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A collision avoidance system (CAS) i~ de~cribed that 
includes one o r more seo.sor technologies. including, for 
example, an Uln-a Wideband (VWB)sensing technology. The 
collision avoidance system is designed to reliably track the 
location and speed or vehicles and ll1e distance between 
vehicles over a wide variery oftrackanu terrnjn. ·fb.ecollisioo 
avoidance system may utilize information from a variety of 
sensor teclrnologies to determine whether one o r more 
vehicles violate Speed and/or separation criteria. and may 
generate a warning. 
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COLLlSIO ' AVOIDANCE SYSTEM FOR RAIL 
U NE VEHICLES 

CROSS-REFERENCE TO RELATED 
APPLICATlONS 

(00011 1l1is application claims priori I)' from the following 
throe U.S. Provisional Patent Applications: (l) No. 61/519, 
201 filed on May 19, 20 l 1, (2) No. 61 /627,697 filed on Oct. 
17 2011, and (3) No. 61/598.750fiJedo11 Feb. 14, 2012. Tbe 
disc:.Josures of these three applications are mc-0rporated by 
rcrerence he.rein in their enti reties. 

FIELD 

[0002] Cenain embodiments of tl1e present disclosure 
relate to a collision avoidance system for use in the railroad 
industry. More panicularly. certain e.mbod.imems of the 
present disclosure relate to one or more systems. methods. 
techniques and/or solmions that monitor the location of and 
separation tlistauce between ra il line vehicles, for example. 
railroad maintenance vehicles. 

BACKGROUND 

(0003) Railroad companies must perform maintenance on 
their tracks and other inli·ostructure assocfoted with their rail 
lines. 1l1e mil road companies employ ma1ty different types of 
rail man.med vehicles to accomplish such rnflimenance. mid 
these vehicles can mngewidely in thei.rsi1e, weight and shape 
because the vehicle~ perfonn a variety or tasks. 1l1ese 
vehicles may be employed in one or more work gangs, each 
work gang including anywhere from four to forty vehicles. A.s 
such, many vehicles may be working in close proximity on a 
single track. 
(00041 The speed at which U1e work g,mg is traveling. and 
each vehicle within the gang, can vary widely al any given 
time. For example. the work gang may be traveling lo a work 
site, in which case the work gai1g, and each vehicle, u; tr.iv­
eling at a higher rare of speed than when the vehicles are 
working at a worksile. Whell the vehicles are working at a 
work site. each vehicle is generally trove ling at a lower rare of 
speed or not at all. Witl-uu a work gang, the speeds of the 
vehicles m:iy vm-y depending 0ll the task that each vehicle is 
performing, 
[0005] Railr<1ads have had several severe collisions a nd 
oth1:r accidents, some resulting in fatali ties. w'hen adequate 
spacing bas nol been maintained belweeL1 mil !llounted 
vehicles. Railroad companies now require Uiat a specilic 
spacing be maintained between vehicles when traveling 
to/ from work sites aud when working -at a work site. · 

BRIEF SUMMARY 

(0006] One or more systems. mefhods, techniques ,mtl/or 
solutions are provided for a collision avoidance system for 
use in the railroad industry that may monitor the location of 
an.d separation disl!.lnce(s) between rai l Uue vehicles, for 
example railroad mainten,:mce vehicles. substantially as 
shown in and/or described in connection with al least one of 
the figures. as set forth more completely in the claims. 

100071 'Jbe:,e :ind other advantages. ::ispecls mid novel fea­
tures of the present i.L1Vention. as well as deta ils of an illus-
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trate<l embodiment thereof, will be more fulJy understood 
from the following description and drawings. 

BRJEF DESCRIPTION OF nm DRAWINGS 

(0008) FJGS. lA-lC depict illustrations of example rail 
line vehiclcslhat may utilize a collision avoidance system, in 
accord~uicc with o ne or ruore embodiments of the present 
d 1sclosurc. 
[0009] PIG. 2 depicts il lustrations of example rail line 
vehicles that may utilize a collision avoidance system, in 
accordance with one or more embodiments of the present 
disclosure. 
(00 101 FIG. 3 depkts a n illustration ofon example collision 
avoidance system, in accordance with one or more embodi­
ments 01' the present disclo~ure, 
100111 FIG. 4::lepictsan illustration ofau exmnplccollision 
avoidance system, in accordance with one or more embotli­
ments of the present disclosure. 
(0012] FIG. 5 :lepicts an iJJustrntion of an example collision 
<1voida11ce system, iu accordance with one or more cmbodi­
meo1~ of tllc present disclosure. 
100131 FIG. (i depicts a block d iagram of au example 
vchic)e u1ou11ted 111od11le, i.o accordance wilh one o r more 
embodiments of the present disclosure . 
[0014] FIG. 7 depicts a block diagram of au example con• 
trol electronics module. iu accordance with one or more 
e mbodimeL1ts of the present tlisclosurt!. 
10015] PIG. 8 depic.:ts an illustration of side angled view of 
the upper ponion of an cxa01ple rail liJ1c vehicle and no 
example componenr mounting configuration. iu accordance 
with one or more embodime11ts of1he present disclo~u.re. 
(0016] FIG. 9 depicts an illustration ofanexampJe rai l line 
vehicle, including a vel.iicle mounted module. in accordauce 
witl1 one or more embodiments of the present disclosure. 
(00 17] FlG. 10 depicts a block diagram illustr<lling 
e.xample Ultra Wideband units. in accordance with one or 
1uore embodiments ofU1e present disclosure. 
100 18) f'JG. 11 depicts an illustration of a side view of au 
example rail line vel1icle iuch1ding multiple- Uhra Wideband 
units. in accordance with one or more embodiments oflhe 
-present disclosure. 
[0019] FIGS. 12A ::t11d 128 depict illustrations of example 
user intetfaces. in accordance with one or more embodiments 
of the present disclosure. 
[0020] FIG. 13 depicts a How diagram that shows exem­
plary steps in tbl'opemtion ofacollisionavoidai1ce system, io 
accordance with one or more embodiments of tile present 
dfaclosure. 
100211 FJG. 14 depicts a flow diagram that shows exem­
plary steps in the-opemtion of a co!Jision avoidance system. i.u 
accordance with one or more embodiments of 1be present 
disclosure. 
[0022 1 FIG. 15 depicts a• flow diagram that shows exem­
plary steps in the operation of a collision avoidance system, io 
accordance with one or more embodiments of the present 
disclosure. 

DEtAJL8D D ESCRJPTlON 

[0023 1 Previous systems for preventing collisiot1s of rai l 
line vehicles lwve typically ut.iJ ized a sing.le sensor. for 
example a GPS or rndar-based sensor, to monitor the approxi­
mate location of roil mounted vehicles. A shortcoming of 
single scusor system,, such as ones IJ1at depend on GPS 
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sensors, is that Lhe rail vehicles being tnl1nitored ot1en enter 
into ''blackout" areas (for ex.ample. around buildings, in d1e 
mountains. caJ1yons, around sbarp carves or i.n tuunels) wbere 
the single sensor may be m1able lo accurately det·ermine d1e 
vchicle·s 10cation. For l'Xarnple, a OPS sensor n1ay be unable 
tocommuuica1ewithsa1dlites whCJ11J1cvehiclcis ina 1um1el. 
Some previous systems attempted 1~1 solve this problem by 
perfonnillg a simple "dead reckoning" ca lculation. where the 
Inst krtown speed and clireciion or the vehicle are used to 
estimate lhe current position of the vehicle until the sensor 
sigoal is reestablished. 11lis estimation calculation may uot be 
precise enough to prevent collisions .in work gangs because of 
the speed variation between vehicles. When the vehicles are 
traveling 10 a work site. the higher speeds imroduce the risk of 
collisiN1. and wheu tlie vehicles are work.iug at a work site. 
\he vehicle are frequeutly stopping and starting, and this 
variation in speed bctvveeu vehicles renders the dead reckon­
ing approuch an unsuitable appmximat:ion. 

f 0024] A limitation of radar-based sensors in particular is 
that they may initiate numerous false positives (warning 
alarms that are not warranted). With tbe uonnal clutter or 
maintenance ~)perntio1ls (people. equ.ipment, trains 011 adja­
cent tracks. l.rackside .su1.1ctures. trestle sides, tuunel walls). 
radar-based se11sors cau becomeconfosed as to when vehicles 
are acmally in danger of colliding. More spccificaUy, r.:idar­
bascd sensors mu~t deal with the followini;i: <l.ilemnm: the 
seusor must scan a wide enough field so tb'iit it can detect 
collision risks when vehicles are traveling on cw·ves at higher 
speeds. yet as radar-based sensors scan wider fields. they 
become more susceptible 10 false detections. for example 
because tlle sensor also senses clutter. raise detect ions can 
tcsulr in a daugerous work environment, espc>cially iropera­
tors become immune to warnings. 

(00251 The pres1tnt di~closure descdbes a coll ision avoid­
ance system (CAS) Jbr rnil line vehicles that may utilize a 
combination ofseusor technologies, iJlcludiugau Ultra Wide­
band (UWB) sensing technology. 10 counter the limitations of 
previous systems, and to significanrly reduce the pote1Jtial for 
vehicle collisions aud to euhaoce the saie operation of a 
variety of railway vehicles. ·111c pres1.:nt technology is 
designed. to reliably track tl1e locmion and speed of r.iilway 
vehicles, as well as the distan1.:e between vehicles over a wide 
variety of track and terrain condltioos. The present t·ec!mol­
ogy may monitor the separation distance between rail line 
vellicles by utiliziug sensors that are mouuted 011 eacll vehicle 
in a group or work gang, where a work gang may comp.rising 
a plurality of" railway vehicles, including railway mainte­
nance equipment. 

f 0026] ' ]be CAS may perform tl1e tec1llliques and/or solu­
tions described herein for a wide variety of railway vehicles. 
for fa'Xamp lc. railway maintenance equipment/vehicles, rai l­
cars. byrail vehicles, train cars, train eugiues and other rail 
line vehicles. FIGS. 1A-JC depict illusrratiohs of types of 
exam.pie rail line vehicles (vehicles 102.104, 106) tb:il may 
utilize a CAS ur tl1at a Ci\S as described herein may tmck. 
F IGS. IA aud I B may depict example mil line maintenauce 
vehicles and FlG. JC may depict an example hyr::1il vehicle . 
f11G , 2 depicts illustrations ol'moreex.<1mple rail Uoe vehicles 
(vehicles 202. 204) that may utilize a CAS or that a C AS 
system may trnck, and also shows an exemplary safe distance 
206 between the two vehicles 202. 204. The CAS may track 
vehicles such .as the ones depicted io PIGS. 1 and 2 (and 
othcrs)ovcr a widerangeoftemlin (e.g., mounwins, canyons, 
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hills. trees. runnels. ctJrves and trestles) and during a variety 
of weather comi.i tions (e.g .. rain, fog. snow, ice, bright sun­
light). 

(00271 The CAS may be designed to imroduce redundancy 
into the system, for example in the form of multiple types of 
sensor technologies ~md/or multiple scnson; or a particular 
typeoftechuology. One benefit ofutilizingredundaJ1t sensors 
n:iay be that sonie sensors iuay ftmction properly when otl1er 
sensors are not fonctioni11g o ptimally or at al I. Another benefit 
nfuti liz.ing redtmdru1t se11sL1rs is that differe111 sensors may be 
adapted to sense objects and different distances and to differ­
ent levels ot' accuracy. In some embodiment's, a CAS may 
utilize a combination of distance sensors so that the CAS is 
adapted to detect vehicles that are eithetclose or fat away. and 
so that the CAS JUay detect vehicle separation to within a few 
inches if the vehicles are close. 

[00281 Variou, embodimeuts of the present disclosure 
enable a rail line vehicle having a vehic le mm1.nted module. 
The vehicle mounted module may comprise a lrdnsponder 
sen.sor module that i.ucludes an ultra wideband tutit and a 
wireless communicatioos antenna. The ultra widebaod uoit 
may be opemble lo dek·ct a distance between the ro il line 
vehicle and at least one other vehicle. 'fhe wireless conunu-
1ticatio11s antenua may be operable to send and receive dMa 
over the air. The vehicle mollJlted module may fo.rther com­
prise a comrol electro11ics module that i11cludes 11 processor 
tbnt is in communi<.~1tion with at least the ult.r.J wideband uni I. 
The vehicle mounted module may f1mher comprise a user 
interface module including a user i.uterfac.-e. The u~er i.uterfoce 
may be operable to provide a vehicle operator with infonna­
tion and may be operable to accept iuput from the vehicle 
operator, The vehicle mounted module may be in comnrnni­
cation with one or more central tracking u1tits by way of the 
wireless communications antenna. ·n1e one or more central 
tracking mtits may be operable LO track the location of the rai l 
line vehicle and at least one other vehicle. 

10029] ill some embodiments, the vehicle moumed modtll.e 
further comp.rises a central tracking wtit module that is oper­
a bk to track the loc<1tion ofat least one other vcbick. b1s0111e 
embodiments, the velticlc mounted module may be operable 
to utilize i11fom1otio11 generated by the global positiouing 
system and the ultra wideband unit to deteru1ine whether one 
or more vebiclesepar,1tion criteria are vic1lated. and generaLe 
a warning if one or more vehicle separation c1iteria are vio­
lated. ill some embodirue1Jts, lbe vebicle mouutecl modules 
comprises one or more additional transponder ~ensor mod­
ules. ·.n1e vehicle mo unted nil,dule may be opernblc to accept 
calibrat ion information regarding the length oJthe rai l line 
vehicle and the mounting locations oflhe tnu1sponder sensor 
module and the one or more additiona l lranspondcr sensor 
modules. 

(0030] l o some embodiments. the transponder sensor mod­
ule :timber includes a global positioning system. The global 
positioning, system may be operable to receive iufomiation 
from one or mo1e satellites aDd may be operable to determine 
the absolute position of the rail line vehicle. To some embodi­
ments, the t.ransponder sensor module further iJ1ch1des ODC or 
more of a laser device. a radar sensor and an infrared sensor, 
In some embodiments. the vehicle mounted modules may 
comprisea.nadditioual ultra wideband unit, wherein au offset 
exists between thellltra wideband Lu1it and thcadclitional ultra 
wideband unit ODce tJ1e two w1its are mmulled on tJ1e rdil line 
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vehicle. Ju s0111e embodiments, tl1e ultra wideband unit is 
adapted to trausiUit aod receive signals with varying center 
frequencies. 
[0031) In some embodiments. the user interface module 
fi.1rther includes a service interfoce that may be op1m1ble to 
allow the vehicle opemLor to configure, calibrate, service, 
majntain. diagnose, update and/or instal l information on 
vehicle mouotcd module. lo some embodiments, the user 
iuterfaee is a toucbscreeuincluding a screen. The touchscreen 
may be operable to display ooe or more screens. menus. 
options arnJ/or functions. and accept user input from lhe 
vehic:le oper,uor by alJowing the vehicle operator to touch the 
screen of the:: touchscreen. 
(0032] Jn some embodiments. the coolrol electronics mod­
ule further includes one or more interfaces that may be oper­
able to communicate with ground speed detection modules. 
The ground speed detection modules may include one or 
more of a microwave radar, a laser device. an infrared sensor 
a nd an ultra widcb::u1d sensor. lu some embodiments. the 
control electronics module further inc ludes one or more iner­
tial measurement units. ln some embodiments, tl1e control 
e ledmoics module f11rtbcr includes an inertial measure.meal 
unit. 
[0033J In some embodiments. the vel1icle mounted module 
may be open1ble to ulil.ize a progressive warning foat11re that 
generates a warning if o ne or more vehicle sepamtion thrcsh­
okls an: vit1lated. 0 nw rate. frequency, prominence and/or 
severity of the waming may increase as the violation o r tbe 
vehicle ~eparatio11 thresbnld becomes more critical. The pro­
gressive warning feat11re may uti lize an adaptive thre;Sbold 
feat11.re that modjfies the one or more vehicle separation 
thresholds based on (he speed of U1e t,iil line vehicle and llie 
speed or one or more nearby vehicle.~. In some embodiments, 
the vehicle mounted mo<luJe may be opemble to utilize a 
stopping d istance calibmtiou feature tl1at measures a stopping 
distance. Toe stopping distance may ind.ic:ne how quickly the 
rail line vehick can stop under current cooditions. The mea­
slU'ed stopping distauce may be used ro iuodify one or more 
safe separation distance thresholds. 
[0034] various embodimeots of the present disclosure 
enable a collision avoidance system for rail line vehicles that 
may comprise one or more vehicle mounted modules, each 
mounted on a vellicle. Each vehicle mounted mod11le may 
comprise a transponder se11sor module including an ultra 
wideband unit and a wireless communacatious antenna. 11ie 
ultra wideband tmit may be operable to detect a distance 
between the vehicle on which the vehicle mounted module is 
rnCJllnted and at least one o ther vehicle. ·111e wireless commn­
nicHtions antenna may be operable to send and receive data 
over the air. Bach vehicle mounted module may comprise a 
control electronics module iocludi.og a processor that is io 
com1uuuication witl1 at least t he ultra wideband u oit, Each 
vehicle mounted module m:iy comprise a user interface mod­
ule including a user interface. Toe user interface may be 
operable to pnwide a vehicle operator with infonnation a nd 
Jnay be operable to accept input from the vehicle operator. 

