shown in the drawings as reference

number 101, 1s preferably focated on a ratlcar 103 and contvols the raslear-based
mesh network 103 (defined below) overlaid on ratlear 103 which may consist of one
or more individual railcars 103 which are permanently connected together. The
CMLU 10T hardware preferably includes a processor, a power source (e.g. a battery,
solar cell, enerey harvester, or internal power-generating capability), a global
navigation satellite system {GNSS) device such as a global posittonimng system
(“GPS7”)y recerver, Wi-F1, satellite, and/or cellular capability, a wireless
commumgcations capabiity for mamtaimng the raticar-based mesh network 1035,
wireless communication with a train-based mesh network 107 and, optionally, one or
niore sensors, moeluding, bat not himited to, an accelerometer 404, gyroscope, or
temperature sensar 400,

The CMU 101 supports one or more WSNs 104 (detined below) in a mesh network
configuration using open standard protocols, such as the [EEE 2.4 GHz 802.15 4
radio standard. Additionally, the CMU 101 15 also a member of a train-based mesh
network 107, which consisis of the CMUs 101 fom all enabled railcars 103 in the
train consist 109, controlled by a powered wireless gateway 102, tvpically located on
a locomotive 108 The CMU 101 thas supports four fanctions: 1} to manage a low-
power ratlcar-based mesh network 103 overlaid on a ratlcar 1037 2} to consolidate
data from one or more WSNs 104 in the railcar-based mesh network 105 and o
apply logic to the data gathered to penerate warning alerts to a host such as a
locomotive 108 or remote railroad operations center 120; 3} to support built-in
sensors, such as an accelerometer 404, within the CMU 101 to monttor specific
attributes of the railear 103 such as location, speed, and accelerations, and to provide

an analysis of this dats to generate alerts; and 4} to support bi-divectional

5
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conmunication apstream to the bost or control point, such as a locomotive 108
and/or an ofi~fram monytoring and remote ratiroad operations center 120, and
devwnsiream to one or more WSNs 104, located on the ratlcar 103, CMUs 101 may
communicate wirelessly to a powered wireless gateway (PWG 102 as defined below)
m a mesh network configuration, or may be configured {o commumcate through a
wired connection, for example, through the ECP {electronically controlled pneumatic)
brake system. Those skilled m the art will appreciate that GPS 18 just one form of a
clobal navigation satellite system {GNSS}. Other types of GNSS include

GLONASS and BeiDou with others m development. Accordingly, although GPS 18
used m the embodiments described herewn, any tvpe of GNSS svstens or devices may
be used.

{0030} The CMLU 101 13 capable of recerving data andfor alarms from one or more WSNs
134 and 1s capable drawing mierences from this data or alarms regarding the
performance of ratlcar 103, and of transnutting data and alavm mformation to a
remote receiver. The CMU 101 is preferably a single unit that would serve as a
communications ik to other locations, such as a powered wireless gateway 102
{eferably located m locomotive 108}, or a remote raitroad operations center 120,
and have the capability of processing the data recerved. The CMU 101 also
communicates with, controls and monitors WSNs 104 1n the local railcar-based mesh
network 105,

5 as reference number

3

{jﬁ

0031]

102 (see, e, Fux 2), 18 preferably located on @ locomotive 108 or elsewhere on a
tram consist 109 where there 1s a source of exdernal power. It typrcally will melude a
processor; a GPS recerver; one or more sensars, including, but not imited 10, an
communication system; local wireless transceiver {e.g. WikFi);, an Ethernet post; a
tugh capacity miesh network manager and other means of commurication. The PWG
102 will have power supplied by the locomotive 108, if lovated on a powerad asset,
such as g locomotive 108, or will derive its power from another source, for example,

from a solar power generator or from a high~capacity battery. The PWG 102 controls
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(0033

100341

00357

a train-based mesh network 107 overlaid on a train consist 109, consisting of

The components and configuration of the PWG 102 are similar to that of a CMU 101,
with the exception that the PWG 102 typically draws power from an external source,
while the UMU 101 15 self-powered. Additionally, the PWG 102 collects data and
draws mferences regarding the performance of the train consist 109, and train-based

mesh network 107, as opposed to CMUs 101, which draw mferences regarding the

performance of individual ratlcars 103 and railcar-based mesh network 105 or 118,

A railcar-based mesh network shown m the drawings as reference number 105, see,
e.g.. Figs. I and 2, consists of a CMU 101 on a ratlcar 103, which 13 part of and
manages a ratlcar-based mesh network 105 of a plurality of WSNs 104, each
deployed, preferably on the same rasicar 103,

see, e.g., Figs. 1 and 2, 15 located on a rarfcar 103, and provides the functions of
collecting datg from mternal sensors and analyvzing the data collected from the

sensors fo determine if the data needs to be transmiited immediately, held for later

fransmission, or aguregated mito an event or alert. The WSN 104 13 used for sensing

a parameter 0 be monitored {e.g. temperatore of bearings or ambient air) or status
(e.g., position of a hatch or hand brake). In a preferred embodument, each WHN 104
is equipped with one or more accelerometers or gyroscopes and one or morg
fernperature sensors. Examples of WSNs 104 are disclosed in published 1.8, patent
application 2013/0342362, the disclosure of which 1s hereby incorporated by
reference berem. A typical WEN 104 13 shown 1 exploded view in Frgure 4 and
Figure § and will now be explained m more detail.

With reference to Fieure 4, an exampie of a hirst vanety of WSN 104 15 now
described. The WSN 104 shown in Figure 4 is configured and tuned to

detect certain kinds of acceleration and temperature events and s typically

located on the wheel bearing hiting 111 of raricar 103, where 1 1s Iikely to be
subjectad to vartous degrees of accelerations and where i can easily collect

daia regarding the temperature of the wheel bearing. The components of

WAEN 104 are contained 1 a housmg 400 having an enclosure 400a and an
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enclosure base 400h. Preferably, housing sections 400a, 400b are composed
of a hard plastic resistant {fo environmental damage, such as a UV rated
polvimer, e.g., a polycarbonate/ ABS blend, and when tully assembled 13
weatherproof. After the various components are installed within the housing
as described below, a potting matenial {(not shown) 1s provided through
openings i the housmg 400 to 1solate, encapsuiate and environmentally seal
the components within, Such matenials include epoxies, polyurethanes and
sthicone compounds. A flexible urethane surtable for electrical use and
through which wireless stgnals can be transmitted 1s preferred. it has been
found that the particular potttng matenial used s also onitical m the proper
tuning of the WSN 104 1o detect vartous types of accelerations. & potting

material baving a duwrometer of 39 Shore 80 18 preferred.

