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Abstract: - In this paper, an improved Backstepping _Port Controlled Hamiltonian (STABS_PCH) nonlinear
control structure combined with a Stator Current Based Model Reference Adaptive System speed observer
using neural network (VMNN_SC_MRAS) is presented. The STABS _PCH control improves and enhances the
performance and robustness of SPIM drives. The combination of the STABS_PCH controller with the
VMNN_SC_MRAS speed estimator can compensate for the uncertainties of the machine parameters and load
disturbances to improve the dynamic performance and of robustness the SPIM sensorless drive systems. The
effectiveness of the proposal control scheme is validated through Matlab-Simulink.
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1 Introduction

Recently, Multiphase motor drives have been
widely utilized in various fields due to their
advantages, including higher torque density, greater
efficiency, fault tolerance, and reduced torque
pulsations. These features are particularly beneficial
in applications such as locomotive traction,
electrical ship propulsion, and high-power sectors
such as automotive, aerospace, military, and nuclear
industries, [1].

Now, SPIM drive systems have been widely
applied in industries. To enhance the performance of
the SPIM drives, various modern nonlinear control
solutions have been focused on research. Among
these methods, FOC Control is a method with many
outstanding advantages and is widely applied in
SPIM drive systems. The traditional FOC strategies
using PI controllers do not meet satisfactory quality
for high-performance SPIM drives, which motivates
the development of nonlinear control methods to
replace PID controllers [2], including the feedback
linearizing control, Fuzzy Logic control (FL), neural
network control (NN), slip model control (SM),
Backstepping control (BS), prediction control,
passive control, and Hamiltonian control, [3], [4],
[51. [6]. [7], [8]. [9], [10], [11], [12], [13], [14], [15],
[16], [17], [18].

Among these techniques, BS control has gained
significant attention for its systematic and recursive
design in nonlinear feedback control. Its major
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advantage is flexibility to avoid cancellation of
useful nonlinearities while achieving stabilization
and tracking goals. However, traditional BS
controllers require precise knowledge of system
dynamics. Various strategies have been proposed to
address this limitation. In [18], a novel BS control
scheme was introduced that uses a dynamical
induction motor model and traditional BS control
with the unknown of the damping coefficient, the
motor inertia, the load torque, and the uncertainty of
the  machine  parameters.  Despite  these
advancements, issues such as speed ripple and poor
reference speed tracking persist. In [19], [20], [21],
an adaptive observer and an integral control version
have been using backstepping techniques were
proposed. The results show that improved control
performance but increased the complexity of solving
differential equations due to a greater number of
model states. In [21], the BS strategy was developed
for both observer and control, the integral error
tracking component was added to enhance dynamic
response and control precision. However, the torque
ripple is recorded as quite large, and the
performance at low-speed range and regenerating
modes is not reported.

In this paper, to overcome above the drawbacks,
an adaptive BS control is combined with a super-
twisting algorithm (STABS) for the outer speed and
rotor flux control loop. The STA_BS controller,
besides adding the integral error tracking component
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to improve its sustainability, the proposed control
strategy also employs the super-twisting algorithm

to enhance robustness against  parameter
uncertainties and external load disturbances,
effectively addressing the chattering issue in

traditional sliding-mode techniques. However, to
enhance the performance and robustness of the FOC
technique, besides the improved BS, the author also
combinates the STABS method with the PCH
controller for the inner current control loop to
enhance the performance and stability of the drive
systems. However, implementing the FOC
technique requires precise speed and rotor flux (RF)
information. To overcome these and to eliminate
mechanical sensors for speed measurement due to
their sensitivity, noise, cost, size, weight, and
reduced reliability, [22]. This paper focuses on
accurate rotor flux estimation and speed estimation
of the improved stator current based on reference
model adaptive systems (SC_MRAS) using neuron
networks to improve the performance of the
observer and controller for the high-performance
SPIM drives. Specifically, the reference model in
the proposed NN_SC_MRAS observer uses the
stator current components to be free of pure
integration problems and insensitive to motor
parameter variations. The adaptive model uses a
two-layer linear NN trained online by a linear LS
algorithm. These improvements require less
computation effort and overcome some drawbacks
of nonlinear structure and algorithm, which was
presented in literature published before, [23].

