EE 1130
Freshman Eng. Design for

Electrical and Computer Eng.

Class 4
Signal Processing Module (DSP).
Laplace Transform. Transfer Function.
Filter Design with Zeros and Poles.

1/23/2014 EE 1130



~ —Simulink: Laplace Transform.

o Working with Differential Equations (DE) is not easy. Laplace
Transform allows exchange DE for something called Transfer

Function (TF). The TF gives us a direct expression of
Input/Output that the DE is not able to.

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

RC—+y(1) = x(1)
e Aplying Laplace:
RCsY (s)+Y(s) = X ()
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~ —Simulink: Laplace Transfcfr{

e Operating:
RCsY (s)+Y (s) = X(s)

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

H(S) =
(8) RCs+1

1/23/2014 EE 1130



/%ﬁnulinkzm

e Double click on Transfer Fcn to open options as shown below:
e Simulating:

> H(S):;
RCs +1
. P =

R*C.st1

L

Step

Transfer Fcn

m Function Block Parameters: Transfer Fen x|

— Transfer Fcn

-)scope N ~1oi x|
SBE|oLe ABB B A F -

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

Mumerator coefficients: - . . . .
|[1] /=] NP PR P SRR B e

Denorminator coefficients:

I[R*CJll] ___' ......... .......... ........... .......... ..........

Absolute tolerance:

o Al SRR SO U SR

State Mame: (2.9, 'position”)

n - P T T e R
o : . : .

\_), O I Cancel | Help | Apply |
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/ﬁmulinkM

e Last lecture we ended up with a noisy signal as next figure
shows:

SBE LR ABRE B A S

X(t) =sin(271t) + 0.2sIn(27760t)
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~—Simulink:

I8

ng.

o We will insert a system that will filter out the ripple.

e First option is to insert from the continuous library group a
Transfer Function block.

e We also add a Mux from Signal Routing library group.

=] simulink Library Browser

Eile Edit Wwiew Help

=10 x|

E Simulink Library Browser

File Edit Wew Help

=10l x|

0 = 3 I Enter search term RaF . %’ 0 = » I Erter search term | % L‘%‘L
Libraries Library: SimulinkiContinuous | 1| » Libararies Likrary: Simulink/Signal Routing | 4| #
T clmu - Iy Used Block Al e, | P contolier = ~Ports & Subsystems &) meme b Marge =
ammarty Ssed Slashs 1 (z00OF) - Signal Attributes
= Continuous . -
Discontinuit - Signal Routing
~Dizcontinuities T Al - g i i
-~ Dizcrete = CreDn [ State-Space Sinks : Multiport Switch
~Lagic and Bit Operations EOurCes
____Lng:;: anT bl p ] - Uzer-Defined Functions
M':;'h”g ? ;s | -7 p TransferFen - Addtional Math & Discrete :I’ hux
erations
- ‘-.Terificatil:un EEI--E Aerospace Blockset
- ModelWide Lilties ) IB%{ b Transport Delay Eﬂ--ﬂ Communications System... |:|. -, Selactar
- Ports & Subsystems EEI--E Computer Yision System. ..
- Signal Attributes N : ﬁ Control System Toolbox
_g ) - A X Yariable Time = J - —|_=-:L|5\—;~ Sitch =
- Signal Routing _I AT Delay +- Wbl NP Swstem Trnlboe:
Showing: SimulinkiContinuous 4 Showing: Simulink/Signal Routing Yy
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/ﬁmulinkM

e \We Insert the Transfer Function after the summator and before
the Mux.

e The Mux will allow the Scope to show two traces:

=] sEE1130_E03 10| x|

File Edit Wiew Simulation Format Tools Help

D|ﬁn%|%g|@={>ﬁ}|92|l l|1 INDrmaI

Mr ‘ , L;I_.|:|
Sine Yyave +
5+1
‘ add =cope

Transfer Fon

Sine Wavel

Ready 125% |odz45 5

e Now, hit play and see:
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/ﬁmulinkM

e Now, hit play and see:
e Somehow we cleaned the signal, but we need to amplify its
gain by a factor of 4. We open the transfer function and set 4

the numerator to do this.