I 0035) The collision avoidance system that may comprise a 
ceotra 1 tracking uo ir that is in commmucntioo with the one or 
rnwe vehicle mounted nJt.1dules. The central !,racking unit 
may be operable to track the location of the one or 11-1ore 
vehicle mounted modnles. 1n some embodiments, the central 
tracking tuur may be distributed among the one or more 
vehicle:: mounted modules. wherein each of the one or more 
vehicle mounted modules includes a ceL11r<1I lracki.ng tUJit 
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componer1L Each central lrackiug UJJi t compooe11t may be in 
co1ruu11;ticalioo with the velucle's control electronics mod­
ule. lo some embodiments, the central I.racking milt may be 
disposed in a cliscrete housing. 
[0036J In soml' embodiments, the transponder sen.~ormod­
uJe further includes a global positioning system. The global 
positioning system may be operable 10 receive iufonuatioo 
from one or more Sate! Ii tes aod may be operable to determ.ioe 
the absolute position of the vehicle mounted module. E:1cb 
vehicle mounted module may be operable to utilize informa­
tion generated by the global positioning system, the ultra 
wideband unit and the centr'dl tracking unit to determine 
whether one or more vehicle separation criteria ate:: vioh1lcd. 
aud generate a wamiug if one or more vehicle separ.ition 
criteria are violatecL 
(0037] FIG. 3 depicts an illustration ofan example collision 
avoidance system (CAS) 300 for raj] Jjn.e vehides according 
to one or more embodiments of the present disclosure. For 
cxan1pk purposes ot1ly, FIG. 3 depicts a work gang includi og 
only two vehicles 302,304. In this embodiment. tJ1e CAS 300 
includes four main types of compoueuts- trausponder sensor 
modules (TS Ms) (for example, TSMs 306. 308). cootrol elec­
lrotucs modules (CEMs) (for example. CEMs :HO. 312), u~er 
interface modules (lJIMs) (for example, lJIMs 314. 316) and 
a central tracki11g unit (CTU) (for example, CTU 31,8). Refer­
ring to u single vehicle (vehicle 302 for example), modttles 
that are located in or on the vehicle (for example, TSM 306, 
CEM 310and VIM 314) may collectively be referred to as the 
vehicle mounted module (VMM). even thotJgh the iru:lividual 
modules and related components may or may 1101 be housed 
within a uni tary pockage/enclosure. 
(0038] In some embodiments. 01e VMM componeors may 
not be ins tnlled on vehicles at production. 1u these examples, 
t11e VM M components may be designed to allow retrofitting 
into existing railway veluc!es without requiring heavily intn1-
sive installation. 
(0039] ToeCASmay include a ceot-ral t rnck.iogunit (CTU), 
for example theCTU 3 18 ol'PTG. 3. TheCTU may operate to 
centrally track all the vehicles in one or more work gangs. TI1e 
CTIJ may adapt a tracking software and/or ~ystem to moui tor 
individual vehicle~. The CTU may include teclrnology 
adapted ro dynamically define which whiclcs arc in a work 
gang, and/or which vehJcles the CTIJ should keep track ol~ 
The CTU may accept inJonnatioo fro111 \ 'MMs mounted 
inside vehicles in the work gang, infornwtion such as loca­
tion. speed. separatio11 distance and the Like. The CTU may 
have the ability to analyze and/or store various types of dara 
about vehicles in o ne or more W<lrK gangs. For example. the 
CTU may analy1.c absolute and relative positioning data and 
speed data fro1uvehiclesi11 theworkgang. lnsomeexamples, 
the CTU may detenuine if a separation distance between two 
vehicles bas beell violateci indicating that au accideut may be 
likely. Additionally, the CTIJ may track alarm stan1s of the 
vehicles in a v.ork ga11g so that the central tracking unit 
becomes aware when an accidcnl may have oocttrrl.-d. ln 
another example. the contr,1I t.r::11.:king unit may track data 
regarding accidents. 
[0040] ln the embodiment depicted in FIG. 3. the CTU .HS 
may be located in a discrete housing 320 (also referred to as 
a module, unit. bungalow or the like). It should be understood 
that the technology and features oft he CTU need 11ol reside in 
such a dlscrere l10using 320 and may be disuibuted amongst 
the vehicles in the work guni. for example wit11 a CTU 01od­
uJe/coruponen1 i.J1 each VMM. In cmbodi.Jnems where the 
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CTIJ is Jocnted io a housing 320 that is discrete from tl.1e 
vehicles. the VMM may include a TSM. CEM. aud VIM. 111 
embodiments where the CTlJ is distributed amongst the 
vehicles. the VMM may further include a CTU module/com­
ponent. 

(004 lj FIG. 4 depictsru1 illuslratioo ofa11examplec0Uision 
avoidance system (CAS) 400 according to one or more 
cmbodimcots of'lbc prcscot disclosure. In Ibis embodiment, 
the system 400 does no t include a discrete housing for the 
CTU teclmology. This embodiment still utilizes technology. 
fl.lllctionality and features similar to those employed in a 
system (such as the CAS 3()0 of PIG. 3) with a CTU disposed 
in o discrete housing. In tlus emboclimet11. the fonct ionality 
and intelligence of the CTll is dispersed and/or distributed 
among the VMMs (for example VMMs 402, 404) in tl1e 
vehicles with in a work gang. With this dispersed design (also 
referred to as "dispersed trunking"), eacb VMM includes its 
owu CTIJ moduJe/compouent that tracks the location of other 
vehicles iu the work gang. like a CTU disposed in discrete 
housing would do. Jt should also be understood tl1at a lthough 
this embodiment describes a central tracki11g uuit component. 
the central tracking uoit circ-nitry and technology may he 
i11corporated into other compouents/subcomponents of tl1e 
VMM. such as the CEM. 

[0042) For example purposes. FIGS. 3 and 4 each show a 
work gang including only two vehicles. but it should be 
understood that work gangs may i nclude inorc thllu two 
vehicles. FIG. 5 depicts an illustr.1tiou ofan example collision 
avoidaJl(,e system (CAS) 500 with a work gun.\!, U,at i.11dudc,s 
more tha n two vehicles. according to one or more embodi­
ments of ilie present disclosure. In this embodiment, each 
vehicle (for example, vehicles 502, 504, 506) in the work 
gang may be equipped wi01 a VMM and each VMM may 
co111munic11tc with nearby YMMs (in nearby vehicles) as well 
asWitbaCTU 5J8 iull discretebousit1g.as can beseeu in FIG. 
5 . Ju other emhodlmcuts of the prcseD:L disclosurt>. c.1c.h 
vehicle in a work gang is equipped with a VMM and each 
YMM comnnmicales wit11 nearby VMM.s (i11 11earby 
vcliicles) including a CTU module/component within each 
YMM (not depicted in FJG. 5). In these embodiments, there 
may be no CTU iiu, discrete housing such as the cru 518 
depicted in F IG. 5 . F IG. 5 depicts a work gang with ihree 
vellicles, but iL should be uuderstood that a wQrk gang may 
include more tbau three vehicles. As the s ize oft he work gaog 
becomes larger. the VMM mounted on each veh icle may 
commuoicate wit11 more VMMs (in uearby vehicles). as well 
as with the CTU in a disc.rete housing (or a CTIJ module/ 
component wi1bin the YMMS in each vehicle). 

(0043] FlG. 6 depicts a block diagram of a11 example 
vehicle mounted module (VM M) 600, ill accordance with one 
or more embodiments of U1e present· disclosure. The VMM 
may include one or more control electronics modules (CEM) 
602. one or more transponder sensor modules (TSM) 604, 
and one ot more user i111erfoce modules (U1M) 606. The TSM 
604 may further include a wireless comnrnnications antenna 
608 (for example au RJ, antenna such as a 2.4 GI lz radio 
a11ten11a) that i~ operable to send aud receive d::ita over the air. 
for example to/from remote systems. llic TSM 604 may 
fortber include a OPS u1u.t 6J O one or more velucle commu­
nication devices 612. The U IM 606 may H.1rther include a user 
interface 614, a service in terface 616 (optionaUy includ.i.11g 
diagnostics components/interfaces) and status/fault indica­
tors 618.Additionally. the VMM 600 may receive power frum 
a power supply 640 iliat may provide power to one or more 
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vehicle mounted module componeuts. for example compo­
ne11ts disposed within tbe CEM 602. 

(0044] Wrrele,s communications anteuna 608 may be, for 
example, an RF antenna such as a 2.4 GHz radio antenna. As 
depicted in FIG. 6. a VMM 600 may comrnunic:.ite ·with a 
CTU 630 (for example a C'TU located in a discrete housing or 
a number of CTIJ modules located io other VMMs) through a 
wire.Jess commrn1ications antoona 608. The wireless comnrn­
nications anteuna 608 may be housed in the TSM, or it may be 
housed separ.1tely and perhaps co1u1ected to CEM 602 inde­
pendently. The circuitry for the radio associated with the 
wireless communications ante1ma 608 may be disposed in the 
TSM 604. or may be disposed iu the CUM 602 and be con­
necled to the wireless communications antenna 608 via a 
wired connection. The VMM 600 may trausmit a varieLy of 
information to the CTU 630, for example, absolute position 
data, relative positio11 data and speed data of the vehicle. Suell 
information may have been obtained by the VMM utilizing 
various compmtents .md/or sensors. for example. the GPS 
u1ut 610, the UWB unit 62(), and/or othc.r sensors. 11ic VMM 
600 may transmit 0U1er iufonuation to the CTU 630, for 
example, stal'us/fault and/or diagnostic iuformatioo regarding 
tbe health of the VMM and its components, The VMM 600 
may gather data from one or more satellites 634 nlilizing. a 
OPS uni1 610, for example LO acquire absolute posiLioning 
information. The VMM 600 may commu11icatc w ith oll1er 
CASNMM-equippcd vducles 1)111:rngh ooe or more vehicle 
communication devices 612 aud/or throu~1 a wireless com­
mu1ucations antenna 608. In some embodiments. the vehicle 
communica tions devices 612 may include ooc or more sepa­
rate wireless commuuications auteOllas (and perhaps associ­
ated radios) from anlenmi 608. 

10045] Referring to FIG. 6. in some embodiments, a CAS 
may not include a discrete CTU such as the one shown ill FIG. 
6 at cru 630. In these em.bodiu1ents. ll1e VMM may include 
a CTIJ modulc/compoueut 631 that tracks tbc location of (and 
provides location i.nforrrn.1ti~1u to) other vehicles i11 the work 
gai1g by commLmicating with other CASNMM-equipped 
vehicles directly. The CTU module/component 631 may 
opemte like (and include sinular iecbn.ology to) a discrete 
CTU (Such os l7U 630) wmLld operate in other ernbodi­
mellts. The CTU module/component may include teclu1ology 
adapted lo dynamically defo1.e wrucb vehicles are in the work 
gang, and/or which vcbicles 1be CTIJ module/component 
shOldd keep track of. Tt should al~o be uodersiood that 
although the foregoing describes a CTU module/compooeut. 
the CTU circuitry and technology may be incorpomted into 
other modules, components and subc~1mponents oflbe VMM, 
such as t11e CEM. lti some embodiments, the CTU 111odule/ 
component may be a software feature thal is executed by a 
processor iii tbe CEM. 

[0046] ·vMM subcomponents (for example. tile compo• 
nems included within the TSM. CEM ru1d UJM} may be 
packaged togetl1er within a single enclosure. For example, in 
some embodiments, the CEM and UlM (and optionally, the 
CTU module) may be combined/disposed in H single pack­
age. One benefit of;:i single package may be tJ1::it it simplifies 
the installation process. ln ::iltcroatc emhod1111<-'lllS, or aoc or 
JJ10re VMM co01poueuts and/or subcompQuents may be 
packaged separately from the other components/subcompo­
nents. The variC1us components and/or subcomponents may 
be located separ:itely. optionally witlti11 separate enclosures. 
and each sepm·o11e component m::iy be connected io a mllin 
V MM enclosure.llld/or to other VMM c:ndomrcs vi11 wires or 
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a short raoge wireless link For example, wireless communi­
cations antenna 608 and/or one or more vehicle conm1L11uca­
tiou devices 612 may be mounted separately (optionally, in 
one or more enclosures ) ou the upper extremity n f 1,he vehicle, 
for example 10 redttcc signal interference t111d lo allow for 
proper antenna placement (see FIG. 8). Likewise, the user 
interface 6 14 may be located io the crew area or the passenger 
cab. The uumher of physical packnges/euclosure.~ included io 
each VMM and the mounting Jocatio11 of each package/en­
closure may depend 011 1be type (height, le.ngtl1, etc.) of 
vehicle the \:MM is mounted on, or may depend on the 
configurmion of the VMM. In one example, all of the com­
ponents of the vehicle mounted module are housed witlu11 a 
single weathcrproofeoclosure. lu another example, the wire­
less coiumtmications anteJUl.3 (for example, wireless commu­
nica1ions ante1u1a 608) (or the en1ire wireless conununica­
tions radio including the antenna) may be installed at a 
distance from o(her VMM enclosures/components IO avoid 
interference between tile wirdcss communicalions at1 le1u1a 
and other components of the \iMM 1or example the UWfl 
sensor. 

(0047] FIG. 7 depicts 11u illustnitiou of ,1 block diagram or 
an example comrol electronics module (CEM) 700, in accor­
dance with one or more embodiments of the present disclo­
sure. The CEM 700 may include a processor 702, a wireless 
crnmmmicalion~ radio 704 (such as an RF radio). a11 interfoce 
to a TSM 730, an inh:rface to a UIM 720, one or more 
interfaces 706 to ground speed detection modules, a power 
supply interface/power couclitioning system 708. and a real­
time clock? 14. Examples of ground speed detection modules 
that may eollllect to interface 706 include an encoder module 
750, a microwave radar 752 and/or a laser device 754 . TI1e 
interface to the [JIM 720 may further include one or more 
drivers to power visual and/or audio indicators. In some 
erubod·inlents. the CEM 700 may include one or more vehicu­
lar interfaces (ioterfacc-s to existing vehicle systems), for 
exa1nplea CAN iuterfoce, braking systems, speed indicators, 
equipment operati11g mode stams indications and the like. 
The CEM 700 mayiJ1clude an u1ertial measurement unit 710 
that includes une or more devices. for example, one or more 
accelerometers and/or gyn1scopes. ~n1e Cl:M 700 may 
include a log/memory 712. 

