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Abstract. This paper presents a new control strategy to h@iag to the braking system of an urban automatsapte
mover called Aeromovel, a transport system whobsélemoves on rails and is propelled by pressuria&. The
proposed controller is based on a PID control lagsaciated with the ga-schedulestrategy. It employs a recurs
estimate of the transpodemass as a reference for the switchamong different gaisets.The control algorithm is
evaluated using botsimulations and experimental rest
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1. INTRODUCTION

Aeromovel is a nomonventional Automatic People Mover (APlthat runs on railover suspended beams, as
illustrated in Fig. 1. The systewperatiol principle relies on pneumatic propulsidnspired b' sailing boats. This
configuration allows the propellsysten to be fixed to the ground, separated fromuékicle that is, therefore, lighter
than the similar ones that are usedmost o' other technologies. Thadvantage of this arrangem is a significant
weight reduction of the wholsysten, so that both civil structure and statiomay hav: a relatively small size
compared to similar transport syste According to Medeiros (1985), the Aeromovel wagyimally designed in th
end of decade of 1960, and had the first physiaztiopypedeveloped in 1977. At theeginning of the decade of 19¢
it was constructed the firgixperimental lin in the city of Porto Alegre - Brazilyith a total length c 960 m and two
stations separated by 655 Today, such line is employed in studies regardirgtechnical and economic viability
the Aeromovel technology as an alternative for tiag efficient and environme-friendly urban transport syster
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Figure 1.Schematic view of the Aeromovel system.

In modernpeople movers, to avoid the invasion of the guidetma nor-authorized people, a common solutior
the utilization ofautomatically controlled sliding doobetween vehicle and stations, simii@arthos: found in elevators.
Due to the se of these doors, it is necessary to stop thecketithin strict tolerance limis, because its doors must
open only when aligned with thoséthe stations, allowing the secirculation of the users.

The vehicle uses a friction brakgstemto make the vehicle stop in a specific positiondestination station. In the
present configurationhé control algorithrdesigned for this task is a stand&D controler with fixed gains. The
same algorithm is responsilfler controlling the breaking procedure for all situationsvehicleloading. Nevertheless,
experimental tests showed that seoimtrol scheme inot efficient when precision requirements isevere, especially
when the number qfassenger varies significar.

In order to achievecceptable levels of braking precision foe Aeromovel systenthis work proposes a novel
control strategy based on thialues obtained continuousthrough an recursive estimatof the mass transported used
as a reference for selecting the segaih: to be applied to a PID control lawhus, the most appropriate set of g¢
can be used to match the variations in the dyndmalavior of the system as its transported massgelsawith the
number of transported passengsrsthat static-stopping errag of the vehicle can be reduc



Proceedings of COBEM 2011 21* Brazilian Congress of Mechanical Engineering
Copyright © 2011 by ABCM October 24-28, 2011, Natal, RN, Brazil

This paper is organized as follows. Section 2 prissthe characteristics of the original braking ayjppus of the
system. Section 3 is dedicated to presenting thibnemaatical model of the Aeromovel system with fistion brake
equipment. In Section 4, the proposed control @lgor is described. Section 5 is devoted to the eadion of
simulating results, illustrating the application thie control algorithm with a computational modéltbe system,
whereas experimental results are discussed indpegtiFinally, the main conclusions are outline@®eéction 7.

2. Evaluation of the Braking Apparatus

The civil structure of the pilot line is compriséy two stations (Gasdmetrd and “Fazendd), and the duct
connecting them. In the middle of this duct thera iPropulsion Power Unit (PPU), which consista eéntrifugal fan
coupled to an electric motor and a group of foewfdirectional valves. Such valves allow blowing &iom the
atmosphere to the duct or from the duct to the aphere, according to the desired direction forvétdcle movement.

The operational procedure adopted by AeromoveliB&zA. (ABSA) to transport passengers betweeticsta is
defined in 4 steps, in a way that one typical ¢tap be described as follows:

1°. The vehicle is maintained still at one of the stagi until all passengers are positioned insidevttiecle,
then, the doors are automatically closed;

2 °, PPU starts the operationull mode, exhausting air from the duct in order td the vehicle;

3 °. After the vehicle crosses the PPU position on ithe, the system turns infbushmode, in which the PPU
insufflates air into the duct, causing the vehtolde pushed towards the destination station;

4 °, The automatic braking procedure is initiated 158afore reaching the destination station. At thismant,
the PPU is shut off and the onboard controller matiically brakes the vehicle. The controller aimstop
the vehicle in a specific position at the stationttacking a pre-specified dynamic pattern. Whea th
vehicle stops, the doors are automatically opened.