{00386] Additionally, a mechanical filter 410 consisting of upper sections 4103 and
lower sections 410b further serve to mechanically filter high and low
frequency types of accelerations that are considerad nosse and which are
preferably removed from the signal of interest, Preferably, these components
are composed respectively of silicone of durometer 70 Shore A (the opper
filter sections 410a) and 30 Shore A {the lower filter sections 410b) in view
of the differences of the swrface areas of each section and this affect on the

fiitering characteristics.

{0373 in a preterred embodiment, each WHN 104 may have one of more
accelerometers 404 and one or more temperature sensers 406, The tuning of
WSN 164 15 accomplished by a combmation of the selection of the pothing
material, the durometer of upper and lower sihicone mechanical filtering
alements 410a and 410 b, and software filtering performed by software

executing on a processor an main PC board 402a. The software filter used 13

a digital filter to decrease noise from unwanted acceleration frequencies and

[0038] Temperature sensor 406, includes a heat wansfer element which extends

through an opening 4063 1w the enclosure base 400b, and opening 406b in the

8
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10039

[(3040]

filter section 410b. Preferably, the heat wansfer element is a copper plug.
This configuration is preferred for monitoring the surface temperatore of the
surface to which WEN 104 is attached. as the heat transfer element will make
contact with the surface. In preferred embodiments of the mvention, the
temperature sensor 400 18 a thermustor, thermocoupie or sitticone temperatare
sensor which are 1deal for electronie circuits. In this embodiment, WSN 104
will be mounted to place the heat transfer element i thermal commumication
with the portion of the railcar 103 for which a temiperature reading iz desiwred.
Additionally, the lower sections 410b of the mechamcal filter are ot a
suttable thickness to create an air gap between the enclosure base 400b and
the surtace to which the WIEN 104 8 mouted. The lower sections 410b of
the mechanical filter and the air gap create good thermal protection and tow
heat transfer from the surface to which the WSN 104 15 mounted. Thus
thermal protection keeps the electronics (all except for the temperature sensor
400} and the power source from bemng exposed to excess and poteantially
damagmg heal. WSN 104 may also be equipped with additional temperature

sensors (1ot shown) for sensing the ambient temperature.

tn the preferred embodiment, seif-taping screws 413 serve to attach WSN
104 to the railcar 103 and to hold upper and lower portion 410a and 410b of
mechanical filter in place. Spacers 400c which it within the screw openings
410c of the filter pads are chosen m length to control the amount of
compression force on the filter sections 410a and 410b due o the tightenmg
of the screws 415, Without the spacers 400¢, the fittering charactenstics ot
the filters could be changed due to compression from over tightening of the

serews 415, The spacers are chosen from a suiably stift matenial.

As one of ordinary skill would recognize, the configuration of WSNs 104

may vary with respect to the nomber and types of sensors. Virtoally any type
of sensor could be used, including, for example, a temperature sensor 406, a
pressure sensor, a load cell, a strain gauge, a hall effect sensor, a vibration

sensor, an accelerometer 404, a gyroscope, a displacement sensor, an
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inductive sensor, a piezio resistive microphone or an ulrasonic sensor,
depending on the spectiic operational parameter that 1s desired to be
monitored. In addition, the sensor may be a type of switch, mcluding, for
exampie, reed switches and lumit switches. An example of another tvpe of
mote sensor which ases a stram gauge, e.g. a hand brake monitor sensor, 18
described m ULS. patent publication 201 2/004681 1 (US Patent Application
12/861,713 filed August 23, 2010), the disclosure of which 1s hereby

meorporated herem by reference.

(0041} Electrical circuitry is provided for the operation of WSN 104, The electrical
cire niry mcludes the components and wirmg to operate and/or recerve and
process the signals from the sensors. This can include, but is not limited to,
analog and digital circuitry, CPUs, processors, circuit boards, memory.
firmware, controllers, and other elecirical tems, as required to operate the
accelerometers and temperature sensors 406 and 1o process the information

as further described below.

100423 in the lostrated embodiment in Figure 4, the circuttry inclades a mam board
402a which mcindes the communications circuitry, antennae and
microprocessor and a daaghter board 402b which includes circatiry to read
the data from accelerometers 404 and temperature sensors 406, Mam board
4024, danghter board 402h or the sensors may also inchude g processor
executing firmware to provide intelligence sufficient to perform low-level
analysis of the data, and may accept parameters from outside sources

regardmg when alarms should be raised, as deseribed below.

100431 Fach WSN 104 also meludes cireattry for wireless communications and a
long-term power source 414d{e.g. a battery, solar cell, energy harvester, or
imternal power-generating capability), preferably a milstary grade hithium-
thiony! chioride battery. The circuitry also provides power conditioning and
management functions and mav include a featare to conserve battery hte
which keeps WSN 104 in a standby state and periodically wakes WSN 104 to

deliver readings from the sensors.