(0048) It should be understood 1ha1 although FIG. 7 depicts 
Slime or all of the aforemeot-ioned subcomponents as beiog 
contained within theCEM 700, dinerentconfigurations oftbe 
VMNr are contemplated by tbis disclosure. including various 
c.ombinatio11s ofVMMcomponeuts/enclosures. Therefore, in 
some embodiments, rhe subcomponems depicted io FJ(i-. 7 
maybedisp11sedC1U1sidcoftbeCEM 700. for example iuone 
or more other VMM enclosures. Aud in othl•r embodiments, 
subcomponents other than those depicted i11 FIG. 7 nrny be 
disposed inside of the CEM 700, for example one or more 
subc.ompone111s that may reside i11 other vMM enclosures in 
other embodiments. In some examples. some of the subcom­
ponents depick--d in FJG. 7 may r~sidc in the UlM a nd/or the 
TSM and muy corU1ect lo the CEM by way of wires or wire­
less conuection(s), 

(0049] Referring again to PIG. 7. CEM 700 may include a 
processor 702. 11Jc processor 702 01ay, among other orern­
tions, process in.formation received from the veb.icle cornmu­
nication devices, for example via the interface to the TSM 
730. For example processor 702 may be iu colllllrnnicution 
with and proc~ss infonnation from ;1 UWB uni! via TSM 
interface 730. The processor 702 may also pmcess inli.)rma-
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tion received from 01J.1er modules. components and/or sub­
compouems of the VM:M. The processor 702 may handle 
in.formation and/or perform computations lo, among 01l1er 
things, u:ack other vehicles in u work. gang and determine 
which vehicles present a pOlent ial ha'.1.ard. J1 sl1ould be nnder­
stood tha t the CTlJ may also process loc.ation and speed 
information from vehicles in a work gang 1111d may also track 
vehicles io a work gang to determine when collisions may be 
imminent. The present disclosure coJJtemplates various types 
of configurations whereby some or all of the tracking and 
processing components of the C AS may be localed within the 
VMMs (for example, within aCTU module), withinaCTU in 
a discrete housing. or a combination of both. 111 tbe example 
where a CTU modulc/componeul pcrtorms tracking of olher 
vehicles, a CTU module 703 may be disposed wilJun the 
CEM 700. perhaps i1uple111ented in pmcessor 702. In some 
embodiments, the CTU module 703 may be a software fea­
ture that is executed by the CEM processor 702. 

[OOSOJ CRM 700 m.iy include wi 1ne11 ial 111easurcn1cnt unit 
7 10 that includes ouc or more devices, for example, one or 
moJ'e accelerometers Md/or gyroscopes. Tb.e inertial meq­
Sllrement uni I 7 JO orny he opera hie to. among other flmclions, 
dett.-c-t clmuges in rhe speed of a trave.ling vehjcle. Delt'Cling 
changes iu vehicle speed may be usefol to aid in dead reck­
oning solutions instead of or iu conjunctioo with shon range 
djst,U1cc measu.remeut sensors. For example. if a vehicle trav­
elled in10 a 11111ne.l and tbe GPS uni1 could not establi~h a 
connection to satellites to provide positioning information, an 
inertia 1 measurement unit may provide infonuat ion rogardjng 
whether vehicle, in a work gang have c.bangcd speeds while 
in tbe runnel. An inertial rueasurerue,n unit 710 may also be 
operable to detect sudden changes in speed. for example 
indicating that a vehicle was involved in a collision. or per­
haps indicating some other event. The incrlial measurement 
unit 710 (orsomeotherVMM compouent)may then store/log 
data regarding the activities of tbe vehicle (audlor YMM 
compooer11s) surrounding lhc lime of the eveut, similar to the 
way a fligb1 recorder records events proxin.ia1e to a plane 
crash. This recording component may collect inlonnatiou 
from the inertial measurement ttnit 710 aml/nr from other 
VMM components. for example fn:>tn a LTWl3 unit. 

[OOSI J CEM 700 may include a real-time clock 714. Tlic 
t'eal-ti.me clock 714 may provide accurate (optionally, 
synced) time readings, for example to facilitate development 
evaluation testing. The time und date of IJ.1e real -time clock 
may be adjusted automatically. for example by receiving 
updates from a GPS unit via TSM interface 730. The time and 
date ol' the ,real-t ime clock may be adjusted by receiving 
change requests from the service interface or user interface 
vi11 UTM ioterfoce 720, Jo one example. tbl' real-time clock 
714 may exhibit an accuracy of plus/minus 5 seconds perd.iy 
at 25 degre~ Celsius. 

I 0052] Tlie CEM 700 may be mounted iJ1 or near the vehicle 
cab. For example. ifthe CEM 700 is packaged with a UIM. tile 
CEM may be mounted in the cab near an operator. 1n other 
examples, the C'EM may be mounted on an upper frame or 
part of the vehicle, for example within the vicinity of the 
TSM. Por example, 1 fthe CEM is pnckngcd with one or more 
componenls of tbe TSM, a higher mounting location may 
reduce interference for TSM modules. for example the GPS 
unit and/or UWB unit. The CEM may be pac-kaged with the 
TSM in shorter velticles for example. fo some embodjments, 
it 1.11J)y be beneficial to packuge the CEM separately from the 
TSM. In one particular example. the CEM may be mounted 
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directly below the TSM. were the TSM is disposed above t)r 
ou the roof of the vehicle (see FIG. 8) and the CEM is 
disposed below the roofofthe vehicle. for example fixed t·o 
theim1erceilingof"t11evel1icle. l11lhisexarnple, the CHM may 
be sheltered from dire,ct exposure to sunlight and the compl1-
neni-s ofthe TSM may experience m.iuimal interference and a 
cleor line of sighL 

(0053) 111c C'UM 700 rnay interface (for example via a 
power supply interface 708) with a power supply 760. TI1e 
power supply interface 708may include a power conditioning 
system. Ju one example. all power for the VMM components 
and subcomponents passes through the pown supply inter­
face/conditioning. system 708 located in the CEM, and then 
power for the other VMM components is routed out from the 
CEM. lo other e,rnmplcs. one or more VMM compooeots may 
iuclude their owu power conditioning, systems aud may 
accept power from a power supply withom receiviug power 
that is chauueled through the CEM. The power supply may be 
the:;ame as U1evcl1iclc's power supply, for cxamplea 12VDC 
or 24 VDC power SLLpply. A ltemativd y or in addition. thc­
VMM may include an indepeodeut power supply such as a 
ballery, solar panels, and Ule like. 
(0054) Reforri11g agaio to rtG. 6, VMM 600 may include a 
transponder sensor module (TSM) 604. In some implemeo­
tatioos oft he VMM, one or more components of the TSM 604 
may be packaged with tl1c CEM 602. Tn other implcmenta• 
lions. ii m:.iy be bendicial to package one or 01oru TSM 
components separately from other YMM components, for 
example on an upper extremity ofa vehicle. PIG. 8 depicts an 
illustration or side angled view of the upper portion 802 of au 
example mil line vehicle (for example a vehicle similar to the 
vehicle of FIG. I C) aud a mountingcoufig11ration 804 forooe 
or more components of a TSM, in accordance wi th one or 
more embodiments of the present disclosure. One or more 
TSM components may be mollntcd m a high point (li)r 
example. the highest poiut) on (be vehicle. where a clear 1 iue 
t)J sight may be established between t he TSM co111pone0Ls 
a11d au area to the £rout and .rear of the vehicle. 

(00551 1n the example shown in 110. 8. the wi.reless com• 
mu□ications antenna 806 (for example, similarto the wireless 
comnumications an tcm1a 608 ofFl(i. 6) and a UWB w1it 808 
(forexample.similarro tl1c t.JWB unit 620 indndedio the one 
or more vehicle com1m1ojcatfon devices 6J 2 of FIG. 6) may 
be mounted separately from l)ther VMM enclosures. Ju this 
example. tl1e wireless communications antenna 806 and 
UWB unit 808may bem01mted on lbe upper extremity 810 of 
the vehicle to reduce signal interfere11ce and lo allow for 
proper antenna placement. ft should be understood that FIG. 
8 depicts only one exmnple ofTSM components thal may be 
mounted 011 the upper extremity of a vehicle. More or less 
TSM components (or other VMM components) than are 
shown in FIG. 8 ll)ay be mounted on the uprer extremity of a 
vehicle. For example. com.ponents that may be motmted on 
lbe upper extremity of a vehicle may include the UWB unit, 
wireless/RF antennas and/or radios. OPS units. infrared sen­
sors ,md the like. 

( 00561 TSM components (and/or other VMM components) 
may be iostalled oo the 11pper extremity or a vehicle hy a 
variety of means. Referring to FJG, 8, for ex-ample, a hole may 
be drilled throngh rhe side ofan upperportio11802 ofa vehicle 
or through tl1e roof 810 to allow hardware to thread through 
the vehicle's upper portion 802 aud also through \/MM com­
poocots to fix the components 10 the upper portion. Addition­
ally, br.ickets. flanges, sockets or other hardware may be u~cd 
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Lo fix components to the upper portion 802. ror ex.ample. FIG. 
8 shows a bracket 814 that may be used to fix a UWB unit to 
the 11pper portion 802. Tbe bracket 814 may be fixed to tile 
upper portion 802 ofo vehicle and the UWB unit may be fixed 
LO the brncket. Brackets may a id in attacl1ing Cl)mponents to 
the upper portion 802. :.ind/or they nrny elevatecompouents so 
tbat the co01pll11ents experience increased line of sight and 
decreased interference. One or more holes may be drillt.-d 
tl1rough t!ie roor 810 or a side wall of upper rortion 802 to 
allow the passage of ini-erface cables (for example, cable(s) 
812 of FIG. 8) into and/or out of the cab of a vehicle. 

(0057( FlG. 9 depicts au illustration ofan example rai l Ji.oe 
vehicle 900, including a VMM that includes more than one 
TSM, in accordance with 01\e or more embodiments of the 
present disclosure, ln some embodiments of the disclosure. 
the VMM iJ1 a rail line vehicle may include mot'e th:u.1 one 
TSM. or may include more than one group ofTSM cqmpo­
nents mounted on the upper extremity of a vehicle. Willi 
regard to the disclosure herein. when a description explains 
the couliguratioo aud/or benefits of m11ltiple TSMs. it should 
be uuderstood tbal the entire TSM may uot be duplicated. 
fnstead. one o r 01ore componeuts of tbe TSM may be dupli­
cated. while there may be a single instance of other co.mpo-
11ents of the TSM. For example. the VMM may include dupli­
cated vehicle comnnrnicati<;in devices, $UCh as two or more 
UWB units. Additi01ially, whi le the disclosure herein may 
describe two TSMs, some embodiments may include VMMs 
with more thru1 lwo TSMs. 

[0058] Referring to FIG. 9, a VMM installed in ,1 vehicle 
900 may include two TSMs 9 02, 904 (or two groups of some 
TSM components), for example mou11ted at either end ofthe 
vehicle 900. As shown in the example of FIG. 9, the two 
TSMs 902. 904 may be mounted at the extreme (or near 
extren1c) front aud rear cads of the vehjcle 900. Placing 
sensors. for example sensors lncluded io TSMs 902. 904, at 
the ex.lreme ends of a vehicle may improve the accuracy of 
some sensors, lor example sensors that measure distance 
between vehicles (such as UWB sensors or infrared sensors). 
Especially iJ the vehicle 900 is long, a distance sensor (for 
cxampk a sensor included in TSM 904) that is placed near the 
eod of n vehicle may more accunt1ely calibrnte itsd f to deter­
mine the exr,ct location of the eud of the vehicle 900. and thus 
the sensor may be able to dei-en:nine more accurately the 
distance between the end oJ' t11e vehicle 900 and other 
vehicles. The two TSMs 902. 904 may be connected to a 
single CEM 906, which may be connected to a single UlM 
908 . lo other embodiments. the VMM may include more tl1a11 
one CEM and/or more U1an one UIM. 

[0059] When a VMM-equipped vehicle is initialized to 
operate with a CAS. 1he VMM components of the vehicle 
may be calibrated (also referred to as "conm1issioning" the 
vehicle) to the particnlar installation con:figuration for that 
vehicle. Calibration may include ru.1 operator specifying the 
ve.hicle length in each direction from the one or more 
mo1mlcd TSMs. Rail line vehicles (for ex.ample. maintenance 
vehicles) can m1)ge i11 leugth (see FlG. 1). for example from 
J 2 feet to 80 fett, and the vcrucles can have a variety of cab 
locatk1us and configurations. Given (be di/Tcrent lengths and 
configurations of vel1icles, it may be necessary to program 
inform.al ion into various components of the VMM. including, 
the TSM aud/orthe CEM. such that the components are aware 
of (and/or can compute) the distance bct,veen tl1c cumpo­
ncnl's mow1ti11g locrttion and the ends oft11e vehicle. 
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(0060) In some embodiments of the disclosttre. c ircuitry 
within the VMM (for example iu rbe CEM) may !l\1toma1i­
cally compensate (calibrate) for the length of the vehicle ,u1d 
the mouut.ing location. In tine example, the VMM may 
include a single TSM. and the TSM may be mounted on the 
vehicle (for example, anh e front or ceuter of the vehicle), and 
circuitry within the VMM (for example i11 tbe CEM) may 
automatically compensariog tbr tbe leng1h of tbe vcb.icle aod 
ilie mounting location. In another example, the VMM may 
i11clude multiple TS Ms, and the TS Ms may be mounted on the 
vehicle ( for exampl~ near tbe front and rear of the vehicle), 
ai1d circuitry with.in the VMM (fo.r ex,u11ple in the CEM) may 
automatically compensating, for the length of the vehicle and 
the mount ing location of the multiple VMMs. The sensors 
may be designed LO adjust for the size of lhe equipment and 
specific location of the components. ·nie preseut disclosure 
contemplmes various methods and solutions to adjust settings 
ofVMM's components at initfal installation to a id iu compo­
nent awareness. Components U1ay contain smart technology 
that aids in the component 's caUbration. The VMM compo­
nents may also be operable to accmmt for a leugtb ofa vel:ricle 
that may chimge on the fly. For example, some vel:uclcs 
change length when re1rac1able sections are extended. The 
VMM components may be designed to accommodate this 
change in length, either by manual user input or automatic 
detection oftJ1e vehicle configuration. 

(0061) Reforringagain ro FIG. 6, 1hcTSM 604may include 
one or more vehicle communicatfon devices 612. It should be 
undt!rstood that throughout tl1is disclosure, when reforeoce is 
made to vehiclecommunicatioo devices. there may only exist 
a single vehicle comnumication device, for example Just a 
UWB un it. In oilier examples, there may be more than one 
vehicle communication d1?vice. Vehicle communication 
devices 612 m,ty be packaged together, or they may be pack­
uged independently. or rbey may be packagt!d with otherTSM 
compone11ts. The vehfole colllmurucntiondevices 612 may he 
in close conuuutucatinn will1 ihe CHM 602 via eilher a wired 
crn1nectio11 or a sbo11 range wireless co1U1ection. One be11efit 
of a wired connection is that lhe CEM, which .tn.ay contain a 
power conditionerunil andaninterface toa power supply, can 
provide p0wl?r to th~ vehicle comurnoicarion devices. along 
with communication funct ions. 

