|  Vehicle regul ated-control device with trimred precision The present
invention relates to a precision-stopping control device for a train with
fully automatic control. It is well known that trains, particularly
underground trains, are equipped with aufomatic control systens for the
safe driving of vehicles between stations and precise stopping of the train
at each station. Wen station platforns are provided with screen doors, the
doors of the train nyghicReeghiadtEontrbll devidavith &fifndhén HP&-‘iﬁo@S ot herw se the
operation of automatic trains, particularly driverless underground trains,
is disrupted. If the adjustnent of braking of the train is too harsh, the
train overshrakes, .causin en .o Of rai.n . doors b ffset
upstream o]}het Wgse(%rl?\%sn %8?1&6%%%5%raeélgle%glooglr'sst&th%?é, Cgéltr(flhée)eqllo eh%eo(rg %ﬁl ,Wﬁg fully
adj ust mentagu@dmdtiieohfraki ng of the train is too soft, the train under-brakes,
causing the centre of the train doors to be offset downstream of the
correspondi ng screen doors. The adjustnent of a train control device nust

t her ef ore (al. t r.- hrak - hraki. r ISt he
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the train vary ci,uri ng operation ow ng to wear or ageing. The regul ation
used in t Hran atesehp@lipmcapabl e of conpensating for these changes, resulting
in nore frequent recourse to renote manual control of the train and wasted
running time. The objective technical problemis to reduce the period when
trai ns ar ewhei staréi patfbensand prévdded Wi sartert daurf,ithe 8ot the tRyS el blalighgd

operation. The object of the invention is therefore to inprove train
avai | abi | i Wih ecplatforpy deors as otherwise the operation of automatic trains, particularly driverless

underground trains, is disrupted.

If the adjustment of braking of the train is too harsh, the train over-brakes, causing the centre

of the train doors to be offset upstream of the corresponding screen doors.

If, on the other hand, adjustment of the braking of the train is too soft, the train under-brakes,
causing the centre of the train doors to be offset downstream of the corresponding screen

doors.

The adjustment of a train control device must therefore allow these over-braking or under-

braking characteristics to be overcome.
It is known that after the commissioning of a train of which the stopping control device has
been set at the outset, the characteristics of the train vary during operation owing to wear or

ageing.

The regulation used in this case is incapable of compensating for these changes, resulting in

more frequent recourse to remote manual control of the train and wasted running time.

The objective technical problem is to reduce the period when trains are not available and the

loss of traffic from the system during operation.

The object of the invention is therefore to improve train availability and traffic.



2 The invention accordingly relates to a regul ated-control device for

preci si'on stopping for a vehicle with automatic control conprising an
observed kinematic input capable of receiving at |east an observed

ki nematic variable fromthe vehicle, a predeterm ned setpoint input,
capabl e of receiving an unregul ated contyol setpoint signal, a
regul at ed-control output capable of supplying at |east a dynam c regul at ed
control value to the vehicle, which is dependent on the observed ki nematic

input and the _S?ﬁ@(?ﬁ\'?&tntibﬂpégcpﬁﬁﬁg?g dieDgest ® @ rdPuHES-E5HHoNedbGRATGC Heddi$di-C
transfer function of the device, the transfer Tunction conprising at |east

an i nt er nstbppag &retvehiclewith astosratis edntrel comprisingan dbsdreed kinepaiicmputeapable

adapt ati on. cont r ol nif capabl e of. nodifying, at. | east an. internal paraneter
by - adafh SCPHHE Bhirsl o5 fieerad dindbstsn REME Srorbafng Rl teRee T
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enbodi ments, the control device conprises one or nore of the Tollow ng
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t he device comprises,two, nodifi,abl e interpal paraneters, .the first rameter
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i s dependent on the difference between, on the one hand, the observed
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control; - the control function is divided into categories defined according

to the difference between the observed ki nematic input and the expected

Ki nemat i CAX&!rHﬁlg t%n}gar‘[i&ﬁala%mlbggi%en%?%he COLY&" &%&eecgr%fn%@t §ile’ or more of the

following features taken in isolation or in any technically feasible combinations:

- the device comprises two modifiable internal parameters, the first parameter being
a dynamic response delay associated with the vehicle and the second parameter being a
dynamic regulation bias control;

- the adaptation control is dependent on the difference between, on the one hand, the
observed kinematic input, and, on the other hand, an expected kinematic value, determined
from a predetermined dynamic response model associated with the vehicle and from the
setpoint input;

- the adaptation control also depends on at least a convergence parameter, which is
dependent on a regulation control;

- the control function is divided into categories defined according to the difference
between the observed kinematic input and the expected kinematic value, and the at least one
convergence parameter;

- the setpoint input is a vehicle deceleration setpoint receiving input,

- the observed kinematic input comprises an observed velocity receiving input and
an observed deceleration receiving input,

- the regulated-control output is an output supplying a regulated-control deceleration
signal for the vehicle,

and it comprises a set of component units of the device transfer function;

- the device comprises:



- the setpoint input is a vehicle deceleration setpoint receiving input, -

t he obs'erved ki nematic input conprises an observed velocity receiving input
and an observed decel eration receiving input, - the regul ated-control

out put is an output supplying a regul ated-control deceleration signal for
the vehicle, and it conprises a set of conponent units of the device
transfer function; - the device conprises: 3 a nodelling unit representing
an expected dynam c response of the vehicle to the decel eration setpoint,
al l owi ng the ex t ed,decel.eration. of t i.cle to he de m n n
expected ki nemt f ARl HE BRI o ABHETLEh Sl AR pRE b AR S iR
si gnal W gdeelehtionbegionadallslengltes akpeotedsdegéiatation ofl thiegeHialk it® e WRtdrmiigd as
providing a feedback control signal for correcting the difference between
t he expecteerngeicd kiematisyali§d t he observed decel eration, - a synthesis unit
to determne ar t ed- pLgn a [ Qn 0j

signal and the ?gggkgc%gbgggééﬁ+%ﬁ%gi%hgﬁéd-d%%gggghpf F%H%ggﬁﬁgop&%ﬁﬁg
conpr i sesdecelegatfanrsignafdapt ati on control unit input for receiving the

decel eration setpoint, - a second adaptatjon control input for receiving
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decel erat | on, - a |'east a conver gence par aneter statistical estimtor
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signal an
- the adaptation control unit comprises:

n

- a first adaptation control unit input for receiving the deceleration setpoint,

- a second adaptation control input for receiving the observed deceleration,

- a response time estimator by comparing the time variation curve of the expected
deceleration with that of the observed deceleration,

- at least a convergence parameter statistical estimator representing the stopping
precision, which is dependent on the observed deceleration and the train deceleration
setpoint;

- the regulation unit comprises:

- a regulation unit input for receiving the difference between the expected deceleration
and the observed deceleration,

- an output supplying an integral-type regulation component known as an integral
control,

and the adaptation unit comprises a third input connected to the integral control output
of the regulation unit;

- an estimator of the adaptation unit is capable of determining a convergence criterion
based on the integral regulation control signal supplied at the input;

- the adaptation control unit is capable of:

identifying, by a classification process, a vehicle braking category which is dependent,
on the one hand, on the difference between an observed response time and a time predicted
by the modelling unit of the effect of the setpoint sent to the vehicle and on the other hand on
at least a convergence parameter,

allocating adaptation controls as a function of the braking category of the vehicle;



- the regulation unit conprises: - a regulation unit input for receiving the
di‘fference between the expected deceleration and the observed decel erati on,
- an out put supplying an integral -type regul ati on conponent known as an
integral control, and the adaptation unit conprises a third input connected
to the integral control output of the rggulation unit; - an estimator of
the adaptation unit is capable of determning a convergence criterion based
on the integral regulation control signal supplied at the input; - the

adapt ation contjal Lt soldentifying, by a classification
process, a vehi% édﬁgéﬁrH%m§§F§§£§§glw?%h i s dependent, on the one hand, on

t he di f f er ence- ficinpeesupplyigbaesbsetied @slpoingef thenmignd a time predicted by
the nodelling unit of the effect of the setpoint sent to the vehicle and on
the ot her hand- dfirst gtatiptical estimatenRicy sheQnvetgeeRpaBRMEtST THESERtTE he siPatiEon
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of the train, -aaefdndsitatidtiohli Stintatdr &fSd sedhorcoftergerice rgirara@ay RHesBatng the
paranmeter representing the stoppin performance, which is dependent on the
observed HepPRINSr BETUMaBF Mhechdde eflependsnonor ethsoohserved aelasatyndhet gbsestedcal

estimat or 4ok tﬁ)%%?lﬂ‘?h&@é}\é%gﬁ%ﬂ%gt f ameter representing the stopping

per f or mance, I ch I's dependent 'e observed velocity, the observed
decel erati on anthetatigptatéredoatrat mincaepymes:nt ; - the adaptation control unit
comprises: a fpet output capgble of \ssuing g bias conirol Lpr regul ating
a second output capable of issuing a control for adjusting the dynamic response delay,
- the first output of the adaptation control unit is connected to the input of the
regulation unit, and
the second output of the adaptation control unit is connected to the input of the
modelling unit to supply it with a delay adjustment control;
- the device comprises:
a triggering/activation input for the stopping control device, and
triggering/activation means for operating the stopping control device;
- the triggering/activation device comprises:
a control input capable of receiving a release control input for the final precision-
stopping mode,
a switch with two inputs and one single output, the output being connected directly to
the vehicle input,

and the connection of an input to the output depends on the triggering/activation

control signal supplied at the control input.

