
I  Vehicle regulated-control device with trimmed 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 automatic  control systems for the
safe driving of vehicles between stations and precise stopping of the  train
at each station. When station platforms are provided with screen doors, the
doors of the train must be aligned  with the platform doors 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 regulated-control device for
precision stopping for a vehicle with automatic control comprising an
observed kinematic input capable  of receiving at least an observed
kinematic variable from the vehicle, a predetermined  setpoint input,
capable of receiving an unregulated control setpoint signal, a
regulated-control  output capable of supplying at least a dynamic regulated
control value to the vehicle, which is  dependent on the observed kinematic
input and the setpoint input according to a  predetermined characteristic
transfer function of the device, the transfer function comprising  at least
an internal parameter, characterised in that the device comprises an
adaptation control  unit capable of modifying at least an internal parameter
by an adaptation control, the  adaptation control being dependent on the
observed kinematic input and the setpoint input.  According to particular
embodiments, the control device comprises one 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: 3  a modelling unit representing
an expected dynamic response of the vehicle to the deceleration setpoint,
allowing the expected deceleration of the vehicle to be determined as  an
expected kinematic value; - a unit for comparing the expected deceleration
signal with the observed  deceleration signal, - a regulation unit for
providing a feedback control signal for correcting the  difference between
the expected deceleration and the observed deceleration, - a synthesis unit
to determine a regulated-control signal as a function of the setpoint
signal and the feedback correction signal; - the adaptation control unit
comprises: - 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; 4  - the
adaptation control unit comprises: - an input supplying an observed velocity
of the train, - a first statistical estimator of a first convergence
parameter representing the stopping  performance, which is dependent on the
observed deceleration and the deceleration setpoint, - a second statistical
estimator of a second convergence parameter representing the  stopping
performance, which is dependent on the observed velocity, the observed
deceleration and the deceleration setpoint; - the adaptation control unit
comprises: a first output capable of issuing a bias control for regulating
the control, 



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, 5  - supplying, at a
regulated-control output, an adjusted control signal to the vehicle,
characterised in that it also comprises a stage consisting of 



- controlling the adaptation of at least an internal parameter as a function
of the  setpoint input and the observed kinematic input. According to
particular embodiments, the process comprises one or more of the following
features taken in isolation or in any technically feasible combinations: the
process comprises the stages consisting 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, 6  allocating adaptation controls as a
function of the train braking category;  - the adaptation control stage also
comprises the stage consisting of: - receiving an observed velocity of the
vehicle at one input,  and the estimation stage comprises - a first
estimation stage consisting of determining, by an initial statistic, a first
convergence parameter representing the adjustment performance, which is
dependent on the  observed deceleration of the train and the deceleration
setpoint, - a second stage for estimation by a second statistic of a second
convergence  parameter representing the adjustment performance, which is
dependent on the observed  velocity, 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. I 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; 7  -
Fig. 4 is a flow chart of the adaptation controls production process; - Fig.
5 is a graph of the curve identifying the delay in the deceleration setpoint
taking effect associated with an under-braking train; - Fig. 6 is a graph of
the curve identifying the delay in the deceleration setpoint  taking effect
associated with an over-braking train; - Fig. 7 is a classification graph of
two initial braking categories according to the  criterion C1, where the
modelled 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 criteria C, and C2, where the modelled delay is different from the
identified model; - 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. 8  The kinematic parameter estimator 12 comprises a
first estimator input 16 for receiving an  acceleration/deceleration
setpoint prepared by and coming from the central unit 14. The  kinematic
parameter estimator also comprises first and second estimator outputs 18, 20
capable of supplying respectively an estimated distance d from a locating
marker on the  ground and an estimated kinematic velocity v of the train.
The kinematic parameter estimator 12 comprises, upstream, a circuit 22 for
delaying the  effect of the setpoint and, downstream, a
predictive/corrective kinematic integrator 24, The  delay circuit 22 is
capable of receiving the acceleration/deceleration setpoint from the input
16 and for receiving a delay adjustment control marked i 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. 9  Fig. 2 shows the pace of the
velocity of the train 50 as a function of the distance for the  chosen
stopping strategy. Phase 1, designated by a numeral I enclosed in a square,
shows a braking phase up to a  distance close to the stopping point in the
station following driving at a constant velocity.  Phase 2 allows the
braking force to be cancelled to ensure passenger comfort by avoiding
sudden final braking. Phase 3 is a phase at constant velocity vp3i known as
`level velocity'. This velocity must be  low enough to optimise comfort but
not too low in order to prevent an under-braking train  from 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 I 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 I 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. 10  To determine the stopping
distance covered, the kinematic parameter estimator 12 uses a train  braking
model in acceleration/deceleration and its derivative, also known as `jerk'.
The  kinematic parameter estimator 12 integrates the
acceleration/deceleration model twice, once  to obtain the kinematic
velocity v and a second time to obtain the distance d, the initial
conditions having been adjusted at input 27 from a locating signal. The
predictive calculation is performed at each calculation cycle of the central
unit 14 and the  two integrations are performed from a digital integration
method based on a corrective  predictor 24. 



