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A self-reconfigurable and fault-tolerant
iInduction motor control architecture
for hybrid electric vehicles

M. Hilairet, D. Diallo and M.E.H. Benbouzid

Abstract— This paper describes an adaptive control sys- EV and HEV, where even limp-back operation is preferred
tem for an induction motor drive that propels a Hybrid Elec- over no operation.
trical vehicle (HEV). It has been designed to comply with the Fault-tolerance has become an increasingly interesting
major requirements of HEVs electric propulsion. The fault topic in the last decade wh h X tion has b
tolerant controller is based on a Field Oriented Control opic In the last decade where the automation ?S ecome
with 4 IP regulators, a speed sensor and two observers more CompleX. A trend towards more autonomic control
(Extended Kalman Filter (EKF) and an Adaptive Observer  systems also drives the interest for fault-tolerance. Issna
(AO)) to guarantee the best dynamic performances required  produced industrial systems the unit cost is a paramount
by the application and also to improve the reliability in the 55,6 Hence cheap fault-tolerant control has become an
event of sensor loss or sensor recovery. The tuning of the . . ) S .
observers is based on extensive simulations, experimental Important Industrla_l research area. The objective is te giv
results and optimization procedure within an open-loop ~ Solutions that provide fault-tolerance to the most frequen
type approach. The fault tolerant controller reorganization  faults and thereby reduce the costs of handling the faults.
is based on a control decision block implemented with The fault tolerant controller also increases the religpili
a Maximum Likelihood voting algorithm. The results of of the process

the control system show the effectiveness of the approach. . . . .
Indeed experimental results of the EKF used in closed loop | "€ study reported in this paper is concerned with the

confirm the validity of the sensorless controller and the fault ~ Problem of developing an induction motor drive with tol-
tolerant controller simulation results in the event of speed erance to the speed sensor failure. This paper describes an
sensor loss and recovery are very promising even in case of active fault-tolerant control system for a high performanc

stator resistance variation. induction motor drive that propels an Electrical Vehicle

Index Terms— Fault tolerant, induction motor drive, hy- (EV) or a Hybrid one (HEV). The proposed system
brid electric vehicule, observers. adaptively reorganizes itself in the event of sensor loss or
sensor recovery to sustain the best control performance
|. INTRODUCTION given the complement of remaining sensors. The control

Cage induction motors are widely accepted as the modforganization is managed by a voting algorithm system

potential candidate for the electric propulsion of HEVs aC_that assures smooth transition from the nominal controller

cording to their reliability, ruggedness, low maintenance!© the sensorless one and back to the encoder-based
low cost, and ability to operate in hostile environments controller. Simulations tests using collected experiraent

They are particularly well suited for the rigors of indus- dat@: in term of speEd and torque responses, Ihave l:r)]een
trial and traction drive environments. Today, inductionc@'Tied out on a 1.2kW induction motor to evaluate the

motor drive is the most mature technology among variou€0nsistency and the performance of the proposed fault-

commutatorless motor drives. Moreover, the cage inducl/érant control approach. _
In the next paragraph, the encoder-based nominal con-

tion motor seems to be the candidate that better fulfils the ) ’ -
major requirements of automotive electric traction [1]. troller is briefly described and the sensorless controller

Several failures afflict electrical motor drives [1] and USiNg an Extended Kalman Filter (EKF) and an Adap-

so far, redundant or conservative design has been usdye Observer (AO) is presented within the fault-tolerant

in every application where continuity of operations is gstrategy. In the third part, the tuning and the validation of

key feature. This is the case of home and civil appliancedn® observers based on the experimental benchmark data
re introduced. In the fourth part the voting algorithm

such as, for example, air conditioning/heat pumps, engin€ = " - ki
cooling fans, and electric vehicles. This is esp(_:,Cia”yrellablllty coefficients computation is presented and the

important in high impact automotive applications, such agau_lt-_tolerant controller tests are performed to show the
validity of the approach.
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climbing, as well as high power at high speed for cruis- U = [Via Vig }t Y = [ isa isp ]t
ing; Very wide speed range including constant-torque ) _ "
and constant-power regions; Fast torque response; High X = [ isa isp Pra Prp ]