The invention also relates to a regulated-control process for precision vehicle stopping used
by a regulated-control device defined by a transfer function having at least an internal
parameter,
comprising the stages consisting of:
- receiving, at a setpoint input, a predetermined unregulated vehicle control setpoint,
- receiving, at an observed kinematic input, an observed kinematic value from the

vehicle,



a second out put capable of issuing a control for adjusting the dynam c
response delay, - the first output of the adaptation control unit is
connected to the input of the regulation unit, and the second out put of the
adaptation control unit is connected to the input of the nodelling unit to
supply it with a delay adjustnment control; - the device conprises: a
triggering/activation input for the stopaing control device, and
triggering/activation nmeans for operating the stopping control device;, -

t he triggering/actiyation devi ce, conpri ses

- a control input capabl e .of
ocei ving a rol eaelaBhe Breaukit et R AR aityied eourelnisnel QUBY ke e, a
switch with two icRabéerieadn ane it oot RibPritagd BhsRURPYE bei ng connect ed
directly to the vehicle input, and the connection of an input to the output

depends on the t cpefgaling giicaadapiaiionoef atcloadt rapl intsimgl aparangel aed fanctidreof thet r ol

input. The invention .also relates tq . a regulated-control process for

preci si on vehi cFeépchtolBB?%dEféee%bseﬁlﬁggu}eé‘b%Fé? -control device defined by a
transfer function having at |east an internal paranmeter, conprising the
stages consisting of: - receiving, at a setpoint input, a predeterm ned

unr egul at dcardingcioepasiirlarotmiastippentt the progess epmprises e armotsselr hedfollpwingat i ¢
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characterised intiybedst c@hffises AESthges Somksising@F: consi sting of
- modelling and calculating a dynamic vehicle response to a vehicle control setpoint
in the form of an expected kinematic value,
- comparing the expected kinematic value with the observed deceleration value,
- regulating the control setpoint by supplying a feedback signal to correct the
difference between the expected kinematic value and the observed kinematic value,
- combining the setpoint and the feedback correction signal to determine a regulated
control;
- the adaptation control stage comprises the stages consisting of:
- receiving the control setpoint at a first input,
- receiving the observed kinematic value at a second input,
- estimating the dynamic response time by comparing the time variation of the
expected kinematic value with the observed kinematic value,
- estimating by a statistic a convergence parameter representing the stopping
precision, as a function of the observed kinematic value and the control setpoint;
- the adaptation control stage comprises the stage consisting of:
- receiving an integral-type regulation component supplied at the regulation stage,
and
the estimation of a convergence criterion is based on the integral-type regulation
component supplied;
- the adaptation control stage also comprises the stages consisting of:
identifying by a classification process a train braking category which is dependent, on
the one hand, on the difference between the observed response time and the predicted time of
effect of the setpoint sent to the vehicle via the control device and on the other hand on at

least a convergence parameter representing a stop,



- controlling the adaptation of at |east an internal paraneter as a function
of the * setpoint input and the observed kinematic input. According to
particul ar enbodi nents, the process conprises one or nore of the follow ng
features taken in isolation or in any technically feasible conbinations: the
process conprises the stages consisting of: nodelling and cal culating a
dynam ¢ vehicle response to a vehicle cohtrol setpoint in the formof an
expected kinematic value, - conparing the expected kinematic value with the

observed decel eratj.on yalue, - regulating the.control. setpoint by supplying
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f eedback correction signal to determ ne a regulated control; - the

adapt ati on cont reotivingagebserned veleeityt ¢iche velyds atomssinput, ng of . - recei vi ng
the control setpoint .at a first input, recei ving the observed ki nematic
val ue at a sec%fﬁjgthf’ﬁgﬂ??uqn SEEIS lﬁ%f the dynam c response tine by conparing

the time variat iaOﬂrsefes@;h@tiqremg@tc@dsi&iﬂgeaﬁub@rmaﬂmge, By bR ihitial RSy el first
ki nematic value, - estimating by a statistic a convergence paraneter
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ki nematic _yval u nd t r t.pol.nt: -.t ptation control stage
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convergence criterion is based on the integral-type regulation conponent
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consi sti ngelgéiiy, the observed deceleration and the deceleration setpoint;
- the adaptation control stage also comprises the stages consisting of:
issuing at an initial output a bias control for regulating the regulated control,
issuing at a second output a delay adjustment control;
- the delay adjustment control is supplied to the unit modelling the dynamic response
of the vehicle;
-the adaptation control stage also comprises the stage consisting of:
supplying an outside-limits train warning message if the convergence criteria fail to
converge and/or there is failure of alignment of the response time the taking effect of the
deceleration setpoint after a predetermined number of stops; and
- the process also comprises a stage consisting of:

triggering/activating the regulated-control device.

The invention also relates to a train comprising the device according to the invention to

control the action of the engine and/or the brake.

The invention will be understood better on reading the description that follows of an
embodiment given as an example and with reference to the drawings in which:

- Fig. 1 is a block diagram of a train automatic control device according to the
invention;

- Fig. 2 is a graph of the velocity curve of a train as a function of distance,
corresponding to a stopping strategy;

- Fig. 3 is a block diagram of the regulated-control device for precision-stopping;



identifying by a classification process a train braking category which is
dependent, on the one hand, on the difference between the observed response
time and the predicted tinme of effect of the setpoint sent to the vehicle
via the control device and on the other hand on at |east a convergence
paranmeter representing a stop, 6 aIIoca&ing adaptation controls as a
function of the train braking category; "- the adaptation control stage al so
conprises the stage consisting of: - receiving an observed velocity of the
vehicle at one input,,.and th sthmation. st a Q ises - a first
eotimation ot age cohst S fig" SRerGll PRI BPbaR RPGR Piett st o, a tivst
conver gence paranefigl 5ri§a(rjge§en@ﬂ the cuhe idehtfsingand deley i fedueeleraddinCetjosnt
dependent on the observed deceleration of the train and the decel eration
set poi nt , taking eflgeinssodatedwithen vaderbrakingirady a second statistic of a second
convergence parangter . ent 4 f U 4 i I
dependent on the o 1é§¢éggﬁﬁgi@i%@%Pkgﬁgagg¥®k5@§hgg§g$g%g%%gﬁn%%@:%ﬂguﬁ
decel er at iaRihgSflepiOdsbdciated Wixh apdapi-bitaking tejt rol stage al so conprises the
stages consisting of. issuing at an initial output a bias control for
regul ating the regtiBaf éua elgptifieation graph gfifyognitigl E@&%@a&gpﬁm aggoghpg o the
adj ust nenf,_. ol ;y - i i pplied to the unit
nDdeIIing&P%@&g§H§wF%e?%gggﬁygydgg&#ﬁ%ﬁgghﬁgfg%ﬁﬁﬁﬁgﬁg aptation contro
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train warning nessage if the convergence crjteria fail to caonverge and/or
there is faCFUdmgoto M ﬁHWé‘ﬁtgb@n , PEER aS neq%lzlef ifelayaiéi Aigtessnt efgemothet he
decel er atjpis&iRQhdit after a predeternined nunber of stops; and - the
process al so conprises a stage consisting of:

- Fig. 9 is a qualitative classification diagram showing the different classification

stages according to different identification criteria;

- Fig. 10 is a graph for determining the control domains of the control device;

- Fig. 11 is a simulated performance graph of the precision [stopping] of a fleet of
trains when the adaptation control unit is inactive; and

- Fig. 12 is a simulated performance graph of the stopping precision of the trains

when the adaptation control unit is active.

Fig. 1 illustrates an automatic control device 2 for a train 4 operating without driver-supplied

controls.

The train 4 comprises a set of carriages with traction engines and brakes for braking and

stopping the train. In a variant, the train may be any automatic vehicle.

The train 4 is capable of receiving, at a control input 6, a regulated acceleration/deceleration
control and supplying, at an observation output 8, the acceleration/deceleration observed here

in the form of an on-board train measurement.