Thus, when the calculated distance covered d is close to the station
stopping point, phases 4  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. 11  For ease of illustration of the
connections, the train 4 is shown in Fig. 3 inside a large square  drawn as
a dotted line delimiting the regulated-control device 10, but the train is
not part of  the regulated-control device 10. It is therefore delimited
inside by a second smaller square in  a broken line to separate it from the
regulated-control device 10 which surrounds it. The mode switch 61 is
equipped with a single output 62 to supply the regulated-control signal  at
the input 6 of the train 4 via the output 40. The mode switch 61 also
comprises a first  control input 64 connected to 44, capable of receiving a
mode control, a second driving mode  input 66 connected to 42 to receive the
acceleration/deceleration setpoint signal and a third  



input 68 capable of receiving a regulated-control stopping signal. The model
circuit 52 of the dynamic response of the 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 12  adder 58 also comprises an adder output 88 for delivering
the result of adding the two signals  supplied at inputs 84 and 86. The
adaptation control unit 60 comprises a first input 91 connected to 48 for
receiving the  acceleration/deceleration observation of the train from 8, a
second input 92 connected to 83  capable of receiving the integral control
of the regulation unit 56, a third input 94 connected  to 42 capable of
receiving the deceleration setpoint and a fourth input 96 connected to 44
for  receiving the kinematic velocity information v of the train 4. The
adaptation control unit 60 also comprises a first output 98 capable of
supplying a  



regulation control bias marked K to a second adaptation input 100 of the
regulation unit 56.  The adaptation control unit 60 also comprises a second
output 102 capable of supplying an  adaptation control relating to the delay
marked r 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 i 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 r 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. 13  In stage 110, a first criterion
C1'(Q) and a second criterion C2'(Q) are calculated as follows.  N CI' (Q)
Y, Regis, (k)/N  k-1 C2' (Q) = V,, Reim (k) k=1 where: k is a sample number
of a measurement sampling carried out during  



phases 4 and 5, N is the size of a statistic, Reg;,,t(k) is the integral
component of the control of the regulation unit 56  corresponding to the
sampling 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 asumed
that the value of N is chosen so as to allow determination of convergent
values  of C1'(Q) and C2'(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 i 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 C1'(Q)  and C2'(Q) and an average delay
T(Q) are calculated at stage 118 using the following  algorithms: 14  C1(Q)
= EC(Q)/X X  =i  X  C2(Q) _ C2(Q)1X T(Q) _ XT' (Q) l X  where: i represents
a train stop order or test index  



