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Quasi-sliding-mode Control Based on

Discrete Reaching Law with Dead Zone

LIU Tao1, 2 LIU He-Ping1

Abstract A quasi-sliding-mode control design method based

on discrete reaching law with dead zone is considered for discrete

time systems with uncertainty which is a sinusoidal signal. The

control strategy could drive the state of controlled system to

the dead zone monotonously for arbitrary initial value and the

quasi-sliding-mode is reached in a finite time. Quasi-sliding-

mode band could be designed to be as small as arbitrary order

of magnitude. At the same time, better robustness is guaranteed,

dynamic quality is improved and steady-state error is reduced.

Furthermore, the undesired control chattering and steady-states

chattering are avoided. Simulation results show the effectiveness

for the proposed method.
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1 XÚ£ã9�'½ÂǑ{üå�, �ÄüÑ\Ø(½lÑ�mXÚ
xxx (k + 1) = Φxxx (k) + Γu (k) + Γf (k) (1)Ù¥, xxx (k) ∈ R

n L«XÚG�; u (k) ∈ R L«XÚ��Ñ\; f (k) ∈ R L«�.Ø(½5Ú	ÜZ6, ¡Ǒ��Z6;

Φ Ú Γ ´äk·��ê�~êÝ
, �÷v rankΓ = 1.XÚ (1) ÷v 4 �b�^�.b� 1. (Φ, Γ) äk��U�5.b� 2. ��Z6 f (k) Ǒ,����u&Ò.

f (k) = Af sin (ωkTs + ϕ) (2)Ù¥, Af > 0, ω > 0, ϕ ©OL«��Z6 f (k) �Ì�, ÆªÇÚ�©� , þǑ��~ê. Ts L«XÚæ�±Ï.b� 3. ®���Z6 f (k) �Ì� Af ÚÆªÇ ω ÷v
Af ≤ Af,max (3)

ω ≤ ωmax (4)bbb��� 4. XÚæ�±Ï Ts ÷v
Ts <

π

3ωmax
(5)éXÚ (1) ½Âw�¡

s (k) = CTxxx (k) = 0 (6)Ù¥, C ∈ R
n, s (k) ∈ R. C Ǒ��O�~ê�þ, ÷v

CTΓ 6= 0.�âb� 2 Úª (3), ��±e'Xª¤á
|d (k)| ≤ Ad,max (7)Ù¥

d (k) = CTΓf (k) = Ad sin (ωkTs + ϕ) (8)

Ad = CTΓAf

Ad,max =
∣∣∣CTΓ

∣∣∣Af,max (9)/�©z [7] éOwÄ��ÚOwÄ���°�Xe½Â. ½Â 1. eXÚ$Ä÷v
|s (k)| ≤ ε



6Ï 47�: �«Äuk«lÑªCÆ�Ow��� 761K¡XÚ3w�¡ s (k) = CTxxx (k) = 0 � ε-��SäkOwÄ��. Ù¥, ε Ǒ,���~ê, ¡ǑOwÄ���°.

2 Ì�(Ø
2.1 k«lÑªCÆ9Ow���éXÚ (1) �Ok«lÑªCÆ

s(k + 1) = D(s(k)) [|s (k)| − (1 + α (k)) Ad,max] +

∆l(k)d (k) (10)Ù¥, α (k) = βU − (βU − βL) e(λ−|s(k)|), βU > βL > 0, λ =

(2 + βU ) Ad,max, ∆l(k)d (k) ´ d (k) � l (k) ��©,

l (k) =

{
k, k < lo

lo, k ≥ lo
lo Ǒ�K�ê

D (s (k)) =

{
sgn(s (k)), xxx (k) ∈ S̄λ

0, xxx (k) ∈ Sλ

(11)