OTE—
FI|E Edit ‘iew Simulation Format Tools Hel Zp B - | p }3 |7 | ﬁ EI . | . B
DeEdHE| &+ 2R T
L’ : _1 ........ 1 .-.-.--.-. ..-:II.I;.. . ...... :.I_I:I_:. e :.. ................... A
Sine YWave + — P : Y : : : : :
S+ 0.5 ”":"';'."I': ......... ........ ....... ) -_ . ......... ........ ........
r’ﬂ"dd rranere | (LA U S U R
Sine Wave! a5l NG
Ready 125%:
EE 1130
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~——Simulink: Signal Processing.

e Somehow we cleaned the signal, but we need to amplify its

gain by a factor of 4. We open the transfer function and set 4
the numerator to do this.

—Transfer Fcn - — = B
EEIREE R

The numerator coefficient can be a vector or n
denorminator coefficient must be 3 wector, The

number of rows in the numerator coefficient,
File Edit View ¢ | coefficients in descending order of powers of s

D |E’v E % ~Parameters———————————— 0 .

Murnerator coefficients:

I [4] OG- -- |:"';I I .. ........ . ....... i III"*EL_‘_.-':'“'_"';. .. ......... ......... ........ . ........ ........

Denorminator coafficients:
Sine Wave |[1 1]

Absolute tolerance:

Iaubj
. State Name: (8., ‘position’) AL ERRRREE e SRREEE REEERIRE e : e
Sine YWavel | : : : : : :
Time offset. 0
Ready E

o OF | Cancel Help apply |
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/ﬁmulinkM

e We have cleaned the signal, but introduced a time delay (time
shift). This iIs common in any kind of filters.

SE| LR L ABE B A S
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~—Simulink:

I8

ng.

e Now, lets design a filter that particularly eliminates the signal
of 60Hz. We do that using the Zero-Pole Transfer function

=] simulink Library Browser

File Edit Yew Help

=101 x|

DI Eiq'r ¥ IErlter search term
Likraries
—--_ﬁ I, -
- Commonly Uzed Blocks _I
- Continuous J
- Dizcontinuities
- Dizcrete

~-Logic and Bit Operations
- Lookup Takbles

- Math Operations

- hdaclel Verification

- hdadel-Wicde Liilties
~Ports & Subsystems

- zignal Attributes

- Sicnal Routing

Showving: SimulinkiCortinuous

=

=144 3

Library: Simulink /Zontinuous |

_ I TansTer rcn
#+1
Ry
>%g
AT
}
>Ti%{l P

&b
18411

Transpart Delay

Wariable Time
Crelay

w

“ariable
Tranzsport Delay

b Zero-Pole

A r

s

| Zero-Pole

=] sEE1130_E03

File Edit WYiew Simulation Format Tools Help

=10l x|

D|ﬁﬂ§|é’éﬂ|4==ﬁ>{r|fﬂ’2|b l|1 INnrmaI

L+ ‘ (s-1) kl—b ]
Sine YWyave
* s(5+1) Scope
Add fero-Pole
Sine Wavel
Ready 125% lode45 4
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/ﬁmulinkW

e When studying Filter Theory you will learn that the roots of the
numerator (called zeros) must be s=2760j where 60 Is the
frequency to eliminate at the output.
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——Simulink: Signal Processi{

e But the coefficients of the numerator are some of the values of
the Electrical Components.

e Remember, for the RC circuit we had:
1

H(s) =
) s+1/7

1
- s+1/t -

1
Y (S)s+ EY (s) = X (s)

dy
dt

1
e y(t) = X(t)
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5 . , - —
———Simulink: Signal Processing.
o But the coefficients of the numerator are some of the values of

the Electrical Components or amplifier gains.

e However, we can not have imaginary coefficients, because they
are component values or amplifier gains that MUST BE REAL.

e We need to do a mathematical trick to convert imaginary
numbers into real numbers!!

e COMPLEX CONJUGATE
* (a+jb) (a-jb)=a?+b?eso es debido a que -j>=
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~———Simulink: Signat Process'ﬁg./

e When studying Filter Theory you will learn that the roots of the
numerator must be (s-2260j) and (s+2760j). The use of
complex conjugated roots is to have real coefficients because:

