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Abstract In this paper, the composite anti-
disturbance control problem is addressed for a sin-
gle machine bus system with static var compensator.
A finite time disturbance observer is designed to esti-
mate the external disturbances. Then based on distur-
bance estimation value, a continuous finite time anti-
disturbance controller is proposed. It is proved that the
proposed scheme can guarantee that the system outputs
converge to zero in finite time. Finally, a simulation
result is presented to demonstrate the effectiveness of
the developed method.

Keywords Finite time control - Finite time disturbance
observer - Mismatched disturbances - Static var
compensator

1 Introduction

In the past decades, static var compensator (SVC)
has been used in power system to regulate the sys-
tem voltage and improve power system stability [1-3].
SVC has many virtues over traditional reactive power
system compensators. Many meaningful results have
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been reported for SVC in the past decades. Based on
exact linearization scheme, the SVC controllers have
been developed in [4,5]. Although these controllers can
guarantee system have good control performance, they
may cause unsatisfactory performances when operat-
ing states are far from given operating points. Further-
more, on the basis of nonlinear system model, some
control approaches have been proposed. In [6], the
adaptive fuzzy controller is presented for SVCs based
on backstepping control methods. The adaptive fault-
tolerant controller is proposed in [7]. When system
subjects to external disturbances, the methods in [6,7]
may obtain unsatisfactory performance. In [8], an adap-
tive backstepping sliding mode H, controller is given,
where Hy, control scheme is used to attenuate exter-
nal disturbances. In [9], a nonlinear robust controller
is investigated for the SVC system with external dis-
turbances and parameter uncertainties using modified
adaptive backstepping and minmax scheme.

Although these methods have good control perfor-
mance of the SVC system, the disturbance rejection
and robustness performance of these controllers are
achieved at a price of sacrificing the nominal con-
trol performance. When subjecting to strong distur-
bances, these approaches may lead to poor perfor-
mance, for example, the dynamic process of the closed-
loop system may become sluggish and even unstable.
It is because most of above control schemes reject
disturbances merely via the action of feedback reg-
ulation in a relatively slow way and do not consider
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active and direct disturbance rejection in the controller
design. Disturbance observer based control (DOBC)
is an effective method to reject external disturbances
and improve robustness against uncertainties [10-25].
So far, DOBC method can be used to cope with both
matched disturbances [10-18] and mismatched distur-
bances [22-25].

In order to guarantee system have a faster conver-
gence rate and a stronger disturbance rejection per-
formance of systems with mismatched disturbances,
some finite time composite anti-disturbance control
schemes are proposed. Based on finite time disturbance
observer and non-singular terminal sliding mode con-
trol techniques, a finite time composite controller is
developed for rejecting mismatched disturbances in
[26]. In [27], a continuous finite time composite anti-
disturbance controller is proposed for a class of linear
system with mismatched disturbance via finite time dis-
turbance observer and added power integrator methods.
Inspired by the above reference, we devote to inves-
tigating the finite time anti-disturbance control prob-
lem for SVC system with mismatched disturbances.
Because the SVC system is a complex nonlinear sys-
tem with mismatched disturbances, the previous results
are difficult to directly apply. This motives us to develop
this study.

In this paper, the problem of finite time compos-
ite anti-disturbance control for SVC system with mis-
matched disturbances is addressed. By using finite time
disturbance observer, the mismatched disturbances
are estimated. Based on disturbance estimation, some
novel virtual control laws are constructed to compen-
sate the mismatched disturbances. Then finite time sta-
bility is established via Lyapunov function theory. With
the proposed composite control method, the system
output can converge to zero in finite time in spite of
mismatched disturbances and the disturbance rejec-
tion ability of system is improved without sacrific-
ing the nominal performance of the original control
strategy. Finally, a simulation result is employed to
demonstrated the effectiveness of the proposed control
scheme.

2 Model and problem formulation
The dynamics of single-machine infinite-bus (SMIB)

electrical power system with SVC can be depicted by
the following nonlinear equation [4]
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§=w— wo,

. D wp , .