These significantly improve the performance of
the proposed NN_SC_MRAS observer.
Additionally, this proposed observer uses the
voltage model (VM) to avoid instability in the
regenerating mode, [23]. To enhance the
performance of FOC strategy and observer, the
stator and rotor resistance are estimated and updated
for more accurate speed control and current
estimation, and finally, the adaptive model employs
modified Euler integration to address instability
issues arising from the discretization of the rotor
equations of the machine enhance the performance
of observer. Integrating the STABS_PCH controller
with the proposed SC_MRAS speed estimator
improves stability and compensates for uncertainties
from SPIM parameter variations, measurement
errors, and external load disturbances. The efficacy
of this proposed control and observer structure is
validated through MATLAB/Simulink simulations.
The paper consists of five sections: Section 2 details
the SPIM drives model, Section 3 introduces the
STABS_SM controller and SC_MRAS observer,
and Section 4 presents the simulations and
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discussions. Finally, the conclusion is provided in
Section 5.

2 Model of SPIM Drives

This drive system includes a Six-Phase Induction
Motor (SPIM) fed by a six-phase AC Voltage
Source Inverter (SPVSI). SPVSI block diagram is
shown in Figure 1.

The Space Vector Analysis technique (VSD) in
[18] is applied to transform the original six-
dimensional space of SPIM into three orthogonal
two-dimensional subspaces in the static reference
frame (D-Q), (X - y), and (zl - z2). We have the
transformation matrix:

., B B
2 2 2 2
o L B 1 B
2 2 2 2
T, Ll B 1 BB 1 @)
3 2 2 2 2
o 1 B 1 B
2 2 2 2
1 0 1 0 1 0
0 1 0 1 0 1]

The electrical matrix equations of SPIM drives
in the stationary reference frame may be written as:

V. ]=[R][L]+PAL L]+ D
o=[RrR ][I, ]+PqL I[N, ]+[La1[1.D 2

where: [V], [I], [R], [L] and [Lm] are voltage,
current, resistant, self and mutual inductance
vectors, respectively. p is differential operator.
Subscript r and s related to the rotor and stator
resistance respectively. SPIM has the squirrel cage
rotor [Vr] is zero. The (x-y), (z1-z2) subspaces
only produce losses, the electromechanical
conversion only was taken in the DQ subspace so
the control strategies are based on determining the
applied voltage in the DQ reference frame. With
this transformation, the SPIM control technique is
similar to the classical three-phase IM. The SPIM
model transformation from (DQ) stationary
reference frame into (dq) rotating reference frame
to obtain currents with dc components [23] is

necessary, We use a transformation matrix as
follows:

_|cos(s,) —sin(s,)
“@ " |sin(s,) cos(s,) @)

where 0r is the rotor angular position referred to the
stator.
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The FOC is the most used strategy in the
industrial field. In this control method, the rotor
flux is controlled by isd stator current component
and the torque by isq quadratic component. We

have: Y =O%w=¥w  The model motor
dynamics is described by the following space
vector differential equations:

do, 3 _ dolg . T !
o 2p 2ty )T,
dy, L. 1
Leoni 2y 4
dt T, ! T, rd ( )
di,
L, —*=-ai, + Loy, +b oy +CU,
ot
g, _
Ly —* = -ai, + Lm,i, +bRw , +CU,,
dt
where:
O':l*i;5: L ;a:—LmthL'RS b= Lszr ;C:i;rr :h;B' :E
LeL, oL, oL, oL’ a . J
Uso:Usa - kavha  The components of stator voltage and

stator current, respectively; Yw¥a: Rotor flux
components; Te, T. : Electromagnetic and load
torque; d-g; D-Q: Synchronous and stationary axis
reference frame quantities, respectively; wr: the
angular velocity (mechanical speed), wr = (2/P)wre;
wre, wsl, we - the electrical speed respectively Rotor
and slip angular and synchronous angular velocity;
Ls, L, Stator and rotor inductances; Lm: Mutual
inductance ; Rs, Ry: Stator and rotor resistances; J:
the inertia of motor and load; ©: Total linkage
coefficient; P: Number of pole pairs; B: Friction

coefficient; Tr- Rotor and stator time constant.