As in the case of other APM systems, the final fiasiof the vehicle at the stations must be confibetween strict
precision limits. On its original configuration,etfbraking task is carried out by employing a stasd®D control law,
applied to the system by means of a ProgrammabdgcabController (PLC) installed onboard of the b Using
this scheme, it was observed by ABSA that the ddsprecision limits are not respected, especiatgmthere are
significant variations in the mass of the vehidlbis fact was corroborated by further tests madbesffazendastation.
In order to observe the performance of the orighraking scheme, the vehicle was tested with 4edhfit values of
transported mass: 7735 kg, 9610 kg, 11485 kg aBBARg. These values correspond to 0, 25, 50 amphZ%sengers on
the vehicle, respectively. In all cases, it waseobsd that the vehicle exceeded the 150 m of dksligplacement,
stopping beyond the specified final position. Wiika transported mass value was 7735 kg, the mdae @4 the
observed stopping errors is 0,665 m, with a stahdawiation of 0,111 m. The corresponding valuesgimvalue and
standard deviation) in the cases of the other t@pdbnditions were 0,535 m and 0,116 m for 9610k§51 m and
0,095 m for 11485 kg; 0,346 m and 0,180 m for 13&$0A complete discussion of these experimentsheafound in
Sarmanho Jr. (2009).

Despite their relatively large values, the meawrsrobserved can be corrected by a calibrationgohare, carried
out by changing the starting point of the referetnagctory tracked by the controlled system. Tliag,main challenge
of the control algorithm is to reduce the non-systic errors inherent to the braking process, so the standard
deviation of the positioning error becomes boundétin its specified limit of 0,210 m (10 cm). Thimlue is assumed
by ABSA as being precise enough for most of theliepfions of the Aeromovel system. Through the expental
results above presented, it can be observed thafattiation of the mass transported bears a sigmifiinfluence on the
value of the standard deviation of the vehicle giog errors, especially if the mass is large. Hos reason, the
proposed algorithm must be able to change the @améthavior in accordance with the mass that issparted in each
trip. The project of the proposed controller is @dded in Section 4 of this work.

3. DYNAMIC MODEL OF THE VEHICLE

The objectives of the mathematical model preseimethis work are twofoldi(i) to allow the mass estimation
algorithm to perform its task with satisfactory a@cy so that the switching of the gain sets engiolgy the PID
controller can be performed correctfiy) to calculate the gain sets that are most suit@pleach operation condition of
the vehicle. For these purposes, it is initiallfimed a coordinate system as depicted in Fig. 2Zhis figure,x is the
direction of the translational movement aynds the displacement in the axis perpendiculak ia the plane of the
figure. The variableg andx represent, respectively, the instantaneous vglacitl acceleration of the vehicle amds
the acceleration of gravity.



Proceedings of COBEM 2011 21* Brazilian Congress of Mechanical Engineering
Copyright © 2011 by ABCM October 24-28, 2011, Natal, RN, Brazil

Vehicle

Figure 2. Dynamic equilibrium of the vehicle.

Based on Newton’s Second Law, the dynamical eqiuilib forces acting on the vehicle can be expreased
Fiot = Mg X = A P~ p2) ~Fiea ~ Cved(X) = Faero ~ Fades (1)

whereF, is the resultant force that moves the vehiglg,is the vehicle mas#, is the cross section area of the saijs,
andp, are, respectively, the pressures applied on shilsaa and front parts of vehiclE,q is the static friction force
between the seal rubber and the sail sloaft,is the dynamic friction coefficient between thalseibber and the sail
shaft,F,4esis the adhesion force wheel/rail according to nhgdeposed by Polach (2008hdF e, is the aerodynamic
drag force calculated according to equation preseint Gillespie (1992):

_ CD'%qp

Faero -

(Var +%)? @)

wherecp is drag coefficient of the vehiclég, is the cross-sectional area of the vehicle mantybe is the air density
andvy, is the wind speed.

The model of the interaction between the brakingiaie and the interface between the wheel and tiieisra
developed by analyzing the specific characterigifcthe test vehicle, whose wheels are completedgpendent. Thus,
effects like cross slips and spins do not occue Véhicle does not have a suspension system, ¢inerehe normal
force on the wheels can be directly expressednbg/n,, wheren,, is the number of wheels of the vehicle. Figure 3
presents the forces acting on a single wheel.