(s—2760j)(s +2760 ) = s+ 47°60

o At the denominator we just set roots to.
(s +340)(s +360)

e If you set smaller roots, the output becomes too large. Please
try other values to check out by yourself
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~——Simulink: Signal Processing.

e The final Transfer Function that solve our problem is:

= s° + 47°60°
(s +340)(s + 360)

H (s)

e Now, we simulate this in Simulink

Sine Wa!
gl
e = L]
Add1l
Scope
(st2*pi*60%j)(s-2*pi*60%*))
(s+340)(s+360) [@:
Sine Wavel Zero-Pole >
Spectrum
Analyzer
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-Simulink: Signal Processiﬁg./

e Now we hit play and compare input and output in the Scope

< =]
SE LLL ARBRE B ~
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/ﬁmulinkM

e The simulation shows we did the job
e Spectrum before the filter

Signal
L

Amplitude
o

r r r r r r r r r r
0 1 2 3 4 5 6 7 8 9 10
Time in seconds
Spectral Density Plot
L L

400
>
=300
{ )
o]
5 2007,
5
g 100 L
- L
O r I r I r
0 10 20 30 40 50 60 70

Frequency in Hertz
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/ﬁmulinkM

e The simulation shows we did the job:
e Spectrum after the filter

Signal
L

Amplitude

r r r r r r r r r r r
0 1 2 3 4 5 6 7 8 9 10
Time in seconds
Spectral Density Plot
L L

600

400

200

Spectral Density

0 10 20 30 40 50 60 70
Frequency in Hertz
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/ﬁmulinkM

e We notice the dark trace is completely clean of noise. \We could
add another trace to the scope and see both signals separated:

|| = =1 sEE1130_E03 - O] x|
) 'S : k = X
—I—I—I E"E El:lit =101 iimulatil:un Faormat I.:":,|5 ueh:,

Genersl || History || Graphics O |ﬁg§| & 2] | = T |£'3' Ql P = I‘I IN.:.rmaI
Axes m'

Mumber of axes:; [ flosting scope L|_’
; ,I::|+ 1]

Tithe: range: Iautu:u

Sine YWave

Tick labels: Ibujttu:um axiz ar SCDFIE
- EEIEE R
ampling . .
-+ 2 iRl
Decimation j |1 #
Hole
(]34
|oded5 4
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~Simulink: Signal Processing.

e Once the simulation shows we solved the problem, we need to
Implement the Electrical Circuit.

 In order to do that, we need to modify the Transfer Function in
a sum of simpler Transfer Functions of the type:

G
Hsimple (S) s
(z5+1)
e This is done with Partial Fraction Expansion:
2 2 2
H (s) s*+47°60 R, . R,

" (s+340)(s+360) s+340 s+360

e Matlab calculate the residues very fast:
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/ﬁmulinkM

o Matlab calculate the residues very fast:

s* +47°60° -1.35861*10* . 1.2886*10"

H(s) = =
(s +340)(s + 360) s +360 s+340
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/ﬁmulinkW

e One more modification yields:

-37.7 37.9
H(s) = 7 + 7
—S+1 ——s+1
360 340

e Each term correspond to a RC circuit:

G, G,

S|mple( )_ 55
(RCs+1) (R,C,s+1)
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—Stmulink: Signat Prc
e Implementation:

H (s) = :—L37.7 - 37.9

—S+1 —s+1
360 340
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~—Simulink: Sig ng.
e From the Electrical Schematics we build the

physical layout:
e \We obtain something like:

91K, 2.2uF 120K 22uF 750K 6.8nF
T || L2 /15nF
100K EE : ;

100uF 2! zessa .\l Power
Q. z e S o
0 D oco

51K

7 K oJII* = \ 1.5nF
91K’ 2.2uF 120K 22uF 750K 6.8nF
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—Simulin

e From the physical layout:

e we build the

P ——

PCB (Printed Circuit Board)
e We solder the components.
e Solder the cables.

e Then we test!!!
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/ﬁmulinkM

e We generate the final report with our findings, to assess that the
circuit does what we intended it to do.
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P

End of Class
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