Sλ = {xxx ||s (k)| ≤ λ}�âª (8) éØ(½Z6 d (k) �½Â, (ÜXÚÄ��§ª (1) ��:

d (k) = CTΓf (k) =

CT [xxx (k + 1) − Φxxx (k) − Γu (k)] =

s (k + 1) − CTΦxxx (k) − CTΓu (k) (12)òÙò� i Ú�:

d (k − i) = s (k + 1 − i) − CTΦxxx (k − i)−

CTΓu (k − i) , i ∈ Z (13)dª (13) �� d (k) � l (k) ��©
∆l(k)d (k) =

l(k)∑

i=0

(−1)iCi
l(k)d (k − i) =

d (k) +

l(k)∑

i=1

(−1)iCi
l(k)d (k − i) =

d (k) +

l(k)∑

i=1

(−1)i l (k)!

(l (k) − i)!i!

[
s (k + 1 − i) −

CTΦxxx (k − i) − CTΓu (k − i)
]

(14)ÏLXÚÄ��§ª (1) Úw�¡ª (6) ��:

s (k + 1) = CTxxx (k + 1) =

CT [Φxxx (k) + Γu (k) + Γf (k)] =

CTΦxxx (k) + CTΓu (k) + d (k) (15)òª (14) Úª (15) �\ª (10), �n��¢y�Ow���Æ
u (k) =

(
CTΓ

)−1{
D (s (k)) [|s (k)| − (1 + α (k))Ad,max] −

CTΦxxx (k) +

l(k)∑

i=1

(−1)i l (k)!

(l (k) − i)!i!
[s (k + 1 − i)−

CTΦxxx (k − i) − CTΓu (k − i)
]}

(16)

31 2.2 !éXÚªC��9OwÄ���äN©Û�±w�: k«lÑªCÆ (10) ¥ D(s(k))[|s (k)| − (1 +

α(k))Ad,max] ��3, U
�yXÚ3ªC Sλ L§äküN5. Ù�$ªC�Ý�XÚG�CzCz, �$ªC�Ý������±ÏL βL Ú βU 5N�. k«lÑªCÆ
(10) ¥∆l(k)d (k) ��^´, é��ǑØ(½Z6 d (k) ?1k�Ö�, ~�Ø(½Z6 d (k) éXÚªC��ÚOwÄ���KǑ.

2.2 ªC��ÚOwÄ��©Ûe¡édk«lÑªCÆ (10) ���XÚªC��ÚOwÄ��?1äN©Û.Ún 1. Ø(½6Ä d (k) � m ��© ∆md (k), m =

0, 1, 2, · · · ´�u&Ò.

∆md (k) = Ad

(
2 sin

ωTs

2

)m

×

sin

(
mπ

2
+

ω (2k − m) Ts

2
+ ϕ

)
(17)�XÚæ�±Ï Ts ÷vb� 4 �

|∆md (k)| ≤ Ad,max

(
2 sin

ωTs

2

)m

≤ Ad,max (18)y². Ñ. �Ún 1 L²: d (k) �?¿��©´���u&Ò, ÙÌ�¬�X�©�g m �O�~�, ¿�k
limm→∞ |∆md (k)| = 0.�âÚn 1 �(Ø��

∣∣∣∆l(k)d (k)
∣∣∣ ≤ Ad,max

(
2 sin

ωTs

2

)l(k)

≤ Ad,max (19)Ún 2. eXÚæ�±Ï Ts ÷vb� 4, 8Ü S, SA, Sλ7÷v±e'X
S ⊆ SA ⊂ Sλ (20)Ù¥

S =

{
xxx

∣∣∣∣∣|s (k)| ≤ Ad,max

(
2 sin

ωTs

2

)lo
}

SA = {xxx ||s (k)| ≤ Ad,max }y². dÚn 1 ��, �XÚæ�±Ï Ts ÷vb� 4 �
Ad,max

(
2 sin

ωTs

2

)lo

≤ Ad,maxqÏ βU > 0, ��
Ad,max

(
2 sin

ωTs

2

)lo

≤ Ad,max < (2 + βU )Ad,maxd�7k S ⊆ SA ⊂ Sλ ¤á. �Ún 2 L²: S «���¬�X lo �O�~�. � lo
→ ∞ �, S «�òd���¹w�¡���òz¤w�¡.ÏLe¡½n 1 éXÚªC��ÚOwÄ���äN©Û,ò¬w�XÚªCk« Sλ ��$ªC�Ýþ(. βU ��,k« Sλ ��, ����.