Figure 3. Force balance on a wheel.

The relationship between the forces illustrateHim 3 can be expressed mathematically as:

‘]wheeéwheel = Tbrake + (theeﬁwheel + Twheel) - FadeJ wheel (3)

whereJynheel is the inertia moment of the wheél,ee is the angular displacemeia,ee is the angular friction viscous
coefficient, Tyhee IS the external torque applied to the wheel g, is the radius of the wheélhe braking torque
Thrake CAN be expressed by Eq. (4):
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Tbrake = Fbrakerbrake = (/udiscE + :udiscvewheel) AJrakepbrake (4)

where ryae iS the caliper average radiusgisce and Hgiscy are, respectively, the Coulomb friction and thietiion
coefficients between the disk and the brake paalfasction of angular velocitydy,.«eiS the area of hydraulic piston of
the caliper angb,ae iS the input hydraulic pressure that is appliethecaliper.

4. CONTROL ALGORITHM

The proposed control scheme is composed by 3 mamscursive algorithm that is responsible formating the
transported mass; a PID control law that contriaéstiraking actions; a gain-schedule scheme, redperisr choosing
the correct set of gains to be applied to the RiBtroller in each trip.

4.1 The recursive mass estimator

In transport systems, according to the number e$@agers, there is a proportional change in tmspited mass.
In Aeromovel, these changes may cause the totajhwvéd be duplicated from one trip to another. Sitlus variable
has a significant influence on the performanceyofaghic systems, especially regarding the veloaity acceleration of
the vehicle, it is desirable that the informatidoat its value is constantly known.

Obtaining the value of the transported mass byctlimeasure presents difficulties related to thescosinstallation
and maintenance of the instrumentation system.dBesiprocedures for equipment calibration must dreiexd out
frequently, which limits the utility of this solath in practical applications. One suitable alteusats the use of a
recursive algorithm for estimating the mass of\bhicle, based on the use of more easily measwagdbles. In this
context, it is possible to use an algorithm oriffinalescribed by Slotine and Li (1991) to estim#ie mass of the
vehicle. This algorithm uses the acceleration d®dresultant force to estimate the transported .masgas chosen
based on its convenience and simplicity for compartal implementation. Definingn as the estimated value of the
transported mass, the prediction ergyr between the estimated mass times instantaneoweratton minus the
resultant force is calculated through Eq. (5).

€n = MK— Fy (5)

where, Fy is the total force applied to the vehicle (whosdue is obtained by employing Eq. (1)). Additiogall
defining the auxiliary tern®(t) given by:

-1
t
P(t) = [j der} (6)
0
Based on the above definitions, the estimating raasss:
m=- R, )

By means of theoretical analysis, it is possiblprove that, if the system is persistently excithe, mass estimated
by the employed algorithm converges asymptoticédlythe true value of the mass transported in thetegy.
Experimentally, it is verified that the estimati@nrors are less than 6% of the nominally transgorteass. Full
description of this algorithm, including both iteebretical analysis and experimental validationptiesented in
Sarmanho Jet al. (2010).
4.2 The PID controller with Anti-Wind-Up.

PID controllers are largely used for many applmasi because they are easily deployable, cheapagdrersatile,

being able to change both transient and steadg-bettavior of the controlled systems (Ogata, 2008)his work a
PID control law as described in Eq. (8) is usedcfumtrolling the velocity of the vehicle during lisaking procedure.

u(t) = K, X(t) +K?i’°j(i(t) +w(D)dt+ K TyX(0) (8)

In Eq. (8),K, is a proportional gainT; is integral time Ty is the derivative timeX(t) = x(t) — x4 (t) is the position
tracking error anai(t) is a auxiliary term associated to anti-wind-up lo®pe parameters of the controllé,(T; and
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Ty) are obtained using the so-called Relay tuninghoek{see, for instance, Ogata, 2003). This methdzhsed on the
application of éBang-Bangcontrol action to the system, so that the ampditadd period of the system response related
to a specific control signal are used to obtain ¢hiical parameter&. (critical gain) andT, (critical time) that are
employed to achieve the suitable gains for therodet through the use of the well-known Zieglerehols relations:
Kp=0,6K;; Ti=0,5T; Tq= 0,125T..

