Analog/Digital Signal Interfacing

Implementation of Digital Filter using
Cortex-M Microcontroller



Analog and Digital Signal

= Analog signal: Voltages, 1V, 3V, 10V,...
= Digital Signal: Binary numbers, 0100110011,....
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Two’s Complement

Input voltage(V) A/D input 2’s complement
(hexadecimal) (decimal) | (hexadecimal) (decimal)
(2047/2048)*10 OxFFF 4095 0x7FF 2047
(1/2048)*10 0x801 2049 0x001 1
0 0x800 2048 0x000 0
~(1/2048)*10 0x7FF 2047 OxFFF 1
-10 0x000 0 0x800 -2048




Review: Freguency Response

= Define input and output
= Time response and frequency response
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Spectrum Analyzer

RIGOL DSA710 Spectrum Analyzoer W 100%Hz- 1GHz
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Frequency Response

= Sinusoidal Input, Steady State

e(?) v(?)
> G(s) >
E(s) V(s)

e(t) = Acos(mt)
vt)=A[  Jcos(ewt+[ )



Frequency Response

= Sinusoidal Input, Steady State

e(?) v(?)
> G(s) >
E(s) V(s)

e(t) = Acos(wt)
v(t) = A|G(jw)|cos(mt + £G(jw))



Low Pass RC Circuit
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Bode Plot

= dB(deci Bell): 20log(magnitude)
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Band Width, Cut Off Frequency
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1st Order Digital Filter

G(S):Y(S): 1 o
U(s) 1+s/eo, o, +5S

SY (S)+ .Y (S) =wU(s)
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Digital Approximation

y(t) — y(t—At)
At
y(t) — y(t—At) + Atw, y(t) = Ato u(t)
(1+Atw, ) y(t) = y(t — At) + Atw,u(t)
1

y(t) = I Ao (y(t—At) + Atw,u(t))

+ o, y(t) = o.u(t)




2nd Order Digital Filter

YO . o

U(s) s%+2(w S+’

%Y (8) + 24w SY (s) + @Y (s) = w?U (s)

2
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dt dy



Review: 2X} A|AEIC| & SE
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Review: 2X} A|AEIC EX
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Frequency Response of 2"d4 Order System
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