762 g Ä z Æ � 37ò½n 1. �XÚæ�±Ï Ts ÷vb� 4 �, éXÚ (1)æ^k«lÑªCÆ (10) �OOw���Æ, XÚ7U
d?¿�©G�3 k1 + k2 �Ǒ�� S «�. Ù¥ k1 ´XÚG�Äg?\k« Sλ ��Ǒ, k2 = kdr (kd) + 1,

kd = lo − k1, r (kd) =

{
0, kd ≤ 0

1, kd > 0d�, XÚò�±3 S «�S�OwÄ��$Ä, OwÄ���°Ǒ Ad,max

(
2 sin

ωTs

2

)lo

.y². dª (19) ��
−Ad,max ≤ ∆l(k)d (k) ≤ Ad,max (21)� xxx (k) ∈ S̄λ � s (k) > 0 �, (ÜlÑªCÆª (10)Úª (21) �
− (2 + α (k))Ad,max ≤

s (k) − (1 + α (k))Ad,max +

∆l(k)d (k) ≤ s (k) − α (k) Ad,max

− (2 + α (k))Ad,max ≤

s (k + 1) ≤ s (k) − α (k)Ad,max

(22)Ón, � xxx (k) ∈ S̄λ � s (k) < 0 �,

s (k) + α (k) Ad,max ≤

s (k) + (1 + α (k)) Ad,max +

∆l(k)d (k) ≤ (2 + α (k)) Ad,max

s (k) + α (k) Ad,max ≤

s (k + 1) ≤ (2 + α (k))Ad,max

(23)qd α (k) = βU −(βU − βL) e(λ−|s(k)|), �xxx ∈ S̄λ,= |s (k)|

> λ �,

βL < α (k) < βU (24)nÜª (22)∼ (24) ��: � xxx ∈ S̄λ �, XÚG�ò��±zÚ α (k) Ad,max �þ�k« Sλ �üNªC$Ä, �$ £þ�XÚG�k', �Ø¬ÑyB�k« Sλ ��¹u). dd��, XÚ7U3,�k��Ǒ k1, k1 ≥ 0 ?\k« Sλ, = xxx (k1) ∈ Sλ.exxx (k1) ∈ Sλ � kd ≤ 0 (= k1 ≥ lo), d�, D (s (k)) =

0, �âk«lÑªCÆª (10) Úª (19) k
|s (k1 + 1)| =

∣∣∣∆lod (k1)
∣∣∣ ≤

Ad,max

(
2 sin

ωTs

2

)lo

(25)ÏLª (25) �� xxx (k1 + 1) ∈ S ⊂ Sλ, Ón��
|s (k1 + 1 + p)| =

∣∣∣∆lod (k1 + p)
∣∣∣ ≤

Ad,max

(
2 sin

ωTs

2

)lo

, p ∈ Z
+ (26)

dª (25) Úª (26) ��: XÚ7U
3 k1 + 1 �Ǒ�� S«�, ¿ò�±3 S «�S�OwÄ��$Ä.exxx (k1) ∈ Sλ � kd > 0 (= k1 < lo), d�, D (s (k)) =

0, �âk«lÑªCÆª (10) Úª (19) k
|s (k1 + 1)| =

∣∣∣∆lo−kdd (k1)
∣∣∣ ≤

Ad,max

(
2 sin

ωTs

2

)lo−kd

(27)ÏLª (27) �� xxx (k1 + 1) ∈ SA ⊂ Sλ, Ón��
|s (k1 + 2)| =

∣∣∣∆lo−kd+1d (k1 + 1)
∣∣∣ ≤

Ad,max

(
2 sin

ωTs

2

)lo−kd+1

...