The automatic control device 2 comprises a regulated-control device 10 for precision-
stopping, a kinematic parameter estimator 12 for the train 4 and a central control unit 14 for

the driverless train.



triggering/activating the regul ated-control device. The invention also
relates to a train conprising the device according to the invention to
control the action of the engine and/or the brake. The invention will be
understood better on reading the description that follows of an enbodi nent
given as an exanple and with reference tp the drawings in which: - Fig. | is
a block diagramof a train automatic control device according to the
invention; - Fig. 2 is a graph of the velocity curve of a train as a

function .gf distance carrespandi .a St i trat . 1 0;.:3 1s a
bi ook af aderanalErpedd STERREONT SabBrlst BRP snRbl LS No fpo isihin ¥ °
Fig. 4 iscéeléhtvn/abidratih §d1poiaﬂ?@a;tet10tsy afdiconlisg Proad uied comirldnaiess,; The Fi g.
5 is a graph of the curve identiftying the delay in the decel eration setpoint
t aki ng efkiramatigspaamaice ¢sHEler Ahsou pRIBPLIsSS alkishgnd rsaeqnd estimagor guipytsy 1§ dbh of
the curve ] ti-fyving: th . i C i10 e i ' ect
associ at ecgbgmn‘?{] r?lfasﬁb}g,?)glfg- %Flgﬁ%hgygiytg[rﬁalg&n&a?&ﬁmgs%gé idsﬁgl%c% gé’dsa.l%g cnté i %ﬂgaﬁgéph of
two initigburddraldian@stabedkieamtiaceeily ngftie tidie criterion Cl, where the
nodel | ed delay is equal to the identified delay; - Fig. 8 is a pair of
classification graphs of the other categories not shown in Fig. 7 according
to the crt.eg: : Eg” re t e Yol A : e
identifi eT en]t()lhgfl&w$ i g.g?eé %ggﬁlgﬁ)éulgle f%ﬂéﬁg\?g’ ggsgrgél?lf iacg{cﬂgni%?(grgé%{%lgg]otbmpng
t he di ff efffeot oftihessipbint ahd odowistreges a peaiictdiefvgrrectivd kihemetid intekeator RUcd@hé on
criteria; - Fi.g. 10 is a_graph for determ ning the control domains of the
control d&lAYdrcuit 22 i .canalbg? §P EECSIVIRg 'i‘? SACHIRTY dessleaatipnassipomnt frere the Wit on

[ stoppi ngls £ 8r ifécgi%}ngoef delay adjustment control marked 7 at a delay adjustment input 26. The

kinematic parameter estimator 28 also comprises an initialisation input 27, for receiving

kinematic processing initialisation parameters.

The central control unit 14 responsible for coordinating the tasks of the automatic control
device 2 comprises a first input 30 and a second input 32 for receiving the estimated distance
d and the estimated velocity v respectively from the kinematic parameter estimator 12. The
central control unit 14 also comprises a first output 34 for the acceleration/deceleration
setpoint signal, a second output 36 supplying the driving/braking mode selection signal and a

third output 38 supplying the kinematic velocity v of the train.

The regulated-control device 10 comprises a regulated-control output 40, capable of

delivering a regulated-control signal for the train and connected to the input 6 of the train 4,

The precision-stopping control device also comprises a first input 42 capable of receiving an
acceleration/deceleration setpoint from the output 34 of the central unit, a second input 44 for
receiving the signal estimating the velocity v from the output 38, a third input 46, capable of
receiving the observed deceleration of the train, from the output 8 of the train 4 and a fourth

input 48 for controlling the mode selection from the output 36 of the central unit.

In operation, the automatic control device 2 allows a stopping strategy as illustrated in Fig. 2

to be carried out.



trains when the adaptation control unit is inactive;, and - Fig. 12 is a
si'nul atted performance graph of the stopping precision of the trains when
the adaptation control unit is active. Fig. 1 illustrates an autonatic
control device 2 for a train 4 operating w thout driver-supplied controls.
The train 4 conprises a set of carri agesgwith traction engi nes and brakes
for braking and stopping the train. In a variant, the train nmay be any
automatic vehicle. The train 4 is capable of receiving, at a control input
6, a regul.ated, accel erati on/decel eration. control and.suppl.ying, at .an
obser vat iul%)‘ﬁ' gLfPBY,Y? ke p?%eogélge%egorcét?’iOéjntgﬁlér(?gf gbﬁfiaoﬁm%%%é%e ﬂlg‘;agce o Phie
form of aghodir AOsYik btFaédy. Neasur ement. The automatic control device 2
conprises a regul ated-control device 10 for precision- stopping, a kinematic
paranmeter estimator 12 for the train 4 and a central control unit 14 for

the drivegl ess t,rain. The kin (o ranme egt | r..12 rises_a
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paranmeter estimator also conprises first and second estimtor outputs 18, 20
capabl e of supplying respectively an estimted distance d froma |ocating
mar ker onyt . i I t] eI} V. t.he train.
The ki nerbie s Inafs BEaRY set 1B En R W ehSirt EaREhief oo il e dSBhE,,
del ayi ng dudéen Bhdl®edkied. the setpoint and, downstream a
predictive/corrective kinematic integrator 24, The delay circuit 22 is
capabl e of receiving the accel eration/decel eration setpoint fromthe input
16 and f I L Vi ' nt t 1.0 B .
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par arret erfsrc'>m stopping upstream of the station stopping point. The distance covered at low velocity

should be as small as possible to ensure visual comfort as well as driving comfort.

Phase 4 is optional. It is used for trains where it is not possible to keep the pneumatic braking
system under pressure by applying no braking force. When it is present, this is the phase

where pneumatic braking is pressurised.

Finally, phase 5 known as the ‘final precision phase’ is the final braking phase. To ensure
passenger comfort, final braking should not be too harsh. Braking must allow the train to be

maintained in the stopped position.

During phases 1 to 4, the central control unit 14 selects a first control mode, known as driving
mode, by sending a mode selection control from the output 36 to the precision-stopping
control device 10. In driving mode, the stopping control device 10 is transparent and
transmits the deceleration setpoint from the central control unit 14, and sends it in full to the
train input. During the four phases 1 to 4, the effective control received by the train 4 is

produced by the central control unit 14 alone and is equal to the control setpoint.

During phase 3, the central control unit 14 checks whether the final precision phase should be
activated by comparing a threshold value with the stopping distance covered, calculated by

the kinematic parameter estimator.



The central control unit 14 responsible for coordinating the tasks of the
automatic control device 2 conprises a first input 30 and a second input 32
for receiving the estimted distance d and the estinmated velocity v
respectively fromthe kinematic paraneter estimator 12. The central control
unit 14 also conprises a first output 34, for the accel eration/decel eration
setpoint signal, a second output 36 suppﬁ/i ng the driving/braking node
selection signal and a third output 38 supplying the kinematic velocity v
of the train. The regul ated-control device 10 conprises a regul at ed-control
out put 40, capable of delivering a regul ated-control signal for the train
and connegbeetctineife stoppihg Bisttincé b6vekdd ittt dnemathtepapir&bSdstifratdraRRisega @it 1 ol
device al so conprises a first input 42 capable of receiving an _

accel er at bkingemerelr it penslesaiiqnidaseleratiom andeitd depvative4 absb kimevrcemt'jaak’. ubliet | a

second i nput_44 for ecej. vi h i tihmati the . vel oci v fromthe
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of the tra Bbtafn 0 kilkemit Petbcidy @f arldng skdoridNtire a0 bbeaih by Hidtank® @Y tthd Snitiglr
controlling the node selection fromthe output 36 of the central unit. In

oper at i oncondiieonglesingtbicen adjnstedat igpwti2ddram g(loesiisg sigseloppi ng strategy as
illustrated in Fig. 2 to be carried out. 9 Fig. 2 shows the pace of the
velocity of the train 50 as a function of the distance for the chosen

st oppi Ny Fhé picdityive haslatidn isqrefosned acably caculbti®y @lcld ofeRE taSRUuAIR 1 2 ai@uRr €,
shows a braking phase up to a distance close to the stopping point in the

station f by oniegrgtions ¢ienperfarmedciomt arkigitad| ipteptajion mppthed based pBws corrective
br aki ng fﬁlre thr(&ébe cancel l ed to ensure passenger confort by avoi ding
al” bra

sudden fi ing. Phase 3 is a phase at constant velocity vp3i known as

"level velocity'. This velocity nust be |ow enough to optim se confort but
not too lowin order to prevent an under-braking train from stopping
upst r eam dhus, heatthe Falpulated sistange severed dimelogs & HigStation\SEQPPENEROINGWNIES dci t y

and 5 are activated by the central control unit 14.

Using this stopping distance calculation principle, the control unit overcomes the under-
braking or over-braking behaviour of the train. Moreover, it is therefore possible to avoid the
use of a dedicated braking activation marker situated at the station entrance for phases 4 and

5, and in addition, stopping precision is increased.
Fig. 3 shows an embodiment of the regulated-control device 10.

The regulated-control device 10 comprises a modelling unit or model circuit 52 of the
dynamic response of the train, a unit 54, here a comparator, for comparing the response of the
model with the actual response of the train 4, a regulation unit 56 for supplying a global
feedback correction control and a synthesis unit, here an adder 58, to determine a regulated
train control signal which is dependent on the setpoint signal and the feedback correction

signal.