W= —E(w —wo) + ¥ (Pm — E,Vsysvc smé) + wa,

. 1

ysve = m(*)’svc + ysveo + u) + ws, (D

where § and w represent the angle and speed of the
generator rotor, respectively; H, Py, D, E(’I, Vs and
Tsvc are the inertia constant, the mechanical power
on the generator shaft, the damping coefficient, the
inner generator voltage and infinite bus voltage, the
time constant of SVC regulator, respectively. ysyc =
Xll + X2 + X1X2(Br + Bc) denotes the susceptance
of the overall system, and ysyco is the initial stable
value of ygyc; X1 = Xéi + X7+ X1, X0 = Xy, Xél
X7, and X mean the direct axis transient reactance
of the generator, the reactance of the transformer, and
the line reactance, respectively; By, B¢, and By + B¢
show the susceptance of the inductor in SVC, the sus-
ceptance of the capacitor in SVC, and the equivalence
reactance of SVC, respectively; u denotes the equiv-
alence input of SVC regulator; wy, and w3 mean the
external disturbances.

Let (80, wo, ysvco) denote an operating point of the
power system. Define the system state variables as
xXp =38 — 380, X2 = @ — wp, X3 = YSVC — YSVCO-
Furthermore, letting 7} P = a0, — 7 E, Vs =k, sys-
tem (1) is rewritten as

)'61 = X2
X2 = 0x2 + ap + k(x3 + ysvco) sin(x + 8o) + wo,
. 1 1
X3 = — X3+ u+ ws,
Tsve Tsve
X
y = |:C]1 1] , (2)
q2x2
where y is the regulated output, ¢ and ¢, are nonneg-
ative weighted coefficients, 6 = —%.

Assumption 1 The disturbances satisfy the following
condition |w; ()| < L;, where L; are known constants,
i=2,3.

According to [28], the following assumption is
required for controller design.

Assumption 2 The angle § satisfies 0° < § < 180°.

Remark 1 If sin(x; + 8g) = 0, then § = km, k =
0,1,2,3,..., which implies that the power systems
do not maintain synchronism. Therefore, the normal
region of the power system is 0° < § < 180°.
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In order to obtain a finite-time composite controller,
some lemmas that will play a key role in the subse-
quent control development and analysis are revisited
as follows.

Lemmal [29]If0 < ¢ = % < 1, then Ixz — y‘z| <
21-¢ |x —y|e, where £1 and £ are positive odd integers.

Lemma 2 [30] The inequality (|xi| + -+ + |x,])P <
|x1|P + -+ |x,|P holds for x; € R, i = 1,...,n,
where p is a real number satisfying 0 < p < 1.

Control object In this paper, the problem of finite time
output regulation is investigated for system (2) under
mismatched disturbances using the finite time distur-
bance observer and finite time control technique. We
aim to design a composite controller such that system
outputs converge to zero in finite time with the mis-
matched disturbances.

3 Composite controller design and stability
analysis

3.1 Composite controller design

The problem of finite time output regulation for system

(2) with mismatched disturbances is investigated by

using a composite finite time controller. The detailed

design method is given step by step as follows.

Part I Finite time disturbance observer design.
Borrowed from [31,32], a finite time disturbance

observer (FTDO) is presented as

20j = voj + Xj41.Zij = Vijy .., 23j
= —A3L;sign(z3; — v2j),

1 3,
voj = —)»()L;IZOJ' — xj|%sign(zo; — x;) + 21,
1/(4—i 3=t .
vij = —AiLj/( l))|Zij — Vi—1)j| %7 sign(z;;
—vi-1)j) + 241> G)

where i = 1,2, j = 1,2,3, X = x3, X3 = O0xp +
ap + k(x3 + ysvco) sin(x1 + o), X4 = —pox3 +
ﬁu, Ao, A1, A2, A3 are the observer coefficients to
be designed, zo;,z1;,22j,23; are the estimates of
Xj,wj, w;, w;, respectively.

Define the observer errors eg; = zo; — Xj, e1j =
le — w.,', 62.,' = ZZ./’ — u'Jj, and e3j = Z3j — 1'1')./', where
w; = w) = w; = 0. The observer error dynamics are
presented as

1 3.
éoj = —hoLjleoj|?sign(e)) + e1j,

= ) 3 .
eéij = —)»iL}H leij — ei—1)j14-7sign(e;; — ei—1);)
+ei+nj,
é3j = —AzL sign(es; — éz;) — U)J 4)

It can be obtained from [31,32] that the observer error
system is finite time stable, that is, there exists a finite
time instant 7; such that eg; = 0, e;; = 0,ez; =
0,e3,=0,j=1,2,3,fort > 1.