|s (k1 + kd + 1)| =
∣∣∣∆lod (k1 + kd)

∣∣∣ ≤

Ad,max

(
2 sin

ωTs

2

)lo

(28)

∣∣s
(
k1 + kd + 1 + p′)∣∣ =

∣∣∣∆lod
(
k1 + kd + p′)∣∣∣ ≤

Ad,max

(
2 sin

ωTs

2

)lo

, p′ ∈ Z
+ (29)dª (27)∼ (29) ��: XÚ7U
3�Ǒ k1 + kd + 1 ��

S «�, ¿ò�±3 S «�S�OwÄ��$Ä.nþ¤ã, �XÚæ�±Ï Ts ÷vb� 4 �, XÚ7Ud?¿�©G�3k��Ǒ k1 + k2 �� S «�, ¿ò�±3 S S�OwÄ��$Ä, S =ǑOwÄ��«, OwÄ���°Ǒ Ad,max

(
2 sin

ωTs

2

)lo

. �5 1. � xxx (k) ∈ S̄λ �, βL Ú βU �����, �$ªC�Ý�é�¯, Uþ�Ñ�p; βL Ú βU �����, �$ªC�Ý�é�ú, Uþ�Ñ�$. XÚlk« Sλ �C,�$ªC�Ý��; XÚlk« Sλ ��, �$ªC�Ý��. 5 2. Ù�ëêØC��¹e, lo ��, XÚ?uªC����m��, OwÄ����Ä, XÚ�Ø���; lo ��, XÚ?uªC����m�á, OwÄ����°, XÚ�Ø���; AO/, � lo = 0 �, XÚ?uªC����m�á, OwÄ����°, d� S = SA.5 3. � k1 = 0 �, XÚò¬���±3k« Sλ S, ¿u lo �?uOwÄ��.

2.3 OwÄ��½5©ÛÏL1 2.2 !�©Û��, XÚG�U
3�Ǒ k1 + k2��OwÄ��« S, �ª=�¤OwÄ��. aq©z [6],e¡|^ Lyapunov �{éXÚOwÄ��½5�?�Ú©Û.�XÚ?uOwÄ���, l (k) = lo, xxx (k) ∈ S ⊂ Sλ,

D (s (k)) = 0. XÚ��ÆǑ
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u (k) =
(
CTΓ

)−1
{

− CTΦxxx (k) +

l0∑

i=1

(−1)i l0!

(l0 − i)!i!
[s (k + 1 − i)−

CTΦxxx (k − i) − CTΓu (k − i)
] }

=

(
CTΓ

)−1 [
−CTΦxxx (k) + ∆lod (k) − d (k)

]
(30)ò��Ñ\Ý
 Γ �ÛÉ�©)

Γ = U

[
Λ

0(n−1)×1

]
V TÙ¥, U ∈ R

n×n, V ∈ R þǑjÝ
, Λ ∈ R, U =

[U1 U2], U1 ∈ R
n×1, U2 ∈ R

n×(n−1).½ÂW T = [U2 U1], K
WΓ =

[
0(n−1)×1

Γ̃2

]
, Γ̃2 6= 0éXÚ (1) ��ÛÉC� zzz (k) = Wxxx (k) , KXÚ (1)��Ǒ

zzz1 (k + 1) = Φ̃11zzz1 (k) + Φ̃12z2 (k)

z2 (k + 1) = Φ̃21zzz1 (k) + Φ̃22z2 (k) + Γ̃2u (k) + Γ̃2f (k)