efficiency over wide speed and torque ranges (Fig. 1). Ta 0 0 01° 100 0
Indeed, the control system adaptively reorganizes itself ~ Be = 0 a 00 } C= { 010 0 }
according to the HEV tractive effort. The control system o
reorganization is based either on the accommodation of a 0 B CWm
the actual control technique [2] or on the choice of AU, (wm) = 0 a —cw, B
new one more adapted to the electric propulsion operation v O 0 —Wm
conditions [3], [4]. L0 7w d
a = —(aRs+cM/T,) 6 = ¢/T,
v = Mg/T. 6 = —-1/T.
I a = 1/(cLy) ¢ = (1-0)/(0c M)
o = 1-M2/(L,L,) T, = L,/R,
= pover wherew,, = pQ, Q is the rotor velocity and®p is the
number of poles. The induction machine parameters are
asospood}  masimum sposd torque given in the appendix.
spesd specd 2) Discrete-time modelingFor the implementation of

a flux estimator on a microcontroller, a discrete-time state
space model is required. Provided that the input veGtor
is nearly constant during a sampling peri@d (7; =

125 us), the previous continuous-time model leads to the
. o o following discrete-time state space model [18] :
Depending upon the application and availability of sen- X[k+1] = A(wn) X[K + BU[K]

sors, and the desired performance of the system, there are { Y[ = CX[K

many hybrid schemes that could be combined for fault-
tolerant purposes. To satisfy the stringent requirement&he evaluation ofd(w,,) = e<™* can be performed by
placed on high performance EV or HEV, induction motormeans of Sylvester's theorem because the matibhas
vector control is a good candidate which has alreadywo distinct complex eigenvalues. Mathematically, this
proved its efficiency with a quick and precise torque forleads to an exact discrete-time modeling of the induction
example. Therefore a nominal encoder-based controllghotor, but parameter uncertainties (due to thermal vari-
using Indirect Field Orientation is used as the maination and saturation) cause state space errors which are
controller. To maintain a good level of performance inmore important than the discretization effect. This reduce
vector control a speed estimator is mandatory to evaluatée interest of the exact computation [19].

accurately the rotating reference frame position. The Therefore, a second order series expansion of the
speed estimation is abundantly treated in the literaturéatrix exponential is used :

using advanced signal processing technique and linear AT A=T+AT,+ (A.T,)?/2

or non linear automatic contrql theories. The first ones i (€T _1)B, ~ B=T,(I+(A.T.)/2) B,

suffer from weak speed tracking error during transient ¢
and is prone to instability [5]. Among the second ones This leads to :

Constant torque region Constant power region

(a) Electric traction (b) Traction effort

Fig. 1. HEV typical characteristics.

some methods are widely used like the extended Lu- air b1 a2 b2
enberger observers [6], [7], the Extended Kalman Filter Alwm) = =bi1 ann —biz a2
(EKF) [7]-[10] or Adaptive Observers (AO) [11]-[17]. " azi by aze b
In this application the EKF and the AO are used for the —ba1 as1 —bax a2

sensorless controller. The self-reconfigurable and fault-

tolerant controller comprises the nominal controller and B =
the control decision block based on a voting algorithm
for the choice of the fallback strategy.

ay 0 as 0
0 ar 0 ao

with a;1 = 1+aTs+ (o +B7)T2/2
B. Speed sensorless control ary = BT (14 (a+08)Ts/2) + cwp, T2 /2
1) Motor model: The usual model of an induction azr = YL (1+(a+6)7Ts/2)
motor is described by a fourth order state space model, agy = 14+0Ts+ (2 +By)T2)2 — w2 T2/2
i e Sl g 2 s, 1 Sr TS 5 12/2 e
_ _ 2
and rotor flux as internal states. In tHey, 3) stator bz = (L (1 J;(a +0)T/2) = BT5/2) wm
reference frame, this state space model is : bar = —ywn T, /2

(T + (7 — 20) T2/2) o
aTs(1+aTs/2), ay=ayT?/2

{(ng(t) = Ac(wm) X(#)+ B U() b2
Y = CX() -
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TABLE |

CONVENTIONAL EXTENDED KALMAN FILTER EQUATIONS (isa,isp) and (®rq, ®rp), We restrict ourselves to only

three degrees of freedom :