10
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[0044] Figure § shows an exploded view of a second variety of WSN 104, which is
preferably mounted on the body of raricar 103, The vanety of WSN 104
shown in Figure 5 1s substantially 1dentical to the variety shown in Figure 4
{and thus similar elements are wdenttfied with the same reference number),
with the followmg difterences. First, as this vanety of WAN 104 will be
mounted to the body of railcar 103, where it 1s hikelv to be subjected to more

gentle gecelerations, there 18 no need {or the additional mechanical hiltenng

Pt

provided by mechanical filters 410 of Figure 4. Thus, using four screws, two
on each side, and given that this WSN 18 not exposed o the more violent
accelerations of the other vartety, the screws or bolts of this second vartety
can be smaller iy dismeter.  Second, the iflusirated embodiment does not
mchide a temperatire sensor 406, although one or more temperatore sensors
406 may be provided with a heat transter element, as discussed above for the
first vartety, extending through an openming 1 the housing to sense the desired
temperature, 2.2, the ambient temperature. Lastly, although this variety of
WISN 104 includes an accelerometer 404 hike the prior described WSN 104
of Fig. 4, 1t preferably will be programmed with different firmware to detect
different types of acceleration events, as discussed below. As understood by
one of ordinary skill, the WSNs of both vaneties could also containy just a
fermperature sensor, although there would be no need for filtering as

described with reference to Fig. 4.

{00451 individual WSNs 104 are mounted on the areas of interest on a ratlcar 103, As an
example, Figure 6 shows WSN 104 of the type shown in Fig. 4 mounted 1o a roller
bearing fitting 111 of a raslcar wheel bearing of a ratlcar 103 The vnit may be
attached using a thermally conductive epoxy adhesive between the heat transter
element and the roller beartng fitting 111 to ensure good heat transfer to the
teraperature sensor 406, and mechanical fasteners such as self-tapping screws 413 o
hold WSN 104 m place.

System Operation

11
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[0046]

10047 |

10048

| 0049

¥

In broad terms, with reference to Figs. 1 and 2, the present invention provides a

novel means for montoring the performance and operation of a ratlcar 103 and train
constst 109 This includes a plarality of sensors 104 deploved on the ratlcars 183
the consist 109 for sensing various operational parameters of the ratlear 103 and
distributed complex event processing {DCEP) engine, whach 15 a hierarchical system
for collecting and analyzing the data and for communicating data, events and alerts

to a final destination where thev can be acted upon.

The DCEP 1s responsible for implementing the mielligence used to draw conclosions
based on the data collected from WSNs 104, CMUs 101 and PWGs 102, Preferably,
the data processing platform is distributed among all WSNs 104, CMUs 101 and the
PWG 102 on the locomotive 108, as well as ulilizing a cloud-based infrastructure
optimized to work closely with train-based mesh networks 107, in conjunction with

a vanelv of data streams from thard-party providers or external sources.

With hurther reference to Fig. 1 of the drawings, a rallcar-based mesh network is
shown generally as reference number 105, Railcar-based mesh network 103
comprises a CMU 101 installed on a ratlcar 103 and one or more WENs 104
instatled on the same ratlcar 103, Railcar 103 may consist of one or maore individual
atlcars 103, which are permanently connected together. The ratlcar-based mesh
network 103 15 a entical component iy the provessing of events and alerts on the
railcar 103, CMU 101 and WENs 184 work together to collect and snalyze the data
collected from sensors in the WSNs 104, CMLI 101 controls the railcar-based mesh
network 105 on ratlcars 103 and 18 able to configure one ¢or a more WSNs {04 ina
local mesh network to transmit, histen, or sleep at precise fimes, or to change the

parameters under which WSNs 104 operate and detect events.

With further reference to Figure 2, a schematic of a tramn-based mesh
network 107 1s shown with two ratlcars 103 each equipped with a CMU 101
and multiple WSNs 104 mstalled near the wheel beanngs of the ratlear 103, a
atlcar 103 equuipped with just a CMUF 101 with no WSNs 104 attached, a
ratlcar 103 without a CMLU 101, and a PWG 102 installed on a locomotive

108, The CMU 101 and muliiple WENs 104 installed on mzkars 103 form a
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raticar-based mesh network 108 and communicate with the PWG 102 ona
host or control pont, such as g focomotive 108 or other asset, forming the
trai-based mesh pnetwork 17, The raticar-based mesh network for the

ratlear 103 having a CMU 101 only and no WSNs 15 designated 118,

>

10050 it an alert or event condition 1s detected by a WSN 104, as described 1 more
detat] below, a message 18 forwarded by WSN 104 to CMU 101 for farther
analysis and action, for example, 1o confirm or coordinate alert or event
conditions reporied by one WEN 104 with other WSNs 104 i the ratlcar-
based mesh network 105, If an alert or event is confirmed by CMU 101, a
message 1s sent to PWG 102 instatled Of1 811 asset, preﬁfﬁmbi}f with access toa
power source and/or to an off frain monitoring and remote ratiroad operations

center 124

[0051 ] CMU 101 on each rattcar 103 is capable of supporting an optional global
navigation satelhie system (GNSS) sensor to determine location, direchion
and/or speed of radear 103, This imformation ¢an be used to determime
whether or not WSNs 104 shoudd be looking for certain types of events. For
exanpie, it 1s fmntless for a WSN 104 to attemipt to detect deratiments when
the train consist 109 15 stavtonary.  Addittonally, the PWG 102 can send
mstructions for the CMU 101 fo start or stop looking for certain types of
events. Addittonally, MU 101 on each ratlear 103 is capable of using buls-
in sensors and/or managing a railcar-based mesh network 105 on the railear
103 10 generate messages that need to be sent t0 3 host or controt point, such

as a focomotive 108,

Alert and Event Detection and Reporting

(0052} Each WSN 104 is capable of analvzing the data collected from its sensors i
determining 1 the an event or alert message, as well as the data should be
uploaded to the next higher level in the hierarchy, in this case CMU 101,