(0062) 11,e vellicle conumu1ic,1tion devices 612 may com­
municate wirelessly with other C AS/VMM-vehicles 638 in 
the work ga11g. The vehicle communication devices 612 may 
be ope!'able lo. among other fonctioos. derenuine the relntive 
location ofolher CASNMM-equipped vehicles in relation to 
the present vehicle. The vehicle communication devices 612 
may utili:t.e one or ti1orc:: commuuicarion technologies and 
may include one or more integrated antennas fo.r sending and 
receiving signals tl1 and from other vehicles. Jo one example. 
each vd1i.cle may have a uniq11e identification code that was 
assigned when I.he VMM was insta!Jed in the vehicle, or 
before or after such installation. 

(006.1) lo some embodiments oflhe present disclosure, the 
vehicle communication devices 612 may iuclu<l.: an Ultra 
Wideband ( LJWD) uuir 620 to co1rumu'l.ic:.ne with other 
VMMs. lo one specific example, the UWB unit 620 is the 
lJ1uy ve]1icle com1ut111ication device. The UW13 uu.it may 
include a control board, a data iuterfoce and/or a UWB 
antenna. The lJWB unit 620 is typically adapted for sending 
signals to and/or receiving signals from UWB units mou nred 
on/i11si<le o ther vellicles. The UWl3 u11.it 620 m:iy be-adapted 
to measure the rdative scparotion distance between properly 
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equipped vehicles wirbout beco,uing confused by ioterfer­
eoce from nearby stationary or unrelated off-track equipment 
that might otherwise cause false alarms in radar-based coJJi­
sion avoidance ~ystem~. 

[0064( FlG. 10 depicts a block diagram illustrating 
example UWl1 units, in accordance with o ne or more embodi­
ments t1fthe present disclosure. Pulses emilled from a UWB 
lraosminer may spread in maoy directioos. A VWB unit may 
transmit ai.1d receive pulses tl1at are communicated directly 
1002 between UWB tutits (for example betweeu a UWB 
transmitter/transceiver 1008 and a UWB receiver/transceiver 
1006), and/or the UWB unit mny tran smit and receive pulses 
that have beeu refkcred 1004 (bounced) off of an object 
and/or -~urfoce. for example the ground. A LJWB uait may be 
capable of resoMng mu.I ti path reflections from a maiJ1 sigual 
by focusing on the first arriving pt1lse. Additionally, the UWB 
technology m;iy take advantage of the fact Iba! radio waves/ 
pulses travel at a particular velocity. By measuring how long 
it takes a wave/pulse to travel (for example by reflecting/ 
bouncing) between two transceivers, 1he distance between the 
UWB 11nits can be accurately de1cnni11ed. Titls technique 
0111y he referred to as 'Time of Flight'" (TOF). ln existing 
wireless radio technologies, TOP calcufations have previ­
ously had limitations due 10 tbe relleclioo of radio waves from 
the wide range of objecLs i.i.1 the v ici.11ity. These reflections 
may result in the receipt of mm1crous conllictiug ~ignal~ of 
varying amplitudes, and in ~ome instances one or more sig­
nals may cancel each other out. a phenomem1 referred to as 
"molti-path distortion''. Th.is may result i11 inaccurate dis­
ranee determinations because a direct wave may bave been 
cauccUed out, and a re:flectecl wave may travel a longer patb 
and appear to be the first arriving pulse. resul1ing in a fulse 
(longer than ac11.1al) separation distance rncasure1uen1. 

(0065J A UWI1 w1it mny utilize a h.igh bandwidth pulsed 
diswoce-measurement technology. A UWB rraosceiver may 
utilize a broad spectrnm of frequencies simultaneously at a 
J'elative)y k1w power levels, A UWB uoit may be operable to 
periodically tm11s111it short duration ptllses, such as RF pulses. 
For example, a UWB unit may measure a distance of several 
hundred feet with a resolution of several inches. Precise range 
dewnuination mny be advantagtc'Ous. for example when 
vehicle separations arc small and/or when a potential GPS 
measurement error becomes sign-ificanl. In one example, a 
GPS measurement error may be 10-J 5 feet. Addi tionally, 
each pulse u-.insmitted by a LJWD unit may be coded and the 
phase of the pulse may be modulated and tl1e puJse repetition 
rate may be variable. Thus. a lJWB unit may measure sepa­
ration d istai1ces mor.: accunitely and be less susccplible to 
interference from geographic conditions and less s11sceptible 
to nrnlti •path distortion than are other wireless technologies. 

[0066] A LJWB tlllit may transmit one or more signals that 
may he pseudo-riindomly (and uniquely) encoded with low­
amplitude RF energy spread over a 2 G}Iz bandwidth. The 
transmiHed signal may be spread 0111 over such u wide range 
of frequencies that tl1e transmissions appe.1r like normal 
background atmospheric noise. As a result, the signal is 
uoJikely to cause interference with other communications 
systems. This encoding also means tbut information may be 
traos1u itred w itJ1 the nrnge finding ~igual, st1c!J that data com­
munication may be accomplished while distance measure­
ment is performed. In other words, the UWB mtit may be 
adapted to transmit data to other UWB units in addition to 
det~'Cting the distance 10 o ther UWH uni ts. In ellcct. the two 
flll1e:tio11s (<.l!ita and distance) may be pctforme<l al the same 
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time using lhe saiue wireless link because tl1e lJWB uuil oiuy 
transn:rit data, and then additionally. distance infonnalion 
may be computed by determine how Jong it took for the data 
to travel from one UWB unit to the other. It should be under­
stood. however, that lhl! 1wo functions (data and distance) 
need not be performed at the same time. 

(0067] The UWB urut may be adapted to send data as well 
as determi11e distance between vehicles. Oecause tl1e lJWB 
uuit may be uliliztid ro seud data. some embodiments l'f the 
present disclosure, for example those where a central tracking 
component resides in the vehicle mounted module. may not 
need Ill use any other type of wirel<:!SS ot RF tC>clu1ology to 
communicute. This could reduce the technology components 
required in the system. recfocii1g cost of the system. However. 
1.0 other embodiments. a VMM may benefit by ut-iliziog more 
than one data Jiuk (wLreless technology ,~tpable or transmit­
ting data). For example. a wireless RF lil'tk may provide a 
greater distance/range Jor seodfog data than a UWB unit. and 
because of this benc11t and potentially otl1er beJ1cl1ts of vari­
ous types of data litik:;/w·irckss lt!clu.10Iogies. a VMM may 
benefit by utiliziug more thauo.oe type of data liokAdtlition­
ally, a coJljsion avoidauce system 1m1y bave multiple data 
lil1ks in order to i11troduce redundancy into tl1e system. For 
example. the UWB unit may be capable of sending data U'the 
RF link is nor frmctioning properly, and v ice versa. 

[0068) One example of a UWB technology tl1at the CAS 
may ut il ize is the 1eclrnolog:y described in the White Paper 
published by Time Domain entilled "Time Domain's Ultra 
Wideband (UWB): Definil.ion a11d Advantagc:s," which is 
incorporated by reference in it~ entirety herein. However, lt 
s.hould be understood tbat the coUision avoidance system may 
utilize other designs and types of lJWB teclmologies besides 
just tl1e one descn'bed in the Wl1ite Paper. 

(0069] ·n,c UWl3 unit may he operable to measuring the 
vehicle separation independemly. Thus, in various embodi­
ments ol'the CAS, the UWBurutmay replace theGPS unjl,or 
the UWBunit ornywork inconjunctioo with theGPSunlt. As 
explained above, the.: CAS may be desigi1ed to include redun­
daucy in the systenL for example in tbe form of urn I tiple I ypes 
of sensor technologies and/or multiple sensors of a particular 
type or technology. One benefit o[u1ifo,j11g redw1dant sensors 
may be that some s~nsors may function properly \vhen otller 
sensors are not fuuctjoniug optimally or at all. For example, a 
GPS se1J.Sc1r may not co1UJ)lrnricatt' well with satellites when a 
vehicle is in a tt11u1el. and thus the GPS unit may not provide 
adequate iufonnation to the CAS in this situation. However, 
in tlris situation, the UWB unit (or other sensors/ technolo­
gies) may be fully functional. For example, tests have bec11 
pcrformt.'C.! in tunnels that stretch up to l mile in length (or 
longer). aud 1l1e tests have shown tlwt a properly configured 
UWB 111u1 may accurately measure distance aod relative 
speed of vehicles io such a t\1JJJJel. VWR sensors (and/orotJJer 
oon-GPS type sensors) may also work in conjunction witll a 
GPS sensor. For example. a UWB sensor may provide bener 
reso lution (i.e .. cru1 meastireseparationdisuu1ccat finer incre­
me1its, more accurately) and the OPS sensor may provide a 
location/separation iuforruatio.11 over a g.reater area. 

(0070] Referri11g again to FTG. 6. once a lJWB mtit deter­
miues distance i.ufon:natiou, it may co1UJ111wicate UJ.is data to 
a CTU 6-30, for example via wireless cooumrnicarions 
antenna 608. Wireless communications anteLll.la 608 may be 
a11 RF antenna, for example a 2A GHz radio antenna. ln other 
embodiments. where there is no CTU in a discrete housing. 
UWB distance data (~m optionully other data) may be com-
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municated to CTU modules iu other VMMs via wireless 
co1111uu.nica tio11s aurenna 608 and/or a separate wireless com­
muJlic:nions an1enou located in the TSM 604. In embodi­
ment,; w.hcre tho UWB unit is adapted to operate in co1ljrn1c­
tion wi tll a GPS uliit, combined GPS and lJWl3 disrauce data 
may be communicated between a vehicle and the CTlJ 630 
antVor between vehicles in the work group via similar wire­
less communications au tennas/tcclmologies as described 
herein. 

[0071 ( FIG. 11 depicts and i llustrarion of a side view of an 
example rail line vehicle including multiple UWB units (or 
multiple UWB components). in accordance with one or more 
embodiment~ or the present disclosure, In son1l' embodi­
ments, a VMM installed on a vehicle 1102 may include more 
tl11;111,.me UWB \UJit (for example, UWB U11ils 1104, 1106), for 
example to introduce redundancy into the system. In some 
embodiments, a VMM installed on a vehicle 1102 may 
include more th3n O!le UWB anteuua, and the multiple UWB 
antennas may share n cununou control board and/or data 
interface. When present disdosnrc descJibes multiple UWB 
mu ts, it should ~e understood that the entire UWB uoil may 
be duplicated or one or more coUJpouents of the UWB unit 
may be duplicated. for example the lJWB a ntenna. (n some 
e,nbodimeots. multiple lJWB units (or multiple UWB com­
ponents) may be housed ill a single enclosure. ln otl1er 
embodiments, multiple UWl3 units (or multiple UWB com­
ponents) may be hot1sad in ~eparate euclosurcs, as depicted in 
FIG. 11. 
10072] fo some sitm1tfous, when a UWB pulse is re0ected 
from an object or a surface (for e,-amplc the ground). the 
UWB pulse may be destroyed (for example. by a reflected 
signal wb.icll is the same amplitude but 180 degrees out of 
phase) or altered before it gets to tl1e UWB receiver, and/or 
other interference may c!tilccl out a pulse. These situations 
wbere a lJW13 link might oot transmit a pul~e idC!ally may be 
referred to as "holes." lusomc cmbodimellls, theVMMs may 
inch1de rnore than oue UWB UJlit (or UWB compouent), for 
example in case oue UWB pulse is destroyed. IJ1 some 
examples, two UWB units (or two UWB autelltllls) may be 
mounted on a single vehicle witJ1 a small o.lfstli between the 
UWB antennas. For example. referring to Flu. 11, 1--,.vo UWB 
wri1s (ortwo UWB antem1as) ll04, 1J06 may be mounted.on 
a single vehicle 1102 with a small vertical distance 1108 
between the UWB antennas. lo tlris el\ample. pulses l lJ 0, 
1 J l 2 fmm the two UWB tmits 1104, 1.106 (respectively) may 
arrive at a UWB receiver of another vehicle after !:raveling 
slightly different distances (for example. because they 
reflected off the ground at different angles). Multiple/rcdtm­
dant UWl3 units m,iy increase the probability that whatevcr 
surface and/or iulerfereuce deslroyed or all'ered one UWB 
pulse wilJ not interfere with the second UWB pulse. lo some 
examples, two UWB units (or two lJWB antennas) may be 
mollllted oo a single vehicle with a small horizontal distance 
between the UWB antennas. Thehorizo11tal offset may pro­
vide infomiation to the VMM to tl.etenn.ine the orientation of 
nearby velticles in relation to the immediate vehicle. For 
example. UWB 111lit iofom1atio11 may sbow that a nearby/ 
targt<t vohicle that is io froutorthe immediate vehicle is closer 
to a frwll UWB ante nna, aud likewise for a rear vch.icle/rcur 
UWB antenna. 

(0073] lu some embodiments, one or more lJ\,VB units may 
be operable to transmit/ receive sig11als witl1 varying center 
frequencies. Th1s multiple center frequency teclulique may 
work w ith a s ingle UWl3 unit or ii may work with nrnltiple 
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UWB tmits. lo a single UWl3 un.it example. the UWB con­
troller may utilize adaprive output filters. The UWB tmit may 
in.elude a single UWB transceiver that is adapted to send 
multiple puL,es/signals with different center frequencies at 
different times. for example alternating between modes (cen­
ter frequencies). A correspouding UWB receiving tlillt may 
be syuchroni:Ged with lbe lJWB unit sending the signals. i11 
tbal it may receive pulses/s1goals witb ditforc'nt center fre­
queucies at different times. In a multiple UWB unit example, 
oue UWB lUlit may send signals at one center frequency and 
another UWB unit may send signals at a different center 
frequency. Variations in the center frequency of the UWO 
signals may result in a different phase delays of the signals. 
for e.xm:uple when reflected. Jr one signal bas beeu signjfi­
c.-antly altered or destroyed by a reOectfou, another signal(s) 
(which utilizes a djllerent cemer freque11cy) may be unaf­
fected, or at least less affected. by Lbe reflection. This may be 
because cli llerent frequency signal(s) over the same rl:!nect ion 
path length may experience a different phase delay. Thi~ 
approach may improve the reliability ofUWB commw1ica­
tions under certain Op<:!ratiug conditions. 
(00741 Referring to FIG, 6, in some eroboclirueuts, the 
vehicle commuuicario11 devices 612 may ioclude other wire­
less communication devices/technologies (beyond or in 
replacement of a UWB rn1il) to COllllUUriicate with otl1er 
VM Ms. In some embodiments. a VMM may ut iliZ<! a wireless 
communications antcnna/rnd.io (for cxamp[e, an llF antenna/ 
radio) to communicate with other VMMs. ln some embodi­
ments. the same wireless communications ant01ma 608 that 
colillllunicntes witll a CTU 630 may communicate with other 
VMMs. ln some embodiments, the vel1icle comornoication 
devices 612 may iuclude au ultrasonic or short distance laser 
device. Some example ultrasonic nr short distance laser 
dtviccs can sense dista1iccs between iero and tbirry feet. In 
yet other examples. the vehicJe coJillllLUlication devices may 
utilize radar, infrared (] R). a11d/or optics technologies. 
(0075) Reforring again to fJG, 6, a TSM may include a 
Global Positioning Syste.iu (OPS) unit 610. TI1e GPS unit 610 
may be incorporated to the TSM. In some embodimeuts, the 
G.PS tJ.llit 610 may be packaged with one or more vehicle 
communication devices 612. M it may be p~ickaged in the 
CEM. Alternalivcly, the GPS uni1 610 may be housed sepa­
rately or may be incorpor:ned into other VMM components or 
subcomponents. The GPS unit may include either an iOlc­
grated or separate anterum assembl y. 
(0076] The GPS unit 610 may be adapted to determine the 
absolute position and speed of a vehicle that is equipped with 
the OPS unit. l nformation/data generated by a GPS unit may 
allow real-time dttermim,tion of vehicle velocity and loca­
tiou. This ii1fonm1tion/data m:iy allow a GPS unit 610 to 
determine expected vehicle stopping distances and may 
enable loggingofequipme111 location with respect to li.meand 
date. For example. absolute locatiou infor1um10n provided by 
a GPS unit 610 maybe useful to tr~ck the work performed by 
a ,,.,ork gang. A GPS m1il may also provide distance inlbnua­
tio11 rcg,arding the distance between two GPS-equipped 
vehicles. 
(0077] Some GPS-hased systems may experience red11ced 
acc11racy at times or may k1se all connection witl1 satel.lites, 
for example, when a vel1icle euters a deep val ley or a ttmnel. 
A GPS unit may provide distance informatio11 in c.onjnuction 
with other technologies 1bat providedistauce information (for 
example. UWB. infrared) as a fom, of rcdu11daocy and/or to 
olTera variety of distance me,tsti.rement range~ mHl precision. 
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A GPS unil may bt: operable to detem1ine vehicle position 
with.in a wider mnge. fot example LO to 15 feer. A GPS unit 
may aJlow for tbe determination oJ distances betwceu 
vehicles that are too far apart for other types of distance 
dek'C-tiou technologies 10 function accurately. Then, other 
teclmoJogies, for example a lJWB uuit, m:1y provide n more 
precise distance measurement, for example a distance within 
6 iucbcs. T11e accuracy of a GPSunit610 may hccolrnnced by 
utilizing a WAAS (Wide Area Augmentation System), a sys­
tem of ground reference stations across North A1nerica that 
provide GPS signal corrL'C-tions. Corrections provided by a 
WAAS may improve the positioning capability of the GPS 
unit 610. for example by a factor of five, such tliat the locr,tion 
may be determined as accunllely as withfo 2 to 3 feet 