State and parameters prediction aq 0 0 0 0
X[k+1|k] = A[k] X[k|k] + B[k] U[K] 10 0 a0 0O O O
Ok +1|k] = O[klk| R:[O 1],@: 0 0 a O O
A priori covariance matrix computation 0 0 0 s 0
Plk+1|k] = Flk|Plklk] Flk]' + Q 0O 0 0 0 a3
Fl] = { Alk] 5 (AK] X[k[k] + BUKDe(k 1 l The tuning parameters are tuggled by an optimisation
0 ! procedure described in the next section, so as to save
Kalman gain computation deve|0pment time.
Klk+1] = Plk+1|k]H*(HP[k+1|k|H! + R)™! 4) Adaptive observerThis speed observer is based on
H = [ c o ] the Lyapunov theory and is well described in [11], [12].
State and parameters correction The design of this observer is composed of two successive
X[k + 1]k + 1] X[k + 1|k] Steps _ o )
Ok + 1|k + 1] = Ok + 1|k] « The first one consists in the design of a full order flux
4 Kk+1[k+1] - CX[k+1]k) observer as a Luenberger or stochastic one. At this
A posterioricovariance matrix computation Step- the rotor Speed is Supposed to be known. We opt

for a sub-optimal Kalman filter which is equivalent
to a Luenberger observer.

« The second step consists in the design of the speed
estimator composed of a Pl controller. The output of
3) Extended Kalman filterThe conventional equations the adaptive mechanism is the rotor speed which is

of the EKF [20] are summarized in Table I. If the rotor used at the next sample time in the flux observer.

velocity is assumed nearly constant between two time  Figure (2) represents the adaptive observer structure.
samples©O[k] = wn[k] = wn|k — 1], the matricesF'[k]

Plk+ 1|k + 1] = Plk + 1|k] — K[k + 1] H P[k + 1|k]

and H are : Vs Induct.|on 1,
Machine

[ ann b az bz fi Speed

—bin an —biz a1z fo L P R Estimator
F[k] = asi bgl a9 b22 f3 %rver Xel

—ba1 a2 —baa ax fi e

i 0 0 0 0 1 W
1 0 0 0 0 Fig. 2. Adaptive Observer diagram

o= L0 1.0 00

) ) The flux observer is based on the discrete state space
with fi = 0.5¢7Ty isp[klk] + ¢T3 winlklk] @ralklk]  model described in equation (II-B.2). The sub-optimal
+ (eTy(1+ (a+06)Ts/2) — BT2/2) ,5[k|k] Kalman filter uses the matrix gaif[+occ] defined as

)P
0.5 AT o [k|K] + ¢ T2 oy []K] ® limy_, + o0 K[k] to reduce the number of operations. The
)

f2 = rg KlK] Kalman gains represented in Fig. (3) depend only on the
(eTs (14 (a4 6) T /2) = BT72/2) ®,a[k|k] mechanical speed.
fs = _0-5’YTSQ isﬂ[k‘k] - wam[klk] ;.o (kK] Kt — Ky 0 Kis Kia
+ (0.5(cy—268)T2 —T,) ®,5[k|k] 0 K —Ku Kis
fi o= 0.57T2i.0[klk] — T2 wp, kK] O, 5[k|k] The symmetries, anti-symmetries and zeros present in

these structures reduce the computational cost of the
(0.5 (cy =26) T3 = To) ra[k|k] Kalman filter, since they reduce the number of distinct
Obviously, this extended Kalman filter has a heavievalues [22], which can be computed by the following
computational cost with a rough implementation. Therational function :
use of a two-stage extended Kalman filter reduces the Zg:o bi,ij Wiy
computation time by25% by reducing the number of Kij(wm) = 1+ZM ar s ok
k=1 Ak,ij Wm

operations [21].
P [21] where N and M are two integers different for each gain.

The main parameters of a Kalman filter are the covari- ” _ .
ance matrices Q and R, which are bound respectively to The speed estimator is based on the Lyapunov function

~ 2
the state and measurement noises. The Kalman gain § = €'e + (Bnzal with A > 0 and ¢! = lisa —
insensitive to both Q and R multiplication by a scalar.isa: iss_— tsg, 0, 0] (we suppose thap,., = ¢, and
Moreover the components on the and 3 axes can be ¢.3 = ¢,53), Which yields the speed estimator :
considered as statistically orthogonal and as there is no d . .
reason to consider differently the elements of the two pairs aem T Ki (€isa®rp — €ispPra)
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Ky 18 K, (a) reference, measured and estimated speed
04 5 500 T T T T T