With respect to accelerometers 404, each WEN 104 can be programmed with
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nultiple thresholds for peak and root mean square (RMS) level of magnitude
values acceleration readings recesved {rom the one or more accelerometers
404, When one of the peak or RMS acceleration thresholds are exceeded, 1t
1s an indication of a possible event or alert condition, and a message 13
generated and sent to CMU 101 in the same railcar-based mesh network 105
The thresholds for each vartetv of WSN 104 may be dynamically
programmed by commands either generated mternally or received externatly

from CMU 101,

W

053] fn the preferred embodiment, WSNs 104 are programmed with thresholds

f

which indicate specific types of alerts or events. For the W SNs 104 mounted
on wheel roller bearing fittings 111, these units may generate a possible
derailment message, a vertical impact message or a wheel damage message
dependmg upon the threshold winch 1s exceeded. For WSNs 104 located on
the body of railcar 103, examples of messages generated are longitudinal
mmpact, extreme {ateral rattecar dynamies, extreme vertical ratlcar dynamics,
vertical hunting and lateral hunting. In the ilhustrated embodiments, the
WSNs 104 do not deternuine if each of the possible conditions actually exists.
This determunation s preferably made at the next level up of the hierarchy, at
CMU 101, which vitlizes the readings from multiple WSN 104 1o make a
determination that an actual event has occurred. As would be readily realized
by one of skill m the art, different thresholds sugpesting the occurrence of

other types of evenis may be programmed mio WSNs 104,

10054} Regarding the femperature sensors 406 m each WSN 104, which are capable
of sensing the temperature of the surface on which a WSN 104 15 installed
and/or the temperatiwe of ambient air around the WEN 104, the temperature
readings from each WSN are pertodically reported to the CMU 101, The
CMU 101 must coordinate the collecting of temperature datg from all WSNs
104 1 the ratlcar-based miesh network 1035 and, as such, the pertod for

ternperature data 1s programmed for each WSN 104 by CMU 101,
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[0055] Each WSN 104 is able to make a determination of when to report data that
may indicate a possible event or alarm conditon to CMU 101, CMU 101 15
able to collect such notifications from each WSN 104 under its confrol and
coordinate the data to make a final determination as to whether or not an
avent or alarm condition actually exists, For example, i the preferred
embodiment each wheel roller beanng fitting 111 m a ratlear 183 wall have a
on a typcal ratlear 103 having two trucks (bogies), each with two axles, a
total of etght WSNs 104 mounted to wheel roller bearing fitting 111 will be
present. n addition, and also in accordance with a preferred embodiment,
each raticar 103 wall preferably have an addinonal WSN 104 {ocated at each
end of the ratlcar 103 attached directly to the ratlcar body. CMLU 10 also
may include seceleration, temperature or any other type of seusors and may
replace one or more of the WSN 1845 on the body of raricar 103 or mav be
suppemental to the set of WSN 104s that are installed on the body of ratlcar
103, The railcar-based mesh network 105 mav mnclude any combimation of
WESNs 104, meludimg a configuration wherein the CMU 101 13 the only
component mstalled on the railcar 103, Addinonally, CMU 101 may also
monitor WHNs 104 installed on other raitcars 103 such as in the case where
raticar 103 may consist of one or more mdividoal ratlcars 103 which are

permanently connected together.

[0036] in the preferred embodiment, the logic m the CMUS 101 is capable of
anatyzing poth accelergtion gnd temperature events recerved from each of the
WENs 104 under its control and deternuining if an alarm or event condition
amnaiiy exists. [t should be noted that acceleration events are independent of
terperature events and the CMU 101 may be configured 1o either analvze
only acceleration events, or to analvze only teraperature events. Thus the
CMU 101, and WENs 104 under us control, torm g distntbuted event

processing engine which is capable of deternuning vanous types of events.
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(0057]

al

[00S8]

10059

The acceleration events which CMU 101 is capable of detecting in the
preferred embodiment will now be discussed m greater detail. It should be
noted that when CMU 101 determines that an alarm or event has occurred, a
message 1§ sent to the next level n the hierarchy that is exther to a PWG 102
located elsewhere on tram consist 109 or off tramn consist 109 {0 a remote
ratiroad operation center 120, dependmng upon the severity of the event and
the need to inymediately address the event, perhaps by altering the train
consist’s 109 operating condition. Examples of events that can be analyzed

using the features described above are provided below,

and 15 an example of the type of events that can be analyzed by the tlustrated
embodiment. When a derail message is received from a WSN 104, the CMU
101 starts a deratlment processing timer and also mymediately generates a
passible derailment message to the PWG 102, CMLU 101 then watts to
determine if any other WSNs 104 are generating deralment messages. it
other WENs 104 have generated deratlment messages within a predetermined
tinte mterval, they are all p resumed fo have originated from the same

physical event and a derailment message is generated and sent to PWG 1020

Figure 9 13 3 How chart showing the condittons under which the derailment
event 1s enabled or disabled. At 900, the system is mitishzed and, at 902, the
system is placed in a waiting state in anticipation of the railcar 103 moving,
wheremn the deraid event 1s disgbled. It should be noted that deratlment
events are disabled when the ratlcar 103 3 stationary. At 904, the system
checks to see 1f the ratdcar 103 15 stationary and, if i 15, 1§ réturns 1o the
waiting state at 902, it the ratlcar 103 15 moving confrol moves {0 906 where
the deratlment event 1s enabled. The derailment event is enabled by baving
CMU 161 send g message to each of the WSNs 104 underits control. Ar 908,
the system is again placed in 3 watting state; however, the derathnent event 1s
now enabled. At 910, the system queries as to whether a derailment has been

-

detected and, if not, control proceeds 1o 914 where the system queries as to

15



CA 0293509%4 2016-06-23

WO 2015/100425 PCT/US2014/072380

whether the railcar 103 is stationary. If the railcar 103 is moving, control
returns to Y08, the system waiting state, having the deraiiment event enabled.
i at 910 a derailment 1s detected, control proceeds to 912 where a system
report of a deraihment 1s made and control then proceeds to 914 as before. if
at @14, i 1s deternuaned that the ratlear 103 15 agam stabionary, the deratiment
event 1§ disabled at 916 and control returns 10 902, where the system waits in

g state where the derazbment event 1s disabied.

[0060]

type of event, When g vertical ;imp.az:t event 18 -rf:.»z:eived}. from a WSN | gﬁg

CMLUT 101 starts a vertical impact processing timer during which CMU 101

.
-y

waits to see 1 any other vertical impact events are received from other WEN
104s. Depending on which side of the ratlcar 103 vertical impact messages
are bemg generated, i can be determimed, for example, that a broken rail or

ather track condifion may exist.