The regulated-control device 10 also comprises an adaptation control unit 60 to adjust the
characteristic control parameters of the precision-stopping performance of the train, and

triggering/activation means for operating the stopping control device, here a mode switch 61.



shoul d be as small as possible to ensure visual confort as well as driving
confort. Phase 4 is optional. It is used for trains where it is not possible
to keep the pneumatic braking system under pressure by applying no braking
force. When it is present, this is the phase where pneumatic braking is
pressurised. Finally, phase 5 known as the "final precision phase' is the
final braking phase. To ensure passenger' confort, final braking should not
be too harsh. Braking nmust allow the train to be nmaintained in the stopped

position. During ases the ce traL ontrol wuni.t selects a first

cont r ol &%@%Rﬁéﬁﬂ%@%?%ﬁﬁ%ﬁﬁ%ﬂs teadm il gh gs r@&% DRI EOHIALS]
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node, the stopping contro e 1071s transparent an transmts e
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to the tr i nput . EUrln t he f our ses | to 4, the effective control
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and is equal to the control setpoint. During phase 3, the central control
unit 14 checks whether the final precision phase should be activated by
c 0 rrpar i ngThe trude swatld6 1 & ageippied withheesisgle pplipng6 Hicstuaplyehe mgataga-caatod sigasled

the ki nematic paraneter estinator Jo deternine the stoppin
o) st ance Bopennnit &AL rShad Mo (o 40. 208 et iich 6L Ao FoBRRISEY a irsici ng
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The kinenntic raneter estinmator 12 integrates the

accel er at inpof décehmacsd torﬂZrm)dxebeww}meaccdmaeomﬁecabd:raMmsettpmnkmgmimnldca third
velocityvang/ dtine to obtajn the distance d, the initial

condi ti oniPHAS Fpabled TeRE ieg B at?%mtrogffm??w@nﬁlocat. ng signal . The
predictive calculatlon is performed at each cal cul ation cycle of the central
unit 14 and the two integrations are perfornmed froma digital integration
met hod badkemodelcizortsgatf itheedynamediesp@rse 28the train comprises a first input 70 to receive

the deceleration setpoint signal of the train 4 and an output 72 to deliver the modelled
dynamic deceleration response of the train 4. The output 72 of the model circuit 52 is

connected to a first input 74 of the comparator 54 receiving the response from the model.

The comparator 54 also comprises a second input 76 connected to the input 48 to receive the

observed deceleration of the train from the output 8 of the train 4.

Finally the comparator comprises an output 78 supplying an error signal connected to a first

input 80 of the regulation unit 56.

The regulation unit 56 allows a correction or ‘regulation’ signal to be determined according
to two components, the first known as the proportional component and the second known as

the integral component.

The regulation unit 56 comprises a first output 82 to deliver the global correction signal and a

second output 83 for delivering the integral control signal.

The adder 58 comprises a first input 84 connected to the first output 82 of the regulation unit

56 and a second input 86 connected to 42 for receiving the deceleration setpoint signal. The



Thus, when the cal cul ated distance covered d is close to the station
stoppi ng point, phases 4 and 5 are activated by the central control unit
14. Using this stopping distance calculation principle, the control unit
overcones the under- braking or over-braking behaviour of the train.
Moreover, it is therefore possible to avpid the use of a dedicated braking
activation marker situated at the station entrance for phases 4 and 5, and
in addition, stopping precision is increased Fig. 3 shoms an enbodinent of
t he regula d-gontral device t ed- cont r ol Q.c ses a
model | 1 ng S o0 grorsgmer e et aopG SCREAGRRETE f<Qu FdA M ER TR
unit 54, ggﬁﬁeaap@gmgmahgas6for conparing the response of the nodel mnth
the actual response of the train 4, a regulation unit 56 for supplying a

gl obal feedback correctlon control and a syntheS|s unit, here an adder 58,

to deter ul at ont r ol e ent o
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characteristic control paraneters of the precision-stopping performnce of
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connect i ons Irnsrde a

a dotted %dcem@ethb mn‘ehmgctzblecﬂt)egiﬂdmtaeldnwmﬂwdraldQVI ce 10, but the train is
not part of the regul ated-control device 10. It is therefore delimted

i nside by a second smaller square in a broken line to separate it fromthe

regul at ed e 1 c S, | e i

caui pped we RugtaifEeLASn St eno;S MORBHRESs i, SREBEGaRINE Rl Spbilng = oy
t he i nput rubitioh Renttdldids arked@Kitba se¢tnduidagi@tionMuideofihé tegllabidn ahR 66,
conprises a first control input 64 connected to 44, capable of receiving a

node control, a second driving node input 66 connected to 42 to receive the

accel er at iTRQ/aga%(fﬁlo%rcaotnitrgfluﬁ?%eqail&)t co%pgﬁ% 2 30%nd otu%L[tqm capable of supplying an

adaptation control relating to the delay marked 1 to a second adjustment input 104 of the
model circuit 52 of the dynamic response of the train 4. In addition and optionally, the second
output of the adaptation unit is connected to an auxiliary output 106 of the control device

allowing the value 7 of the delay adaptation control to be supplied to another circuit.

In operation during phases 4 and 5, the selection control signal is placed in a second mode
known as the stop mode. Thus, the stop control device 10 is activated to control the precision-

stopping in the final precision-stopping phase.

In operation, a process is carried out by the adaptation control unit 60, in which the categories
to which the train belongs, characterised by its braking type, are determined. As a function of
the category to which the train belongs, the adaptation control unit 60 supplies different

controls, namely the regulation control bias K at 56 and the delay adaptation control t at 52.
The process carried out by the adaptation control unit 60 is described in detail below.
In an initial stage 108, a stop counter i is initialised to the value 1. For each stop i of the train

in question with a load inertia Q, assumed here to be almost constant and permanent, a

criterion calculation stage 110 and a delay identification stage 112 are used.



i nput 68 capable of receiving a regul ated-control stopping signal. The nodel
circuit 52 of the dynam c response of the train conprises a first input 70
to receive the deceleration setpoint signal of the train 4 and an output 72
to deliver the nodelled dynam c decel eration response of the train 4. The
output 72 of the nodel circuit 52 is g nected to a first input 74 of the
conparator 54 receiving the response fr the nodel. The conparator 54 al so
conprises a second input 76 connected to the input 48 to receive the
observed decel eration of the train fromthe output 8 of the train 4. Finally
t he conparator conprises an output 78 supplying an error signal connected to
a first npisk 196, apﬁrsi Bsefisgel’ @Q);Qfaatgab&ncﬁ&uermec;@gt&r@w@maﬂéalas foﬁﬁwai lows a
correction or ‘regulation' signal to be determ ned according to

conponents, the first known as the proportional conponent and the second
known as the integral cgpnponent. The regulation unit 56 conprises a first
output 82 to deliyergyh Q&QPQ% cerrection signal and a second output 83
for delivering t he |nte§; bn rol signal. The adder 58 conprises a first

i nput 84 connected to the flrst output 82 of the regulation unit 56 and a
second i nput 86 connected to 42 for receiving the decel eration set point
signal. The 12 adder 58 al so conprises an adder output 88 for delivering
the result of adcbzmg))tile, t esgg@cgl s supplied at inputs 84 and 86. The
adaptation control unit B —conpri Ses a first input 91 connected to 48 for
receiving the acceleration/deceleration observation of the train from8, a
second i nput 92 connected to 83 capable of receiving the integral control

of the regulatio r 9 4

receiving the degmﬁgra ﬁgn %@%g%. g& ?1 %ﬁpgwngggc%%ﬁ%gggd%ng

for recephabddgl drddes, ki nematic vel 00|ty |nformat| on v of the train 4. The
adaptation control  unit, 60 al sq conprises a first output 98 capabl e of

suppl ying a N is the size of a statistic,
Regim(k) is the integral component of the control of the regulation unit 56
corresponding to the sampling of order k supplied at input 92,
V3 is the value of the plateau velocity of the train during phase 3 supplied at

input 96,

It is asumed that the value of N is chosen so as to allow determination of convergent values

of C;'(Q) and C,'(Q) as a function of the variable k.
In stage 112, the delay in the deceleration setpoint effectively taking effect is identified.

A test is carried out in stage 114 on the number of stops made by the train, accounted for by
the value 1 of the stop counter by comparing i with a predetermined threshold value x. If the
threshold value is not reached, the value i of the counter is incremented by one unit and

stages 110, 112 are repeated.

When the threshold value x is reached by the counter, first and second average criteria C,'(Q)
and Czi(Q) and an average delay T(Q) are calculated at stage 118 using the following

algorithms:



regul ation control bias marked K to a second adaptation input 100 of the
regul at'ion unit 56. The adaptation control unit 60 al so conprises a second
out put 102 capabl e of supplying an adaptation control relating to the del ay
marked r to a second adjustnent input 104 of the nodel circuit 52 of the
dynam c response of the train 4. In addiltd' on and optionally, the second
out put of the adaptation unit is connected to an auxiliary output 106 of the
control device allowing the value i of the delay adaptation control to be
supplied to another cirguit. In operation during phases 4 and 5, the
sel ection control cgiggra b§(ggl/g(ced in a second node known as the stop node.
Thus, the stop control @gvice 10 is activated to control the precision-
stopping in the final precision-stopping phase. In operation, a process is
carried out by the adaptation control unit 60, in which the categories to
whi ch the train bel ongs,, characterised by its braking type, are determ ned.
As a function of i igeg@)y)(to whi ch the train bel ongs, the adaptation
control unit 60 supplies different controls, nanely the regulation control
bias K at 56 and the delay adaptation control r at 52. The process carried
out by the adaptation control unit 60 is described in detail below In an
initial stage 108, a stpp counter i is initialised to the value 1. For each
stop i of the trair(Q)#rEqU@)/iX)n with a [oad inertia Q assumed here to be
al nrost constant and perfmnent, a criterion calculation stage 110 and a
delay identification stage 112 are used. 13 1In stage 110, a first criterion
Cl'(Q and a second criterion C2'(Q are calculated as follows. NC' (Q
Y, Regis, (k)/N kpdieC2' (Q =V,, Reim (k) k=1 where: k is a sanple nunber
of a measurenent sanpling carried out during

i represents a train stop order or test index

X represents the size of a stop statistic,

C,(Q) represents the value of the first criterion calculated at stage 110 for the
stop of order i of the train in question,

C,'(Q) represents the value of the second criterion calculated at stage 110 for the
stop of order i of the train in question,

T'(Q) represents the value of delay in the setpoint identified during the test of

order i of the train taking effect.