In a standard PID controller, the control signah saturate during the system operation. In thig,cd® integral
portion of the controller can remain locked atrtaximum value regardless the occurrence of chaimgése input
signal. In order to avoid this condition, it is Besary to add anti-wind-up capabilities to the RI§orithm. In this
work, it was used a anti-wind-up technique prestiteBazanella and Gomes (2006), were the t&fthis given by:

w(t) :Ti[satu(t))—u(t)] ©)
tc

whereT, is the time associated to the automatic correatioiie integral term. Astrém and Hagglund (199&)pwse
Tie=(T4T)"? to determined. The block diagram of the anti-wind-up schemerespnted in Fig. 4.
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Figure 4. Block diagram of anti-wind-up scheme.
4.3 The Gain-Schedule technique.

It is well known that PID controllers have a lindtgange of application and that its performanceighly
dependent on the operation point at which it isustgid. One of the ways to alleviate this limitatisito choose more
than one operation point, adjusting the most apjatgset of gains for each of them, and switchiatyveen these sets
as the system goes from one operation point tohanoThis approach is commonly known then-schedulecontrol
technique (Astrém and Hagglund, 1995).

In this study, the rule for changing the gain sétthe controller is based on the value of thenestéd mass that is
transported by the vehicle, whose calculation islenlay means of the algorithm presented in Sectibnld Figure 5,
the complete control strategy is illustrated inchesnatic way. In this figuret, is the desired velocity profileys,
represents the set of gains to be used in the Bhiraller, Ap is the differential pressure applied on the vehgdds
andu is the control signal. The variables measured artbthe vehicle arap (differential pressure between sails) and
x (displacement of the vehicle), whereas the vefooft the vehicle is obtained by numerical diffeiation of the
position signal. The control cycle is started wkieavehicle closes its doors and starts to movardhe other station,
activating the mass estimation algorithm while bhekes are kept inactive. When the vehicle reat@goint located
at 150 m before reaching its destination, the watart acting on the wheels. At this point, thénested mass value is
employed to choose the correct set of gaipg)(to be used by the PID control law during the rether of the braking
procedure. The values of the gain sets and of #eses at which such sets are switched are discimssedtions 5 and
6, in accordance with the specific nature of tist tieat is considered in each case (simulatiorkpe@ment). In Fig. 5,
it is presented the block diagram of the full cohstrategy
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Figure 5. Complete control strategy.
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5. SIMULATIONS

In order to evaluate the performance of the propasmtroller, the behavior of the system was sitedldy means
of a computational model proposed by Britto (2008hose implementation was carried out using theldBat
Simulink® mathematical package. In the simulatichs, controlled braking system was required toosicthe wheels
so that the vehicle could track a pre-specifiedeity profile as a function of its distance frora destination. In the
remainder of this section, the steps taken in @iy such test are described and the corresponéisigits are
presented.

5.1 Reference curve for braking procedure.

The reference curve employed by the controller daseloped in a way that the vehicle deceleratesfixt rate of
0,7 m/$, starting at a distance of 150 m from the destinastation. Using the Torricelli equation, the walof the
desired velocity as a function of the positionta# tehicle can be expressed as:

Ky =52~ 25 (10)

where,x, is the instantaneous desired velocity,is the initial velocity of the vehicle when theaking action starts,
and %, is the desired acceleration. Based on experimebt#rvations, the initial velocity was determinede 14,491
m/s.The shape of this curve is very similar to the mefiee braking curves used by Martins (1999) to kiteuthe
braking process in unit freight trains. This vetgdieference curve was used to evaluate the propmske controller
both in simulations and experimental tests.

5.2 Calculation of the gain sets employed by the Blcontroller and simulation results.

Taking the estimates made by the recursive massitdgn discussed in Section 4.1 as reference, fanges of
operation were defined, each one associated tedfispgain set to be employed by the PID controlketween 6797
kg and 8672 kg; from 8672 kg to 10547kg; betweeb4¥0kg and 12422 kg; and from 12422 kg to 14297Ikall
cases, the corresponding gain set was calculatedriisg that the vehicle was loaded with the averadee of each
range. The gains were determined by means ofRetay methdddescribed in Section 3. The resulting sets ofigai
are presented in Table 1.

Table 1. Definition of sets of gain for PID.