2.
2

=\

2
3

=\

Fig. 1: A general scheme of an SPIM drive

The new expression of the electromagnetic
torque and the slip frequency are given by:

T _®L
e 2 Lr l//rdlsq (5)
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L, .
Wy = r Vi lsq

r

(6)

3 STABS _PCH Control Structure for
FOC SPIM Drives

3.1 STABS Design for the Outer Speed and
Flux Loops

In this part, an adaptive STA_BS control is
proposed for the FOC of SPIM drives. The
Lyapunov theory [2] is used in designing a control
system to ensure the stability and performance. The
synthesizing nonlinear control laws based on the
systematic and recursive of BS technique, their
equilibrium states will be ensured by a right virtual
command. In the proposal, integral term of the
tracking error are also is added to improved the
robustness of the control system. Besides, the
modified BS technique is combined with a super-
twisting algorithm (STA_BS) to increase its
robustness under the parameter uncertainties and
external disturbances of load and eliminate the
chattering problem, which exists in the traditional
SM techniques.

The tracking errors of rotor flux and speed are
defined:

t
&, =0 —w+ k;uj.(a)*—a))dt
0

t ()
L T kWI(Wrd —¥q)dt
0
The error dynamical equations are:
C L T, D
£, =0 —Enp &Wrdisq +-L+Bo+k, (0 —o)
2" J
- oL, 1 - 8
gy/:l//rd_jmlsd—i_;l//rd—}_kw((r//rd _l//rd) ( )
The Lyapunov function is given as follow:
1
V(w,y/) = E (83) + 8;) (9)

Differentiating V :

Vo =¢,8,+¢,8, =¢,[0 —Ky i, +?'+ Bw+k, (0 —w)

r r

T | -
+&,., {‘//rd_r_mlsd W +ky, (Vg _Wrd)} (10)
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3 ool
where k, = il :

; Ko, Ky are positive

constants and are determined based on the closed-
loop dynamics. The current virtual control
components are chosen to V' <0 as follows:

I,

_ 1 ke, + do T, Bo, + k() - o,)+11,
K . J ’

- T dy’ 1 o
Iy = r|:k.,/5.,/ +ﬁ +?l//m + k.,, (l//m - l//rd)+nsu:|

L dt
(11)

m

where, 11, ;IT, are the control signals, which are
@ v

injected to improve the Backstepping control
performance. The T_ load torque is estimated as
follows:

1 [(3.L,..) Jdo
T = Spbnyi |- 282,
: 1+f0p{[2 L, ""“'”J P dt} (12)

where 10: is time gain; p: differential.

With the Super-Twisting algorithm used, a control
law is established as follows:

u=-2|S|” sat(S)+u (13)
with: 9y 7Y Jul>Un
dr {—§sat(8) lu<Upy (14)

where: 4;&Up 1 are positive design constants
and 0< p<05

From Eq. (14), these signals are defined as:

n, =-2, |£a,|0'5 sat(gw)—fm_[sat(gw)dt

(15)
M, =4 |6, |0.5 sat(s, )-¢, Isat(gw Jat

where, 44,1 S0: &y are positive constants.

From Eq. (11- 12) and Eq. (15), we get:
dv,
%= - kwgi- ky,guz,-ewl_[gw -g, 1, <0 (16)

The selection of the current virtual control
components for outer loop in Eqg. (11) meets the
control objectives and these components also
reference input which is provided to the inner loop
when designing the PCH controller. The STABS
control block diagram is shown in Figure 2.
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{a
T

Fig. 2: isd*, isq* Virtual vector of outer speéd and
RF control loop

3.2 PCH Control based on the Inner
Current -Loop Controllers
The PCH system has dissipation represented as

follows:
H[2(0)-RONJS ()9 ()0

y=a" ()5 (x)

17)

We define the state vector, the input and output
vector, respectively:
X:[X1 XZ]T :[Lsisd Lsisq :|T

u=[u, u,]" with:u, =bRy, +CUy;u, = -bay,, +cug,
. . T
y= [Isd Isq]

The interconnection structure is captured in
matrix g(x) and the skew symmetric matrix
__ 17 T
I ==J, , R«=R>0 represents  the
dissipation, H(x) is the total stored energy function
of the system.