(0078] Referring to PJG. 6. the VMM moy incfode one or 
more user interface modules (UIM) 606. A UlM 606 may 
:further include a user interface 614, a service interface 616 
(optionally witb djag,oosric components/ interfaces) and sta­
tus/ fatJt indicators 6 18 . A U IM 606 may provide an. operator 
with an interface by which the operator can engage with the 
technologies tha t are part of the VMM. and by whlch the 
operator may be alerted of events. for example it' vel1icle 
separation criteria are violatt-d. A UlM may be located/ 
mouoted within conveJtieut reach and view of the operntor. 
and may be connected by an i11terfuce cable (or short range 
wireless connection) to other VMM modttle~. for example tbc 
CEM. florcxt1111pl~ the U IM 111(iybt'1110untedin a vehicle cab 
in order to allow the operator to see aud hear warning and 
alarm i11dicatk111S. 
[0079] Status/fault indicators 618 may alert an operator that 
one or more VMM components and/or subcomponents are 
1101 operating in an optimal mooner, In some embodiments of 
lhe present disclosure, the 'VMM components may be oper­
able to "self-monitor," meaning they may be adapied to moni­
tor their own operation and bealtJ1. If a VMM detects 
degraded or non-optimal pcrformao.ce (for example n.-gard­
iug any l)f LJ1e set1sors or other VMM components or subcon1-
ponei1ts). the status/ fault indicators 618 may alen an operator. 
In some embodunents, the VMM may cornnmnicate stants/ 
fault indicarion to the CTU (or CTU module(s), for example 
via a wireks~ communications antenna, for <Jxample wireless 
communication, antell.lla 608. 

[0080] FIGS. 12A aod 12!3 depict illusu-ations of example 
user interface.,. in accordance witb oucor more embodimcots 
ofllie present disclosure. The lJIM niay include a user inter­
face. Referring lo FIGS. 12A and l 2B. it can be seen that a 
user interface (for exmnple user interfaces 1202. 1204) may 
include oue or more means of alertiog an operotor of events, 
tbr example if vehicle scparat i()n criteria an: vioh:1ttd. PlG. 
12A shows one example of a user illterface 1202. In this 
example, the user interface 1202 may ioclode one or more 
visual indicators 1206, one or more audible indicators 1208, 
one or more switches/buttons 1210. 121.2, 1214. and/orother 
input means or alertil1g means. Examples of visual indicators 
1206 are lights, lamps. a.lpha-oumeric character displ:1ys, 
LED's and the like. These indicators may pmvidc an operator 
with infom1ation reg::irdi!ig the technologies included in the 
VMM, and certain indicators may alert the operator when au 
event occurs, for example when separation parameters (be­
tween vehicles for example) are exceeded.. Examples of 
audible indicators 1208 are variable characteristic audjble 
indicators. buzzers. alarms. sirens. homs and the like. TI1e 
u~cr interface 1202 may incl'Udt' one or more i:ntcrface 
switches/butwns 1210. 1212, 1214 that may be adapted to 
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allow an operator m co11figure an<l/or interact witb compo­
uell!s of the VMM. For example swirche.s may be adapted 10 
activate and deactivate component interfaces, for example 
component i11terfaccs in tbe GEM. ID one example, (and 
referring 10 FIG. 7). an operator may use a switch to dcac1i­
va1e the ioJerface 706 to au encoder module. Examples of 
0U1er inpul switcbes/buttons are buttons lbat acknowledge 
(temporary mute) a buzzer, alarm or a born. 
(0081) FIG. 12B shows another example ofa user interface 
1204. The user interfoce 1204 may be a touchscreen, tablet, 
PD.I\, monitor or other type of digital clisplay/ interface. Even 
tl1ough some descrip tio.ns of user interface 1204 may rcler10 
it as 11 louchscrcen, it should be understood th,11 other alter-
11aiives mentioned and others may be contt:mplated. ln some 
cmbodimcols. a touchscreen may be implcmootc-d in con­
junction wilh ol11er types of user interlaces or user interface 
components, for example the components of user interface 
1202. ln some embodiments, a toucl!screen may be ada pled to 
serve as the only user interface component that interfaces 
with 01e operntor. ln smnc embodiments (and referring to 
FIG. 6), if a touchscroen is used to implement tbe nser intcr­
foce 614 , other components oi' the VlM (for exmnplc the 
service interface 616 and/or the stan1s/ fauh indicators 6 18) 
may be incorporated into the same touchscreen. 

[0082) User i..l.lterface/touchscreen U 04 may o:fler more 
flexibility ru1d functionality than "hard" switches, lights, 
lm~er., aud tllc::like. For example. a 101Jchscr~>en may include 
ou or more physical buttons (for example bunon 1218), but 
may also allow a11 operatt1r to engage --~oft''/ temporary but­
tons on lhe screen J2Hi ofthe touchscreen. In this respect, the 
touchscreen may offer suniJar functionality to hard switches/ 
buttons. Additionally. a touchscreen may include one or more 
speakers and/or audio drivers. aud thus the touchscreen may 
ofTer similar functionality to hard bu1.zcrs, alarms mid the 
like. TI1e screen 1216 of the touchscreen 1204 may iilso alert 
au operatorto au event. offering similar :fi.mctiom1lly to hard 
lights. lamps and the like. 
[0083] A touchscreen 1204 m.iy be adapted (i.e., pro­
grammed, etc.) to display to an operator multiple sets of 
screens aod/or menus, with multiple sets of options. f1mctious 
ru1d the like. Additionally. a touchscreen may be adapted 10 

di~play complex (for example. graphical, textual. etc.) i11for­
Jmrtioo lo ai1 operator. For example. a toucbscrooo may show 
the operator the speed ofbis vehicle. or may show operalor his 
GPS coordinalcs. A touchscreen 1204 may he adapted (i.e., 
programmed, etc.) to offer additional funct'ionalil'y, for 
example allowing operators to send messages (for example 
text-based or html-basc,-d message) to nearby vehicles. In 
some embodiments, a touchscreen may provide a GPS-aug­
mentation feature. for example. which may adapt tbe toucb­
screeo In display the location oft he ve.b ic le rel:1 tive to mi I road 
ru.ile markers. 
(0084( It should be understood that the components and/or 
f1.uictionoli1ies ofuser inlerfaces 1202 and 1204 may be incor­
pornted into or implemented inoneor more physical housings 
and/or devices. These components may be incorpor11ted into 
discrete enciosure(s) (for exau1ple ruouuted uecir an operator/ 
cab) and/ortbcy may be incorporated into VMM componeols. 
lo s0tue embodiments, the user interface (for example, illter­
Iaces 1202 and/or 1204) may be motmted aloogside or in the 
same enclosure as the CEM 1230 or ii may be mounted in a 
separate euclosure. For ex.ample, the user interface may be 
located in the passengc.rcab and the CEM may be located on 
ai1 upper internal extremity of the vehicle. Tl1is flexible 
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mounting arrangement may help to accommodate a wide 
.range of equipment/vehicles that the C AS may need to track 
by allowing the user i..l.lrerface to be mounted where il is 
visible and accessible to the equipment operator while allow­
ing the CHM to be motmted iu close proximity ro the TSM. 
which ruay improve performance. for example by alJowing 
better reception. 

(0085] The user interface (for example user i11terfoces 1202 
aud/or 1204) may be in conum111ication with 1l1e CBM 1230. 
,rnd/or 0th.er VMMmodules. The user iii terrace may collllllu­
n.icnte with theCBM, for exmnple. vfa either a wired interface 
or .i short r:\ngewirdcss conn~rion. One be.ndlt ofa wired 
connection is that Ilic CEM. may contain a power supply 
interface and/or a power conditioner wut and may be able to 
provide power lo tbc user iotcrfaccs, along with commuo.ica­
tiou functions. 

(0086] Referr.iag to F !G. 6, the IBM 606 may include a 
service interface 616 tlrnl provides for installation, configu­
ration. maintenMce 11nd/or diagnoslic ac1ivities. Tbe service 
interface 616 may be incorporated as pan of l11e user inter­
face, or it may be housed separatdy. !J'l some enihodime1Jt~. 
the service inlerfacc616 may be located in thcCEM 602. The 
service interlace 61 6 may also be used L(;) initiali1e the vehicle 
mounted module. In other embodiments. the user interlace 
614 may be used to iuitia lize the vehicle mounted module. For 
example, l11e CEM may include a setup program llmt inilial­
i;;,;es the v-.uil1us VMM Cllmponents .ind subcomplluenls. An 
operator m11y use the user imerrace 614 or l11c service imer­
face 616 to input initialization information into lhe setup 
program. Such information may include the physical location 
where various VMM components are mounted on the vehicle, 
as well as vehicle size and vellicle type. This in:fort.nalion may 
be input when the vehicle mounted module is initially 
installed on ll1e vehicle. 

[0087J n1e service interface 61 6 may include a va1iety of 
teelmologies tlrnt may enable fast and easy communication 
between ao operalw and the service interface. :ind between 
the service interface and 0U1er VMM components a11d sub­
components. For example, service interface 616 may include 
one or more USB ports, Ethernet pons, ai1d/or SD memory 
card slots. Service interface 6 16 may be configured, for 
example, With a,1 iudrnnry standard Ethen1et port 10 alk)w the 
use o.f co111.IDercially available laptop computers tbat may 
interface with service interface 616. for example to perfonu 
statllS inquiries, to configure settings 0f VMM compone11ts. 
a11d/o.rtoupdarethesoftware/fi.rmwareofVMMcclllllpooents. 
Ethernet ports generally will conform to the IEEE 802.3 
commu1ucation standard for l OBASE-T Ethernet ( or alterna­
tively I OOBASE-T). In addi tion to Etl1ernet ports. or in con­
junction with Elhernel pons. the service interface 616 may be 
con.figured with on 8-posirion RJ45 m0d11lar jack lbr imer­
connection. Tbe sei:vice interface 616 may also operate .is a 
DHCP server, thus allowing an operator to co1mecl a fop top to 
the Ethernet port and within a few seconds be automatically 
configured cllld commtu1icating wil11 the VM M 600. A I tema­
tivdy, the service iutc.rf'ace 616 may nx1uire a static f P addrnss 
setting. to be configured on the laptop. Ju such a configuration, 
the service interface may con.form to the I11tcruet Protocol 
Vcrsioo 4 (1Pv4 ). In some examplell, tl1e service interlace 
connectors, such as tile Ethernet connectors and lhe RJ45 
conuectors, may include environmental dust sllields for pro­
tection. 

(0088( l n some embodiments. service int~rfoce 616 tuay 
include wirelesi capabilities. For example, service interface 
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616 may ii1clude a wireless radio (for example au RF radio). 
WIFI compouents aud/or other wireless reclu10logy. A ser­
vice interface 616 with wireless capabilities may be adapted 
to accept" field updates:· Field Ltpdates refer to \Jpdates tn the 
software find/or finnwarc o fVMM modules that arc "pushed'' 
to tl1e modules over.:, wireless link In one example, a foreman 
may drive up to a group of vehicles a.nd may p11sh updates to 
,ill the vcliiclcs s imu lt:mem1sly. for example wi thoul haviJ1g to 
physically connect to the vehicles. AJteruatively or in addi­
tion. wireless communicarions antenna 608 (and/or other 
wireless communication anwnna(s)) may be used to perform 
field updates. 

I 0089] In one or more embodiments of the prcsenl disclo­
sure. the VMM may include (or may interface with) one or 
more oou-GPS 1ype sensors. TI1ese uoo-GPS typo sensors 
ruay be adapted to measure speed (also referred 10 as grouud 
speed) and direction or a rail vehicle. A GPS tulit may provide 
speed and direction information, blll in some embodiments 
a11d/or in some situations. the non-GPS type sem,ors may 
cit11cr suppfoment or replucc GPS speed and direction infor­
mation. For exaruple, non-GPS type sensors may supplement 
a GPS sensor as a lorm of redundancy in tl1e system. or may 
provide speed and direction infonnaticm wben the GPS unit 
cannot commimicale with satelLites (for example, when a 
vehicle is inside a tunnel). Additionally. these noo-GPS type 
sensors 1w1y allow tl1c CAS to detem1ine relative vehide 
position. For example, the 11011-GPS type sensors may calcu­
late relative vehicle position as a fm1ction of tbe offset from 
the last known GPS location. 
(0090] One type of non-GPS typo sensor is ,ln encoder 
module. An encoder module may be adapted to measure 
ground speed and direction of a rail line vewcle. Toe encoder 
module may supplement the UWB technology or replace the 
UWB technology, forexampleas a met11odof providing111ore 
precise "dead reckoning .. data tl) tbe CAS, helping tn over­
come the "dead reckoni.og.•· lilllitatlous ofe.arlier systems. Ju 
one embocli.ment.. Lhe enc~1der modult: may include a siuall 
rubber wheel wllich eomacts the top of a rail oo which the 
vehicle travels. The encoder module may be mounted un an 
adjustable preloaded assembly which maintains contact with 
tl1c rail. A magnetic rotary enct1der may conot the rotations of 
the wheel. lll one example, an encoder modttle may use a 
small integrated Hall-ASIC lo deterJUine the rotational speed 
ol'the wheol. Th.is wheel rotation information may be traos­
lated into distanceinfonnation which may becommllllicated 
to a CEM either through a wired or wireless connection. 