Remark 1 According to [31], the parameters Ag, Ap,
A2, A3 are selected. The convergence rate of FTDO is
determined by the values of Lj, i.e., the faster con-
vergence rate of the FTDO, the larger the parameters
L required. However, the parameters L; can not be
selected too large to avoid resulting in an excessive
transient peaking.

When ¢ > 11, the system (3) is changed to

20j =215 +Xj+1, 21 =225, 22j =23j, ()
where j = 1,2, 3.
Part 11 Composite controller design.

Combining disturbance estimation values, system

(2) is rewritten as

X1 =xp
X3 = 0x3 +ag + k(x3 + ysveo) sin(xy + o) + z12 — e12,
1 1

X3=————x3+ u+z13 —ei3,
Tsvc Tsvc
_|91x1 6
y [q2x2}. (©)

Since the disturbance estimation errors satisfy ejp =
0, e;3 = 0 for ¢ > t1, system (6) boils down to

X1 = x2,

X2 = 0x2 + ap + k(x3 + ysvco) sin(xy + o) + z12,

. 1 1
X3 = — X3+ u+ 213,
Tsvc Tsvc
q1x1
= . 7
y [qm] @)

In the next, the composite finite time controller will be
developed for system (7). The stability analysis will be
given in the next subsection.

Step 1 Consider the first equation in (7), i.e.,

X1 = x3. (8)
Choose a Lyapunov function as
X1
Vi= [ ©)
0
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where ry = 1, = r1 + 1, —}‘ <7 = —% <0,¢q
is a positive even integer, p is a positive odd integer.
Computing the first derivative of (9) along system (8),
yields

2-ry 2-ry 2—rp
Vi=x," xo=x," x5 +x" (x2—x3), (10)

where x3 is a virtual control law. The virtual control
law xJ is designed as

x5 = —pixy’, Y

where 81 > Bi = 3. Combining (10) and (11), we
have

2=n
Vi< =3af+x" (n —xd). (12)
Step 2 Consider

X2 = 0x2 + ao + k(x3 + ysvco) sin(x + do) + z12.
13)
The Lyapunov function is selected as
X2 1 0 2—r—1
Vo =V +/ (s’2 - (x%‘)’Z) ds. (14)
x3
Computing the first derivative of (14), we have

27r2
Vo< =3xt4x," (o—x)+E 7 (0x

+ao + k(x3 + ysvco) sin(x1 + o) + z12)

X2 n n 1—r—1
—Q2-rn- r)/ (5’2 - (xi")"z)
2o
1

ax3 "2

x ds X2, (15)

0x]
1

L 1
where & = x,> — (x3)"2.
Note that 0 < r» < 1, by Lemma 1 and Young’s
inequality, we have

2-ry 2

) ]
1— - 2 ~ 2
X" —x3) <27 &) < 34 + ¢35,

1
X 1—-r—1 ETY
(s — oy 0%y "
—2=-rn-1) 52— (x5)"2 ds X2
X3

0x1
1
oxir
<Q2-r—1)|=2—|&" T (1x — 3D (X2
0x1
— x5+ 1x30)
1
dxxn
<@Q2-rn-1)2'™" % 62|77 (2172 6|2
X1
+ Bilx1?)
1 R
< 5|x1\2 + énlel? (16)
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where ¢»; > 0 and ¢ > 0. Combining (15) and (16),
yields
Vo < —2x7 + & 7T (x2 + ao + k(x3 + ysvco)

sin(x1 + 80) + 212) + (a1 + én)E5

= —2x7 + ézz_m_r (Ox2 + aop + k(x3 — x5 + x5
+ ysveo) sin(x1 + 80) + z12) + (Ga1 + E)E7,
(17)

where x;‘ is a virtual control law. The virtual control
law x;,‘ is designed as

X3 = m (=0x2 — ap — kysvc sin(x + o)
— 212 — B2&)°) (18)
where 8 > B3 =2+ 21 + €22, 3 = 2 + 7. Substi-

tuting (18) into (17), leads to
Vo < —2x} — 263 + &7 Tk(xs — x3) sin(xy + o).
(19)

Step 3 Consider

u+z13. (20)