The Hamiltonian function of the system is given by

H (x):%xTD—lx:%(xf+xzz):%(Lsifd +L,iZ );where,D =diag {L, L}

(18)
SPIM equation described in a (dqg) reference

frame Eq. (5) was rewritten in the PCH form Eg.
(17) with:
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109+

R(X){Z 2} g(X){; ﬂ

Suppose that we want to the SPIM drive
system to be asymptotically stabilize around a (x0)
desired equilibrium, a closed-loop energy function
Hd (x) is assigned to the system which has a strict
minimum at x0 (that is, Hd (x) > Hd (x0) for all x .
X0 in a neighborhood of x0 [17]. Given J(X), R(X),
H(x) , g(x) and the desired equilibrium xo0. Assume
we can find a feedback control u = a(x), Ra(x),
Ja(x) and a vector function K(x) satisfying:

(19)

[Jd (%)-Ry (x)] K(x)= -[Ja (¥)-R, (x)]?j—l;'(x)+ g(x)u
(20)

and such that

dK dK , "

a(x):[g(x)} ;

K 00) =9 (21)

dK d H o .

o o) > gy ()
The closed-loop system:
dx _ ) dH, (22)
o =[3,(0-R, ()] T £.(4)
will be a PCH system with dissipation.

dH
K09 = 21H, (0 = Hy () - H () 23)

where H, is the energy added to the system and Xo
will be a stable equilibrium of the closed-loop
system. The expected Hamiltonian energy storage
function is defined as:

Hd(X)=H(X) with: x=x-Xx, (24)

where

Ja (X) =3 (x)+ 3. (x)==3] (%)

Ry (X)=R(X)+R,(x) =R (x)>0; (25)
0 \]1 . L 0

O R LR

where, rl and r2, J1 are undetermined interconnect
and damping, respectively. The voltage virtual
vector components are chosen based on Eq.(20 - 5)
for the inner current loop controller are

Uy, = a[alsd +1,(i% -1 ) - 94 (15 -1 ) - Liiily -bR /g J
usq = O-|:aisq + r2 (isq - isq ) + ‘]1 (isd sd )+ I‘sa)slsd + ba)rl//rd ]
(26)
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We see that the V@ RF component in Eq. (11)
and Eq. (6) cannot measured so thiggyaper proposes
to identify this rotor flux component by VM and
this is presented in part 3.3.3.

3.3 VMNN_SC_MRAS Speed Observer

3.3.1 Structure of the VMNN_SC_ MRAS Speed
Observer
The NNSC_MRAS speed observer includes a
reference model, an adaptive model, and an
adaptation mechanism to estimate speed, with a
structural diagram as shown in Figure 5 (Appendix).
In this proposed observer, the measured stator
current components of the SPIM are used as a
reference model.
The adaptive model is computed by combining
the current and voltage models (VM and CM) [17]
and is and is represented as follows:

X = AX+ Bu

21
where (1)

(27)

L)1 1 1L 1 ol u
X | R+ | — — 0 — —
{ISD} LT, Jol, ol, oL LT oL L U,
X= VA= ;B = U=
S

i .R“i’ o L _tek 1L I"iv
LT, al, ol L oL LT, Vo
(28)

Therefore, the corresponding discrete model
of the system is given:

X (k)=e*"X (k-1)+ [e*" -1 ]A'B, (k-1)

eAT

(29)

s . is usually calculated by truncating its power

series expansion, i.e.,

eA*TS:I+M5+A‘ZT5+ +ﬂ
1

2077l

(30)