(0091] The encoder module may be adapted to allow the 
encoder ,-1ssembly be manualJy or mttomatically rai~d rr~,m 
the tracks for maintcmrnce or l.il'ling o f the vehicle from the 
tracks.111e encoder 1Uodule may also include auto calibration 
features. For example. as tbe encoder wheel turns. it may 
ltlilize GPS data, when it is avail.Jble, to review tbe last 
distance traveled. :ind compare that with the number of rota­
tions of the wheel. This information can be constantly 
updated and used to compensme for wheel we-ar aud or track 
slippage. RcHmingto PIG. 7, a CEM 700 may include one or 
more iutorfac.es such that a VMM may communicate with one 
or more non-OPS type sensors. An encoder module, for 
example. may be in commmlicatioo with a CEM. typically 
cmlliected lo a module interfa1:e. As au example, FIG. 7 
depicts au encoder module 750 connecting. to a CEM 700 via 
a n interface 706. 

(0092) Anofhertype of non-GPS type sensortlmt 1nay be iu 
co111.J11ll11ic11tion with a VMM is ru.icrowave mdar, for example 
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a Doppler radar.A microwave radar may be adapted lo mea­
sure ground speed and direction of a mil vehicle. lt1 one 
example. a ruicrowave radar may be momlted oo a rail li.ue 
vehicle and mc1y be oriented to point at tl1e ground to detect 
ground speed and direct ion of tra\lel. A 111icrowavc radar. for 
example. may be in commumcation with,, CEM. typically 
connected to a module interface. As an exmnple. PIG- 7 
depicts a microwave radar 752 connecting to a CEM 700 via 
an interface 706. 
(0093] Another type ofno11-GPS type sensor that may be in 
communication with a VMM is a laser device. A laser device 
may be adapted to measure grmmd ~peed a nd dir,;:ction of a 
rail vclliclc. In one ex<1111plc, laser device may be mounted on 
a mil line vehicle and may be orieuled to point at the ground. 
A laser device may bounce a signal otroftbe ground (or other 
stotiouary object) 10 detecc ground speed aud direction of 
travel. A laser device, for example, may be incommlmicatio11 
with a CEM, typically cohllected to a module interface. As an 
cxampk, FIG. 7 depicts a laser device 754 counectiug to a 
CJ1M 700 via an ioterfacc 706. 
(0094] Other types ofuon-GPS sensors that may be used in 
conjunction witb the GPS seusorto detect gro\lud speed and 
direction of travel iiicli,1de infrared sensors, UWB sens~m as 
described hereiu. UWB radar sensors, and otbet types or 
radar sensors. These oou-GPS type sensors may add redm1-
dancy to the GPS ~ensor, or tbey may provide infom1ati(1n 
when GPS i11fonnation is temporarily nnavnilable. One or 
more parts of one or more oftb.enoo-GPS type sensors may 
be packaged in the same enclosure as ~1ther VMM modules. or 
they may be pack.iged separately. 
I 0095] In operation. tl.J.e C AS may be- capable of precisely 
tracking tile location and separation distances of vehicles 
equipped with appropri.ne equipmcot aud/orcomponenls as 
described hereiJ1.. When the C.AS is tracking vehicles, a par­
ticular work gang may be operating in one ol'two modes for 
example--tr:wel mode or work mode, For each mode, rail ­
road companies may require that a specilic spacii1g be rnai11-
1,~ined between vehicles. ln work mode. the velticles may be 
traveling at a speed ofless than 10 MPH, and about 40 to 50 
feet of ~pacing between vehicles m ay be reqttired. lo tnwel 
mode. the vehicle~ m,ly be traveling al ~pocds ofup 10 around 
25 MP! I. and about 300 feet to about 500 feet of' spacing 
between vehicles may be required. Depending on the mode in 
wbicb. !be vehicles are opcr.:i ti ng, the CAS 1m1y adj ust its 
sensj1ivity and/or settings in order to better predict wbeu 
collisions may be inuninell!. 
(0096] For the CAS to opernte optima!Jy, each. vehicle in a 
work gang may need to be equipped with a VMM. The VMMs 
mounted ou/in the: vehicles and the cru may o nly be able- to 
detect vebjcles wllicb arc ontfitled with a VMM. In one 
embodimeot of 1he present disclosure, the 
(0097] CAS requires tiial every vehicle in a work g,,ng be 
equipped with a VMM. If aU vehicles in a work. gang a re 
equipped with a VMM, the C AS may be adapted to eliulinate 
false warnings which plague existing sySll!JUS. such as radar­
basc<l .$ystems. 

[00981 FIG. 13 depicts a now di~gratu 1300 that shows 
exemplary steps iu the operation ofa CAS, iu accordaoce witb 
ooe or more embodjments of (be 1,resent disclosure. To 
explain the operation ofa particu larvehicleNMM. U1e imme­
diate vehicleNMM may be referred to as tl1e ·'host" and 
nearby vehiclesiVMMs with w l1ich the hosl links/comtnulli­
cates may be referred to as "targets'', It should be unckrslood 
tl1nt when t.ht: functionality of a host in relr1lion to targets is 
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explai11ed. each target may also act as a host for the purposes 
of explaining how that target vehicle operates in relation 10 

nearby vehicles. 

£0099) Referring to FJG. 13. al step 1302, the bost veh.icJe/ 
YMM is powered up. This may be referred to as the initial 
Stan-tip. Tht: VMM may begin to t)peratc whenever a vehi­
cle's systems are powered up. At step 1304, wilb.io a few 
s1:..-conds d'initial stanup. the host VMM may begin to autcJ­
matica!Jy detect the existeuce of other vebiclesNMMs io tbe 
vicinity For example., the host VMM umyautomatically-acti­
vme one or more vehicle communication devices to search 
for/link wi th ,1thcr whicle~ (targets) both in front of the Jl()sl 
vehicle an(!/or behind the host vehicle. Tbe host may survey 
its surroundings to de1en:ni1le if there is any othe.r VMM-type 
equipment nearby. At step 1306, tbe host may determine 
wbiclJ. discovered targets. both in front and in back, are the 
closest and may sense/measure the actual separation distance 
between lhe closest target in front and tbe closest targei in the 
back. l n some embodiments. tl1e host may sense and compute 
distances for vehicles bcyondjusr thevd11clcs iuurnxliatdy Lo 
the front and back of the host. At step 1308, the host VMM 
may continuously se11se/caJculate distances between Lue host 
vehicle a11d the target vehicles. [n some embodiments, the 
host may sense and compute distances for vehicles beyond 
just the vehicles immediately lo the front aud back of the host. 

[0100) At step 13) 0, the host (and perhaps other target 
vehicles) mt1y t-ran~mit foc::nion a nd speed info1111ation to thc 
CTU, for ex-ample tl1rough the mdio antenna. Addit ioually or 
alternatively, the host VMM may transmit (and/or receive) 
locarioo and speed information, for example f'lm.1i1gh one or 
more vehicle communication devices, to target vehicles/ 
VMMs. At step 1312. !be CTU and/or CTU moduJe inside the 
host VMM may ca!culmc 1nfonnaL1011, for example absolute 
ru1d relative location oftl1e vehicles in tl1e work gimg. ~peed 
mid direction of vehicll!s, separation distances and/or safe 
distauce vioJatioos. Al slep J.314. if the CTU and/or host 
VMM determines tbal c~1Uision is iuuuiucot or prescribed 
safe distances are violated. the host VMM, for exaiuple via a 
user interll1ce, may uotify the operator. For example. if the 
~peed and direction i11fom1ation violates preset separation 
criteria, one or more warning indicators aud/or audible buzz­
ers, alarms and 1he like will activate. Additionally, the host 
VMM may comm1u1icntc lbe violation 10 the CTU. perb<1ps 
through tbc radio aote1rna. At step Bl 6. if tbe separatlou 
violation bas been resoJved. for example by the movement of 
vehicles away from each other. the warning/norification indi­
cator to the operator may silence. and the host may resume 
monitoring for other potenfotl violations by continuously 
sensing nearby vehicles and computing scp,m1tion distance.~ 
(return to step 1308). 

(0101) FIG. 14 depicts a flow diagram 1400 tbat show~ 
exeroplary steps io the operatiou of a CAS, in nccord,mce with 
one or more embodiments of the presem disclosure. Specifi­
cally. flow diag.ram. 1400 shows exemplary steps illustrnting 
how a C' AS may determine distances between vehicles. l!ach 
vehicle iu a work gang may include a G PS unit as well as other 
sensor technologies sucb as lJWB sensors. 

(0102) At step 1402 , a host may uti lize its GPS unit to 
dctenuine ils absolute loL-ation 3JJd speed (aod perhaps direc­
tion of travel). At step 1404. the host may determine that it 
would benefit from information from other non-GPS type 
seusors. For example. one or more vehicles in the work gang 
may become uuable to utili:;:c thevchic1t·s GPS unit. Vehicles 
may travel through nurncJs, mountains ru1d developed areas 
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that inclu<le stnictures !lull moy prevent or reduce the t't01c­
tio11ality of OPS-based technologies. resulting in the GPS 
sig.nal being lost (the "dead reckoning" situation). ln these 
1ypes ofsituatio11s. the host may determine that other types of 
scn~ors included in (or in comnmnication with) the VMM 
may aid in determining the pn.>eisc location of vehicles. Even 
i r the G PS sign,11 is nt)t lost, these otht'r 1ypes of sensors may 
be used to eD.hance the precision oftbe location information 
gathered with respect too vehicle.At step }406, the host may 
utilize non,GPS seusors to detenuiue relative location and 
speed informalio11. Tb.e host may utilize one or more vehicJe 
communication devices. For example, the UWB unit may 
detennine sepamtion distance m1d. closing speed. 'l11e host 
may milize componeLHs conoected to the VMM via compo­
nent interfaces. For example, a Doppler radar or encoder 
wheel may determine gmu11d speed ,md direction oftraveL 

(OJ03J At step 1408, the host VMM and/or the CTU may 
compute separation distances between the host and o(her 
vehicles. For example. the microprocessor in the CEM (a 
component of tb.e VMM) may cornpute tbe separati011 dis­
tance between the host aud adjacent vehicles. ln one ii lnstra­
live example, u maintenance vehicle (the host) is 40 feet long.. 
and a TSM is installed JO feet behind the front of the vehicle. 
Another maintenance vehicle (lhe target) is also 40 ±eel long. 
imtl a TSM i$ installed 30 forward from the back of tbc 
vehicle. lfthere is 50 foN between the front of1h~ht1st vehicle 
and the rear oflhe target vehicle, the CAS will measnre a 
dis1a11ce betwee11 the TSMs of 90 foet (IO foet+50 feet+30 
foet). The CAS may then perform e.a lcnlatfoos to compcnsmc 
for the placement of tbe TSMs relative to tbe front and rear of 
the vehicles. For example, the CAS will subtracr l O feet and 
30 feet (the respective distances between the each TSM and 
the rel~va11t ends of the vehicle) and determine a separation 
dis1ance of 50 foet (90 foet- 10 foet-30 feet). 

[0104) At ster 1410. the host VMM and/or the CTU may 
compare computed separatiou distances to prescribed (safe) 
separation distances for the givet1 vehicle speed/size. At step 
1412, tbe host VMM and/or the CTU may determine whether 
a collision is imminent and whether an operaror must be 
cr1utfoaed. The CAS may consider a variety of types of data 
and scenarios to dctenuine if a collisinn is imminent. For 
example. a separatiot1 distance of 40 foet may be acceptable 
wben vehicles are traveling ;1t 5 miles por bour, bul If the 
vehicles are lra\'eling at 20 miles per bour. an unsal'e condi­
tion may exists and tbe operator will be uotifiecl with an 
audible and visuaJ aJen. In anolher example, a vehicle that is 
far ahead may 1101 pose a ha;,,ard. but one that is directly ahead, 
Md moving s.lower than the host vehicle may be n potenti:il 
coJlision hazard. Ju another example, two vehicles may have 
been creeping along tbe tracks at <1 separation distance llf I 00 
foet. and then lhe vehicles speed up to reach nnothcr worksite. 
1Jthe separation distaJ1ce docs not increase with the increase 
iu speed. the CAS may sound n warning or alarm. 

10105( Using various combinat"ions of technologies (UWB, 
encoder module~. radar, e tc.), the CAS can monitor the pre­
cise relative loc3tiou aud speed of the vehicles iJ1 a work gang, 
and del-crmine whether a predetermined separatioo distance 
bas been violated. The CAS may 11otify, caution. aud/or ala nu 
vehicle operators and/or orher railroad personnel { via audible 
and/or visual indicators) whe11 the separation distances 
between rail line vehicles becomes less than a specified safe 
distance. which may indicatod that a vehicle is approaching 
fillotl1cr vehicle tmd is ,vitbin H separation disumcc which may 
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not be safe. The spt.-cified sale distaJ1ce muy be prc.,grarnmed 
by 1rained service technicians. 

101061 lnstead of sounding a "hard" alarm 1hrough visual 
and audible alarms when a separation distance is violated, d1e 
CAS may utili /..c a '"progressive" warning approach. In gen­
eral, a~ the relative spacing bctweeu poteorial a l::um event~ 
decreases, the collision avoidance system may increase the 
severity oJ'the warni.11g iodicatit,n. For example. ifa vehicle is 
ou a collision course bur bas not yet reached a hard th.resllold. 
the coUisiou avoidance system may initiate a "soft" alarm/ 
notification initially, such as a sllort, quiet. visible-only or 
subdued alann. The rau·t. frequency. prominence and/or 
severity of the alam1 may then increase as the vehides get 
closer to the bard alarm threshold (indicuting a more critic:il 
threat condition). 

10107] TI1e CAS may adjust its thresholds according to the 
speedofone or more vehicles. This featw:e may be referred to 
as an ''adaptive threshold" feature. The adaptive threshold 
feature u1.ay allow for scaling of thresholds of the alann/ 
notification levels based upon the speed of tl1e immediate 
vehicle and the relative speed of the i1iunecliate vehicle alld a 
vehicle that may collide with tbe immediate vehicle. For 
ex,unple, wben vehicles are traveling to a work.site, al a speed 
of about 25 miles per hour for example, the expected separa­
tion distance may be about 300 to about 500 feet. lo a scenario 
where a vehicle is at a worksitc, moving slowly, the expected 
separatio n d istancl.! mny be ~ma lier, tor example ubout 40 to 
50 feet. The relative vehic le speed determines how long we 
have to reJ;_Pond Lo the issue. at1d o ur vehicle speed determines 
how long the stopping distance will be, which is noo-lioear. 

10108] TI1e CAS may afao include an option. mode or 
switch whereby an operator or a railroad foreman can tem­
pormily deactivare/s-ileuce (for example via a 11ser interface) 
the separation waminglno rification feat11rcs of o ne o r mnrc 
vehicles. Once silenced, a waming/uotificarion may not 
repeat until tbe vehicle separatioJJ has again exceeded pre­
scribed safe dist:mces. or. for exa1uple, 'lhe warnjng.lnotifica­
tion may sound again ntler a defined period of time iJ the 
separation distance violation bas not beeu improved. This 
sile11ciag feature may allow for periodic, sanctioned viola­
tions of prescribed separation distances withoutalanns, btl7..Z­
cn; and the like bccon1ing a nuisance to the operator::;. An 
opemtor may simply acknowledge that the V1olation of the 
separation distance wa.s deliberate 1;1ud the notification may 
not repeat. until another violation occura for example. lf the 
violation is not acknowledged. the 110tification/alarm may 
repeat periodically. 