x represents the size of a stop statistic, C1'(Q) represents the value 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
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 C1(Q), C2(Q) and the average delay T(Q)
assumed here to be  independent of Q and marked C1, C2 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. ...................  15 Figs. 5 and 6 show graph curves for
carrying out the process for identifying the delay T'(Q) in  stage 112.
Here, the graph curves are recorded by the adaptation control unit 60 in the
form of a  succession of digital samples of the measured deceleration of the
train 4 supplied at input 91.  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), 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 model D is
equal to the identified delay T,  a threshold value e allows all the values
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, I < e,
the train belongs to category 2 and, if not, it belongs to category I.  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 c as mentioned above, three families
of  



categories are distinguished according to the value of C1, namely: if I C i
I < e, a first family consisting of categories 5, 6 and 7, if the value of
C, is less than -c, a second family consisting of categories 8 and 9,  if
the value of C, is greater than +s, a third family consisting of categories
3 and  4. Next, a more detailed classification of the category level is
carried out within the same  family, based on the value of C2. The values of
C2 are partitioned according to their position in relation to six threshold
values,  11, r12, r13, -11, -12 and -13 with r11 < 12 < r13. Within the
first family, if C2 falls within the range [-r11, +r11], the train belongs
to category 6,  if C2 falls within the range ]+rll, +r12], the train belongs
to category 5, and if C2 falls within  the range [-r12, -r11 [, the train
belongs to category 7. Within the second family, if C2 falls within the
range [-r13, -r)2[, the train belongs to category  8, and if C2 is strictly
less than -r)3, the train belongs to category 9. 17  Within the third
family, if C2 falls within the range ]+r12, +r13], the train belongs to
category  4, and if Cz is strictly greater than +r13, the train belongs to
category 3. The full classification process described above is shown in
Table 1. 18  Table 1 Rule 1 Selection rule 2 Selection rule 3 Category  If T
= D If C, I < s no condition Category 2  If I C, I <E; no condition Category
I If l C2 1 -< Ill Category 6  If C1I <s 



If rli < C2 <r12 Category 5  If - 112 < C2 <. rl, Category 7  If C, <-a
If-r12<C2<.r12 Category 8  If TxD If C2 <. r13 Category 9  If C l > c If r13
> c2 > + r12 Category 4  C2<+r13 Category 1 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
C2. 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. 19  Five delay shift states may
be supplied, namely lack of shift or shift of zero value, shift of  high
positive value +TH, shift of low positive value +rL, shift of low negative
value -TL and  shift of high negative value -.CH. Nine bias control values
may be supplied for the bias K added to the regulation control,  namely a
high positive bias value +K3, an intermediate positive bias value +K2, a low
positive bias value +K1, a high negative bias value -K3, a low negative bias
value -KI, an  intermediate negative bias value -K2, a positive bias value
specific to category 6 marked  +Kcomb, a negative bias value specific to
category 6, -Kcomb, 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 C1 and its position in  relation to a set of
partitioning values marked -2,3, -X2, -2.1, 0, +X1, +X2, A3 with ?l <X2<7v3.
A bias control is allocated as a function of the range to which C1 belongs.
Table 2 shows the above-defined control values allocated to the categories.
20  Table 2 Category no. Bias regulator K Delay adjustment control  t  if+%
<C1 <+)12:+K1 Category I if +212 <C1 <+X3 +K2  if +213 < CI : +K3
if-k2<C1<_-? :-KI 0  if -213 < CI < -X2 : -K2 if CI < -k3 -K3  Category 2 0
0  Category 3 0 + t H  Category 4 0 + t L  Category 5 0 +T L  Category 6 if
D-T > 0 : -Kcomb - t L if D-T < 0 : +Kcomb + t L  Category 7 0 -T L
Category 8 0 - t L  Category 9 0 - t H 21  