In a subsequent stage 120, based on a classification process, a braking category characteristic
of the train braking type is identified and allocated to the train as a function of the average
convergence criteria C;(Q), Cy(Q) and the average delay T(Q) assumed here to be
independent of Q and marked C;, C; and T for simplicity.

In a subsequent stage 122, the adaptation controls, which are dependent on the train-braking
category, are determined on the basis of a control allocation process, which will be described

below.

In the final stage 124, a check is made to ensure that the adjustment parameters have indeed

been modified.



phases 4 and 5, Nis the size of a statistic, Reg;,,t(k) is the integral
conponent of the control of the regulation unit 56 corresponding to the
sanpling of order k supplied at input 92, V,p3 is the value of the plateau
velocity of the train during phase 3 supplied at input 96, It is asuned
that the value of Nis chosen so as to allow determ nation of convergent
values of Cl'(Q and C2'(Q as a functildn of the variable k. In stage 112,
the delay in the deceleration setpoint effectively taking effect is
identified. Atest is carried out in stage 114 on the nunber of stops made
by the trhigs, S artoshfvearaphcupys fararrying gat thegrogepwios idpptiing therdeldy E6Rbiar i ng
i wth a Bﬁgg?f rmned threshold value x. If the threshold value is not
reached, ue i of the counter is increnmented by one unit and stages
110, 112 are repeated. Wien the threshold value x is reached by the counter,
first and second average criteria and, an average del ay
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The target deceleration indicated in Figs. 5 and 6 is the final precision deceleration setpoint
supplied by the central control unit 14 to the third input 94 of the adaptation control unit 60

before execution of the final precision-stop phase.

The final precision-stop phase 126 is activated when the target deceleration setpoint is

received by the stopping device and therefore by the adaptation control unit as well.

The deceleration setpoint takes effect on the train at the instant 128 when a deceleration of
10% of the target value is observed over the observed deceleration value of the train supplied

at input 91.
The time lag between instants 128 and 126 represents the delay T(Q).

When the deceleration produced is lower in absolute value than the target deceleration of the

train 4, the train is under braking as shown in Fig. 5.

When the stabilised deceleration produced is higher in absolute value than the target

deceleration of the train 4, the train is over braking as shown in Fig. 6.
Figs. 7 and 8 show graphs that define the train braking classification process.

As a function of a first classification level based on the difference between the delay of model
D and the average identified delay T(Q), one of the following two classifications is used:
a classification as a function of the criterion C; only if the difference is zero (as

shown in Fig. 7),



X represents the size of a stop statistic, C1'(Q represents the val ue of
the first criterion calculated at stage 110 for the stop of order i of the
train in question, C2'(Q represents the value of the second criterion

cal cul ated at stage 110 for the stop of order i of the train in question,

T (Q represents the value of delay in the setpoint identified during the
test of order i of the train taking efflect. In a subsequent stage 120,
based on a classification process, a braking category characteristic of the
train braking type is identified and allocated to the train as a function of

the average convadlgsifisatien ps afngtion obfhe witerey Caped Cnéakay dogrieerdiithgre 18 @
assuned hcﬁff?reﬁ?e @?g%de‘%gggﬁggﬁnt of Q and marked Cl1, C2 and T for sinplicity.

In a subsequen e adaptation controls, which are dependent on
the train-braking category, are determ ned on the basis of a control
al l ocation E%ocess, whi ch _w e described below In the final stage 124,
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formof a succession of digital sanples of the neasured decel eration of the
train 4 supplied at input 91. The target deceleration indicated in Figs. 5

and 6 is i I ecisi i i : I ntral
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before execution of the final precision-stop phase.
If the delay of model D is different from the identified delay T, the classification process

described in Fig. 8 is carried out.

In a first stage, using the same threshold value ¢ as mentioned above, three families of
categories are distinguished according to the value of C;, namely:

if | C; | <&, a first family consisting of categories 5, 6 and 7,

if the value of C, is less than —¢, a second family consisting of categories 8 and 9,

if the value of C, is greater than +¢, a third family consisting of categories 3 and

Next, a more detailed classification of the category level is carried out within the same

family, based on the value of C.

The values of C, are partitioned according to their position in relation to six threshold values,

nl, 12, n3, nl, -n2 and -n3 withnl <n2 <n3.

Within the first family, if C, falls within the range [-n1, +n1], the train belongs to category 6,
if C, falls within the range ]+nl, +n2], the train belongs to category 5, and if C, falls within
the range [-n2, -n1[, the train belongs to category 7.

Within the second family, if C, falls within the range [-n3, -n2[, the train belongs to category
8, and if C; is strictly less than -n3, the train belongs to category 9.



The final precision-stop phase 126 is activated when the target deceleration
setpoint is received by the stopping device and therefore by the adaptation
control unit as well. The decel eration setpoint takes effect on the train at
the instant 128 when a deceleration of 10% of the target value is observed
over the observed decel eration value of the train supplied at input 91. The
time | ag between instants 128 and 126 represents the delay T' (Q. Wen the
decel eration produced is |ower in absolute val ue than t he target

decel erati t he traipn is u hown in Fig. 5.
Uhen ¢ ho. Sy Dt By o b R wichiR B et Thvg e i e Se@ohTRe VartisieRan
the targef anderel %rsﬁ’idthggréHteﬁtHﬁ] HRiRe 14a1n1b@%ng§ @ datdgdryoyer braking as shown
in Fig. 6. Figs. 7 and show graphs that defrne the t'rai n braking
classification process. As a function of a first classification |evel based
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classification as a function of the criterion C, only if the difference is
zero (as shown in Fig. 7), 16 a classification as a function of the
criteria C, and C2 taken together, if there is a difference (as shown in
Fig. 8. In the case illustrated in Fig. 7, where the delay of nodel Dis
equal to the identified delay T, a threshold value e allows all the val ues
of C, to be partitioned into three ranges, the central one being defined by
[-e,+s] and shown with hatching in Fig. 7. It is found that if I C 1| < e,
the train belongs to category 2 and, if not, it belongs to category I. |If
the delay of nodel Dis different fromthe identified delay T, the
classification process described in Fig. 8 is carried out. In a first
stage, using the sane threshold value ¢ as nentioned above, three famlies
of



categories are distinguished according to the value of Cl, nanely: if |I Cii

| < e, *afirst famly consisting of categories 5, 6 and 7, if the val ue of
C, is less than -c, a second fam |y consisting of categories 8 and 9, if
the value of C, is greater than +s, a third famly consisting of categories
3 and 4. Next, a nore detailed classifigation of the category level is
carried out within the sane famly, baégd on the value of C2. The val ues of
C2 are partitioned according to their position in relation to six threshold
val ues, Hﬁﬁv r12 ri3, -11, -12 and -13 with r1l < 12 < r13. Wthin the

first fa if C2 falls within the range [-r11, +rl11], the train bel ongs
to category 6, if C falls within the range J+rll, +r12], the train bel ongs
to category 5, and if falls within the range [-r12, -r11 [, the train
bel ongs [tRuledt egory 7. V‘Selhctmrthdegecondiefeamnyulell'vf C2 €ategeryni t hin the
range [ -3, 2—thertratn—betonrgs—tro—category—8,—and—++€2+s—stfictly
less than -r)3, the trajn belongs to category 9. 17 Wthln the third
fam ly, jif7@pfalls wthim fd, he &ange | thdZondifids] . the @5@%& lgel ongs to
categoryl 4, and if Cz |s strlctly greater than +r13 the Train belongs to
categoryl 3. The full cIaSS|f|cat|on process described [above is shown in
Table 1. 18 Table 1 Ru el ection nule 2 Selection rule 3 Category If T
=DIf G | <s no cond {flléh Cat egor y 2 nocpnditien | <g:| GRICEBRdi ti on Cat egory
| 1f | Gt—=<t+H—€ategory 66—+ —€t—=s
If | G, <m Category 6
If|C|| <eg
If <Cy<m Category 5
I[f-m<Ci<.m Category 7
IfC/<-¢ I[f-m<C<m Category 8
IfT-#D
I[fCy<.ms Category 9
IfCl>e¢ fm>c>m Category 4
Cr<ims Category 3

A description of the process for classification into categories, expressed in qualifying terms,
is given in Fig. 9. The three classification levels are grouped, the first being that of the delay
in the setpoint taking effect, the second being that of the value of the criterion C; and the
third being that of the value of the criterion C,. Here a short train means an over-braking train

and a long train means an under-braking train.