If n=1, the simple forward Euler method is
obtained, which gives the following finite
dlfference equation, [24].

sD(k) w, |sD(k D +wu g (k- l)+W3l//rd(k l)+W4l//rq(k 1
iso(k)=W1iso(k —D+ WU (k —1)+Wav/rq(k —1)—W4v/rd (k-1)
(31)
where marks the variables estimated with the
adaptive model and is the current time sample. The
neural network weights in Eq. (31) are defined as:

Wt TR Tl gy = Ty Tl Ty
ol, oLLT, ol oLT,’ oL,
(27) (32)

where: i.(k) the current components are estimated
by the adaptive model, k,Ts: the current and the
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stator current observer time sample, respectively.
Neural networks have four inputs and two outputs,
in that, the wl, w2, and w3 weights are kept
constant and equal to their offline computed values,
w4 weight is adopted online, [17].

In this proposed VMNN_SC_MRAS speed
observer improved the adaptive model by using the
ADALINE, and replacing the nonlinear used in the
BPN by a suitable linear least-square algorithm to
overcome some drawbacks due to the nonlinearity
and reduce the computation effort for the system.

Furthermore, using the adaptive model in
prediction mode enhances algorithm convergence
speed, improves speed control loop bandwidth,
optimizes zero-speed performance, and reduces
estimation errors in both transient and steady states.
An more effective integration method than that
used in Eqg. (29) is called the modified Euler
integration, this method also considers the values
of the variables in two previous time steps, [17].
The neural networks reproduced these equations,
with the neural network weights defined as Eg.
(33).

J= wf (k=114 u.p.\n" D+ wow (k=14 ww_(k=1)ewi (k 3;-11":/7|,i'

L

- W, (K —2)- wy,o(k—2)

bl

-/

N

-, z,y,,'_,liA' -2)+ wy,,(k-2)
3R IE 3T 3L 3L, MR IL
= - 1 = = ‘ G — — @ W.= + 2
26L, 26LLT 261 26LIT oLl " 26l 26LLIT
1 TL I'L,
W= W, = = Wy = e .,
20L. 26L LT  2C0LL, (34)

After rearranging Eq. (33) we get the equation
of the matrix in prediction mode and these
equations can be solved easily by any LS

technique. Eq. (33) is written as: Ax ¥ b, It is easy
to see that it is a classical matrix equation type,
where A is called a “data matrix”, X is the scalar
unknown variable and b is the “observation
vector”. In this proposal, a classical LS technique
in a recursive form was used, it is presented in [17].
There are three LS techniques that are the Ordinary
Least-Squares (OLS) technique, the Total Least-
Squares (TLS) technique, and the Data Least-
Squares(DLS) technique. The LS SC_ MRAS
speed observer block diagram is shown in Figure 3.

In this paper, the authors used the OLS
technique. We have:
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Ady(k-1) = b (35)

where
g (k1) (-2)
i (D) 5 (-2)

b= [W][Y]

W] = [1 Woo-Wp W W oW W6:|T

[Y] =[x U]

[X] _ [fsa(k) isa(k'l) 'ﬁrd(k-l) Isa(k-z) ’»&rd(k'z)
Ip (K) s (k-1) wq(k-1) igp(k-2) yiq(k-2)
Ugy (k-1) ug, (k-2)

[Us] = Lsﬂ(k-l) usﬁ(k-ZJ

Ax ~ Db is the linear regression problem. By
using a parameterized formulation (generalized LS)
of the function error it is easy to generalize all
problems of LS. This error is defined:
(Ax-b)" (Ax-b)

1-E+EXTX

Ls —

(36)

where T represents the transpose and £ is equal to
0.5 for TLS, 1 for DLS and 0 for OLS.

In this paper, the OLS algorithm is used so this
error is give as:

EOLS = (AX - b)T (AX - b) (37)

where:

(Ax—b) =& = {&so} _ Isp (k)_isD (k) (38)
o] i, (k) —iso(K)

This error can be minimized with a gradient descent
method:

@, (k+1) = &, (K) - 177 (k) a(k) (39)
where
7(k) =a(k) a(k) —b(k) (40)

where 1 is the learning rate, a(k) is the row of A fed

at instant k, and b(k) is the corresponding
observation.