(31)Ù¥, Φ̃11 = U2
TΦU2, Φ̃12 = U2

TΦU1, Φ̃21 = U1
TΦU2, Φ̃22

= U1
TΦU1, zzz1 (k) ∈ R

n−1, z2 (k) ∈ R. �A�w�¼ê, ��ÆÚØ(½Z6 d (k) ��Ǒ
s (k) = CTxxx (k) = CTW−1Wxxx (k) =

[
C̃T

1 C̃2

]
zzz (k) = C̃T

1 zzz1 (k) + C̃2z2 (k) (32)Ù¥, CTW−1 =
[

C̃T
1 C̃2

]
, C̃1 ∈ R

n−1, C̃2 ∈ R, Ø���5, b� C̃2 6= 0.

u (k) =
(
CTΓ

)−1 [
−CTΦxxx (k) + ∆lod (k) − d (k)

]
=

(
C̃2Γ̃2

)−1

[
−
[

C̃T
1 C̃2

] [ Φ̃11 Φ̃12

Φ̃21 Φ̃22

]
zzz (k) +

∆lod (k) − d (k)
]

=

−
(
C̃2Γ̃2

)−1 (
C̃T

1 Φ̃11 + C̃2Φ̃21

)
zzz1 (k) −

(
C̃2Γ̃2

)−1 (
C̃T

1 Φ̃12 + C̃2Φ̃22

)
z2 (k) +

(
C̃2Γ̃2

)−1 (
∆lod (k) − d (k)

)
(33)

d (k) = CTΓf (k) =
[

C̃T
1 C̃2

] [ 0(n−1)×1

Γ̃2

]
f (k) =

C̃2Γ̃2f (k) (34)

XÚ (31) 2²L�ÛÉC�
[

zzz1(k)

s (k)

]
=

[
I 0

C̃T
1 C̃2

] [
zzz1(k)

z2(k)

]�n��Ǒ
zzz1 (k + 1) = Φ̄11zzz1 (k) + Φ̄12s (k)

s (k + 1) = Φ̄21zzz1 (k) + Φ̄22s (k) + Γ̄2u (k) + Γ̄2f (k)
(35)Ù¥

Φ̄11 = Φ̃11 − Φ̃12C̃
−1
2 C̃T

1

Φ̄12 = Φ̃12C̃
−1
2

Φ̄21 = C̃T
1 Φ̃11 + C̃2Φ̃21 −

(
C̃T

1 Φ̃12+C̃2Φ̃22

)
C̃−1

2 C̃T
1

Φ̄22 =
(
C̃T

1 Φ̃12 + C̃2Φ̃22

)
C̃−1

2

Γ̄2 = C̃2Γ̃2ò��Æ (33) �\ª (35), ²�n���A�4�XÚÄ��§
[

zzz1(k + 1)

s (k + 1)

]
=

[
Φ̄C11 Φ̄C12

0 0

] [
zzz1(k)

s(k)

]
+

[
0

∆lod (k)

]
(36)Ù¥, Φ̄C11 = Φ̃11 − Φ̃12C̃

−1
2 C̃T

1 , Φ̄C12 = Φ̃12C̃
−1
2 .du (Φ, Γ) äk��U�5, ¤± (

Φ̃11, Φ̃12

) Ǒ´äk��U�5[6]. Ïd, �±ÀJ·�Ý
 C̃1 Ú C̃2,�� Φ̄C11 ´½�. d�, é?¿�½Ý
 Q, Q ∈

R
(n−1)×(n−1), 7�3�½Ý
 P, P ∈ R

(n−1)×(n−1), ��eã'Xª¤á̄
ΦT

C11P Φ̄C11 − P = −Q (37)½n 2. XÚ (36)´'u�:�Ψ��ìC½�. Ù¥, Ψ = Ω ∩ S, Ω ´± zzz1 = 0 Ǒ�%,
a+
√

a2+λmin (Q) b

λmin (Q)Ǒ�»�¥N,

a = λmax (P ) Ad,max

(
2 sin

ωTs

2

)lo∥∥Φ̄C11

∥∥∥∥Φ̄C12

∥∥

b = A2
d,max

(
2 sin

ωTs

2

)2lo
[
λmax (P )