As a function of the category to which the train belongs, different controls may be supplied
by the control adaptation system. Two types of control are supplied, namely a bias K to be

added to the regulation control and a delay shift t.



rli < C2 <rl12 Category 5 If - 112 < C2 <. rl, Category 7 If C <-a
~+r12<C2<.r12 Category 8 If TxDIf C2 <. rl13 Category 9 If CI| > c If rl13
c2 > + rl2 Category 4 (C2<+rl13 Category 1 A description of the process for
classification into categories, expressed in qualifying ternms, is given in
Fig. 9. The three classification |evels @@ e grouped, the first being that of
the delay in the setpoint taking effect, the second being that of the val ue
of the criterion C, and the third being that of the value of the criterion
C2. Here a short train neans an over-braking train and a |long train neans
an under-braking train. As a function of the category to which the train
bel ongs, Bivefdstaynshift statasohay hayunpdiedupgshéle dackiyf shife ot ohiflr off zesel aphuat plofi of

t Two, t ypes of traql i ed | y. ' Kto b dded ,t
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be suppliggﬁo$ﬂ¥$hﬁg5@mgwggk.sgift or shift of zero value, shift of high

positive val ue H, "shift of |low positive value +rL, shift of |ow negative
value -TL and shift of high negative value -.CH Ni ne bias control val ues

may be supplied for the bias K,added.to.t requl-ati.on.control , . nanely, a
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+Kcombs @ Negative bias value specific to category 6, -Kcomp, and a zero bias value.

To allocate the controls corresponding to category 1, more precise processing is carried out

using the graph shown in Fig. 10.

For category 1, control allocation depends on the value taken by C; and its position in

relation to a set of partitioning values marked -A3, -A2, -A1, 0, +A1, +A2, +A3 with A1<A2<A3.
A bias control is allocated as a function of the range to which C; belongs.

Table 2 shows the above-defined control values allocated to the categories.



usi ng the graph shown in Fig.

10. For category 1,
relation to a set of

on the'value taken by Cl1 and its position in

partitioning values marked -2,3, -X2,

A bias control is allocated as a function of the range to which Cl bel ongs.

Tabl e 2 shows the above-defined control

a
Bi as regul at or 2&

-2.1, 0O,

+X1,

control allocation depends

+X2, A3 with ?I <X2<7v3.

|l ues allocated to the categories.

20 Table 2 Category no. Del ay adjustnent control t if+%
<Cl <+)12:+K1 Category | if +212 <Cl <+X3 +K2 if +213 < Cl : +K3
i f-k2<Cl 12KI if -213 < C <-X2: -Kif C < -k3 -K3 Category 2 0
0 Catego %0 +t H Category 4 0 +t L Category 50 +T L Category 6 if
D-T >0 Cad‘é@@ﬂbna tLit b Biasoregul'df&oﬁb + 1 L | Bah@IRojdstmeht -conltrol
Cat egory| 8 t Category|9 0 -t H 21
T
if +A; <C) <+ : +K1
Category 1 if +hy <C) <+A3:+K2
if +A3 <Cy : +K3
if A, <Cy <-4y ¢ Kl 0
if-A3<Cy)<-Ay :1-K2
ifCy<-A3 ' -K3
Category 2 0 0
Category 3 0 +1ty
Category 4 0 1L
Category 5 0 +1L
Category 6 if D-T>0 : =Keomb -TL
if D-T<0 : +Kcomb +1L
Category 7 0 -TyL
Category 8 0 -TL
Category 9 0 -Ty




It should be noted that the regulation correction bias control is limted to
two del'imters -K3, +K3. If one of these two delimters is reached and it
has not been possible to adjust the train braking and it remains in a

medi ocre performance category, a nessage nay be generated stating that the
control paraneters cannot be adj usted. gris may nean that the train cannot
be controlled to achieve the desired pérformance and is outside limts.
Train stopping perfornmance is substantially inproved using the adaptation

device. Fig. h i mul at ed . st i tails for. a fleet af.trai | d
oy Al ot orl TieAHERE PET Atk P Eideueh Rt S5 ZbpBof Tufey g Sl G Rao00
stops wherkt he adaptation systemis inactive while Fig. 12 shows sinmul ated

st oppi ng precision when the adaptation systemis active. Wthout the
adaptati on mechani sm the dispersion of stopping precision appears to be

about 35.c e or less..whereas, Wwth the adaptation.pechani.s st.oppi ng
di sper si gﬂ OF% Oggthfﬁe o] g@m“t%r'% r%%phéflgeggq 1t0ﬁa}§en(f%ﬁt§eganao5§1gﬁei t8na(1%§s?htgﬁit I's
est abl i shgskind tan@RPRASnd ek ehaliceré Patfointinde Thbblyl Sededses MRy B gerkARPI NY
di spersion is a third of the dispersion wthout f he adaptati on nmechani sm

Advant agetatisgyhatithe ¢antieb parpmeesseannot e adaetedr dhistreayhmaemihat bettradn casmot bai ns
to align tQtergﬂe\léfft%%c?i%beeth%%{eg?&&?ﬁ%mé@%ﬁ@{ﬁggag\g g, | L 1S not necessary to

make pr ovI’Si on requent maint enance rkShop to update

adj ustnment of the train stopping control device. Train availability and
traffic are therefore inproved. Advantageously, a tool for evaluating ageing
of the stlgpipistappeeRarormaess is substangakbpimravedsingihagiamatian dayircof

mai nt enance tasks, which now consist only of sinple nodul e replacenents.
............................ 22 Agai n advant ageously, when the train

enters sdliyi Keshowstshrulaetd weopping detdiRSbah laéti cfMrairss sold by Alstom Transport under
the trade name “Metropolis” over a set of 15000 stops when the adaptation system is inactive

while Fig. 12 shows simulated stopping precision when the adaptation system is active,
Without the adaptation mechanism, the dispersion of stopping precision appears to be about
35 cm, more or less, whereas with the adaptation mechanism, stopping dispersion is about 10

cm, more or less, once the adaptation mechanism is established.

It appears therefore that in a stabilised regime, the stopping dispersion is a third of the

dispersion without the adaptation mechanism.

Advantageously, it is not necessary to take remote manual control of trains to align them with

the screen doors.

Advantageously, it is not necessary to make provision for frequent maintenance in the

workshop to update adjustment of the train stopping control device.
Train availability and traffic are therefore improved.

Advantageously, a tool for evaluating ageing of the stopping control device is supplied for

simplification of maintenance tasks, which now consist only of simple module replacements.



sinplified and no adjustnent to the hardware or software by an operator is
required, V 23 Cdainms 1. Regul ated-control device (10) for

preci sion-stopping of a vehicle (4) with automatic control conprising: an
observed kinematic input (44, 46) capable of receiving at | east an observed
ki nematic variable for the vehicle (4), a predeterm ned setpoint input (42),
capabl e of receiving an unregul at ed-contr setpoint signal, a
regul at ed-control output (40) capable of supplying at |least a dynam c

regul ated control value to the vehicle (4), which is dependent on the
observed kiAfsimtadvantagequsly4nvhenothe EHE ¢HEs s¥ryes it thaprgtwedo)ts awsdHaiien it o
a predetern ﬂie‘aha%%ta%gdsﬁ%xén‘% 18 fh%'h%{ arl BP%&MA? B%aﬁ 'aﬁ%r 26y 1%8ui%lc9)’ the
transfer function conprising at least an Internal para e (K )
characterised in that the device (10) conprises an adaptation control unit
(60) capable of nodifying at |least an internal paraneter (K, T) by an
adaptation control, the adaptation control being dependent on the observed
ki nematic i nput (44, 46) and the setpoint input (42). 2. Regul ated-control
device (10) according to claim1, characterised in that it conprises two
nodi fiable internal paraneters (K, T), the first paraneter (T) being a
dynam c response delay associated with the vehicle and the second paraneter
(K) being a dynamic regulation bias control. 3. Regul ated-control device
(10) according to either claiml or claim2, characterised in that the
adaptation control is dependent on a difference between, on the one hand,

t he



observed kinematic input (44, 46), and, on the other hand, an expected

ki nematic value, determned froma predeterm ned dynam c response nodel
(52) associated with the vehicle (4) and fromthe setpoint input (42). 4.
Regul at ed-control device (10) according to claim 3, characterised in that
the adaptation control (K, T) also degends on at | east a convergence
paraneter (O ,C2), which is dependent dn a regul ation control (Reg;,t). 24
5. Regul ated-control device (10) according to claim4, characterised in that
the control function (K, r) is partitioned into categories defined

accordi rﬁ:}lﬁﬁthe di fference between the observed kinematic input (44, 46)
and the expected kinematic value, and the at | east one convergence
paranmeter (Cl,C2). 6. Regul ated-control device according to any one of
clainms 1.to0 Regoltdaoheol daded (10) Hiat preeisivhateppingosfid veliplat(4) svith aureratid ng

i nput (421)\ for a deceleration setpoint of the vehicle (4), - the observed
ki nemat C@OFH SOMPESIREr i ses a receiving input (44) of an observed velocity

and a recei vi Bg JRANEd (ADmdfc ﬁxgﬁfgﬁfrﬁgc)af!?&@'&f RELiOThg 4t FePﬁ an observed

regul ated-control output is an supplying a deceleration
r egul at ddhenmtintvanabls fqgrib¢ véhoele (e vehicle (4), and in that it conprises a

set of component uynits of the transf fungtio 52,. 56, 58, 61) of the
dovi o (10) 5 Pretii ot stBfint GG Ik Hpas ot tinggn B EpdRi RNl
charact ggths@dsibRalt hat it conprises: - a nodelling unit (52) representing an
expected dynamc response of the vehicle (10) to the decel eration setpoint
and al | owi ng thregdatsdevroldewplte(dd) icapabls of hepplehg at deastip dyoamive ragetatadni ned

a5 2 expeched Kl neTRtLCab S o) @ Bl e 3l QbsS RPRRLAN NS EER0G
and the setpoint input (42) according to a predetermined characteristic transfer function of the
device (10), the transfer function comprising at least an internal parameter (K, 7),
characterised in that the device (10) comprises an adaptation control unit (60)
capable of modifying at least an internal parameter (K, 1) by an adaptation control, the

adaptation control being dependent on the observed kinematic input (44, 46) and the setpoint

input (42).