10109] Ju some situations, for example, a vehicle operator 
may he askcxl by bis fortman to tt·mpororily violate the pre­
scribed work separation distances. such as when vehicles 
come together for a meeting, In this situation. vehicles wi ll 
slowly approach oilier vehicle~ and stop c lose to other 
vehicles. so that the work gang may be in a tight g,roup. The 
operators can then dismount and walk a short distance for a 
meeting. The collision avoidance system may be designed to 
accommodate this tight-group situation without needlessly 
acrivating alarms. annoying rJilmad perst1nnel and causing 
nuisance folse alanus. for example by detecting very slow­
speed approacbts. l n s~ime examples, a deactivation may 
require an operator or a foreman to use a key, code. password 
or the like to gain authorization to deactivate the warnillg 
feaiures. This will prevent au accidental or unauthorized 
d1:c,ac1ivaLion that iuay lead to an accident where no warning 
was sounded. In other examples, the co.llision avoidance sys-
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tem may automatically reactivate the separation wanting fe.a­
tures afler a certain a1Uouut of lime. or when t be vel1icles 
separate a certain disrance (or satisfy a certain distance/speed 
ratio), so that the system remains in an active tracking and 
warning mode wh,m the vehicles are working or traveling. 

(0110] FIG. 15 depicts a !low diagram 1500 that shows 
exemplary steps in tl1eoperation ofa CAS, in accordance with 
one or more embodiments ol' the present disclosure. Specifi­
cally, flow diagram 1500 shows exemplary steps in the oper,:1-
tio11 of a progressive/graduated warning system. In some 
embodiments, the CAS may utilize a prog,ress'ive/gradnated 
warning approach tl1at utilizt:!s classes of wamings and/or 
notifications. 'l11e CAS may start by initiating one class of 
warning, and then escalate to a more- severe class or warning 
if certaiJ1distance/spced measurements violate certai.11 thresh­
olds. Separation distances for progrcSsive/grnduated thresh­
olds may be based upon vehicle stopping distance test results 
as explaiued elsewhere herein. With regard to the following 
descriptions, it shottld be- underslot1d thar a reference to the 
CAS or the VMM Qr tJ1c CTU performing a L-alculation, 
maki11g a determination, generating a waming/alunn. or other 
events may actually he perfonned aod/or generated by one or 
more components witl1in the CAS, VMM and/or CTU. 
10111) At step 1502. theCAS system may determine that a 
cerrnin distance/speed measurements violate one or more 
certain preliminary thresholds. At step 1504. theCAS gener­
ates a first class ofwaruing. lu One example, the firsr class of 
warni ng may be labeled as a ·'notifit,ttion:' ln certain situa­
lions. it rnay not b" dangemu.s to violate preliminary thresh­
olds (for example, in the case o l' work vehicles congregating 
for a meeting). and thus noLifications may be designed to 
allow operators lo ignore/silence them. At step 1506. rheCAS 
may accept input from an operator regarding wltether the 
operator wants to s ilence tJ1e notification. For example, an 
oper.:i tor could indicate :rn "acknowledge" choice via a but­
tou. touch screen or the like. At step 1508, if the operator 
c))~1oses to si leuce/acknowledge tJ1e uotif1cotiou. this may 
silence the norification once. at least umil a violation that 
leads to a notification reoccurs. No1ifica1ions may be auto 
ignored iu certain situa1ions. for example. if vehicles are 
moving very slowly. Notifications tu<.1y be ksspromjnent tl10n 
other classes of wam.ings. For example, notific!ltion.s may 
display on u screen ou the user ioterfoce, aL1d may i11itir,te a 
short souod, without being ttm aunoying or distractiog to tbe 
operator. 

(01121 Al step 1510. the CAS system ui.aydetemtine that a 
ce.rrain clistancelspeed mea~1.1rements violate certain interme­
diate thresholds, thresholds tbat 1be CAS system has deter­
tbintd prtseut a higher risk of collision. A t step 1512, the 
CAS may generate n se..:ond class ol'warn.ing. Lll oue example, 
tbe second class of warning m;;iy be labeled as a ·'caution" 
warning. In certa in sitimtions. it may not be dangerous lo 
violate these ia1em1ediate thresholds. at least momentarily, 
and tbus notifications may be designed ro allow operators lo 
_iguore/sile11ce them momentarily. At step 1514. the CAS may 
Hccept input from an opernlor regard ing whetl1er the operator 
want~ to silence the caution. At step 1516. silenced caution 
warnings may rein.it fate quickly iJ' silenced, 1111.less tbe situa­
tion tbat led to tbe caution waming is remedied. Cauti(lD 
war1ti11gs may be more prominent than notifications but may 
be less promillent th another more severe classes of warnings. 
For example. cm1tiou warnings may d isplay on a screeu 011 the 
u~er interface :in a more prominent maruwr than 11otificatio111;. 
such as by bl inking, taking up more of the user interface 
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screen. i::tc. Caution wami.ngs may i11itiatea louder sound than 
uotifications. but may be designed to avoid being too ::umoy­
ing or disLracting to the operator. 
[0113) At step 1518, the C.I\S system may detenuine that 
cerlain c.Jisiance/speec.J measurements violate certain critical 
thresholds, thrcsbo.lds tha1 the CAS sys11:m has dete.rmined 
preseul a rugb risk of collisionaud require im.a.100.iate correc­
tion. Al step J 52-0. tbe CAS may generate a tl1ird class t)f 

warning. ln one example, tbe U1.ird cbss of warning may be 
labeled as an "alarm" warning. In certai11 situations. it may be 
dangerous to violate these critical thresholds, aud thus alarms 
may be designed 10 prevent operators from igi1oring/si lencing 
them. Caution warn.iugs may be designed to get tl1e anent ion 
oJ an operator very quickly. for example by being prominent. 
loud, frequent. bright and the like. For example. alarms may 
display ou a screen on the user interface iu a very prom.inent 
man.ner, sucb as by b]i11king. taking up the emire user in ter­
face screen, etc.AJannsmay in.itiate a loud sound, aud may be 
designed to be annoying ancVor attention getting in order lo 
force 1he opcra1or to take step~ 10 remedy the sinratioo. Oucc 
lhe operator takes steps to remedy the situation. the warnings 
may scale ba.;k from "a lann" lo "caution'' to ''notification'' 
classification andforiuay scop completely. 
(0114] l11e progressive/yaduated warning system 
described in relation lo FIG. 15 may utilize an "adaptive 
threshold" feature. whereby one or more thresholds (for 
exmnple lb.: prtiliminary, intermediate and crit ical thresh­
olds) may be modified depending oa the speed of one or more 
vehicles. TI1e adaptive threshold feature may allow for scal­
ing of thr~holds of the al,1rm/notificalion levels based upon 
ilie speed of the immediate vehicle and the relative speed of 
the immediate vehicle and a vehicle that may collide with the 
immediate vehicle. 

(0115] As explainec.J alxwe. the maint1;-1:rance vehicles often 
work in work gangs comprising a plurality of vehicles, for 
exa1Dple, a group of between four and forty vehicles, and tl1e 
collision avoidance system is capableoftnickinge..1ch vehicle 
that is part of the work gang. In ~ome embodiments of the 
present technology, l1owever. a single collision avoidance 
system may be responsible for track.iog vehicles that are part 
of more than one work gang. Por example. the coll is ion avoid­
:'lllce system mily track grm1p A and group 13. /ii collision 
avoidance system may be designed 'to distingl1isb between 
multiple work gaJ1gs so tl1at the c<1Ilision avoidance system 
can detem1ine which vehicles are on the same track. In the 
event that ma.intenance vehicles are on two closely-located 
parallel tracks. ir- may be difficult for the collision avoidance 
system to detem1ine which vehicles are on the S.rlllC track and 
thus present rea l coll ision r isks. The CAS mny be adaptec.J 
and/or programmed to handle work group designations/asso­
ciations in order to limit uuw:mted detections ofothermain­
te1Jaoce vehicles on adjacent tracks. 
(01161 In some embodjmems, the vMMs and/or the CTU 
may include a swi tcb, button. touch screen ortbe like rbat may 
be adapted to al low an operator to select from multiple group 
associations. All maintenance vehicles on a single track, for 
example. may set tlleir switch. button, toucll screen or tile like 
to select the same group association/setting, aud vehicle~ oo 
a second para! lel or other close but separate track may sela--i 
a differc11t g1oup associarion/sett iog. The collision avoidance 
system may be adapted to ignore ( or disti.ngu.ish) lbe vehicles 
ou the other tracks (vehicles with an altemate group associa­
t ion/s~ning). when tracking vehicles w'i thin a ta~~l group. 
For cxampl\:!. the wor k group selections/associations may 
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allow the VMMs/CTU to only uotify or alarm an operator 
wbeu a separaHon clistauce viola6on is detected with other 
vehicles on the same track/rail. In some embod.imeocs. the 
C AS may calculate the lncatious of vehicles using GPS data 
(Or data fron1 other positioning CQmponents) and may deter­
mine vector Jocatfous of such vehicles from which a re.ason­
able calculation of track location can be dete,minecl. Ot11er 
vehicles on ao altcroate vector could he dismissed by the 
co]ljsiou avoic.Jaoce system when track.ing vehicles within a 
tai-get group. 
(01J 71 In some embodiments of tbe present disclosure. the 
C AS may include a stopping distance cal ibratfon feature and/ 
or may perform a slopping c.Jistance (."HlibratioJ1 method. 111e 
stopping dist.ance cali.bmtio11 feature/met.hod may delennine 
how quickly a rail line vehicle cao stop under current condi­
tions. For cxanip.le. duriug a maimenance project, lbe work 
gang generally perfonns a stopping distance tesi (for 
example. al the begin.ning of each work d:iy) where a vehicle 
is nlJl at a speed (for example. 25 miles per hour) ru1d then lhe 
vehicle's brakes may be eJ1gaged and a diswnce mi1y be 
mc-asured from the poiul where the brakes were engaged to 
tbe point where the vehicle comes to a stop. This clistancemay 
be refeffed to as tbe "stopping distance." If the weather 
changes and lbe tracks become wet (or dry), a simiJar stop­
piug dislance1est may be performed again, and a new distance 
measured. 

[O I 181 Alier 1be stopping dist::rucc is measured. the CAS 
may calculate various safety metrics based on the stopping 
dis1ance_ For example, a sale lollowi11g distance between 
ve.llicles may beadjlrstecl ,iccording lo the stopping distance. 
fo some embodiments. the coll ision avoidance system may 
maintain mi11imum/defirnlt metrics and then adjust the met­
rics if uecessary based on the stopping distance. For example, 
a rninimwn/dcfoult following distance may be mau11ained in 
all situati~)Us. :=111d the following distance may be adjusted 
upwards (extended) iJLbe slopping distaoce is relatively high. 
The stopping distance may be used in co1tjt1J1clio11 with aJ1 
adap1ive threshold feature or a p rogrnssive/graduated wam­
ing system as described above. For example. one or more safe 
separation diswm.:e tJ1resbolds (for example preliminary, 
intcrn1edia1c an.cl critical thresholds) mny be m.odifie<l 
depending on the stopping distance. The adaptive tJ1rcsl10ld 
feature may allow for scaling of thresholds of the alarm/ 
ootifica1ion levels hnsod upon lbc slopping distance. lo one 
example. one or more alarm thresholds may be made more 
strict if the stopping distance is too high, rest1hiug in earlier 
alarms. for example to allow sufficient ti.me to stop under the 
current conditions" 
[0119] The CAS may include an automatic/real-time stop­
ping distance calibration feature tbat, when triggered. may 
automatically calculato the stopping dist::mce using iaforma­
Lion fmm the vehicle mounted module's GPS uni1 nllcVor 
inertial measurement unit (for example an accelerometer or a 
gyroscope). The new following distance will U1e11 be auto­
matically calculated and util izLxl automatically as U1e colli­
si011 avoidance system monitors for proper vehicle separation 
dfatance. 
[0120] The CAS may create nod/or maintain one or more 
logs of events that occurdu1iug !lie operation of the colJisi()n 
avoidance system. The individual VMMs may Jog u1forma-
1ioo regarding die vehicle on which the vehicle mounted 
module is mouute(L The CTU may also log infonuation 
rcgarc.Jiug the sever.ii veh.iclei; in the work gang 1hat t he CTU 
tracks. Saved logs nrny be downloadable by an autllorized 
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person. for exa11Jple via a cable or a wireless Cllnnection to a 
hlptop computer or via au interface card. The amount oflog 
da1a and time periods of data may be adjustable. Each log 
entry may be stamped witl1 various types of infonuation. for 
exrunplc 'the time and dt1ration of the event occurrence, an ID. 
speed aud Jocatjon of the vehicle and the nanire of the event. 
The collision avoida11ce system iuay a lso log, i11foru1.ation 
from a vehicle mounted mod11 lc's inertial 01casurcmeot u11.lt 
(for example an accelerometer or a gyroscope) and/or other 
shock and impact sensors mouuted on a vehicle to record 
sig.uificant impact dati1 related to an incident. All warnings 
mid alarms may be logged as well. Detailed log information 
may allow railroad persounel to recoustrnct the details of a11 
incident. The CAS may allow for logging of vehicle position· 
ii1g over time 1.1si11g OPS satel)ite data. This feature allows 
long tenn tracking of vehicle locationaudactivicies. TheCAS 
may allow for logging of data related to one or more stopping 
distance calibration tests, for example routine/daily stopping 
distance cal ibrarion tests and/or auto mat ic/real-1.ime stopping 
disrnncc cal ibrJ.tion \ (.'SI$. 

(0121) In some embodiments of the present disclosure. tl1e 
collision avo1dance system m<1y iodude the abi lity to 01on1tor 
worker presence around ll)achines so tbat a worker or fore­
man may be alerted if a worker is sta11di11g in an UJ1Safe 
locarion. For exampl e, iJ a worker is standing on the tracks 
near a vehicle as ru1otl1cr vehicle approaches and violates a 
predetennined separation criteria. th(! worker and the fore­
man may be alerted. ,,ud perlmps emergency brakes may be 
activated. The collision avoidaJ1ce system moy monitor tl1e 
workers by communicating witb a communical'ioo device that 
is locMed ootbe worker. for e.xaruple attached to the worker's 
badge. In one example, the commnnication device may be an 
RFfD device. In another .:xamplc. thecomnrnnication device 
may be a UWB device. for ~xamplc a subset of a UWO 
rangir1g system that iucludes components, sbme that are 
located 011 vehicles and so rue components tbnt arc localed on 
workers. 

f0122J A commtutic(ltiou device located 011 a ,c,,·orker may 
commurucare with one or ruore components located in one or 
more velticle mot1nted modules, aud/or it may commu11icate 
with a centml tracking unit in a discrete hcrnsiag. For 
example. ii' the communication device co1UU1utticates w ith a 
vehicle mounted module, the vehicle m01mted module may 
determine th t.>orientalioll aod distance oftbe worker in rela­
tion to U1e vehic le . 

