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Industrial Revolution

INDUSTRY 4.0
INDUSTRY 3'“ = 2 term coined at the
INDUSTHY 20 Hannover Fair in 2011

= the computer or digital (Germany) — revolutionize
INDUSTRY 1 0 revolution the organization of global
= mass production, fostered o Semiconductor (1960) value chain

_ truction ofrairoad by the advent of electricity o Personal Computing
construction ofailroads and assembly-ines (1970 & 1980)
= The invention of steam o Internet (1990)

engine

1760-1840

How old is

the control
system/
Technology?




Why is Non-Linear Control ?

Mostly, all existing system is
non-linear

ROBOTICS SYSTEM



What is Nonlinear System ?

» A system is nonlinear if the principle of
superposition does not apply

F(xy +23) = F(z1) + F(x2) Additivity
F(az) = aF(z) Homogeneity

for scalar a. N
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AN EXAMPLE OF NONLINEAR SYSTEM BEHAVIOR

A simplified model of the motion of an underwater vehicle can be written:
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OTHER EXAMPLES OF NON-LINEAR PHENOMENA
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LINEAR vs NON-LINEAR CONTROL

> LINEAR CONTROL » NON-LINEAR CONTROL
Q ggga\ﬁgﬁ for small range a Zaleifa‘;‘i’;nWide range
2 Cannot handle system with P y
“hard non-linearity” 2 Can handle system with “h
1 Cannot deal with non-linearity™

ggfg&g{gpﬁ;’aﬁgﬁg due to 0 Can deal with uncertainties,

ambient temperature, e.g., ambient temperature
pressure, etc.. pressure, etc.. |



Type of Control System

» Based on Systems Type:
» Linear Controller (PID, LQR, etc.)

» Non-Linear Controller (SMC, Feedback Linearization,
etc.)

» Based on Design Process:
» Model based Controller

» Need essential information/parameter of the controlled system

» Simple in realization/computation
» Ex: SMC, Backstepping, etc
» Non-model Based Controller

» No essential information/parameter of the controlled system
are needed

» Complex computation
» Ex: Fuzzy, NN, etc.



CONTROL SYSTEM DESIGN STEPS

Required specifications Actual system

Source: https://www.nikkinet.co.jp/english/produ



Objective of Control Design

Disturbance
Manipulating Varia bles -
Comparator ‘ "’ Unmeasured Output
Set Values Error -’-' Lzl
agorci prm— Gontro!ler _‘:_‘_‘ > Pro-::ess _____ g
Measﬁred Output

Feed back

» Main Objective in Control System Design:
» Stability
» Performance:
» Steady State error
» Transient response (% Overshoot, speed response)
» Minimize energy consumption

» comfortability
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DESIRED PERFORMANCES OF CONTROL DESIGN

Fast response but
more energy

» Robust to disturbance an:*c\ll
parameter changing |

\ less energy but

slow response » Fast response, smooth,

and comfort
» Less energy consumption.

less ehergy and
fast response



OTHER ISSUE IN CONTROL SYSTEM DESIGN AND IMPLEMENTATION

A error

A €rror ‘i """

ve(l) 1e) Tre(3) e e(5)

T 2T 3T 4T 5T time

T 2T 3T 4T 5"1‘ th;le
Physical (plant) System Controller implementation
O Continuous physical system is controlled in discrete/digitally.
=>» Time sampling becomes critical issue.

Manipulating Variables

=>» The control action lags one step behind.

Comparator

Set Values Error 7 \
Q Computation time must be fast enough. O - '

=>» Advance processor/computer )
=» Simple algorithm 3  Feedback

Disturbance

Process |
[




Why is Non-Linear Control ?

» Model based Non-Linear Controller

» Simple in realization/computation

» Need essential information/parameter of
the controlled system

» Solution for low cost computational
resource
» Provides robustness



Model Based Non-Linear Control Design

Non-Linear Control
Design

Indirect:
Direct =>»State transformation
e.g., backstepping =>To simplify control design
= e.g.: FL, SMC
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EXAMPLE OF INDIRECT CONTROL DESIGN:

QUADCOPTER DYNAMICS

Translational motion:
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Rotational motion :

) K(0,0) I Uy I
b | =J"| K(0.0) | +J7" | w3 | w2=L{fs—f2) == ¢ motion

R | K5(0.0) | "] w3 = L(fi — f3) === § motion

4
g = Z{ff = x,y,z motions
=

ug =d(fa+ f2— fi — 3) = 1 motic

£ =11(0,0)+ f2(0.u)| m==== |Underactuated syste



CONTROL STRUCTURE

_,v U — X
— )
= Least U |
Squares | u Quadcopter [ Z
—] Conversion Dynamics
>

E= £(0,0)+ £(0,u)

— T
State V= [VX3vy7VZ7V¢,V9,VW:|
transformation

M — 5 —~ [Is Y.z, Q 9‘- LH]T 2 = 5

nm=mn Complete Any control strateg

g linearization and can be applied
L decoupling

l




Controller Design: SMC

=>» To guarantee existence of Sliding Mode

s=s5=0
m=mnm
m=v+Y
s=(F+%¥)e+eé e =11 — N

s=(F+W)e+We+v+7— 1y

\
\

f
1 3G
V=Veq —Ca (|3|%sign(3) ‘3‘63) = /C.a (Esign(3)+7|s|ésign(3) +st) de, B
0

Veg=— (F +¥)é — Ve + Mg,

h Simple for implementation
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EXAMPLE OF INDIRECT CONTROL DESIGN:

INDUCTION MOTOR
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Research Topics
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RESEARCH FRAMEWORK ON UNMANNED AERIAL VEHICLE

On Board Control System (OBC):

- Navigation System: IMU (Inertial
Measurement Units), GPS, Compas,
Sonar, On Board Camera,

= Robust Control Strategy
(remaotely/autonomously)

« Fallsafe System

« Flectronic Speed Control (FSC)

\ "‘x.\
P ~ - W S, e Telemetry And
-~ « Payload System: . Communication System:
-
. - Gymbal System battery status, motor

: = Manipulator System status.,

N« Camera " - On Board Health status:
- Environmental sensor




Achievements

1. Journal paper
2. International conference
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RESEARCH ON AUTOMATIC GUIDED VEHICLE (AGY) !

» MOTION CONTROL
> MAPPING AND LOCALIZATION |
> AUTOMATIC DOCKING AND CHARGING |

https: / / www.youtube.com/watch?yé




RESEARCH ON POWER ASSISTED e-BICYCLE

BATTERAI

RANGKAIAN DRIVER ’ 3P E BLDC
SSSSSSSS mikrokonTRoLER [MP|  MOSFET INVERTER MOTOR
(Bottom Bracket) ‘

FEEDBACK
HALL SENSOR




Renewable Energy

Power Inverter

Reference
Signal

DC Link Capacitor

el

AC_OQut Terminal
DC Out Terminal

Current Sensor

Microcontroller

LED Indicator

Multilevel Inverter

Diode Clamp

MOSFET Gate
Driver

€ Sliding Mode
Control

vC iL

PWM
Comparator

Multilevel

A\ 4

Inverter

LC
Filter

vC




Bverything is nothing without POWER, but
POWER Ls nothing without CONTROL.