0061 ] Wheel Damage ~ A wheel damage message 1s regarded as a low prionty type

of event. When a wheel damage event is received from a WSN 104, CMU
{01 starts to tisten for addaional wheel damage events from the sanie WSN
14, Thus, of CMU 101 receives multiple wheel damage messages from the
same WSN 164, it can generate a wheel damage message. In such cases,
CMU 101 may mstroct WSN 104 to stop fooking for wheel damage events as
these will likely continue to recur and generate a barrage of messages from
WHN 104 1o CMU 101, In addition, the WHN 104 will have a counter to

ges to the CMU 101 ata

L

a\-

deferming if it 13 sending wheel damage messa
certam rate. If that rate is exceeded, the WSN 104 stops checking for wheel
darmnage messages for a certann time penod. After the time pertod has expired,
the WSN 104 will check to see 1t the rate of wheel damage messages are st

too high to send to the CMU 101

10062 ] Figure 10 13 a Sow chart showing the conditions under which the wheel

dainage a:nd vertical impact gvents are enabled or disabled. At }ﬁ(}i’;, the

.....
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10063

enablement has not vet been re Mmd Wheel damﬁges and vertical impact
events are only enabled when ratlcar 103 has reached a specific critical speed.
Note that the speed of railcar 103 can be detenmined by several means, one
preferred way 13 for a message to be sent from PWG 102 to all CMUs 101 1n
tram consist 109, At 1006, the system checks to see if the critical speed has
been reached or exceeded. The cnitical speed 13 a configurable setting of the
system, tvpically set by each individual user, based on track and operational
conditions, and 15 used 0 wWdentity that the train 1s moving at a speed when
such data 18 relevant. I not, control returns to 1004 where the system s

agam placed m a watting state with the events disabled. It at 1006, the
critical speed has been reached or exceeded, control proceeds to 1008 where
both the vertical unpact and wheel damage events are enabled. Contrel then
proceads 0 1010, where the system 1s placed in a watting state having both
tvpes of events enabled. At 1012, if a vertical impact event has been detected,
control proceeds to 1014 where the system reports the vertical tmpact, At
1016, the svstem checks to see 1t a wheel damage event has been detecied
and, if so, reports the wheel damage at 1018, In any event, control then
proceads to 1020, where the system checks to see 1if the radcar 103 13 stall at

the critical speed necessary for the engblement of events, I 1t 18, the svstem

proceeds back to 1010 where the system 1s placed in a watting state with

events enabled. If the speed of ratlcar 103 has fallen below the critical speed,
control proceeds to 1022 where both the vertical smpact and wheel damage
events are disabled, and then to 1004 where the system 1s placed i a waiting

state with events disabled.

The proceeding acceleration events gre all events which are detected by the
varety of WaN 104 which 15 attached to the wheel roller bearmg fitting 111
on railcar 103, The following events are all generated by the variety of WSN

{04 which 15 attached to the body of raslcar 103,

18



CA 0293509%4 2016-06-23

WO 2015/100425 PCT/US2014/072380

{0064 Longitudinal Impact ~ A longitudingl impact ocours when an acceleration is

detected along the length of railear 103 and s regarded as a medium priority
type of event. When a longitudinal impact message s received from a WSN
104, the OMU 101 starts a timer during which #f tooks for other longitudinal
mmpact evenis from other WSNs 104, Longitudinal impact events are hkely
to occur, for example, during the coupling process and when the train consist
other ratlcars 103 to deternune 1t {fongitudinal impact events which are

cenerated on each ratlear 103 originate from the same physical event.

0065 Figare 7 is a flow chart showing the conditions o nder which longitudinal
events are enabled. At 700, the system 1s mitialized and at 702 the
longitudinal events are enabled. The control then proceeds to 704 where the
system 13 placed m a wait state with the events enabled and enters a detection
loop. At 700 the svstem deternmunes whether a longitudinal tpact has been
occwrred and, if not, retans to 704 where the sysiem again enters the wait
state. At 706, if a longitudinal impact has been detected, control fransfers to
708 where the system generates and reports a message regarding the impact.

Control then returns to 704 where the system agamn enters the wail state.

{0000 Vertical Extrenme Vehicle Dynamics — A vertieal extreme vebiele dynamics
event occurs when an acceleration is detected in the vertical divection of
ratlcar 103, and is regarded as a medium priority type of event. An event is
detected by a peak geceleration threshold bemg exceeded by an acceleration
along the vertical axis. When a vertical extreme vehicle dynamics message
1$ recetved from a WSN 104, the CMU 101 stants a timer during which it
looks for other vertical extreme vehicle dvnanuies events from other WEN3
104, Vertical extreme vehicle dynamics events are likely to occur, for
example, from a sobsidence in the rack or change in track modalus at &
bridge abutment, CMU 10 may coordinate with other CMUs 101 on other
raifcars 103 to determine if vertical exireme vehicle dvnamics events which

are penerated on each railcar 103 origimate from the same phvsical event.
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0067 Lateral Extreme Vehicle Dynamics— A lateral extreme vehicle dynamics
event occurs when an acceleration 1s detected m the lateral, or cross hne,
direction of raticar 103, and {s regarded as a medium priority type of event.
An event 1s detected by a peak acceleration threshold being exceeded by an
acceleration along the lateral axis. When a lateral extreme vehicle dynamices
message 18 recetved from a WEN 104, the CMU 101 starts a timer dunng
which it fooks for other lateral extreme vehicle dvnanics events from other
WSNs 104, Lateral extreme vehicle dynamics events are bikely to occur, for
exampie, from a substdence m the track or change m track modulus at a
bridee abutment. CMU 101 mav coordinate with other CMUs 181 on other
raticars 103 10 determune if lateral extreme vehicle dynanucs events which

are generated on each ratlcar 103 origmate trom the same physical event.