(01231 1n some embodiments of the preseutdisclosure. the 
collisioo avoidance system may 11tilize the concepts 
described herein to monitor the "velticle stretch" of a train 
that includes sevc.rnl cars. As a train sti'lrls. s tops a nd chaugc.~ 
speed. the ·'play" iu the couplings between the ca.rs may allow 
the totol leng.th of thetrain lo cl1a:nge. Por example. i fthe train 
start~ co slow down. the cars may compact closer to each other 
as the cm1pli.1.1gs lock more closely. and the overall length of 
the train may decrease. The opposite may occur if rhe train 
begins lo accelerate. for example. Ve bide stretch is an impor­
tant concept because it nmy be 11 measure of etl:iciency in the 
vehicle. St.retching and Cl)Jllpact.iug of the vehicles wastes 
c.uergy, aod if'lbe stretch of a vehicle cao be monitored. the 
vehicle may be designed Lo reduce stretch. 111e colJisioo 
avoidance system technologies described herein, forex::unple 
the UWB technology and other close proximity sensing tech­
nologies. may be used to monitor distance between troi.J.1 cnrs. 
and then calculations can be made in the collision avoidanct' 
system to determine vehicle stretch. 
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[0124) l n some embodiments of the present disclosure. the 
collision avoidance system may monitor, rnitionwide, loca­
tions and speeds of vehicles. equipment and/or workers 
equipped with collision avoidt111.ce system technology. For 
cxampk, th is may allow a central railroad omcc to monitor 
several work pn)jects that are LUlderway at several difTerent 
locations throHghout the cou1.111y 

10125] lo some e1nbodhne11ts of the present disclosure. the 
collision avoida1Jce system may have the abil ity to interlace 
with rail line crossing technl}Jogy 10 control gates while the 
vehicles work under the surveillance oftbe collision avoid­
ance system. For example. iJ tbe collision avoidance system 
and the crossing technology were engineered by the same 
company, g,roup or finn. the interface may be seamless. 

(OJ 261 Regarding the beocfits of the col lision avoidance 
system, i11 addition to tl1e bencfirs already described i11 this 
disclosure. the following describes further benefits of oue or 
more embodiments of the present tcclwology. It is to be 
understood that the described benefits are not limitations or 
requirements, ruid some embodiments may omit one or more 
oftbe dcscrlbed henefits. In some embodiments. a benefit of 
the collision avoidance system may be thar it is implomcntod 
as a supplement to existing safety procedures and devices 
already established for railroad maintenance vehicles and 
persouoel. Alternatively. tbe collisiol1 avoida1.1ce system may 
be implemeOled as a primary (and perhaps ti1e sole) collision 
avoidance and s3fe1y system. 

10127] Other bcuefits of the collision avoidru1ce system can 
be realized when the collision avoidance system is compared 
to a single-sensor collision avoickmcc technology. Single sen­
sor techrmlogies do not work well wheu tbc work environ­
ment includos t nvironmcntfil and pl1ysical limitat io ns. In 
addition lo lhe co1uplexities of trackiug vehicles that trove! 
tbroug.b tunnels, mo1mtains. building and the like. trackiog 
vehicles can also become more co1uplex wben the vehicles 
travel or operate around cnrves or when the vehicles operate 
at night or during min. snow and fog. Curves and other 
weatJ1erconditions create complex sensing environments tliat 
render single sensor teclu1ologies aml/or strictly line-of-sigbt 
technologies inadequate. The multi-sensor approach of the 
collision avoidance system described above, allows for pre­
cise tracking of vehicles lo these sitmtions. 

[0128] An~)U1er benefit of the collisio n avoidance sy~tem is 
that railroad companies can use the collision avojdauce sys­
tem to main ta.in au efficiently moniog railroad. For example. 
when an 11ccide.nt occurs in a remote area with single track, it 
may rnke days to re-opc1i track a fter an accideut. lfthe rail­
road companies can avoid more collisioJJs and keep the tracks 
open. users of the railroad eanmake llJOre etlicient use of the 
milroad. A relatc.-d benefit is that the collision avoidance sys­
tem can significantly reduce the cost of running a railroad. 
Not only will the collision avoidru1ce system l1elp the railroad 
reduce the number o f accidents, but the collision avoidm1ce 
system logging functionaJitywill givetl1e railroads tl1e ability 
to store data regarding accidents. This iofonnation may be 
used to alleviate rail payouts in the event of worker liability. 

[0129] Although the present disclosure describes a colli­
sion avoida11ce system tliat may be applied to a work gang of 
railroad vehicles. 1be technology and the concepts described 
J1erein may be util ized in other velticles, applications aml/or 
indush"ios. fore.xampk. in industries where spacing. location 
and status is uuportant. Some industries thm may utilize the 
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coocepls described bcreio are (I) the co11struc1ion industry. 
(2) 1he mining i.ud11stry. (3) the airp011 industry. specifically 
on airport tarmacs. 
(0130) In some allerative implementations of lhe present 
disclosure, th!.? function or runc1ions illustr.ile<l in the blocks 
or symbols of a block diagram or flmvcbart may occur out of 
the order noted in the figures, and/or m.iy include more or less 
steps than are shown in the figures. For example in some case.~ 
two blocks or symbols shown in succession may be exect11ed 
substantially coucurren1ly or the blocks may sometimes be 
executed in the reverse order depending upon !he functional­
ity involved. 
(013 1) Oue or more embodiments of the present disclosure 
may be realized ia hardware. soJlwarc. or a combination of 
hardware and software. The pr:cscnt disclosure muy be rea l-
11,ed in a centralized foshion in a t least one machine, computer 
and/or data processing system; or ia a distrib111ed fosbion 
where dilferenr elements are spread across several iutercou­
nected 1m1chint·s, comput1.?rs ,1nJ/or dat;;i processing systems. 
Any kind of machine, computer mid/or data processing sys­
tem or other apparatus adaNed for carrying out the methods 
describe.cl bcrein is suited. A typical combiuatioa of hardware 
andsoflware Jllay bea general-plITj1ose computer system wilh 
a computer progra1u that, when being loaded and executed. 
controls the compute.r syscem such tbat it carries out the 
method!; and u,chniqucs desc1ibcd herein. 

(0132] Some cmbo<l.lments of the pre~eut disclosure may 
provide a non-trausilory machine and/or compuler-rcaclable 
stomge and/or medin. having stored thereon, a machine code 
and/or a computer program having flt least one code section 
executable by a maclline. computer and/or data processit1g 
system, thereby causing the macl1ine, computer and/or data 
processing system to perfonn tl1e steps as described herein. 
One example of a data processing system is a general purpose 
compu1er. 
(0B3j Some embodjmeuts of the present disclosure !llay 
also be embedded io a computer program product. which 
comprises all the feamres enabl ing the implementation of the 
methods described herein. and which when loaded in a com­
puter system is able ro carry out these methods. Computer 
program in thu present cont1.?xt menus any expression, in any 
lfillguage, code or not11Lion. ofa set of instructions intended to 
cause a system having ,111 irrformalion processing copabilhy 
to pcrfon:u a particular f1.1nctioa ei lher directly or after ehher 
or both of the following: a) conversion Lo another language. 
code or notati~1u: b) rep1uductiou i..n a di{forent maierial fo11u. 
[0134) 1n the present specification, use of the singular 
int:ludes U1e plun1l except where specifically indicat.ed. In the 
present specification, any of1he ftmctious recited herein may 
be performed by oue or more rueaus for performing such 
fouctions- The present systems aud l))ethods may include 
various means. modules, code segmenls. complller programs 
and/or software for perforrnit1g one or more of the sleps or 
actions described it1 this specification .. It is expressly contem­
pla1ed and disclosed 1h.it tbe pr!.?Sent specification providtJs a 
written description for claims comprising ,uch mcan.s, mod­
ules. steps. code segments. c-ou1pu1e.r pro!!J11mS and/or so l1-
w<1re. 
(0135] Tbc description of the di1Tereut advantageous 
embodiments has been presented for purposes of illustr::ttion 
and description and is not intended to be exhaustive or limited 
to the embodiments in tbe fo11u disclosed. Many modifica­
tions and variations will be apparent 10 those of ordinary skill 
in the art. Further d.i 1Jcre111 advantageous embodimeuts m.iy 
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provide different advantages as co,upared lo other advanta­
geous embodiments. 'n1e embodimeu1 or embodiments 
selected are cbose11 and described in order to best ei.plain the 
principles oftlicernbodiments tJ1e practical applica1iOL1 and to 
enable otl1ers of ordinary skill in the art to understand the 
disclosure for various embodiments with v<1rious modifica­
Lious as are suited to the particular tise contemplated. 

l.A rai l lit1e vehicle having a vehicle mounted module, the 
vehicle m~1w1ted module comprising 

a tra11Sp<>nd.e1 sensor module including an 11hr-a wideb,111d 
llllit and a wireless communications antenna. 
wherein the ultra wideband w1 il is operable Lo detect a 

rus1a11ce between the r.:iil line whicle and al least one 
other vehicle, 

wherein the wireless co1umuuications antenna is oper­
able lo send and receive data over the air: 

a control electrouics rnodt11e including a processor that is 111 
collllmtnication with ar leas1 the ultra widebaud unit: and 

a user interface moduk including a user inh:rfaee, 
wherein the use.r interfitce is operable to provide a 

vehicle operator with 
information and is operable to acc-ept i11put from the 

vehicle operator. 
2 . 111e rail line vehicle of c laim J wherein the whicle 

mounted module is in rnllllllmlicatfon with one or more ce11-
tra) ,racking units by way of th e wireles$ communica1ion~ 
antenna, 

wherein the one or more ceutml tracking units are operable 
to track the location of the r-.1il li11e vehicle aud at leust 
one other vehicle. 

3. The rail line vehicle of claim 1 wherein the vehlcle 
mounted moduJe rm1ber comprises a centrnl tracking unit 
module 1h01 is opcr,1blc to lTilck the localion of al least one 
other vehicle. 

4. TI1e rail li11e vehicle of claim J whereiJ.1 the lransponder 
sensor module forthcr includes a global positioning system, 

whereia 1be global positioning system is operable 10 
receive information from one or rnoJe satellites and is 
operable lo derenuine the absolute position of 1he rail 
line vehicle. 

5. The mil line vehicle of claim 4 where.in the vehicle 
moUJJtcd module is operable to uti lize in formution generated 
by the global positioning system and ll1e ultra wideband unit 
to 

determine whether one or more vehicle separation c1iteria 
are violated, ,md 

generate a warning if one or more vehicle separation cri­
teria arc violated. 

6 . ·11,e mil line vehicle of claim 1 wherein the userimerfacc 
module fu.rlher includes a service interface operable lo allow 
the vehicle operator to cooJigure. c:ilibrate. service. ma 1otaio. 
diagnose, update and/or install in formation on vebicle 
moUJJted module. 

7. TI1e mil line vehicle of claim 1 where·i.u lhe control 
olectnmics module further include.~ tine or 111nre interfaces 
t.hnt are opemblt: to commwucate with ground speed detec­
tion ruoclules. 

8.1be r.iil li11evebicleofclaim 7wbereio tbeground speed 
detection modules include one or more C1 r a microwave radar, 
a laser device, au infrared sensor and an uln·a wideband seu­
sor. 

9. TI1e rail line vehicle of claim 1 wherein U1e control 
electronics module fi.u-iher includes one or mo.re inllrtial mea­
s ttreme.111 LUU ts. 
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10. Tbe roil line vehicle of cluim 1 wherein !be vehicle 
mounted modules comprises oue or more additional trau­
spooder sensor modules, 

wherein the vehicle motu.ned module is opernble to accept 
calibration information regarding the length of the mil 
line vehicle and the mounting locations of the transpon­
der sensor module aud tbe one or more addit1011al tran­
sponder sensor modules. 

11. The rail line vehicle of clniru 1 wherein the vehicle 
moumed modules comprises an additional ultra wideband 
unit. wherein an offaet exists between the ultra wideband uni! 
m1d the additional ultra wideband unit once tl1c two uni1s are 
mounted ou the rail line vehicle. 

12. The mil line vehicle oJ claim 1 wberein the ultra wide­
baud u.uit is adapted to transmit aod receive signals wilh 
varying center frequencies. 

13. The mi I line vehicle of clai.m. 1 wherein lh.e lransponder 
sensor module further includes one or more of a laser devict:, 
a radar sensor and an infrared sensor. 

14. The rail line vehic le of daim 1 wherein lbe user inter­
face is a touchscreen including a screen. the touchscree11 
being operable to 

display one or more screens. menus, options and/or func­
tions, and 

accept user input from the vehicle operator by allowing the 
vehicle opcra1or to 1ouch the screen of the touchscreen. 

15. 171c rail line vehic1c of claim I wherein the vehicle 
mount·ccl moduJe is operable lo utilize a progressive warning 
featwe tlwt generates a warning if one ~)r more vehicle sepa­
J11tion thresholds are violated, 

wherein the rate, frequeucy, promioeuce aud/or severity of 
the warning increases as the violation of the vehicle 
separation threshold becQmes more crit ical. 

16. The rail line vehicle or claim 15 wherein the progres­
sive warning foature utilizes nn adaptive threshold feature th.at 
modifies tbe 011e or .m.ore vehicle separalion thresholds based 
uu the speed of the rail line vehicle and the speed of one or 
more nearby vehicles. 

l 7. The m il line vehicle of claim 1 wherein the vehicle 
mounted module i~ operable to utilize a stopping distance 
calibration fcat11re that ml'asures a stopping distance. 

wherein the stopping dis1ance indicates how quickly the 
rail line vehicle can stop tu1der current conditions, 

18. The rail li11e veh.icle of claim 17 wherein the measured 
stopping distance is used to modify one or more sa le sepma­
tion distance thresholds. 

19. ·111e rail fine vehicle of clnim I where-in the control 
electronics module further includes an inertial mcasu.rcmelll 
uuit. 

17 
Nov. 22, 2012 

20" 1\ collision avoidance system co1uprising: 
one or more vehicle mou111ed modules. each mounted ou a 

vehicle, 
each vehicle mmmted module comprising: 

a transponder seusor mOdtllc including a11 uhra wide­
band uwt aud a wireless coOllllunications antenna, 
wherein the ultra wideband lUlJl is operable to 

detect a distance between the vehicle on which 
the vehicle mouuted module is mounted and at 
least one other vehicle. 

whe.rein !he wireless communications unlenna is 
operable to send and receive data over the a ir: 

a control electronics module inclt1ding a processor 
that is in communication with al least the ultra 
wideband uui t; a11d 

a user interface module including a user interlace., 
wherein. the user interface is operable to provide a 

vehicle operator with infor111atin11 and is oper­
able to accept input from tJ1e vehicle operator; 
nnd 

a central tracking UJlit that is in communication with the 
one or more vehicle mmmted mod11les, the central track­
ing u11it being operable to Lrack the location o fthe ooe or 
more vehicle motmted modules. 

21 . "l11ecollision avoidance system t1fclaim 20 wherein the 
central tracking unit is distributed a mong tile one or more 
vehicle mounted modolcs. wherein 

each o.fthe one or more vehicle m01111ted modules includes 
a central tracking uuit component. 

each central tracking, unit compt)Ueut is in conununicatioo 
with the vehicle's contrnl electronics module. 

22. ·n1ecollisJon avt1idancesystem o f cJaim 20 wherein the 
central tracki!'tg unit is dispused in a discrete housing. 

23. ThecollisJon avoidance system of claim 2-0 wherein the 
transponder sensor module further inclt1des a global positio11-
iug systcm, 

wherein the g lobal positioning system is opernble to 
receive informa1ion from 011e o r more satellites and is 
opcmble to determine the absolute position of the 
vehicle 111ounted module. 

24. The collisio11 avoidance system of claim 20 wherein 
each vehicle mmmted module is operable to utilize i11forma­
tion generated by lhe glob<1l positioning system, the ultrn 
wideband wlit and the central tracking unit lo 

detennine wbelh.er one or more vellicle separation criteria 
are viola1ed. and generate a warning if o ne or more 
vehicle separation criteria are violtltcd. 




