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Example 1
(SISO Design Tool in Matlab)

* Consider a system: C(s) —1 G(s) .
4 _
— Controll Plant
G(s) GIDGTD ontroller an

* Design specs:
* Closed-loop system is stable
 PM at least 50 deg
* 2% Settlingtime <4s

e Steady-state error
* For unit step input: e, =0
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aplace of mind

Example 1 (cont’d)

OL Bode plot Root locus

I Root Locus Editor for LoopTransfer_C
5o . BodeEditorforLoopTransfer C °( “ i o -
>» s = tf(’s’) Cls)=K=1
Transfer function: = b
5 0r 8) 0+ =
S [ £
$  Cdsi=K=1 -
>> sysG = 4/s/(s+1)/(s+2)] 5 _ |
> .
3 . 2 . -5 L L L 01
Transfer function: GM.: 352 dB W 8 6 4 2 0 2
Freq: 1.41 rad/s €¢——— p .
4 _100 - Stable loop Real Axis
‘ ' : | | 10Transfer_r2y: step \
----------------- =20 1 Step Response
Se+382%2,. From:r To:y
8-135
>> sisotool(sysG) -
@ -180 e ———— o
g E
& 225 s
. : , £
Default setting: P.M.: 11.4 deg W <
K 1 70 Freq: 1.14 rad/s ¢ g
C( ) 102 107 10° 10" 102
Frequency (rad/s)
4

C) = DG P

A 4
Q
"
N—

v
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Example 1 (cont’d)

* Show settling time

PY Right CI ic k | 4 Property Editor: Step Response — D
][ Labels Limits Units Style Options
9 C h a ra Cte rl St I C Response Characteristics

Show settling time within %

- Settling time 1 e

Show rise time from |10

j |IOTransfer _r2y: step L

Step Response
From: r To:y

9 - - =
Cls)=K=1

T £ |

Amplitude
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Example 1 (cont’d)

System: |OTransfer_r2y Step Res ponse
WO:rtoy
Peak amplitude: 1.7 . .
18 From:r To:y
& At time (seconds): 3 l I l I
1.6 =
Cls)=K=1
14 -
B2~ System: |OTransfer_r2y Sysieint 10T ranafit. 12y i
/O:rtoy I/O: rto
o T O T OO . O . Y . W S — CSeling ime (secon®} B> _Cramwis>
'g 1] iy .............................................................. T e —————— e g A5 ey A S e
e 1
g' System: IOTransfer_r2y :
< 0.8 ' 11O rto i =]
Rise time (seconds): 1.02 i
i i
| I | —
0.6 " :
i i
i i
| I | -
040l | .
i i
i i
| I 1 —
0.2 ©o |
i i
i i
0 [ [ | | i | |
0 10 20 30 40 50 60

Time (seconds)
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Example 1 (cont’d)

* Add a p0|e & azero of a Bode Editor for LoopTransfer_C

compensator: 50 —Z2leqd
CLead(3> =K ca =
S+ PlLead =l
<
* |If necessary, move the & 100 |
=

pole/zero/gain

5o | GM.331dB
* by click-and-drag, or Sratietoos e T We
* Design = Edit o i

Compensator...

-135 |
Tunable Block
Name: C

Sample Time: 0

Phase (deg)
®
o

Value: |
125 .. (s+0.8) P.M.: 52.4 deg
___________ Freq: 1.78 rad/s = W

(5 {)()) ) hemddd, 4 T Y " i PR ‘
3 ] -2;() g

Frequency (rad/s)

-225

PM (= 52.4) > 50 degree OK!
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Example 1 (cont’d) UBC

The following response satisfies all the design specifications: G(s) = 4 W
(a) Closed-loop system is stable s(s+1)(s+2)
(b) PM at least 50°. Itis 52.4°. stz 108
(c) 2% Settlingtime<4s. Itis 3.68s. Croaq () = K ——2€%4 — 125 = ———
(d) Steady-state error is zero for a unit step input T PLead s +100