0008} Yertical Hunting ~ Vertical hunting 1s a condition that can last a long time
with certain dynamic¢ conditions such as frack corrugation. The WEN 104s
located on each end of the railcar 103 body are commanded to periodically
check for vertical hunting symultaneously, which allows a phase comparison
of the readings from sach WSN 104, When CMU 11 recetves a vertical
hunting message, a vertical hunting processing timer is started and CMU 101
walts {0 see i another WSN 104 has reported a vertical hunting event duning
a predetermined time interval. I mudtiple events are recetved within the ume
interval, CMU 101 examunes the messages received and if the data mdicates
similar pertodic oscillations at each end of the railcar 103, then the phase
relationship between events occurring at each end of the radlear 103 i«

“hody bounce”™ event. When the data indicates put of phase oscitlapon, CMU
101 generates a vailcar “body piteh” event, In both cases the vertical hunting

message is reported by CMU 101,

10068 fateral Hunting ~ Lateral hunting 1s a condition that can last a long time with

faa®

certam dynamic conditions. Factors that contribute to lateral honting include:

high center of gravity ratlcars 103, worn trucks (bogtes), and worn tangent
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track. The lateral hunting event detection works in a fashion similar to the
detection of the vertical hunting events. When CMU 101 receives a lateral
hunting event from one of the WSNs 104s on one end of the ratlcar 103 (e g,
the front end), a timer is started and, if another event is received from another
WAN 104 on the other end of the same railcar ({'3 &, the bac k end) within a
predetermined period of time then the events are compared for they phase
relationship. 1t the data indicates an out of phase oscitlation, then a “body
vaw’ event 18 generated. However, it the data indicates an 11 phase
osciliation a “bodyv roll” event 1s generated. In either case, a latera! hunting

message is reported by CMU 101

{0070 Figure 8 15 a flow chart showing the enabling, disabling, and reporting of
vertical and lateral hunting events. At 800, the system 18 putialized a n@L at
802, the system 138 placed 1 a waiting state with the events disabled. Lvents,
1 this case, are disabled when the speed of ratlcar 103 1s below a critical
speed. Verbical and lateral hunting events are only enabled when the speed
of ratlcar 103 exceeds the crifical speed. At 804, the svstem checks to see
whether oritical speed has been exceeded and, if not, returns to the system
waiting state in 802, However, if the critical speed has been exceeded, at 806,
the vertical and lateral hunting events are enabled and, at 8308 the system
enters a loop wherein the hunting data 1 sent to CMLU 101 and then analyzed
to see if a hunting event has occurred. At 810, CMU 101 analvzes the data
and, at 812, determimes whether or not a hunting event hag been detected. If
a hunting event has been detected, control proceeds to 814 where the event 13

reported. H no hontimg event has been detected 1 812, control proceeds

d;reuh to 816 where the system again checks to see if the speed of ratlcar
O3 15 over the eritical bpwd H the speed of ratlcar 103 is still high enough

tor hunting events to be enabled, control retums o 808 and the svstem again
enters the oop. 1 the speed of raddcar 103 has {allen below the critical speed,
control proceeds to 818, where the hunting events are disabled, and then to

802, where the system 1s placed in the watting state with events disabled.
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00711 With reference to Figs. 4 and 12, a general implementation mode! of the analysis
system of a WSN 104 1s now described. As depicted in the preferred embodiment,
the analyzed signal (what is not filtered out by the mechanical fikter 410 or potiimg
material}, originates with accelerometer hardware 404 and 1s passed to one or more
sensor sections 1202, 1208 or 1214, These sensor sections select the data to be
analvzed using a digital data filter 1204, 1210 or 1216, and passes this dataon to a
feature detector 1206, 1212 or 1218, Data selection can be based on, for example,
direction {(e.g. vertical or longitudinal components), frequency (e.g. hngh-frequency
clangs or low freguency rocking), overatl magmtoade {combmation of 2 or 3

directional components), or other variations of the collected data.

(00721 The feature detectors may use a variety of techniques to deternune if specific
features are present. Features may include but are not hmited {o, pulse peaks or
duration, root mean square {RMS) level of magnitude values, or presence ov lack of
specific frequency components. Onge a feature 15 detected, a message s passed on
to message modale 1220 to be delyvered 1o the CMU 101, The sensor section may
also perform periodic tests to determine if the feature 15 still present. If it s, the

should be sent only when the feature 1s no longer present.

A

{0073 One possible mmplementation of the analvsus system of Fro. 12 18 shown i Figure 13
Here, accelerometer 404 passes data on to three sensor sections. The first section
1302 selects data from the fongimdinal direction down the length of the railcar 103
and uses Longaudinal Section 1304 to extract onguuding! impact data. Longuudingl
mmpacts are detected m Impact Detector 1306 when the peak value of the
longitudimal data exceeds a longiudinal impact threshold. The second section 1308
selects data from the lateral direction across the raticar 103 and uses Lateral Section
1310 to extract lateral oscillation data. Lateral oscillations are detected m Vehicle
Drynamics Detector 1312 when the RMS value of the oscillations exceeds a lateral
ascillation threshold. The third section 1314 selects data from the vertical direction
and uses Vertical Section 1316 to extract vertical oscillation data. Vertical

osciliations are detected m Vehicle Dynamics Detector 1318 when the RMS value of
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the oscillations exceads a vertical oscillation threshold. Each of these sensor sections
sends its messages on to message module 1220 which, i turn, passes these messages

b

an to the CMLUT 101,

(0074 ] Another possible implementation of the analvsis system 18 shown in Figure 14, Here,
accelerometer 404 passes data an to three sensor sections. The Hirst section 1402
looks at data from the vertical direction and uses Vertical Deratlment Filter 1404 (o
exiract the characteristic frequencies ot ¢ dergilment. Dergtlment events are detected
i Deratiment RMS Detector 1406 when the RMS valoe of the filtered data exceeds
a derailment thresheld. The second section 1408 also selects data from the vertical

divection, but uses Vertical Wheel Damage Filter 1410 {o extract the characteristic
frequencies of wheel damage. Wheel damage is detected in Wheel Daniage RMS
Detector 1412 when the RMS value of the filtered data exceeds a wheel damage
threshold. The third section 1414 also selects data from the verttcal divection and
uses Vertical Imypact Filter 1416 1o extract vertical impact data. Vertical impacts are
detected m Vertical Impact Peak Detector 1418 when the peak value of the filtered
data exceeds a vertical impact threshold. Each of these sensor sections seads its

messages on o message module 1220 which, m turn, passes these messages on {0

the CMU 101

100751 When a derathment coours, the wheels of one or more axles fall off the rails and ron
along the track bed. The rough nature of the track bed causes the deratled wheels to
experience high-energy vertical accelerations for the duration of the deraihment. Ina
preferred embodiment, a derathment s readily wdentified by calculating the RMS
value of a series of consecuiive vertical acceleration measurements and comparing
the resuit with g threshold. If the CMU sees such data from the WSNs on both sides
of the same axle, this could mmdicaie a deratiment. On the othey hand, acceleration
data from a smgle WSN regarding just one wheel processed through sensor section