X3=——x3+
Tsvc Tsvc

We choose the following Lyapunov function
X3 0 0 2—r3—t1
V3=V, +/ (s’3 — ()Eg‘)@) ds, (21)
x5
where
X3 = ksin(xq + 8g)x3 + Ox2 + ap
+kysve sin(xy + &) + z12,
)E;: = ksin(x; + 5()))6%< + 0x2 + ap
+kysvesin(xp +80) +z12 = —féy’.  (22)
Computing the first derivative of (21) gives rise to
Vs < =227 =283 + &2 Tk(xs — £ sin(xy + 8o)
2 . s
+E TR -een-0 [
3
1 1

1 1\ =T a)E;jE ax;?
x| s3 —(x%)"3 ds X1+ X
( (x3) ) ox; 1 o) 2

= a7 — 280 + &7 Tk(x3 — x§) sin(x1 +89)
. (0% 9%y
+£27577 (280 + 5 (ksingxy + 80)x3
dax1 dxo
+6x3 + ag + kysyc sin(x] + 8o) + z12)

0x3
u+z13)+-—222
0z12

a%3 ( 1
P p— 7}63 +
0x3 Tsvc Tsvc
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1—r3—1
(2—"3—T)/ ( g —(x3)r2)

x|, (23)

— (&)L 28 = keos(xi + 80) (33 +
YSve), Gt =0, 2 = ksin(x1 + &),
Combining (22) and Lemma 1 plus Young sinequal-

ity, we obtain

E272 T (x3 — x3) sin(x1 + 8o)
52 -t

_I
where &3 = x3
Bxx — 1

(X3 — X3)
p— - - l c
< 5l r2|§2|2 r2 r|§3|r3 < E|%~2|2 +C31|§‘3|2, 24)

where ¢31 > 0. Now, we estimate the last term on the
right-hand side of (23).
First, it follows Lemma 1 and Young’s inequality

that
1

i 1—r3—1 ai;kﬁ .
~Q-r-o | 57— 7 ds X1
3)61

1

8)2*6
3 l—r3—7(=. _ =
<Q2-r-1) o &3] 737 X3 — X5 |xa
1
1
0%, N
l—ra—1 = _
<Q2-r3—-1) o, &3] X3 — X3

X (|22 = x5 + |x31)
l

0X5 N
ax

1—
&3] "

<Q2-r3—-1)

x (271l + pi1xi 1)
1 1 R R
= §x12 + 2522 + 83183 4 E30k2, (25)

where ¢33 > 0. And

X3 1
—(2—r3—1’)/ (5’3—
3

1
1 1—r3—1 af*g
@;‘)@) ds—3—1;

dx2
L
_*73
3 l—r—t= _ =
<2-r3—-1) o2 &1 7T X3 — 55185

L .
X |X2| 7 |0x2 +ao + k(x3 + ysvco) sin(x1 + 8o) + z12]

1
l—r3—7) = = =1 -
=By B2 —r3 — )& TR — £l IR

1
ﬂ B (2 —r3 — D& Tk — | |xa 2
(I¥3 — 551 + 1%3])

1
< BB —rs— 02 ] Tl
(2 1sr + plal). (26)

Using Lemmas 1 and 2, we have

-1

1 1
IX2|2 " = |xp — x5 + X572

1 1 _
<l = x50+ X3l
1-r2 1-r %_1 1—ry
=277&1 B 27)

Substituting (27) into (26) and using Lemma 1 leads to

1
ﬂf(z—rs—r)/ (

.l
I-r3—1  93%.7"3

—(x )’3) ds 3 )‘Cz
<P 2 g ('

R%)

1
671 1—-r 1-r3 r3 r3
+67 Il )(2 &1 + Balél")

<P APy — 2l T (2 igl gl

2l gy et g lmT
1

1
19 ——1
w2lmmg g g 1T L g2 By

x ' el )
1 R 1 . 1 n
=< 1522 + e8] + 1522 +E34EF + §X% + 8357
1 1 R

+ gx% + 1522 + 636532, (28)
where ¢33, C34, C35, and C3g are positive constants.
Combining (23), (25) and (28), yields

0x3

Vi< —xt—& —Ixp T —lg T8 T (a—xz
x]

X3 _ 0X3 1

* 3_)62 3 83 (_@“ * TSVCM +Zl3)
X3

+ %122)

4 (631 + &30 + 833 + G3a + G35 + Cae)ES. (29)

The controller u is designed as

Tsvc (3Xz 9x3 _
u = x3 — Isycziz — S X2+ —Xx3
ﬁ 0x1 dx2
0X3
), o
9z12

where B3 > 5 = 14 C31 + C32 + C33 + C3a + G35 +
C36,74 =13+ T.
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Remark 2 In order to obtain the finite time controller,
the auxiliary state x3 and the auxiliary virtual control
law X3 in (22) are defined.

