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MIEET. The levels of knowledge

Sensors and
Actuators

Systems

Control

Physics
Electronics

Digital Electronics Optics / EM Waves

Integrated Circuits Telecommunications

Internet
Micro Assembler
Machine Language
Macro Assembler
High Level Programming Languages
Object-oriented Programming
Distributed Programming Today

IALP
Information Processing MIEET
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Electrocardiography:

Hame: 12-Lead 2 HR 62 bpm | * Normal ECG “Unconfirmed™
1D: L] 14:37:18 | * Normal sinus rhythm
Patient ID: PR, 1385 8S8. 1125
Incident: r/ate 0. 398s/8. 3955
Tgr:lz‘ls Sex: ::n-mes 2°88°49° = o \
J J r/\_J\||L ,_/\_____A_&r/\d_wl)(\/ "T\f “]'\“V ﬂr_v_ ﬂrnv___. 1|_=/\ i K
J’uk l | el | 1 I I _
5 A NHES _—-Lr_— qJ:J,_ —"Jﬁr-‘\'- M,J(M(M /\__AJ /
Fljl ll , IMJ\» - JL/\ [ 1n " | m} fi _

|
x1.865-1507 25mm/sec

Is this person healthy?
The information is there somehow, but how to
extract it?
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Signal processing

Frequency analysis
Filtering

Noise

Fourier/Laplace Transform

(Pattern recognition)
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ADC/DAC

ADC (Analog-Digital converter)
DAC (Digital-Analog Converter)

Translate signal from analog to digital domain and back

oo 1 BV)ifV >V,
> bOUt {
Vet > 0(0V)if V<V

ref

Simple 1-bit ADC:
comparator
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Signal, Noise and SIN

Signal is that part of the incoming voltages (currents) that
contain the useful information

Noise is that part of the incoming voltages (or currents) that
contain non meaningful or no information

The signal-to-noise ratio, S/N or SNR is the power ratio between
the two (how much power, ~ V=2, is in them).
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Signal, Noise and S/N

Noise is random (or looks like it to us). It has a certain
probability function.

It also often has a certain frequency spectrum (which shows
the correlation between measurement points)

avg = 100 S/N = 10.0

ttor vt g bt peestd

avg =10 S/N=3.2

‘Mw'lﬂi ”‘ Probability Density P(V)

avg =2 SIN=1.4 \\\\\\\

(RN
I

avg =1 S/IN=1.0 //////’

Time

Signal

asi0u aJIyM

(A) ubis
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Noise types

White Noise: Spectrum: flat (~1). Equally loud
at all frequencies

Pink Noise: Spectrum: ~1/f. Lower
frequencies louder

Brown(ian) Noise: Caused by random motion
of particles. Spectrum: ~1/f2

Gray Noise: Spectrum is inverse of sensitivity
spectrum of ear (sounds equally loud at all
frequencies)

Frequency -
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White noise

White Noise: Spectrum: flat (~1). Equally loud
at all frequencies -
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Pink noise

Pink Noise: Spectrum: ~1/f. Lower
frequencies louder
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Brown noise

Brown(ian) Noise: Caused by random motion
of particles. Spectrum: ~1/f2
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Gray noise

Gray Noise: Spectrum is inverse of sensitivity
spectrum of ear (sounds equally loud at all
frequencies)

Frequency -
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Ci\test\audio files\music0l.mp3 - [ MPEG 1.0 layer-3: 44,100 kHz; Joint Stereo; 128 Kbps; ] - Music Editor Free 8.0.1 = | B | S

File Edit Effect Moise Reduction Bookmark Options Help

{5} Load CD x Cut % Delete | Amplify 2 Fade E.:.
fl Import from Video Copy ] Crop 64 Noise Reduction (@ Echo

R
New New Open Save Paste Effect VIEW
File Record e T Get from YouTube Em Select All || /o= Mix File | (7 Repeat “di Speed Change [ Normalize

B Effects )

s[4

> |2 Amplitude and Compression
» @ Delay and Echo
> [ Filters and EQ
. &% Modulation
b [ restoration
b :§ Special

J% Stereo Imagery
ime and Pitch
b w9 Generate
: 3 Apply Invert
‘& Apply Reverse
[ Apply mute