0.2 -5

—-2000 -1000 0 1000 2000 —-2000 -1000 0 1000 2000 %0 : ; ; ; L i T
-5

X 10—18 K21 K22 0 0.5 1 15 2 25 3 35 4

’ (b) rotor speed error
0 03 100 T T T T T
. M.._m N A

Ao " Y

-5 0.2
-2000  -1000 0 1000 2000 -2000 -1000 0 1000 2000

pm
o
T
i

rpm
o
3

K31 K32
o —/J; o \ 71000 0.5 1 15 2 25 3 35 4
0 0 . times (s)
oo 1000 0 o0 2000 00 -1000 0 1000 2000 Fig. 5. Experiment result without closed loop speed estimatio
K K
0.1 2 0.1 i
. ‘ o N _
‘ B. Tuning
—921000 -1000 0 1000 2000 _921()00 -1000 0 1000 2000 -
rotor speed (rpm) rotor speed (1pm) To find relevant values of the parameters, «; and

ag for the EKF andK,, K; for the adaptive observer, we
have minimized the mean square error of the mechanical
speed under some given experimental conditions shown

whereK; is strictly positif. To improve the speed estima- in figure 5. The data are collected from a simulated AC

Fig. 3. Kalman filter gains as function of the rotor speed.

tion during transient, a proportional terfi, is added : ~ motor whose speed controller uses the real values of
A . . the rotor flux. The EKF and adaptive observer are not
omlk] = Kp(€isalrp — €isgPra) included in the closed loop. This minimization process

K /’“Te (e: b e ) dt finds the values of the freedom degree which yields the
“Jo tsarf — FisfFra best estimated speed in a nominal case (ho parameter

As the EKF, the tuning parameters are set by the optimi¥aration). This approach provides less computational

sation procedure. time compareq to an opt|m|zat|on procedure where the

To increase the reliability of the control strategy, the-con ©PServers are included in the closed loop.

trol decision block must be able to give to the controller 1he Optimum parameters for this test bench are :

the most accurate information on the mechanical speed. + EKF :a; =9.83.107%, a; =9.32.107'2,

To achieve this goal a comparison is made between the —asz = 1.20.10"

output of the sensor and those of the observers and a+ AO : K, = 0.404, K; = 179.8

voting algorithm decides on line which information will ~ Fig. 5 shows an experimental result where the EKF is
be introduced in the controller. The strategy is describedow included in the speed regulation loop. No instability
in the following diagram 4. phenomena are oberved during experimental tests with the
sensorless speed control. This proves the validity of the
zjf:l ifi L | vq open loop parameters tuning approach.
" ol P s Ccolgtfg“ter por Ll The next step is to determine for each observer the
CO" ﬁ N Ve reliability coefficients required by the voting algorithrf o
R EKF speed estimation the fault tolerant controller described in the next section
v Wmes o186 Therefore, extensive simulations and off-line experiraknt
ote Sensor .
AO spee _ tests have been carried out and the 2 observers are
estimatian perturbation

compared in function of :

o speed level,
« robustness to stator resistance variation.

Fig. (6) represents a typical open-loop simulation be-
I11. OBSERVER TUNING cause the estimated speed and flux are not included in the
A. Experimental system controller. In conclusion of these extensive simulations,
we can notice that :

Experimental tests have been carried out using the
three-phase 12V induction motor with the parameters * the EKF has better performances on the whole speed
range compared to the AO,

given in Table Il. The proposed controller and observers ) o ) .
are implemented on a dSPACE DS1104 platform using a * the AO is less sensitive to stator resistance variation
sampling time ofl125us. The control voltages applied to at high speed.

the stator are obtained from a three-phase PWM inverter

fed by a 300V DC source. The controller is a classical IV. FAULT TOLERANT CONTROLLER

Field Oriented Control composed of four IP regulators The control decision block relies on an approval voting
(two current regulators in the (d,q) reference frame, onalgorithm type in which the emerging output has the high-
flux regulator and one speed regulator). est approval. The weighted averaged voters [23] suffers

Fig. 4. Fault tolerant controller structure.