3.2 Stability analysis

Theorem 1 Consider system (2). If Assumptions 1
and 2 hold, the composite controller (30) can guar-
antee the closed-loop system (2), (4) and composite
controller (30) is globally finite time stable.

Proof The stability analysis of the closed-loop system
is divided into two parts. First, the finite time stability
of system (7) and (30) is established when ¢ > #. Next,
we will prove that system states of (3) and (6) will not
escape to the infinity in any time interval [0, #1].

At first step: substituting (30) into (29) gives rise
to

Vs < —x}— & — &1 31)

It can be verify that
1
V3 < - (Xlzir + égir + é,%_”) ) (32)

2
where ¢ > 0. Let | = %cﬁ. Using Lemma 2, we

can derive from (31) and (32) that

. 2 A

V34 MViT < i+ 8 +ED+ — (] + & +ED)
=

1
—5<x% +82+6D). (33)

According to the finite time stability definition [33], we
obtain that system (7) and (30) is finite time stable.

Next, we will prove that system states of (3) and
(6) will not escape to the infinity in any time interval
[0, #1]. By coordinate transform, we obtain the follow-
ing system
X1 =x3=x2 —x§ +x§,

. L1 L
£ =1x" (X3—en)+p’x
1_ 1
=x (83— X5 — o)’ —enn) + By  x2,
L Ly

e
(—,035;'? - 613) + ,823 (x22

(3 — &5 — Bo&l® —en) + B2 X2) TS
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A finite time bounded function is selected as

1
B(x1, 6, 8) = (] +& +&). (35)
Taking the first derivative of (35), we have

B(x1, &, &)
= x4 + &6 + 683

1 L
- D e (z (e + B ”)
1 L1 L
+& (f; (—B3&3* —e13) + 8,° (xzrz (x3
1
—X} — po&y® —e12) + B XZ))' (36)

Using Lemma 1 plus Young’s inequality, the follow-
ing inequalities are true

1- 2 2
X1 — x3) <272 xg |16 < g [T A 16T,

2
x1x3 < |xil|Bx?] = Bilx P17,

1

”
%_2)52
1 1 -l 1
_ _ 7 _
<2726l + B Il )

L
<2726+ B2 Il T IED
<2 QIE P + higlxi P77,

L
£rx,7 (X3 —e12)
<212 QIE P77 + gl ) (21 &)
+ B31&2|"7 + e12)
< xFTT 4 h EFTT 4 hopE T 42172 e P
+hialxt P eral,
1
EQﬂ{Z X2
1
< B2 161212 1E 1 + Bilx1|™)
<X ol
A
533533
L
<2'igs (&) 4+ By 161

L1
<27 (g PR + B 18l TRIED
<2!7BQIE1PT + ha 677,

L1
£%°  (—P3& —en3)
<187 + halg T 217 2lE P
+ h311&177)ers],

14 14 1
& (/323 () (33— 35 — &y’ —en) + By Xz))
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Fig. 1 Response curves of 60
system state § with external
disturbances
o 591 .
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=
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56 | | | | | | | |
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Fig. 2 Response curves of 314.6
system state o with external
. 314.4 N
disturbances _
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Fig. 3 Curves of system 1.4
input with external 12l i
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&
5 1 B
=
& o8 ]
wn
g 06 ﬂ/\_//
= v
(o}
O 04 i
0.2 T
0 | | | | | | | |
0 2 4 8 10 12 14 16 18 20
t.sec

< Tt ha§y T hagT 4 ("

+hazEy " + hasgy )lennl, 37)

where hy1, hi2, ho1, hoo, h31, haz, har, hao, ha3, and
h4q are positive numbers. Since wy and w3 are esti-
mated in finite time, i.e., the estimation errors e;, and
e13 converge to zero in finite time, then ey; is bounded.
We denote ej; < e; < e, where e > 0 is a constant. On
the one hand if

n=\x}+E+EI>H> 1, (38)

then we obtain |x1|2t7 < 2t7 < 2, 6> <
T < n? &P < P o<t P o< 2
|$2|2_” < 172, |.§3|2_” < n2. With this in mind, we
obtain