Step response

1.2 T |
: System: |0Transfer_r2y Syétem: |OTransfer_r2y
i /O:rtoy VO:rtoy
1 :'.._..'.T.'.._..'.T.'.._..'.T.'.._..'.T.f._..'.f.'.._..'.T.'.f.'.f.'...'.f.'.f.'.f.'.f.'.f.'.fi'. Peak amplitude: 1.15
T L e "1 Overshoot (%): 14.7 ;
i Attime (seconds): 1.59 i liO:rtoy
XX s s vy i i Final value: 1
System: IOTransfer_r2y i i i
/O:rtoy H H H
0.8 - Rise time (seconds): 0.731 : : : =
i s | i
® ! ! ! !
| I | |
3 i i | i
= 1S 1 | | | il
=06 , i i i
S ' i i i
< . ; ! !
! ! ! !
! ! ! !
| I I | | =
.- i | i
i i i i
i i i i
i i i i
i i i !
L= I I | | =
0.2 i i i i
i @ | i
! ! !
I l | I
i i i i
0 1 L il L | L | L i | L
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Time (seconds)
s+ 0.8 4

Creaqa (s)-G(s) = 125

s+100 s(s+1)(s+2) 8
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Simulink

aplace of mind

e Simulink, developed by MathWorks, is a graphical programming environment for
modeling, simulating, and analyzing dynamic systems.

» Its primary interface is a graphical block diagramming tool and a customizable set
of block libraries.

» It offers tight integration with the rest of the MATLAB environment.

* Simulink is basically a piece of software for modeling and simulating a system, as
well as programing and designing controllers.

* Engineers use Simulink to solve engineering problems in many industries, such as:
» Automotive
» Biomedical
» Aerospace
» Chemical processes
» Communications
» Industrial automation
» Electronics
> etc.
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aplace of mind

Simulink UBC

P o Ry gy
—i\|'|'ili-

e Simulink in MATLAB can be directly used with Arduino to design, simulate,
and deploy control systems and embedded applications without writing
traditional code.

* With Simulink support packages for Arduino, you can build a block diagram
(instead of writing code), simulate how your system behaves, and then
download the model directly onto the Arduino hardware.

* This allows you to test real-time control algorithms, read sensors, and drive
actuators using a visual programming approach, making it ideal for rapid
prototyping and education.

10
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aplace of mind

Simulink UBC

—i\|'|'ili-

What is Visual Programming?

* A visual programming approach means you create programs by connecting blocks or components
in a graphical interface, rather than writing lines of text-based code. You "program" by dragging,
dropping, and linking blocks that represent operations (like reading a sensor, doing math, or turning
on an LED).

How Simulink Uses It:

* In Simulink, you build your system using block diagrams — each block performs a specific function.
For example:

* Ablock for reading analog input
e Ablock for multiplying a signal
* A block for outputting a value to a motor

* Once your model is complete, Simulink converts it into C++ code behind the scenes and uploads it to
the Arduino.

Summary:
e C++is what Arduino typically runs.
e Simulink lets you skip writing C++ by visually designing your system.

* This is helpful for students, engineers, and educators who want to focus on logic and control, not on
low-level code.

11
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Example 2 (cont’d)

a place of mind

* In MATLAB prompt, type “simulink”.
 Click on Blank Model.

@ || Command Window
New to MATLAB? See resources for Getting Started.

x @

>> simulink

Jx >>

’i Simulink Start Page

SIMULINK Examples

3 Open... Search

Recent

L Moving_car.six > My Templates

® P, simple_model.six v Simulink

*i slexAircraftExample.six

Projects AR
@ Source Control... % =

f Archive... o
Blank Model Blank Library Blank Projec!