350 5

measured speed

real (-.) and measured (-) speed speed estimations
400{ . 0
& Lol ] 600 o 400
£ 400 X g
2 / i 2 200
0 7 i | | i | T 200 o
0 0.5 1 15 2 25 3 35 4 o ‘ l\ o
speed estimation error 0 1 2 3 4 0 1 2 3 4
selected speed (1 : EKF, 2 : AO, 3 : measured speed) stator resistance
3 12
) 10
G 8
1
6
0 4
stator resistance 0 1 2 3 4 0 1 2 3 4
12 ! ! i output voting algorithm speed estimation error
10F . 20
c 8 400 10
6L ] £ €
£ 200 e
4t | ; 1 | : = 0
0 0.5 1 15 2 25 3 35 4 0
time (s) 0 1 2 3 4 % 1 2 3 4
time (s) time (s)
Fig. 6. Estimated Speed by the EKF (solid line) and adaptisenker
(dashed line), with stator resistance variation. Fig. 7. In line test of the voting algorithm at medium speed.

from a lack of accuracy because in normal operating con-
ditions, i.e. without a fault sensor, the emerging outpuat is real () and measured (-) speed speed estimations

1500
combination of the three inputs. The other method which . . o
is used here is the Maximum Likelihood voting algorithm & _ | / , §owop [
[24] in which a probability for each input is computed 0 N

based on reliability coefficients. The computation of the et et
probability coefficients is slightly modified to introduce setected speed (L 1EKR, 2140, 3 measured speed)

a threshold and in normal operating conditions to choose 2 I 10
the speed sensor as the emerging output. e

=)

IS

stator resistance

-

o

f 0 1 2 3 4 0 1 2 3 4
Ak: (’L) — fk : |xZ o ’Ik| S DmCLIik output voting algorithm speed estimation error
%\/_,flf else 1000 40
. . . . . 20
After simulations and off-line experimental simula- & s £ . /
tions, the thresholdDmaz;; is set to20 rpm at zero .

. . .y -20

speed and ta0 rpm at the nominal speed. The reliability C ey C ey

coefficients determined over the whole speed range for
each observer based on the experimental measuremerftg. 8. In line test of the voting algorithm at high speed.
are:

« for EKF : the reliability coefficient is set t6.95 on

the Wh0|e Speed range' real (-.) and measured (-) speed speed estimations
« AO : the reliability coefficient change from.90 at 800
zero speed t@.95 at the nominal speed. Therefore . o '
the two observers are complementary. S ol [ r \ = 200
« Speed sensor : the reliability coefficient is constant ot : : E\—A o - . . !
(099) on the entire Speed range' selected speed (1 : EKF, 2 : AO, 3 : measured speed) stator resistance
To evaluate the fault tolerant controller, a speed sensol 3—|_,—|_|_— 12 ‘
failure and recovery is introduced between 1 and 1.5s anc o r
also between 2 and 3s for two different operating points, * ‘ 6 J
500 and 1000 rpm. The speed estimation error is evaluate: OO - - - . o . S . .
as the difference between the real speed (non erroneou output voting algorithm speed estimation error

measured speed) and the emerging output of the votin¢ *

algorithm. Fig. 7, 8 and 9 show the response of the fault g g °ﬁ'—W;
tolerant controller where the voting algorithm output is 2
used in the FOC. At low and medium speed, the EKF o T 5 3 PR, T 3 3
output is selected in the case of failure. At high speed, it fime (5) time ()

is the AO output Wh'_Ch_ 1S engag.ed to maintain the Ieve|Fig. 9. In line test of the voting algorithm at medium speechvsitator
of performance. As it is stated in paragraph 3, the AGesistance variation.

seems to be less sensitive to the stator resistance variatio

IS
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compared to the EKF. Fig. 9 confirms the robustness of8] D. Atkinson, P. Acarnley, J. Finch, “ Observers for Intioa motor

the AO output. The transition between the sensor output state an_d parameter estimatiohZEE Transactions on Industry
d th b L. th. the | | of £ Applications Vol 27, No 6, pp 1119-1127, Nov./Dec. 1991.
an € observers' 1s smooth, the level ol per Ormance[Q] E.G.V. Westerholt, M. Pietrzak-David, B. de Fornel, ‘tErded

is maintained and the system is also robust to stator state estimation of nonlinear modeled induction machiresyer

resistance variation. ilg:ztronics Specialists Conference, PESC'W2l 1, pp 271-278,

[10] El Hassan, “Commande haute performance d'un moteur asyn-
chrone sans capteur de vitesse par contrle direct du colgh®.

. . Thesis from INPT Toulouse, Franc&999.

In this paper we have described a fault tolerant cony1) H. kubota, K. Matsuse, T. Nakano, “DSP-based speed tadap

troller for an induction motor drive well suited in senséiv flux observer of induction motor/EEE Transactions on Industry
applications such as Electric Vehicle (EV) or Hybrid __ Applications Vol 29, No 2, pp 152-156, Mars/Avril 1993.