Signal in time
Example: V() = cos(wt

raphic Equalizer Stud
Dats _Factory Setups _Eaqualicer Mode _Display Mods el

Sgundeard__ Wav & M3 Info

TEEEEEEEEE ]

s correcT] | © Logarithmic € Linear

fiEEE:E

Equalizer presets

12500

Signal in frequency
V(w) =1
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Fourier/Laplace Transform

To convert from time domain to frequency domain we can use
Laplace Transform and Fourier Transform

Wp
Time — Frequency —
Example: V() = cos(w, ) V(w) = o(w-w,)

Single-frequency signal — Single-frequency spectrum (duh!)
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Fourier/Laplace Transform//

To convert from time domain to frequency domain we can use
Laplace Transform and Fourier Transform

Time — Frequency —
Example: V(1) = o(t-t) V(w) = 1

'Spike' signal — Constant spectrum!!
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Fourier/Laplace Transform

Fourier Transform for periodic signhals (Ae"««)

Mo 2WMg 3Wp

Time — Frequency —

Periodic signhal —» w, 2w, 3w, 4w, 5w, .... etc.
w=21/T
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Filtering

Filtering then is the process of letting through only part of the
specirum

EE raphic Equalizer Studio
Data Factory Setups _Equaizer Made  Display Mods _ Settings  Spundeard  Wav&Mp3 _ Info

i izer studio
Dsts Factory Setups _Equaizer Made  DisplayMode _ Setfings _Sgundeard  Wav 8Mp3__Info

*eas:sssgsgggzaggg;ggggggggg;gggggw‘”
incar___|

Example of a 'notch’ filter (blocking part of the spectrum)
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Simple pass-filters

Simple examples of filters.
Practical lecture on Analog Electronics:

10 pk
Oscil. X — | » Oscil. Y
Fun. Gen.d\) 100 €2

100Hz / 1V
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In: X 10 puF Out: Y

Oscil. X — | ] > QOscil. Y
Fun. Gen.(l\D %100 ()

100Hz / 1V
| | ‘ ‘ | In: X
\ Out: Y
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In: X Out: Y

Oscil. X Oscil. Y
Fun. Gen.;’\/l) %100 ()

100Hz / 1V
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Simple Low-Pass Filter

In: X 10 uF OutrY
Oscil. X Oscil. Y
Fun. Gen.('\V 100 €2
100Hz / 1V
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Simple Low-Pass Filter =

In: X 10 IJ’F Out: Y
Oscil. X — | > QOscil. Y
Fun. Gen.(l\D %100 ()
100Hz / 1V
V = ’ w=0:V/V=0
Vi ] R+ 1/iwC ) 1+ 1/iwRC W = oo VO/Vi=
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In: X

10 pk

Out: Y

Oscil. X — | ]
Fun. Gen.(l\D

100Hz / 1V

V. 1

v

1+ 1/iwRC

45

(0]
o

—
on

— Phase difference (degrees)

o

- V/V.=0

> QOscil. Y
100 ©2

0.01 0.1 1 10 100

f/fp (log scale)
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Simple Low-Pass Filter =

In: X 100 Q  Out:Y
Oscil. X = MAN—— Oscil. Y
Fun. Gen.(’\b = 10 pF
100Hz / 1V
7 1/i0C 1 =0 V=
V. R+1iwC 1+iwRC W= V/V =0
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Oscil. X Oscil. Y Oscil. X - AMN > Oscil. Y
Fun. Gen(:) Fun. Gen.d\;) :|:10 1k
100 Hz / 1V | 100Hz / 1V

w=O:VO/\/i=1 w=oo:Vo/Vi=O
v 1/iwC 1
V.  Ri1/iwnC 1+ iwRC
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In: X

100 €2

Oscil. X —=
Fun. Gen.

100Hz / 1V

Out: Y

—

— QOscil. Y

— 10 pk

w =0: Vo/\/|=1
v 1
V. 14+ iwRC

-90

40.1

H0.01

Amplitude [H(f)| (log scale)

40.001

0.01 D.1ﬁ I1 I 10 100
/fo (log scale) ) = oo Vo/Vi _ 0

IALP 2011, Signal Processing, UAlg, Peter Stallinga - 26/26



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26