B(x1,&, &) < Kn* = KB(x1, &, &), (39)

where K = 81 +4 + hi1 + hot + ho3 + hay + hoy +
h3p + hgp + 2 % 2l=r2g 4 2l=rgp ., + 2 % 217136 4
21=738h31 + (1 4 haz + has)e. On the other hand, if
n < 1, there exists a constant L such that
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Fig. 4 Curves of
disturbances and
disturbance estimation

Fig. 5 Response curves of
system state § with model
uncertainties

Fig. 6 Response curves of
system state @ with model
uncertainties
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Fig.7 Curves of system 1.4 T T
input with model

. 1.2
uncertainties

1+

0.8

u(pu)

0.6

0.4

0.2

0 I I
0 2 4

B(xy,6,&) < L. (40)
Thus we obtain
B(x1, &, &) < KB(x1,£,8) + L. (41)

Solving the inequality (41), we have B(xy, §2,53) <
(B(x1(0),£(0), §(0)) + £)eX" — £. Whent < 1,
the system states x1, & &3 of (34) are bounded.
According to the above analysis and [34], we obtain
that the system consisting of system (6), the estimation
error (4) and the control law (30) is finite time stable.

Remark 3 In the absence of disturbances, it is derived
from (3) and (4) that

The controller parameters are chosen as
2

r=1, =15 B1 =5, p=10,
B3=25 Li=L,=Lj=I10.

The following operating point is considered

80 = 57.1deg, wo = 314.159rad/s,
ysvco = 0.4 pu.

Case I External disturbance rejection ability

20

(42)

The external disturbances in the SVC system are

. 14 on

éoj = —AoLj/ leoj|n+Tsign(eg;) + z1j,

. 1/3 L2 .

21 = =ML |z1; — eojl3sign(zi; — éoj) + 225,
. 1/2 .o L .

2j = =ML/ z2j — 2117 sign(za) — 21j) + 235,
23j = —A3Ljsign(z3j — 225), j = 1,2, 3,

which implies that z1, z2, z3 equal to zero all the time.
Then the composite controller (30) degenerates to the
traditional finite time controller, which means that the
proposed method does not sacrifice the nominal per-
formance. This good property will be verified via sim-
ulation results in the next section.

4 Simulation result

The SVC system has the following parameters [8,35]:
H=59s, D=1.0, Vy=1.0pu,

Tsvce = 0.02, X; =0.84pu,

X> =0.52pu, Bp+ Bc =0.3pu,

q1 = 0.4, q2 = 0.6.

taken as

0, t<6 and 10 <1 < 15,
wi(t) = 1 1.5, 6 <t <10, ,

3sin(t), t > 15,

0, t<6 and 10 <t <15,
wa(t) = 1 1, 6 <t <10,

2.4 cos(t), t > 15.

The simulation results are presented in Figs. 1, 2, 3
and 4. Response curves of system states § and w are
shown in Figs. 1 and 2. It can be observed that the sys-
tem outputs can achieve their control object in the pres-
ence of mismatched disturbances. In order to illustrate
the effectiveness of disturbance observer, the curves of
disturbances and disturbance estimation are presented
in Fig. 4. The control input is depicted in Fig. 3.

Case II: Robustness against model uncertainties

The robustness against model uncertainties of the
proposed scheme is verified in this part. To investigate
the performance of robustness, we choose the model
uncertainties as follows. 6 has variation of 420 %.

Curve of system outputs under the proposed control
method is given in Figs. 5 and 6. It can be seen that the
closed-loop system has a good robustness performance
and the outputs have a satisfactory performance. The
control input is presented in Fig. 7.
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5 Conclusion

In this paper, the problem of finite time composite anti-
disturbance control for SVC system has been investi-
gated. Based on finite time disturbance observer and
finite time control techniques, a finite time composite
controller has been proposed. Using Lyapunov function
theory, the finite time stability of the closed-loop sys-
tem has been analyzed. Finally, the simulation result
has been presented to show the effectiveness of the
developed method.
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