. . . . [12] M. A. Purwoadi, “Reglage non-lidaire du variateur de vitesse
Electrical Vehicle (HEV). The controller is based on a Fiel asynchrone sans capteuréeanque,contributio la commande

Oriented Control with 4 IP regulators and a speed sensor par linéarisation exacte eres-sortie efa I'observation du flux

ran h nami rforman r ir rotorique,”PhD. Thesis from INPT Toulouse, Frand¢1165, 1996.
to gua a te.e the best .dy .a C perlormances requ ed 3] Y.N. Lin, C.L. Chen, “Adaptive pseudoreduced-ordexfabserver
the application. To maintain a good level of performanc

' lll & 9v for speed sensorless field-oriented control of INEEE Trans-
and to increase the reliability in the event of sensor actions on Industrial Electronigsvol. 46, No. 5, pp 1042-1045,

loss or sensor recovery, a sensorless controller based Octobre 1999.
S . 4] M. Bodson, J. Chiasson, “Comparison of sensorless spstd
on an Extended Kalman Filter (EKF) and an Adapt|ve? ] b i

] i mation methods for induction motor controRProceedings of the
Observer (AO) has been designed.The tuning of the American Control Conferencenai, 2002.

rvers h n devel n extensive sim [| 3] S. Siala_et F. Terr_ien, “Robust sensorless inductionomoobntrol
qbse ers _as been deve OpEd based.o. € . ensive s u%ﬁ for electric propulsion shipEPE 2003 Toulouse, Septembre 2003.
tions, experimental results and an optimization procedurge] S.R. Bowes, A. Sevinc, D. Holliday, “New natural observ

within an open-loop type approach. Experimental results  applied to speed-sensorless DC servo and induction mot&sE
of the EKF used in closed |00p prove the validity of Transactions on Industrial Electronig#l 51, N5, pp 1025-32, Oct.
the tuning. The 'C'Omr0| system reorganization Is baseﬁ?] R. Marino, P. tomei, C.M. Verrelli, “A global tracking otrol for
on a control decision block which has to select the most  speed-sensorless induction motorstomatica Vol. 40, pp 1071—

: - - 1077, 2004.
appropriate speed information for the speed regulato[r18] |\5|).s.' S(;%tina AR. Stubberud. G.H. Hostetter. “Diseréme

dependjng on the e_lecmc pro_pulsion operatiljg conditions™ " equivalents to continuous-time systemsHe control Handboak
A Maximum Likelihood voting algorithm is used to IEEE Press, 1996.

determine the emerging output among the sensor and®! C. Attaianese, V.N. Perfetto, G. Tomasso, “Vectorialjtee con-
. . L7 . trol : a novel approach to torque and flux control of inductiootor
the observers. The voting algorithm principle relies upon

- WS o _ - drives,” IEEE Transactions on Industry Applicatignsol 35, No
reliability coefficients setting. Extensive study allows t 6, pp 1399-1405, Nov./Dec. 1999.

set those coefficients on the entire speed range and [#! M-S. Grewal, A.P. Andrews, “Kalman filtering, theory apdac-
.. tice,” Prentice Hall Englewood Cliffs, New Jersey, 1993.
complementarity is found between the two observers. Thg1] . Hilairet, E. Berthelot “Application du filtrage de Kman

results of the control system show the effectiveness of double niveauxa I'estimation de la vitesse @anique d'une

it machine asynchrone’Congrence Internationale Francophone
the approach. The' t'ransmon between the sensor output dAutomatique (CIFA) Bordeaux, May 2006,
and the observers’ is smooth, the level of performanceo; . Hiiairet, F. Auger, C. Darengosse, “Two efficient iadn filters
is maintained and the system is also robust to stator for flux and velocity estimation of induction motorsProc IEEE
i ot PESC’0Q Vol 2, pp 891-896, juin 2000.
resistance variation. [23] Latif-Shabgahi, G. Bass, J.M. Bennett, S. "Historyséa weighted
average voter: a novel software voting algorithm for faalerant
computer systems”Parallel and Distributed Processing, 2001.
Proceedings. Ninth Euromicro Workshop page(s): 402-409.
[24] Y. Leung, "Maximum Likelihood Voting for Fault Tolerar$oft-
ware with Finite Output SpacelEEE Trans. Reliability vol. 14,
n3, pp. 419 - 427, Sept. 1995 .

V. CONCLUSION
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