12
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* Clickon g™

a place of mind

Example 2 (cont’d)

© Siamak Najarian 2025

®, untitled - Simulink academic use — il X
File Edit View Display Diagram Simulation Analysis Code Tools Help
EVDV [E@V@" 5 (> al v|10.0 | Normal (@D~
untitled | |
® |[%afuntitled v
= ulink academic use
=3
= File Edit View Displa jagram Simulation Analysis
- ‘ . ‘
- TSR Eo-E-
] L (|5
untitled
— ||L ] Pren '
(@i
-H
»
Ready 100% VariableStepAuto
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Examp

Then, Simulink
Library Browser

pops up:

© Siamak Najarian 2025

ES Simulink Library Browser

ELEC 341: Systems and Control

e 2 (cont’'d)

| outport V|ﬁ" ZySOvy + @
Simulink
v Simulink
Commonly Used Blocks &? / \
Continuous ﬂ = -‘
Dashboard —
Discontinuities Commonly Continuous Dashboard Discontinuities
Discrete Used Blocks
Logic and Bit Operations
Lookup Tables | &8 2= + -
Math Operations ‘h'\' [ =t} - X
Model Verification
Model-Wide Utilities Discrete Logic and Bit Lookup Math
Ports & Subsystems Operations Tables Operations
Signal Attributes
Signal Routing o ® JL § 2
Sinks R < l._L
Sources @ % =
String Model-Wide Model Ports & Signal
User-Defined Functions Utilities Verification ~ Subsystems Attributes
> Additional Math & Discrete
> Quick Insert Nt b
> Control System Toolbox m :;:: 03‘\. "Abc"
Data Acquisition Toolbox
> DSP System Toolbox Signal Sinks Sources String
> DSP System Toolbox HDL Support Routing
> HDL Coder
Instrument Control Toolbox | E - Quick
> Simulink 3D Animation Insert
> Simulink Coder
2 Simulink Control Design User-Defined Additional Math Quick Insert
2 Simulink Extras Functions & Discrete
Stateflow
Recently Used

a place of mind
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Example 2 (cont’d)

ES Simulink Library Browser — O X
<@ . [outport Vi vy e @
Simulink/Continuous
v Simulink = : . xp
"
Commonty Used Blocks ). = D> ). : > Mu 2 o 1
Continuous
Dashboard Derivative Integrator Integrator,
Discontinuities Second-Order
Discrete
X
Logic and Bit Operations > “lz' f p > % [ > 3 PID(s) D
Lookup Tables s Jdxp
Math Operations Integrator, Integrator PID Controller
Model Verification Second-Order Limited
Model-Wide Utilities Limited
Ports & Subsystems M Ref o A B 1
Signal Attributes 3 PID(s) P > : o N o P b M 1 D
Signal Routing
Sinks PID Controller (2DOF) State-Space Transfer Fcn
Sources 7 > > I
String : )‘[\/> >‘, 2\ P >;[\/>
User-Defined Functions : , o\ i
> Additional Math & Discrete Transport Variable Variable
> Quick Insert Delay Time Delay Transport Delay
> Control System Toolbox (s—1)
Data Acquisition Toolbox > m >
> DSP System Toolbox
> DSP System Toolbox HDL Support Zero-Pole
> HDL Coder
Instrument Control Toolbox
> Simulink 3D Animation
> Simulink Coder
> Simulink Control Design
> Simulink Extras
Stateflow
Recently Used
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Example 2 (cont’d)

I~ By = @

a4 Nu L Xp
a s2 dx
Derivative Integrator Integrator,
Second-Order
1 [ x 1
)u;i fdxt ;f ) PID(s) D
Integrator, Integrator PID Controller
Second-Order Limited
Limited
) Ref %= Ax+ Bu I
3 PID(s) P y=Cx+ Du 2 s+ 1
PID Controller (2DOF)  State-Space Transfer Fcn
AL ),
3 b 17b
Ao | Al
Transport Variable Variable
Delay Time Delay Transport Delay
(s—1)
2 sis+1)
Zero-Pole
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Example 2 (cont’d)