It should be noted that the regulation correction bias control is limited to
two delimiters -K3,  +K3. If one of these two delimiters is reached and it
has not been possible to adjust the train  braking and it remains in a
mediocre performance category, a message may be generated  stating that the
control parameters cannot be adjusted. This may mean that the train cannot
be  controlled to achieve the desired performance and is outside limits.
Train stopping performance is substantially improved using the adaptation
device. Fig. 11 shows simulated stopping details for a fleet of trains 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.
....... .....................  22 Again advantageously, when the train
enters service in the network its installation is  



simplified and no adjustment to the hardware or software by an operator is
required. V 23  Claims 1. Regulated-control device (10) for
precision-stopping of a vehicle (4) with automatic  control comprising: an
observed kinematic input (44, 46) capable of receiving at least an observed
kinematic variable for the vehicle (4), a predetermined setpoint input (42),
capable of receiving an unregulated-control  setpoint signal, a
regulated-control output (40) capable of supplying at least a dynamic
regulated  control value to the vehicle (4), which is dependent on the
observed kinematic input (44, 46)  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, T),
characterised in that the device (10) comprises an adaptation control unit
(60)  capable of modifying at least an internal parameter (K, T) 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, T), the first parameter (T) 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 I 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 (Cl,C2), which is  dependent on a regulation control (Reg;,t). 24
5. Regulated-control device (10) according to claim 4, characterised in that
the control  function (K, r) is partitioned into categories defined
according to the difference between the  observed kinematic input (44, 46)
and the expected kinematic value, and the at least one  convergence
parameter (C1,C2). 6. Regulated-control device according to any one of
claims 1 to 5, characterised in that: - the setpoint input is a receiving
input (42) for a deceleration setpoint of the vehicle  (4), - 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, } 25  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 (Cl, C2) statistical
estimator representing the  stopping precision, which is dependent on the
observed deceleration of the vehicle and the  train deceleration setpoint.
9. Regulated-control device according to either claim 7 or claim 8,
characterised in that  the regulation unit (56) comprises - a regulation
unit input (80) for receiving the difference between the expected
deceleration and the observed deceleration, - an output (83) supplying 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 I 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 (Cl, C2). allocating adaptation controls (K, T) 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, 26  a first statistical estimator of a
first convergence parameter (Cl) representing the stopping performance,
which is dependent on the observed deceleration and the deceleration
setpoint, - a second statistical estimator of a second convergence parameter
(C2) representing  the stopping performance which is dependent on the
observed velocity (vIP3), the observed  deceleration and the deceleration
setpoint. 13. Regulated-control device according to any one of claims I to
12, characterised in that  the adaptation control unit (60) comprises: 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 (r). 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 (r).
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). 27  17.
Regulated-control process for precision vehicle stopping used by a
regulated-control  device (10) defined by a transfer function having at
least an internal parameter (K, r),  comprising the stages consisting of: -
receiving, at a setpoint input (42), a predetermined unregulated-control
setpoint for  the vehicle (4), - receiving, at an observed kinematic input
(44, 46), an observed kinematic value  



from the vehicle (4), - supplying, at a regulated-control output (40), an
adjusted control 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, r) 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 (Cl, C2)
representing the stopping  precision, as a function of the observed
kinematic value and the control setpoint. 28 20. Regulated-control process
according to any one of claims 17 to 19, characterised in  



that the adaptation control stage comprises the stage consisting of: -
receiving an integral-type regulation component supplied at the regulation
stage,  and in that the estimation of a convergence criterion is based on
the integral-type regulation  component supplied. 21. Stopping control
process according to any one of claims 17 to 20, characterised in  that the
adaptation control stage also comprises the 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 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 (Cl, C2) representing a stop,
allocating (122) adaptation controls (K, r), 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 (Cl) 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  (v,p3),
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, 29  issuing at a second output 102 a delay (r) adjustment
control. 24. Stopping control process according to claim 23, characterised
in that: the delay (t) adjustment control is supplied to the unit (52) for
modelling the dynamic  response of the vehicle (4). 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. 