2. Regulated-control device (10) according to claim 1, characterised in that it comprises
two modifiable internal parameters (K, 1), the first parameter (1) being a dynamic response
delay associated with the vehicle and the second parameter (K) being a dynamic regulation

bias control.

3. Regulated-control device (10) according to either claim 1 or claim 2, characterised in
that

the adaptation control is dependent on a difference between, on the one hand, the
observed kinematic input (44, 46), and, on the other hand, an expected kinematic value,
determined from a predetermined dynamic response model (52) associated with the vehicle

(4) and from the setpoint input (42).

4. Regulated-control device (10) according to claim 3, characterised in that the
adaptation control (K, t) also depends on at least a convergence parameter (C1,C2), which is

dependent on a regulation control (Regin).



decel eration signal, - a regulation unit (56) for providing a feedback
control signal for correcting the difference between the expected

decel erati on and the observed deceleration, - a synthesis unit (58) to
determ ne a regul ated-control signal as a function of the setpoint signa
and the feedback correction signal. 8.2§egulated-control devi ce (10)
according to either claim6 or claim7,“'characterised in that the
adaptation control unit (60) conprises: - a first input (94) of an
adaptation control unit (60) for receiving the deceleration setpoint, - a
second adaptation control input (91) for receiving the observed

decel er agi on, Regwlated@oh@SIPRINSR (10 BccRBdihgT®S Olaind ¥, EIdFRALiSed if igat tthé@ontrol
variation curve of the expected deceleration with that of the observed

decel er afupetign (K.z®) i parsitioredciain eategonies dparednscendingdo, thegiffesenpe betyveert the

est i Mt oy £ 8Bf I5ENLL R0b1E 414 UBPRL 9 PLESL AL Dail S AEPRRTNE, 9D Lhe

obser ved® eration o clean rain decélera pornt.

9. Regulwneag@mtgaeémaeﬁ/ﬁ]m@capcor ding to either claim7 or claim S8,
characterised in that e regulation unit (56) conprises - a regulation

unit input (80) for receiving the difference between the expected

it aor 2l o1 ype RUAT e TR BEAES AGRR B Bl ke o BRREL LD, b RRPLgS, 7

that the adapt-ahe egtpoint inphfi3)a recdtping Ssut 842)Hor 8l dédeiatidn9R)potiarviekd echitle t he
integral4contro| out put (83) of the regulation unit (56).

b

- the observed kinematic input comprises a receiving input (44) of an observed
velocity and a receiving input (46) of an observed deceleration,

- the regulated-control output is an output (40) supplying a deceleration regulated-
control signal for the vehicle (4),

and in that it comprises a set of component units of the transfer function (52, 56, 58,
61) of the device (10).

7. Regulated-control device (10) according to claim 6, characterised in that it comprises:

- a modelling unit (52) representing an expected dynamic response of the vehicle
(10) to the deceleration setpoint and allowing the expected deceleration of the vehicle (4) to
be determined as an expected kinematic value,

- a unit (54) for comparing the expected deceleration signal with the observed
deceleration signal,

- a regulation unit (56) for providing a feedback control signal for correcting the
difference between the expected deceleration and the observed deceleration,

- a synthesis unit (58) to determine a regulated-control signal as a function of the

setpoint signal and the feedback correction signal.

8. Regulated-control device (10) according to either claim 6 or claim 7, characterised in
that the adaptation control unit (60) comprises:

- a first input (94) of an adaptation control unit (60) for receiving the deceleration
setpoint,

- a second adaptation control input (91) for receiving the observed deceleration,



10. Regul at ed-control device according to either claim8 or claim9,
characterised in that at |east an estimator of the adaptation unit (60) is
capabl e of determ ning a convergence criterion based on the integral

regul ation control signal supplied at input (92). 11. Regul ated-contr ol
device according to any one of clainms | to 10, characterised in that the
control adaptation unit (60) is capable 8P: identifying, by a classification
process (120), a braking category of a vehicle (4) which is dependent, on
the one hand, on the difference between an observed response tine (T) and a
time (D) predi cte&spynseHEmaEeENaton gy empaying thefimeneariafipn curvss of the S@egsd nt
sent to t I ( :hand on at | east a convergence
paranetern%ff¥§@§§&%§ﬁﬁ%égggﬁggg aggg%?%%n%gntrols (K, T) as a function of

t he braking cat-egoleystof cohecrgerebi marandtdn) (C1,2C2 Regtittivak dstiramor etprdeniiag the
according to any one of clainms 6 to 11, characterjsed in that the

adapt at i orSiQRPIRE BCCIsiom: Whard 1s dshpideaken the gbserved fecelomiion @Emwﬂgclaﬁnd the
observed Vgl oG tYerhtYon Rincidte train, 26 a first statistical estimator of a
first convergence paranmeter (C) representing the stopping perfornmance,

whi ch i s dependent on the observed decel eration and the decel eration
setpoint, - a secopd statistical estjnator, of sgp&ngépo ver gence paraneter

(C2) reprekent itrgulatetscaiigh AP HHEF pesrBRgimeithenslain 7 B actsaisgehan that

observed wg&g&hkﬁog%hﬁg%5(% re@served decel eration and the decel eration
setpoint. 13. "Regul ate -gont ol device according to any one of clains | to

12, charact eri seda iregulétan utihen@d B0 pfororeceiwimgr te diffeten¢d Gptveenphe sepected

first output (98) capable of [ssujng.a bias control for regulating the
control ( e9ﬂ%a§8ﬁﬁﬂgg€6§5 “{%ﬁfkr ¥Habl e of issuing a control for

adj usting the dypamsut ($HRAPSFing an integral-type regulation component known as an integral
control,
and in that the adaptation unit (60) comprises a third input (92) connected to the
integral control output (83) of the regulation unit (56).

10.  Regulated-control device according to either claim 8 or claim 9, characterised in that
at least an estimator of the adaptation unit (60) is capable of determining a convergence

criterion based on the integral regulation control signal supplied at input (92).

11. Regulated-control device according to any one of claims 1 to 10, characterised in that
the control adaptation unit (60) is capable of:

identifying, by a classification process (120), a braking category of a vehicle (4)
which is dependent, on the one hand, on the difference between an observed response time
(T) and a time (D) predicted by the modelling unit (52) of the effect of the setpoint sent to the
vehicle (4) and on the other hand on at least a convergence parameter (C1, C2).

allocating adaptation controls (K, 1) as a function of the braking category of the
vehicle (4).

12. Regulated-control device according to any one of claims 6 to 11, characterised in that
the adaptation control unit (60) comprises:

- an input (96) supplying an observed velocity (v) of the train,



delay (r). 14. Regul ated-control device according to claim13 characterised
ihn that the first output (98) of the adaptation control unit (60) is
connected to the input (100) of the regulation unit (56), and the second
out put (102) of the adaptation unit (60) is connected to the input (104) of
the nodelling unit (52) to supply it with a delay adjustnment control (r).
15. Regul ated-control device according26o any one of clains 1 to 14,
characterised in that it conprises: a triggering/activation input (48) for
the stopping control device, and triggering/activation neans (61) for

oper ati ng t he afigppiatigticed estimptorief jackrst cenvemenes prametasg@llatrentesamting dhe
device agccording.to claim15 characterjsed in at . the .

r1 gger CREPHE T Pafeenelicbas CBRaBEl ot e B0sdled 881 om oy dsseleraisbi e of
recei vi ngtpaihtacti vation control input of the Final precision-stopping node,
a switch with two inputs (66, 68) and a single output (62), the output (62)
bei ng connectagceind stetisticak estimpsor; ofpsecoad powiergenee peatametes (C2) repaergniing t hat

t he conngctj aon. of input (.66, t he,qut,put (62 epends, on,t he
e gger tgrieBpng afRmn AR RR it SRS F vl PR el S REg T by e 1
Regul at edcdlenatis® hndthedesserh@én tahtSi on vehi cl e st oppi ng used by a

regul ated-control device (10) defined by a transfer function having at
| east an internal paraneter (K, r), conprising the stages consisting of: -

recei ving, at 0] [ . t er m: e - rol
Gt poi nt' o or REREALERhRfol PR alcbiling B AR UACH W To SR BT AL
(44, 46)the adapeitisn custtblinitg 68 dognpritsie

a first output (98) capable of issuing a bias control for regulating the control (K),

a second output (102) capable of issuing a control for adjusting the dynamic response

delay (7).