P2, untitled * - Simulink academic use = O X L;
File Edit View Display Diagram Simulation Analysis Code Tools Help ;
E-m-8 0 BES-E-red® b - v (100 | [Normal 1|9~ I
untitied
® ‘@untiﬂed v
Q
|

, 1
3
3 Transfer Fen
o
]

17
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Example 2 (cont’d)

aplace of mind

Block Parameters: Transfer Fcn -

Transfer Fcn

The numerator coefficient can be a vector or matrix expression. The
denominator coefficient must be a vector. The output width equals the
number of rows in the numerator coefficient. You should specify the

/ coefficients in descending order of powers of s.

Parameters
Numerator coefficients:

Double-click on the block (16 10]

to enter new numerator
and denominator.

Denominator coefficients:
[1:23]

Absolute tolerance:

auto

State Name: (e.g., 'position")

J' OK Cancel Help Apply

© Siamak Najarian 2025 18
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EE Simulink Library Browser

Example 2 (cont’d)

< outport

v&vmv\jv = @

Simulink/Sinks

ELEC 341: Systems and Control

aplace of mind

v Simulink
Commonly Used Blocks
Continuous
Dashboard
Discontinuities
Discrete
Logic and Bit Operations
Lookup Tables
Math Operations
Model Verification
Model-Wide Utilities
Ports & Subsystems
Signal Attributes
Signal Routing
Sinks
Sources
String

© Siamak Najarian 2025

0
e g
Q
<

Outl

Floating
Scope

-

Scope

\f

untitied.mat

Terminator

O

XY Graph

To File

@ OutBus.signall

Out Bus Element

Stop Simulation

3 simout

To Workspace

19
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Example 2 (cont’d)

ES Simulink Library Browser

ELEC 341: Systems and Control

=) | outport Vi v B3y e @
Simulink/Sources
v Simulink In Bus Element Inl
Commonly Used Blocks
Continuous I | | | > _/ >
Dashboard
Discontinuities Pulse Ramp
Discrete Generator
Logic and Bit Operations
Lookup Tables M D /P
Math Operations : :
Model Verification Random Repeating
Model-Wide Utilities Number Sequence
Ports & Subsystems EE
Signal Attributes D .l_I-LL D
Signal Routing = :
Sinks Repeating Repeating
Sequence Sequence
g?:r:;es Interpolated Stair
User-Defined Functions Group1 : kLl Sarh
> Additional Math & Discrete E Sigal 4 p 7
> i ‘
; Cont?;";';;{‘:;“Toolbox Signal Builder Signal Editor
Data Acquisition Toolbox oooo /\/
> DSP System Toolbox oo b p
>
: 3;[:. ?;st,jt::n Toolbox HDL Support Signal Sirie Wi
Generator
Instrument Control Toolbox
> Simulink 3D Animation -I— N >
> Simulink Coder A A B
i S!mul!nk Cordrol Design Step Uniform Random
ilfnlulfl:nk Extras Number

a place of mind
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Example 2 (cont’d)

Double-click on scope.

View Display Diagram Simulation

»w »w v - @ = - 2()_“

k_Example_ELEC341

click on the “run button”
snalvsis Code Tools y/

i Simulink_Example_ELEC341

J— & 465+ 10 |
>
S+ Ts+1
Step Scope
Transfer Fen

21
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Example 2 (cont’d)

-~ Scope O X ’

