EE 1130
Freshman Eng. Design for

Electrical and Computer Eng.

Class 3
Signal Processing Module (DSP).
Differential Equations.
Laplace Transform. Transfer Function.
Simulink with Transfer Functions. Zeros, Poles.
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Simulink: Differential Equations.

e Any Linear Time Invariant system could be modeled as the
solution of a differential equation (DE) .

e In the case of Low Pass RC filter shown in next figure:
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e The Differential Equation is:
RCy+ Yy =X
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Ink: Difte ' loNSs.

o A differential equation Is not instant.

y(t) = 2x(t)

o A differential equation has into account velocities!!!

K -~ + y(t) = 2X(t)
at
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e ' lons.

e The circuit analysis Is shown in next figure:

sl
A -'L\/R/.\:—F

i=0

O

0y =ve()

3/20/2013 EE 1130


lvicente
Pencil

lvicente
Pencil

lvicente
Pencil

lvicente
Pencil

lvicente
Pencil

lvicente
Pencil

lvicente
Pencil

lvicente
Pencil

lvicente
Pencil


_—

Simulink: Differential Equations.
The circuit analysis Is s

+ The crcutanalysis s, (1) =0,
X(t) = Ve (t)+ve(t) | |- + Yil) f

X(t) =i (t)R+ y(t) - -
Ry | | 1l

[y
X(t) _(c: dtjm y(t)

3y Fy(t) = X(t)
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Simulink: Differential Equations.

RCy+y =X

e Where y with the dot is the first derivative of y(t) and x Is x(t).
R and C are the values of the Resistor and Capacitor
respectively.

e The Differential Equation could be simulated with Simulink.

e However, the Differential Equation must be modified to an

Integral Equation, since integrator blocks are more used than
derivative blocks.

j(Rcy+ y)dt:j X dt
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Simulink: Differential Equations.

e The integral is linear:

ch ydt+j ydt:j X dt

RCy:j xdt—j y dt
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Ink: Difte ' loNSs.

e The block diagram could be implemented from this equation:

T I (—x——yjdt

—
i

Step 1/RC Integrator

v

-1/RC
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e To insert the Step and Scope blocks we do:

E----Su:uuru:es

E----Llser-Defined Functions
--Add'rtiu:unal Math & Discrete
EEI--E Acrozpace Blockset
EEI--E Communications System...
EEI--E Computer *ision System...
E Control System Toolbox
EEI--E C=P Syatem Toolkox
E Data Acquisition Toalbox
+- Wgh| EDA Simulator Link
EEI--E Embedded Coder
EEI--E Fuzzy Logic Toolbox
EEI--E Gauges Blockset
E Image Acquisition Toolbox
E Instrument Control Toaolbox
-~ T Model Predictive Contral ...
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=] simulink Library Browser

| File Edit Wiew Help
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D Eq'r g I Erter searchterm
Libraries
EIE Sirmulink =
- Commonly Uzed Blocks
- Cantinuous
- Dizcontinuities
--Dizcrete

- Logic and Bit Operations
- Lookup Tables
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- Model Verification
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~Ports & Subsystems
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E Data Acquisition Toolbox
- N/ ED& Simulator Link

EEI--E Computer YWizion System. .
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e To insert the Integrator block we do:
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=] simulink Library Browser

File Edit Wew Help

=101 %]

| [ = » IErltE:r search term

Libraries

= N simulink -
- Cammanly Used Blocks

- Continuous

- Digcontinuities

- Dizcrete

- Logic and Bit Operations

- Lookup Takles

- Math Qperations

- Model Yerification

- Model-Wide Lilties

- Parts & Subsystems
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e Once all elements in the Model, we make the connections:

=] untitled *

4 File Edit Wiew Simulation Format  Tools  Help

D ESE| s mR (et (2 » = |

——f> F l ]
+ F =
ar cope

Step =3in

e To flip the Gainl block we type control+I
<

Zaini
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e Double click on each gain block and change the 1 to 1/(R*C) at
the first block and -1/(R*C) at the second.

e Type C=1 and R=1 at the command window to define the
variables R and C.

m Function Block Parameters: Gain

Gain

J™MATLAB RZ0D11b

File Edit Debug
1T |

E Shortcuts | #A] How to add &) What"

FParallel Deskkop

Command Yindow

|7Element—wise gain ¢y = K. *U) or matrix gain 0y = K¥uor y = u*K), Soy el Matlab d

Ahora estoyw =n

Current Falder

Main | Signal Attributes | Parameter atributes |

Gain:

| 1/R*C)

Multiplication: |E|E ment-wised, * U}

Sample time (-1 for inherited):

-1

J oK
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e To see both traces in one scope we add the MUX.

=] simulink Library Browser = 0] =]

File Edit ‘“iew Help
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- Sinks :u_/—a Index Wector

- SOUFCes

----Llser-.Deflned Funct.u:uns 5—«_‘_3 Manual Switeh
[+ Additional Math & Discrete o

EEI--E Aerozpace Blockset
EEI--E Communicstions System... meme | Mearge
[+~ ﬁ Computer Vision System. .
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e Once all connected, variables defined in command window, we
hit play and double click on the scope block to open the scope

Screen.
=101 =1olx]

File Edit “ew Simulation Format  Tools  Help
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Simulink: Laplace Transform.

e Working with DE is not easy. Laplace Transform allows avoid
DE.

e Also, it allows us to have an analytic relation input/output!!
RCy+ Yy =X

c Y

dt
e Aplying Laplace:

RCsY (s)+Y(s)= X(s)

+y(t) = x(t)
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Simulink: Laplace Transform.

e Operating:

Y (s)(RCs+1)= X (s)

1
U e

e We could easily implement this in Simulink!!!
e The multiplier of X(s) is called Transfer Function.

1
RCs+1
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e Double click on Transfer Fcn to open options as shown below:

e Simulating:

-

R*C.st1

Step

Transfer Fcn

m Function Block Parameters: Transfer Fen

— 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

Murmerator coefficients:

[EN]

Denorminator coefficients:

[R*c|1]

Absolute tolerance:

| aum

State Mame: (2.9, 'position”)

\_), O I Cancel | Help | Apply
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End of Class
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