Set of Gain | Nominal Mass (k@) K, T Ty Tec
1" 7735 3,81693,4509| 0,8627| 1,7254
2ne 9610 4,84333,42740,8569| 1,7137|
3n 11485 5,63573,4985| 0,8746| 1,7492
4 13360 6,73153,6271| 0,9068| 1,8136

As depicted by Britto (2008), the nominal valuestteé physical parameters used for the simulatiodehof the
Aeromovel system ard@iae = 0,115 (M); Haisce = 0,4; Maisev = 0,003 (s/rad)Aprare = 1,81E-3 (M); Cuneer = 0,005
(N.m.s/rad);f yheei= 0,2546 (M)n,=8; A= 0,98 (M?); Agq= 6 (M?);Cp = 1,5;p = 1,204 (kg/m); Var = 1 (M/S);Cyeq= 80
(N.s/m); Fyeq = 450 (N);g = 9,81 (M/s?);pam= 10,1325 (MPa)p, = 0.025. The parameters relative to the adhesion
force Fageg at the interface wheel/rail are those presentd@olach (2005) for dry contact conditions betwdenparts.
The integration algorithm used both in the simolasi and in the experimental tests is Ehder method, with a fixed
step of 1 millisecond.

The simulation results presented in Figures 6 aatk#elative to the two extreme loading conditiohthe vehicle:
7735 kg (empty vehicle) and 13360 kg (full capggitgspectively. In both cases, the displacemeotirscfrom station
Gasbmetrdowards statiofrazenda

The simulations were carried out in accordance withoperation sequence described in Section 2h& deft of
each figure (6.a and 7.a) it is illustrated the hdwesely the controlled system is able to track dlesiredposition x
velocity profile, whereas the figures to the right (6.b &nlo) present the control signal that is applieth®wheels in
each case, expressed in terms of the pneumatisypeeetween 0 and 0,25 MPa) that actuate onrétkénlg system.
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Figure 7. Braking action with transported mass23860kg (Simulation).

As observed in Figures 6.a and 7.a, simulationltesudicate that the proposed controller leads: watisfactory
performance in tracking the desired velocity peofiThe values of the final positioning errors ohéal are 0,012 meters
(1,2 cm) for the empty vehicle and 0,044 meteré ¢n) for full capacity. These values are in cortgpbgreement with
the desired limit of 10 cm for the final positiogierror of the vehicle.

6. EXPERIMENTAL RESULTS

The experimental evaluation of the proposed costbheme was carried out at the test line instafiétbrto Alegre,
Brazil. The test vehicle has 8 wheels, divided iadtgroups with 4 wheels each. Its braking systemery similar to
those found on commercial trucks, in which a pneioaessure acts on the brake booster in orderoee a hydraulic
piston located inside the master cylinder, whicts awer the brake pistons that move the brake pgdmst their discs.
Then, angular velocity of the wheels is reducedtt®y action of friction effects on the braking dikhe actuating
system of such braking equipment is comprised ofparts. One is exclusively pneumatic, equippedl wit air supply
system (compressor + reservoir + filter) and a propnal valve (Festo® MPPE-3-1/4-10-420-B). Théept is
pneumatic-hydraulic, where 4 compositions (powakbrbooster + master cylinder) are responsiblarfaplifying the
pneumatic pressure and distributing the hydraluicl ffor the brake calipers located in each whéé¢he vehicle.

The acquisition and processing of the measured diatiacalculation of the corresponding control actiere
effectuated by means of a DSpace® - DS1103 elactlmard attached to a standard personal comgRitegramming
of the system was carried out with a Matlab-Sink@inpackage. The variations of the number of thespagers
transported by the vehicle were emulated by theofibarrels containing water, each of them with snafs75 kg + 3%.

The measurement of the position was accomplisheenfyyioying inductive sensors and metallic gearschgd to
the vehicle wheels, in an arrangement similar &t tf a standard position encoder. When operatinguiadrature
mode, this apparatus has an input resolution di®r@ (0,8 cm). For measuring the differential pueson salils, it is
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used a transducer with a measuring range of -20t&P820 kPa. The complete procedure of calibratidrthe
instrumentation apparatus can be found in SarmanH@009).

The evaluation of the positioning deviation was madanually after the vehicle stopped at the stabipmsing a
reference apparatus, as presented in Fig. 8blsed on a mast stuck positioned beside the vedmiclea metrical tape
with nominal length of 5 m and resolution +0,001tens (+1 mm). The center of the tape scale (2,5arkjnwas taken
as the desired final position of the vehicle, bagigitioned 150 m away from the point where thekinig procedure
starts.

Figure 8. Method to measure the brake error.