∥∥Φ̄C12

∥∥2
+ 4 sin

ωTs

2

]

λmin (Q) Ú λmax (P ) ©OL« Q ���ÛÉ�Ú P ���ÛÉ�.y². ÀJ Lyapunov ¼ê
V (k) = zzzT

1 (k) Pzzz1 (k) + s2 (k) (38)(Üª (19), �� V (k)÷4�XÚ (36)��©Oþ∆V (k)Ǒ
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∆V (k) = V (k + 1) − V (k) =

zzzT
1 (k + 1)Pzzz1 (k + 1) + s2 (k + 1) − zzzT

1 (k) Pzzz1 (k) − s2 (k) =
[
Φ̄C11zzz1 (k) + Φ̄C12s (k)

]T
P
[
Φ̄C11zzz1 (k) + Φ̄C12s (k)

]
− zzzT

1 (k) Pzzz1 (k) + s2 (k + 1) − s2 (k) =

zzzT
1 (k)

(
Φ̄T

C11P Φ̄C11 − P
)

zzz1 (k) + 2zzzT
1 (k) Φ̄T

C11P Φ̄C12s (k) + s (k) Φ̄T
C12P Φ̄C12s (k) + s2 (k + 1) − s2 (k) =

− zzzT
1 (k) Qzzz1 (k) + 2zzzT

1 (k) Φ̄T
C11P Φ̄C12∆

lod (k − 1) +
[
∆lod (k − 1)

]2
Φ̄T

C12P Φ̄C12 +

∆lo+1d (k)
[
∆lod (k) + ∆lod (k − 1)

]
≤

− ‖zzz1 (k)‖2λmin (Q) + 2‖zzz1 (k)‖
∥∥Φ̄C11

∥∥λmax (P )
∥∥Φ̄C12

∥∥
∣∣∣∆lod (k − 1)

∣∣∣+
∣∣∣∆lod (k − 1)

∣∣∣
2∥∥Φ̄C12

∥∥2
λmax (P ) +

∣∣∣∆lo+1d (k)
∣∣∣
[∣∣∣∆lod (k)

∣∣∣ +
∣∣∣∆lod (k − 1)

∣∣∣
]
≤

− λmin (Q) ‖zzz1 (k)‖2 + 2λmax (P )Ad,max

(
2 sin

ωTs

2

)lo∥∥Φ̄C11

∥∥∥∥Φ̄C12

∥∥‖zzz1 (k)‖+

A2
d,max

(
2 sin

ωTs

2

)2lo
[
λmax (P )

∥∥Φ̄C12

∥∥2
+ 4sin

ωTs

2

]
=

− λmin (Q) ‖zzz1 (k)‖2 + 2a‖zzz1 (k)‖ + b = −λmin (Q)

[
‖zzz1 (k)‖ −

a

λmin (Q)

]2
+

a2

λmin (Q)
+ b (39)e ‖zzz1 (k)‖ >

a +
√

a2 + λmin (Q) b

λmin (Q)
, K ∆V (k) < 0.dþã©Û��: zzz1 (k) òìCª�u± zzz1 (k) =

0 Ǒ�%, a +
√

a2 + λmin (Q) b/λmin (Q) Ǒ�»�¥N
Ω

(
0,

a +
√

a2 + λmin (Q) b

λmin (Q)

)
. Ó�, XÚ (36) 3 k ≥ k1

+ k2 �Ǒò���±3OwÄ��« S ¥, ¤±XÚ (36)òìCª�u�:����� Ψ : Ψ = Ω ∩ S, =¥N Ω �OwÄ��« S ��8. ��â½n 2 ��, XÚ (36) ´'u�:� Ψ ��ìC½�. Ïd, XÚ (1) 3��Æ (16) �^e�OwÄ��Ǒ´'u�:�,���A��ìC½�.5 4. w�¡ëê CT �±ÏL [
C̃T

1 C̃2

]
W ��.5 5. ¥N Ω ��»��� lo �'. lo ��, ¥N Ω �»��, ����. Ó�, Ω ��»����±ÏL P, Q 5N�.

