
ʆʙ ʫʨʘʚʥʝʥʠʷʭ 

ʩʢʦʣʴʞʝʥʠʷ ʚ 

ʨʘʟʨʳʚʥʳʭ ʩʠʩʪʝʤʘʭ 

(ɸ ʠ ʊ, 1971, ʧʨʦʜʦʣʞʝʥʠʝ)

ɺʘʜʠʤ ʋʪʢʠʥ, Ohio State University

ɺʉʇʋ-2019, 

ʀʶʥ,ɹ ʄʦʩʢʚʘ



ºɺ ʩʪʘʪʴʝ ʌʠʣʠʧʧʦʚʘ 1958 
ʛʦʜʘ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʜʠʬʬʝʨʝʥʮʘʠʣʴʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʩ ʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʟʨʳʚʘ 

ʧʨʘʚʦʡ ʯʘʩʪʠ, ʘ ʚ ʚʘʰʝʡ 

ʨʘʙʦʪʝ ʠʭ ʥʝʩʢʦʣʴʢʦ. ʅʝ 

ʫʚʝʨʝʥ, ʯʪʦ ʵʪʦʪ ʤʝʪʦʜ 

ʧʨʠʤʝʥʠʤ ʚ ʚʘʰʝʤ ʩʣʫʯʘʝ».

Filippov
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This function has been 

accompanying me all my 

life after graduation.

Relay

Paper in A&T of 1971:  
1. Sliding mode equations: method of 
equivalent control
2. Regularization method to confirm their 
validity 
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ͮ Concept of Sliding Mode  ( Second order relay system )

const :,  ,   ),sgn(

,

00 cuxcxssuu

ux

"

""

+=-=

= 000 uxuus -=-=> ""Upper semi-plane : 

000 uxuus ==< ""Lower semi-plane : 

Å  State trajectories are towards the line  switching line  s=0

ÅState trajectories cannot leave and belong to the switching line  s=0 : sliding mode 

ÅAfter sliding mode starts, further motion is governed by 0=+= xcxs " : sliding mode equation

Introduction of Sliding Mode Control

In sliding mode,

the system motion is

(1) governed by 1st order 

equation (reduced order).

(2) depending only on ócô not 

plant dynamics.



Mathematical Aspects II
Sliding Mode Existence Conditions

0)(  ,0)( 21 =¡>¡ TsTs

0)"(  ,0)"( 21 <= TsTs

1 s1=03

s2=0

0)0(

0)0(

2

1

>

=

s

s

2

Scalar Control: 0lim0lim
00

   and   ><
-+
ss

ss
""

s=0

Vector 

Control

.    2

 2   

212

211

ssignssigns

ssignssigns

--=

+-=

"

"

Trajectories should be 
oriented towards the 
switching surface 



Variable structure systems
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Introduction of Sliding Mode Control

ͮ Concept of Sliding Mode   ( Variable Structures System )

State planes of two unstable structures 



In sliding mode,

the system motion is

(1) governed by 1st order 

equation (reduced order).

(2)depending only on ócô not 

on plant dynamics.

Å  If c<c0, the state trajectories are towards the line  switching line s=0

ÅState trajectories cannot leave and belong to the switching line  s=0

ÅAfter sliding mode starts, further motion is governed by 0=+= xcxs " : sliding mode equation

: sliding mode 

Introduction of Sliding Mode Control

State planes of Variable Structure System
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SLIDING MODE CONTROL

ÅOrder of the motion 

equation is reduced 

ÅMotion equation of sliding 

mode is linear and 

homogenous.

ÅSliding mode does not 

depend on the plant 

dynamics and is 

determined by parameter  

C selected by a designer. 

*0 cc<<
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Motion Equation

 





Dubrovnik 1964

IFAC Sensitivity Conference
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IFAC Sensitivity
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