3.3.2 Rotor Speed Estimation Algorithm:

3.3.2.1 RF and Online Rs Rr estimator

From Eq. (30), we can be seen that with the
information on the rotor speed, stator voltages and
rotor flux, the adaptive model will generate the
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stator current values. The rotor flux in Eq. (30) was
estimated based on VM as follows:

¢ Vg = i(usD - RsisD -ULS dIStD );

dt L, d
d‘/A/rq L B disQ (41)
——=—"(Uy,-Riy-oL,.—);

at L ( @ " Mslgg "0 at )

m

Eq. (41) shows that from the measured stator
current and voltage we can estimate the rotor flux
components. Employing the Voltage Model as in
Eq. (41) will help overcome the problem of
instability in the regenerating mode operation.

When estimating the rotor speed Eg. (38)
shows that the parameters of the rotor and stator
resistance are required. However, during the
operation of the machine, the resistance parameters
Rs and Rr will change as the temperature increases,
especially, during low-speed operation. Therefore,
to improve the performance of the observer, online
Rs and Rr resistance estimation are necessary.

In particular, Rs is estimated on the basis of the isp,

iso measured and 11 estimated stator current

components , by means of the following update

law:

dR .0 .o
dts = '/u((lsD 'ISD)|5D+(|SQ -IsQ )ISQ)

where g is a positive constant.

(42)

Rr Rotor resistance is estimated based on its
proportional variation to Rs stator resistance as the
basis of the following law:

R =K.R, (43)
where Kr is the ratio of the stator and rotor
resistances rated values. The estimated stator and
rotor resistance values were update to the stator
current observer to improve the performance the
observer.

SPIM s
(Reference Model)

.

S

NN h

Learning Algorithm [
oLs

N

Current observer

Il | (Adaptive Model)

vMm
(Voltage Model)

YY VY

—

A

4 V¢

Rs, R, Estimator

Fig. 3: OLS_SC_ MRAS speed observer
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4 Simulink and Discussion

To verify the performance of novel sensorless
control strategy for SPIM drives that combine
STABS PCH new nonlinear control  with
VMNN_SC_MRAS rotor speed observer, many
surveys have been conducted with the different
motor speed and load disturbance operation mode
through Matlab-Simulink. Tests have been carried
out based on recommended benchmark tests in [6],
[10], [11], [15], [17]. An overview diagram of the
proposed sensorless strategy is shown in Figure 4
(Appendix).

SPIM parameters: 220V, 50 Hz, 4 pole, 1450
rpm. Rs = 10.1Q, Rr = 9.8546Q, Ls = 0.833457 H,
Lr = 0.830811 H, m = 0.783106H, Ji = 0.0088
kg.m2. Rs is nominal value of stator resistance.

In this test, the proposed strategy is compared
with the feedback linearizing control FLC in [10]
and sliding mode controller that was proposed in
[11]. Figure 5 (Appendix) shows the motor speed,
isq torque current, torque, and rotor flux RF
responses. The reference rotor speed is a reversal
from 100 rad/s to - 100rad/s, and then this speed is
set up to be surveyed at very low-speed regions
(10rad/s) during 2s-3s. The load torque is provided
at time t=1s with rated value and then is rejected at
time t = 2.5s.

Another survey was conducted with the
reference speed is reversed from 150 rad/s to -150
rad/s at time t=1s, andapplied in 100% rated load
disturbance at 0.5s with the proposed controller and
controller in [17] to establish a comparison
framework is also also conducted.