£408 is more Hkely to indicate a damaged wheel

00761 CMU 101 also collects tevuperature data from cach WSN 104, The
colfection of temperature data from each WSEN 104 must be synchronized to

avold conflicts between WENs 104 while transnutting the data to CMU 101,
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and to allow timely comparison and coordination of the temperature data
from the readmgs from WSNs 104, This 1s achieved by storing the
temperature data in a rotating buffer organized as one data set comprising
one reading from each WSN 104 temperature sensor 406, In the preferred
embodiment, each WSN 104 samples 13 temperature sensors 406 once per
minute, four consecutive samples are averaged once everv 4 minutes. The
WSN 104 then sends a message contaming § consecutive sample averages o
the CMU 101 once every 32 munutes. CMU 181 keeps twenty samples i 1ts
rotating butter for each temperature sensor 406, however, one of skill in the
art would realize that other sampling mtervals and buffer sizes could be used
it should be noted that WENs 104 may have more than one temiperature
sensor 406, After each temperature message is received, the oldest set of
data m the rotating buffer 1s discarded. When the data set 15 conplete, the
temperatire data 1s examined {or any sigmificant temperatare trends or events
and then cleared so that the temperature data 18 used only once. As newer
terperature messages are recerved, the budter wraps around so0 that new data
overwrites the oldest time slots. It should be noted that the WSNs 104 do not
analyze the temperature data for specific events, but instead merely report 1t
to the CMUF 101, The CMU 101 examines the temperature data for frends
and reports when certain threshelds have been detected. It should be noted
moving and is disgbled when the train consist 109 is stationary. Therefore,
WAENs 104 will not collect or report temperature data anless the tram consist

109 18 moving.

00771 The following table is a listing of the alarms and warnmgs generated by the

Peak Analysis Greater than x% of the temperature
readings in the analysis statistics excesd
the absolute temperature analysis

threshold
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Ambient Greater than v of temperature readings
in the analysis statistics exceed the
above ambient femperature analysis

threshold

Rate Analvsis 2% of the operational time exhibiis a
temperature rise exceeding the

temperature rate analysis threshold

The variables x, v and z, i the above table indicate that these numbers are
configarable depending on the preferences of the user or customer. As an
example of a Peak Analysis operation, 1 x {as configured by the user, e.g.,
20, 25 or 30) percentage of temperature readings on a bearing over a penod
of time exceed the absolute temperatire analysis threshold, an alarm or
warning nwy be sent. As an example of the usefulness of carrying out the
different analyses, it is possible that the Ambient Analysis on a hot bearng,
if the fram is running m very hot weather conditions, nught not mdicate @
problem when in fact there might be one, while the Peak Analvsis which
tooks just at the bearing temperature will provide a warnung or alarm. On
problem with a hot bearing due to the cold weather cooling down the
bearing, while the Ambient Analvsis would. An example of Rate Analysis —
when the ratlear 18 not moving, a bad bearing will be at ambient temperature,
but once the railcar starts moving, the bad bearing may heat up quicker than
the other bearings on the ratlcar, and therefore will have a higher percentage

of operational time it exceads the threshold temperature rate.

00787 As with acceleration events, WSNs 104 are also able to ¢heck for
teraperatare events and report when the measured temperature exceeds
certain thresholds. The table below lists these temperature-related alarms and

events that can be provided nnmediately:
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Peak Alarm Absolute temperature alarm threshold 15

exceeded

Peak Warning Absolute femperature warning threshold

15 gxceeded

Temperature above ambient atarm

Alarm threshold is exceeded

Ambient Temperature above ambient waming

Warning threshold 15 exceeded

Differential Temperature difference alarm threshold

Alam ts exceeded between bearmgs on the

same axle

The first four Alarms and Warnings in the above table are based on dats

preferably collected by individual WSNs and do not require any analysis
other than the exceeding of a threshold and thus can be initiated by the WSN
that collected the data. The last one, the Dilterential Alarm, requires data
from at least two WSNs located on bearing fiftings on opposite sides of an
axle, and therefore the analysis and Alarm w il preferably be carried out by

the ML

{0079} Figure 11 15 a Hlow chart showing the processing of events related to the
measurement of temperatures of the wheel bearings of raticar 103, At 1100,
the system 15 imittahized and, at 1102, the system enters a waiting state
in this case, when the ratlcar 103 13 not moving. At 1104, the system checks
to see if the railcar s moving and, if not, returns to 1002 where it again enters
the warling state with events disabled. I the rarlcar 1s moving, control
proceeds 1o 1106 where the temperature monitormg events are enabled. The

system then proceads to 1108 where it enters a loop wherein events are

checked. Control proceeds to 1110 where the system again checks to see
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make sure the railcar 103 is moving. If the railcar 103 is not moving, control
proceeds 10 1112 where the temperature monitoring events are disabled and
then back to 1102 where the system s placed in a walting state with events
disabled. I, at 1110, the ratlcar 103 15 still moving, control proceeds to 1114
where the system checks to see if a set of temperature measurements are
available. If not, control returns to 1108 where the system 1s m the waiting
state with events enabled. 1f a set of temperature measurements 1s avatlable
m 1114, control proceeds to 1116 wherem the WSN 104 transmuis the set of
analysis of the temperature measurenients, including all those in the rotating
bufter and, 1 at 1120, decides if a emperature threshold has been excegded.
H not, control retarns to 10K where the system 18 in a watling state with
events enabled. If g temperature threshold has been exceeded, the system
reports the temperatore measarements at 1122 and then refuns to 1108

where it 1s agamn i the system waiting state with events enabled.