!
File Tools View Simulation Help ¥ F
Q- 0P ® - Q- FE- [

Ready Sample based T=20.000
| | 22
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Example 2 (cont’d)

mulink Library Browser

ELEC 341: Systems and Control

[outport VR B rEc e @
k/Commonly Used Blocks
ulink ; 2 .
muiin Bus Bus Constant
.. Commonly Used Blocks Creator Selector
Continuous
Dashboard -1
- convert Z
Discontinuities ? ‘ ) ” t
Discrete Data Type Conversion Delay Demux
Logic and Bit Operations
Lookup Tables KTs
Math Operations 2 z-1 P » il
Model Verification Discrete-Time Gain Ground
Model-Wide Utilities Integrator
Ports & Subsystems 3
Signal Attributes C ) 1h AND
Signal Routing ) s ) 2
Sinks Inl Integrator Logical
Sources Operator
String : )
User-Defined Functions ' x ) X
?b Additional Math & Discrete ) ?
¥ Quick Insert Mux Outl Product
bntrol System Toolbox
‘ata Acquisition Toolbox 2 < b > f > ) -
\SP System Toolbox >
‘SP System Toolbox HDL Support Relational Saturation Scope
Coder Operator
‘ ment Control Toolbox b
mulink 3D Animation y I out Q RN
mulink Coder X—
Imulink Control Design Subsystem Sum Switch
Imulink Extras ﬂ
“tateflow >

© Siamak Najarian 2025
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UBC

R Ny
Ry TRy
—i‘n.i'i~
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Example 2 (cont’d)

xample_ELEC341 * - Simulink academic use — O X

w Display Diagram Simulation Analysis Code Tools Help

%g@"@%@ﬂb . v 20.0 | Normal @~

)P_IS:ELECBM

ink_Example_ELEC341 v

_I-— 5 s+ 6s+ 10 JO)

S+Ts+1
Step Output
Plant

24
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Example 2 (cont’d) UBC

P | Ry gy
‘i\|'|'i’i-

Step

© Siamak Najarian 2025

" ’[> e 323+6s+10 JO)
s+Ts+1

Kp Output
Plant

4 Output = ] X
File Tools View Simulation Help e

@ e0P @ - a0 [F@-

‘Ready Sample based [T=20.000
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Example 2 (cont’d)
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& Simulink Library Browser = O X
4] | outport Vl"&' 8Oy - @
3
Simulink/Commonly Used Blocks
1| ¥ Simulink A
Commonly Used Blocks 1 D
Continuous
Dashboard Bus Bus Constant
Discontinuities Creator Selector
Discrete
Logic and Bit Operations Y convert P Yzt p
Lookup Tables
Math Operations Data Type Conversion Delay Demux
Model Verification KTs
Model-Wide Utilities N P )[>) =
Ports & Subsystems z
Signal Attributes Discrete-Time Gain Ground
Signal Routing Integrator
Sinks 1 ) i
Sources & ) s D 3 >
String
User-Defined Functions Inl Integrator Logical
> Additional Math & Discrete Operator
> Quick Insert b
> Control System Toolbox } 3 X b
Data Acquisition Toolbox
> DSP System Toolbox Mux Outl Product
> DSP System Toolbox HDL Support > |
> HDL Coder N <P )_/_> 3y
Instrument Control Toolbox - F
> Simulink 3D Animation %e'at'Ot“a' Saturation Scope
> Simulink Coder i e 5
> Simulink Control Design
> Simulink Extras b ool ’Q ;IGO\*
Stateflow
Reac:nt(l)y Ysad Subsystem Sum Switch
>3 s .
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Example 2 (cont’d) UBC

P | Ry gy
‘i\|'|'i’i-

J— .[> s+ 65+ 10 Output
+ 5 P>
- S+ Ts+1

Step Kp
Plant
4\ Output e ] X
File Tools View Simulation Help ~
@-BOP® -!aQ-[E-FJ-

| |

Ready Sample based T=20.000

27
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Example 3 (PID Controller Design)

A
“© |-
mij

3 ’—'—’{>— : > 05l »
—-| L + Ss+5
Step Output
Au
& ’{>
Note: We can also use a block with “s”
inside it as the derivative component of
. A
the PID controller design (instead ofA—:f).
28
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The End
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