The obtained simulation results in Figure 6
(Appendix) show that SPIM gives dynamic
responses for the proposed controllers have been
very well, and the speed overshoot, isD, isQ stator
current components, torque, and rotor flux RF in
transient operation modes do not appear. However,
observing these responses is easy to see the
STABS_PCH control makes fast dynamic, and
stable responses more than the proposed controllers
in [10], [11], [15], [17], tracking error and estimate
error of almost zero and do not appear the small
oscillations as the feedback linearizing controller
scheme in Figure 6 of [10] the torque and rotor flux
responses do not appear the overshoot and
oscillation that were shown in Figure 6, Figure 7
and Figure 9 of [11]. The convergence time and
transient time with a reference value of controllers
in [10], [11], [15], [17] are slower, and tracking
errors increase higher when applying load torque
than STABS_PCH controller.

With the proposed STABS_PCH sensorless
control scheme in this paper, the rotor speed
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tracking the reference rotor speed is very good even
having the sudden change of load torque, the
convergence time of the speed with reference value
is fast, the isq torque current and torque respond
almost instantly. The torque and rotor flux is also
more effectively controlled. The overshoot and
oscillation of the torque and rotor flux responses
have not been recorded. The isq torque current and
torgue respond almost instantly. The rotor flux has
been controlled very well and been kept constant
during the survey process.

From the above analysis, it is shown that the
dynamic performance of the STABS _PCH control
strategy for FOC vector control works very well
when used in conjunction with the proposed
VMNN_MRAS observer under various operating
conditions, such as, it exhibits strong performance
to abrupt step changes in reference speed command,
as well as in handling external load disturbances,
this observer and controller setup maintains its
efficiency and effectiveness even when operating in
the challenging low-speed region.

Another test is implemented according to
Benchmark tests recommended in [6] to confirm the
robustness, stability and performance of the
proposed STABS PCH control and speed observer
when operating at low-speed range under the load
disturbance and regenerating modes. The reference
speed setup at the initial time from 0 to 0.5 seconds
is zero, after increasing to 10 rad/s and is kept
constant at this value and is set to reverse from 10
rad/s to - 10 rad/s at 1.5 s and kept constant until 3.5
s reversed from - 10 rad/s to 2 rad/s and kept at this
value until 5.8 s and so on continuously set to
reverse from 2 rad/s to - 5 rad/s at 8s, kept constant
until 9.25 s, then reduced to 0, and increased again
to 5 rad/s at 10s. Specifically: setup time: [0 1.5 3.5
58 8 9.25 10 12], reference speed value
respectively: [010-102-5055].
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Fig. 6: Compare the speed response of BS_PCH
and STA BS_PCH
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The obtained results in Figure 7 show the speed
estimation and reference speed tracking errors are
zero even in the zone of unobservability for the
interval of [0-1,5s], the speed crosses the zero-speed
region very well. SPIM works robust and exactly
regenerating modes and load disturbance.

The speed, rotor flux, stator current, torque in
the low-speed case, and regenerating modes are
controlled very well.

Comparing the survey results of the sliding
mode controller using the FM-MRAS observer
controller in [6] shows that the proposed controller
provided faster and more accurate responses of the
speed, torque, rotor flux, and stator current. In the
low-speed region, when load disturbances appear
the speed is almost unaffected still tracking very
well the reference speed, however, comparing with
the control and observation strategy that is proposed
in this paper, we see that the STABS PCH
controller gets the more accurate speed response, the
STABS_PCH controls isq and isd current
components are quite well, the torque, current, and
flux responses do not appear to oscillation
phenomenon, observing Figure 9 and Figure 10 of
[6] ripple torque is reported to be quite large.

5 Conclusion

This paper has proposed a new STABS _PCH
control scheme combined with an adaptive
VMNN_SCMRAS speed observer for sensorless
FOC of SPIM drives. The STABS technique using
the integral tracking errors action and well-known
super-twisting algorithm to increase its robustness
under uncertainties and external load disturbances is
developed in the design of the rotor flux and speed
controllers. PCH controller is proposed for the inner
current control loop, the stabilization of the
controller is achieved via system passivity. The
difference between the physical energy of the
system and the energy supplied by the controller is
equal he closed-loop energy function. On the other
hand, in order to guarantee the good performances
for the SPIM drives without the use of speed sensor,
the FOC vector control combined
VMNN_SCMRAS speed observer. The obtained
results demonstrated the effectiveness of the
proposed control and observer.
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