14.  Regulated-control device according to claim 13 characterised in that

the first output (98) of the adaptation control unit (60) is connected to the input (100)
of the regulation unit (56), and

the second output (102) of the adaptation unit (60) is connected to the input (104) of
the modelling unit (52) to supply it with a delay adjustment control ().

15.  Regulated-control device according to any one of claims 1 to 14, characterised in that
it comprises:
a triggering/activation input (48) for the stopping control device, and

triggering/activation means (61) for operating the stopping control device.

16. Precision regulated-control device according to claim 15, characterised in that the
triggering/activation device (61) comprises:

a control input (64) capable of receiving an activation control input of the final
precision-stopping mode,

a switch with two inputs (66, 68) and a single output (62), the output (62) being
connected directly to the input (40) of the vehicle (4),

and in that the connection of an input (66, 68) to the output (62) depends on the

triggering/activation control signal supplied at control input (64).



fromthe vehicle (4), - supplying, at a regul ated-control output (40), an
adj usted control signal to the vehicle (4), characterised in that it also
conprises a stage consisting of - controlling the adaptation of at |east an
internal parameter (K, r) as a function of the setpoint input (42) and the
observed kinematic input (44, 46). 18. Reqgul ated-control process according
to claim17, characterised in that it éanrises the stages consisting of. -
nodel I i ng and cal cul ati ng a dynam c response of the vehicle (4) to a vehicle
control setpoint in the formof an expected kinematic value, - conparing the
expected kinematic value with the observed decel eration value, - regulating

the cont {9l SRLARLDS. cliecl YRRIK RE. FeliSBARARKISIEA, hOao8Y £ SGhIADE coniro

di fference be e expect ed i'nemati c va nemati c

val ue, -da@nﬂjﬁ)mghmbeyaaﬁmsknﬁumndnhmangaﬂdhmaknﬁamahthﬁaesﬂgnal to
determine a regul ated- control. 19. Regul ated-control process according to
ei t her cl ai m OMRIISIRG the §1288s COURisIRE Pler i sed i n that t he adaptation control

stage co rlses t | i nt
g np reu(flg n% APt eﬁgg{;ﬁh t(m%)eg red'ete'i‘l‘ﬁ ul&d-€ uﬁ@étpéﬁﬁ RR

at a first input bserve tic va second
i nput ( 9thg,vehickg#),mati ng t he dynan1c response tlne by conparing the tinme

variation of the gexpected kine jc value w e observed ki nemati
v ua ! " oot ratecRg R 58 cReTEe] Kindmagh Je AL Ao R ARSI emags vafie
repr esenfrhight D&igkePPi ng  precision, as a function of the observed

ki nematic value and t'’he control setpoint. 28 20. Regul ated-control process
accordi ng to anyupphgngf atch acgmatdd-comird Qutptia@ayt ®r adjested mwontrol signal to the

vehicle (4),
characterised in that it also comprises a stage consisting of
- controlling the adaptation of at least an internal parameter (K, 1) as a function of

the setpoint input (42) and the observed kinematic input (44, 46).

18.  Regulated-control process according to claim 17, characterised in that it comprises the
stages consisting of:

- modelling and calculating a dynamic response of the vehicle (4) to a vehicle
control setpoint in the form of an expected kinematic value,

- comparing the expected kinematic value with the observed deceleration value,

- regulating the control setpoint by supplying a feedback signal to correct the
difference between the expected kinematic value and the observed kinematic value,

- combining the setpoint and the feedback correction signal to determine a regulated-

control.

19.  Regulated-control process according to either claim 17 or claim 18, characterised in
that the adaptation control stage comprises the stages consisting of:

- receiving the control setpoint at a first input (94),

- receiving the observed kinematic value at a second input (91),

- estimating the dynamic response time by comparing the time variation of the
expected kinematic value with the observed kinematic value,

- estimating by a statistic a convergence parameter (C1, C2) representing the stopping

precision, as a function of the observed kinematic value and the control setpoint.



that the adaptation control stage conprises the stage consisting of: -
receiving an integral -type regul ati on conponent supplied at the regul ation
stage, and in that the estimtion of a convergence criterion is based on
the integral -type regulation conponent supplied. 21. Stopping control
process according to any one of clains 17 to 20, characterised in that the
adapt ati on control stage al so conpriseé2 he stages consisting of:
identifying by a classification process (120) a braking category for a train
(4), which is dependent, on the one hand, on the difference between the
observed response tinme (T) and the predicted tine (D) of effect of the

set poi ntygent RE@:I&tQ@-cMﬁFﬂl%@ce@é‘hcéﬂrﬁné e afPRLE QF cf&%b q¢ to (150 hARGeRRdt e
ot her hand on | east a convergence paraneter (C, C2) representing a stop,

al | ocat i thgt @izdaptadamoatmbﬁagmmnmlsss thi stag} conshitinig ofr e dependent on the
braki ng categor he tr Re t ed-.cant r.ol ocess accordi ng
Co"any one. of - Eruy e SndTekfbybeSra s PaR e B BB P ER. cont r o
stage al so cosgrinses the stage consisting of: - receiving an observed
velocity of the vehicle at an input (96), and the estimation stage

conpri ses - athtjgsgmatign joteg iconvesgenge ceitanisinsisi bagedfondidie einteigraliype bsgudationr st
statistic pnver gence par aneter (C) representing the adjustnent
per f or mﬁ%@pow{%ﬁpi dependent on the observed deceleration of the train
and the decel eration setpoint, - a second estinmation stage by a second
statistic of a second convergence paraneter (C2) representing the

adj ust medt. peStenpinneentrohprasisss accaediemtenty one pﬁéla@b%éV\ieaovéh&;e@twsed(m p3),

the Obse%\éﬂ%ﬁgrﬁ%i%t%naé il ﬁgclgc:!: &l% coqﬁé}%eg {h%tska %F h?%f 23.

Regul at e rocess a 17 to 22,
characteri Sedldleﬁhfymg by a classification process (120) a braklng category for a train (4), which

is dependent, on the one hand, on the difference between the observed response time (T) and
the predicted time (D) of effect of the setpoint sent to the vehicle (4) via the control device
(10) and on the other hand on at least a convergence parameter (C1, C2) representing a stop,

allocating (122) adaptation controls (K, 1), which are dependent on the braking
category of the train (4).

22.  Regulated-control process according to any one of claims 19 to 21, characterised in
that

the adaptation control stage also comprises the stage consisting of:

- receiving an observed velocity of the vehicle at an input (96),

and the estimation stage comprises

- a first estimation stage consisting of determining, by a first statistic, a first
convergence parameter (C1) representing the adjustment performance, which is dependent on
the observed deceleration of the train and the deceleration setpoint,

- a second estimation stage by a second statistic of a second convergence parameter
(C2) representing the adjustment performance, which is dependent on the observed velocity

(ve3), the observed deceleration and the deceleration setpoint.

23.  Regulated-control process according to any one of claims 17 to 22, characterised in
that the adaptation control stage also comprises the stages consisting of:

issuing at an initial output (96) a bias control (K) for regulating the regulated control,



that the adaptation control stage al so conprises the stages consisting of:
issuing at an initial output (96) a bias control (K) for regulating the
regul ated control, 29 issuing at a second output 102 a delay (r) adjustnment
control. 24. Stopping control process according to claim23, characterised
in that: the delay (t) adjustnent contrgé is supplied to the unit (52) for
nodel I i ng the dynam c response of the hicle (4). 25. Regul ated-contro
process accordi ng to any one of clainms 19 to 24, characterised in that the

adapt ati on control a ri,ses sfage consisting of supplying an
out si de- I|n1té“WP§ﬁ% ﬁg?ﬁﬁ 8ﬁég§2§ge?¥(bﬁ@’ FY¥e criteria fail to
converge and/or there is failure of alignment of the response tine the
taking effect of the deceleration setpoint after a predetermnm ned nunber of

stops. 264. St o‘ﬁippmgg@@mimlmroq@sbwgsh@&twl@nr@ tharagigrigeden dfat.cl ai ms 17 to 25,

characteri sed t.ha Lt al SO Lises,.t ta i Sti

r T oger i nos actbOSIRRlD anbsPiedle GRERS SRRV BB BOE B8 SonfEnHegrmamys,
traction repgh&cofanélvénile ke conprising a regul ated-control device (10) for
preci si on-stoppi ng according to any one of clainms 1 to 16 to control the

action of the notor and/or the brake.

25.  Regulated-control process according to any one of claims 19 to 24, characterised in
that the adaptation control stage also comprises the stage consisting of:

supplying an outside-limits train warning message if the convergence criteria fail to
converge and/or there is failure of alignment of the response time the taking effect of the

deceleration setpoint after a predetermined number of stops.

26.  Stopping control process according to any one of claims 17 to 25, characterised in that
it also comprises the stage consisting of:

triggering/activating the regulated-control device.

27.  Vehicle (4) with a traction engine and a brake comprising a regulated-control device
(10) for precision-stopping according to any one of claims 1 to 16 to control the action of the

motor and/or the brake.