3 ê��~�Ä��Ø(½lÑ�mXÚ
xxx (k + 1) = Φxxx (k) + Γu (k) + Γf (k) (40)Ù¥,

Φ =

[
1 0.3

0 0.3

]
, Γ =

[
0

1

]
, f (k) = 0.6 sin (20kTs)XÚ�©G� xxx (0) =

[
−5 8

]T
. ®�Ø(½Z6 f (k)�Ì� A ≤ Af,max = 0.6, f (k) �ÆªÇ ω ≤ ωmax =

8π rad/s, XÚæ�±Ï Ts = 0.035 s.�w�¼ê s (k) = CTxxx (k), CT =
[

3 1
]
, K

d (k) = CTΓf (k) = 0.6sin (20kTs)

|d (k) − d (k − 1)| < 0.42éXÚ (40) |^©z [5] JÑ�lÑ�êªCÆ�{,©z [7] JÑ�?�lÑªCÆ�{, ©z [15] JÑ�Äu6ÄÖ��lÑªCÆ�{Ú�©JÑ�k«lÑªCÆ�{?1�ýé'ïÄ.©z¥��Æëê©O� q = 14.57, ξ = 34.29, do =
dl + du

2
= 0, δd =

du − dl

2
= 0.6, dl Ú du ©OǑ d (k) �þ.�Úe.�:





sd (k) =
k∗ − k

k∗
s (0) , k < k∗

sd (0) = 0, k ≥ k∗

k∗ = 3, ∆d = 0.42, Ad,max =
∣∣CTΓ

∣∣Af,max = 0.6, βL =

9.3, βU = 9.5, lo = 7. �ý(JXã 1∼ 4 ¤«.

ã 1 XÚG� xxx1(k) Ä�;,
Fig. 1 Trajectories of system state xxx1(k)
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ã 2 XÚG� xxx2 (k) Ä�;,
Fig. 2 Trajectories of system state xxx2 (k)

ã 3 XÚ��Ñ\ u (k) Ä�;,
Fig. 3 Trajectories of system control input u (k)

ã 4 w�¼ê s (k) Ä�;,
Fig. 4 Trajectories of sliding function s (k)d�ý(J�±wÑ: �©JÑ�k«lÑªCÆ�{,äk�¯�ªC��!�Ä�OwÄ���Ú����Ø�. XÚ°�5��?�ÚOr, ���Ë�Ú�Ë�. e± J =
∑25

i=0 |u (i)| �Ǒ���^oNUþ�Ñ�I, Kþã 4 «�{oNUþ�ÑǑ J1 = 71.015, J2 = 15.933, J3 =

46.855 Ú J4 = 14.118. dd��, �©�{oNUþ�Ñ��.

4 (Ø�©JÑ
�«Äuk«lÑªCÆ�{�Ow���üÑ, T�{éÉ�uZ6�Ø(½lÑ�mXÚäk������J. ©¥éXÚªC��ÚOwÄ���
äN©Û. T�{��k« Sλ 	�ªC��äküNªCAÆ, XÚ��?\k« Sλ, ò¬�±3k«S$Ä, �ª?\OwÄ��« S �OwÄ��$Ä. OwÄ���äk?¿�g�, XÚ°�5��Or, k�UõXÚ�Ä�5UÚ�5U. ��Æäk\\/ª, ;�
��Ë�Ú�Ë��Ñy. T�{���í2�Ø(½õÑ\lÑ�mXÚ. �ý(J�y
nØ©Û��(5.
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