L0086 CMU 101 also detects long term trends and keeps data reparding trends m

the analvsis of bearing condition. The following statistics are collected for

every bearing being monitored by a WSN 104 m the railcar-based mesh

network 105;

i Total nunmber of vahd temperature readings,

=

Sum of vahid temperatuwre readmgs;

L

"

3. Sum of vahid temperature readings squared;

4. Number of temperature readings greater than the absolute temperature

threshold;

W

Number of temperature readings greater than the above ambient

temperature threshold; and

6. Numbaer of temperature change rates greater than the heating rate threshold.
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0081 ] The beanny temperature statistics are accumulated on a dady basis in a
analysis over a thirty-day pertod. The DCEP engine controls the time that
statistics are accumuiated as a new set of statistics has begun and the oldest 1s
d;acmdﬁd Normall v the event engine 1s configared to generate an analysis

ONCE per day.

(00827 The collected statistics may be used to calculate information that indicates
bearimg wear trends. In a preferred embodiment, a CMU 101 provides a

report upon reguest of the following quannties for every wheel bearing:
a. Average bearing temperature;
b. Variance of bearing temperature;
¢. Percentage of bearmg temperature readings that exceed an absolute threshold;

d. Percentage of bearing tempersture readings above ambient that exceed a

threshold; and

g, Percentage of measurements that the rate of increase of bearing temperature

exceads a threshold.

U083 A train-based mesh network is shown generally as reference number 107 n
Figs. 2 and 3. Train-based mesh network 107 is overlaid on a train consist
09 and includes a PWG 102 mstalled on a host or control pomi such as a
locomotive 108, or on another asset with access to a power source, and one
or more CMUs 101, each belonging to the train-based mesh network 107 and
also to their respective raticar-based mesh networks 103, if one or move
WSNs 104 are present, or respective ratlcar-based mesh networks or network
L18 for ratlcars 103 with ¢ CMU 101 but no WSNs 104 (see Fig. 2). (Note
that there can also be ratlcars 163 i framn consist 109 without a UMU 101
thereon, as shown by reference number 119 m Figure 23, Thus, here, UMUs
101 can belong 1o two mesh networks, ratlcar-based mesh network 105 (if

railcar 103 is fitted with one or more WSNs 104) and train-based mesh
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network 107. Each CMU 101 is also optionally managing s respective
raticar~-based mesh network 103, Fig. 3 shows a case wherem the train-based
mesh network 107 consists of three CUMUs 104, two of which are partt of
raticar-based mesh networks 1035, and one located on a ratlcar 103 (reference

number 118} wherein no WSNs 104 arve connected.

(1084 Train-based mesh network 107 uses an overlay mesh network to support {ow-
power bi-directional communication throughout tram consist 109 and with
PWG 102 mstalled on locomotive 10R. The overlaid tram-based mesh
network 107 is composed of wireless trausceivers embedded in the CMU 10}
on each railear 103, Fach MU 101 is capable of initisting & message on the
tram-based mesh network 107 or relaying a message from or to another CMU
101. The overlay train-based mesh network 107 is created independently of,
and operates mdependently of the ratlcar-based mesh networks 103 ¢reated

by each railcar 103 in the tramn consist 109

[O0RS] A bi-directional PWG 102 manages the traimn-based mesh network 107 and
comunumicates alerts from the CMUs 101 installed on individaal ratlears 103
to the host or control point, such as the locomotive 108§, wherein the alerts or
event reports may be acted upon via homan mtervention, or by an automated
gy'gten‘i; L.ocomotive 108 may mclude a user imerfase f(}r recerving and
of the -i.mi-i.vi dua’i raticat- ba’s;ed mesh nem-'c}rﬁks 105, Bi-durectional PWG 162
15 capable of recerving muitiple alerts or events from UMUs 101 on
mdrvidueal ratlcars 103 and can draw inferences about specific aspects of the

performance of train consist 109,

[O0RG] Bi-directional PWG 102 is also capable of exchanging information with an
external remote ratroad operations center 120, data svstem or other train

.."')

management system. This conupunication path 1s shown i Fig. 3 as
reference number 122, and can include celinlar, LAN, Wi-Fi, Bluetooth,
satellite. or other means of communications. This Hink can be used to send

aterts off-tramn consist 109 when the train consist 109 i in operation.
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[OOR7 ] It is appreciated that described above are novel systems, devices and methods.
it 1s also understood that the invention 1s not hmied to the embodiments and
dlustrations described above, and includes the full scope provided by the

clatms appended hereto.

o oy o ok
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We claim:

1. A system for detecting operational anomalies on a train consist or railcar

comprising:

(a) a train-based mesh network comprising a powered wireless gateway and one or

more communication management units located on one or more railcars in said train

consist;

(b) one or more railcar-based mesh networks each comprising at least said one or
more communication management units, each arranged in a mesh network configuration

with one or more wireless sensor nodes;

(¢) a distributed complex event processing engine distributed across said wireless
sensor nodes, said communication management units and said powered wireless gateway,
said distributed complex event processing engine detecting anomalous operating
conditions on said train consist via data gathered by sensors controlled by said wireless

sensor nodes and propagated upwards through said system.

2. The system of claim 1 wherein said powered wireless gateway serves as a

remote recelver.

3. The system of claim 2 wherein said remote receiver is located otf-train.

4. The system of claim 1 wherein at least one of said communication

management units includes at least one of said sensors.
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5. The system of any one of claims 1 to 4 wherein said communication
management unit can instruct each wireless sensor node to enable or disable the checking

of individual rules by sending a message to said wireless sensor node.

6. The system of any one of claims 1 to 5 wherein said communication
management unit can instruct each wireless sensor node to enable or disable the periodic

sending of data by sending a message to said wireless sensor node.

#1712889
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