An important feature to be highlighted in this gohtapplication is the fact that the control actignexclusively
passive. Therefore, it is only possible to reduee \ehicle speed (it cannot accelerate the vehiBlefause of this
feature, control action is applied only when theameed speed exceeds the reference vehicle spesd) dine
automatic braking procedure. Thus, the controllgs @nly in the presence of the positive error aéwns. For this
reason, the sets of gains applied to PID contmBéould be selected in a criterious form, takirtg account that if the
control action is too large, the error can becoragative, making the braking action resulting ntithis fact can
introduce a significant error if it occurs near gtepping point at the station, because it candadbe vehicle to stop
before the reference point. Taking into accours gossibility of error, the suitable control gamsist be chosen in a
way that the error trajectory is small but positassmuch as possible along the vehicle trajectory.

The experimental evaluation of the proposed costtheme was carried out in the same conditione&iimulation
tests discussed in Section 5: the vehicle initigtedrip atGasdmetrostation and concluded it Bazendastation after
following the procedure steps described in Sec@ohe values of the gains for each set employdd thie PID
controller were tuned by direct experiments, taking values determined by simulations as initinences. In the
experimental tests, it was verified that only twfiedent sets of gains in the gain-schedule impletaitton were enough
to render satisfactory positioning results. Thesgalof such gains are presented in Table 2.

Table 2. Experimental sets of gain for PID cori¢nol

Set of Gain Mass range (kg) Kp T Ty Tie
1° 7735— 10547 | 2,00003,3333| 0,0020] 0,0816
2"° 10548— 13360, 4,500 | 1,66670,0100 0,1291

The experimental results observed for the samemerdoading conditions discussed in Section 5 eesgnted in
Figs. 9 and 10. The presentation order of the t®ssithe same employed in that section. The camplescription of
the experimental procedures involved in the evanabf the controller and the data relating to telits that were
performed can be found in Sarmanho Jr. (2009).
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Figure 9. Braking action with transported mass @35kg (Experiments).

In the test with nominal mass of 7735 kg showeHiq 9.a it is possible to notice that control astbccurs in such
a way that the vehicle speed converges smoothitg teference value. Also, the experimental brakintjon is seen to
be qualitatively similar to its simulated predictidn this test, the mean error of the final positis 0,243 m and the
experimental standard deviation is 0,055 m. Thigiad®n is roughly 45% lower than the desired liraft 0,210 m,
allowing the utilization of the automatic doorsweén vehicle and stations for this case.
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Figure 10. Braking action with transported mas$3860kg (Experiments).

In the case of maximum loading condition (Fig. 0¥ results are qualitatively similar to thoseaked in Fig. 9.
However, the control action is significantly largemd its peak is large enough so as to causeasiaturof the
differential pressure that can be applied to theador. This result is not surprising since then$gorted mass is also
significantly larger. It is also observed that tigse level of the signal sent to the valve is algbstantially increased
in this case, a phenomenon that can be attributethe larger value of the derivative gain employsdthe PID
controller (see Table 2). As for the stopping eabthe station, its mean value is 0,230 m andtdadard deviation,
0,067 m. This deviation is roughly 33% lower thha tlesired limit of 0,10 m.

The analysis of experimental standard deviatiortained in the discussed tests shows that the uskeofjain-
schedule technique allows a significant reductiothe deviation of the final position of the vekislhen it stops at its
destination. Thus, combined with a small correctionthe starting point of the reference velocityofle to be
performed by the vehicle, it is possible to endted the stopping errors of the vehicle at theiatadire confined to a
range of about 0,07 m (7 cm). This value is in adaoce with its allowable limit of 0,1 m. Therefpitthe proposed
control scheme is used, the vehicle and the stian be safely employed with automatic doorspnded for the
commercial version of the Aeromovel system.
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7. CONCLUSIONS

In this paper, a new control scheme to be apptiati¢ friction brake system of the Aeromovel, aighgtopping the
vehicles on desired points at the stations wasepted. Such controller is based on the associatfom recursive
algorithm used to estimate the vehicle mass aniDacéntroller that operates with different setggafns, according to
explicit value of transported mass.

Both simulation and experimental results were usedlemonstrate the effectiveness of the controksehin
reducing the standard deviation of the final positof the vehicle at the stations. This valuessigeificantly lower
than its allowed limit of 0,10 m, even if its loadi conditions are greatly varied. Therefore, it whsw that employing
the proposed controller, it will be possible to asgomatically controlled doors on the vehicle anhdhe stations, thus
improving the overall safety of the system.
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