Human Body as a signal source

Signal processing
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Human Body as signal source

Signals in medicine
Information content of signals

Signal detection - transducers

Explained through examples
there are endless possibilities
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Signals in medicine H:P'Ing(;)

Signal is something which carries Information Information content in Bits

Human body as signal source: everything which is a signal,and comes from the body
Here in the cartoon:

Information : Head or Tail?

Signal:

- Optical:  we simply look at the coin,and see the image
- Digital: after encoding: 1/0

H
“| wish | could be as ¢alm as JB when it comes to
making decisions.”

Transmitting information — information coding

in general

Q an example
Information source £~ Which side is up?

1%\{}3 ) 0
encoding | Sides : Head or Tail
into Numbers: 1,0

encoding

Transmission channel Speech, waves in the air, sms

decoding decoding | 1,0 — head, tail

L)
Information reciever % Decide who wins
destination w m




Signals in medicine
. : . . " . Speech
Signal is something which carries Information h‘::m '\

Here in speech:

Information : ,what we say”

Signal:

- Audio: pressure waves in
the air
- encoding: electrical
signal from
Microphone

- encoding: formal grammar I 1]
- : electrical to

Mechanical
(loudspeaker)

Signals in medicine

P-Wave

Depalarizatian of
atria In response
16 54 Rode riggening,

T-Wave
Wentricular
repalarization

Voltage
Time
- A

| PR Interval
Delay of AV npde

e aldaw filling of veniricle

ventriches. repolarization, |
| haldbebn |
Information: Heart cycle
ECG: Electro CardioGraphy
Signal:
Original: voltage across points

(eg. two arms)
Encoding:  None,
But Filtering required

[ ParTa——

162 « 76

) ‘ Removal of
- - natural language an unwanted portion
understanding T T n A 1 ; 5 A : ;T of the signal
Signals in medicine Sound Signals in medicine
intensity vs.
time
) . . Detector array for radiation
Heart beat PET: Positron Emission Tomograph
2280 ||’| lmr\,.mm 1r||hrl..-..,._“|ll't1ln“,__mm-[||“[|~..ﬂ~ gt grapny /
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Signal: Signal: I
Original: Acoustic waves . Original: y-photons U Saasiall
(sound) W
— Encoded:  electrical pulses from / \;\ =1
Encoded: electrical signal from the detector. S—
the microphone. ¥
180 Encoded:  Coloured image on the
Encoded:  Coloured image on the computer screen
30

computer screen

0.8 1.6
(frequency spectrum)

Systole Dlastole

Frequency components
(see Fourier later)

Information: Heart cycle parameters, anatomical and flow problems.

Impulsamplitude (Volt)

Information: Location of drug, labeling molecule, etc.




Signals in medicine

Signals in medicine
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Types of signals
Signa| processing Electric Not electric
Types of signals
Electric signals — analog signal chain
(amplifier, frequency response,Fourier theorem)
Digital signal processing (DSP)
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Types of signals Types of signals
constant

Y Periodic Not periodic

lifne =

X
variable in time

peak amplitude peak-to-peak amplitude
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Types of signals

Analog Digital
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Theoretically unlimited resolution
in time and magnitude
(measurement system limit only)

Digital: represented with numbers
Finite resolution
Digital signals are a form of
encoding : digital to electrical
electrical to digital
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Information content of signals

# I |

Analog signals — infinite information content?

Do we really need unlimited resolution? :

vyyepyeenuen @B EEd

Do we even have ulimited resolution in

2o, Ty ey am [y ) 50 o0

real-life analog singals?

/

Theoretically unlimited resolution
in time and magnitude
(measurement system limit only)

We always have a real signal as:

S = Information + Noise

Information

+

- b n'f!';F’#“"J-“i:"r’:i.-'-n!.“Fi"‘.-'Q“J{t’f1:"r"""e*"|f."‘i Noise

Information content of signals

Analog signals — infinite information content?

We have Information + Noise

Goal: Preserve and transport information
without increasing the noise content.

Information U =A__ - cos (ot + ¢)

+

. - Random(t)

nois

— A noise oset=a

Medical signal chain

Transporting and processing signals

|/ Transducer Processing
JIERL Encoding into and
= e electrical signals transport
. Decoding
Signal source and

(information source) Utilizing information




Transporting and processing signals
No‘ise

Noise
|

RES ‘ ‘

| /| Transducer Processing
) Encoding into and
oA electrical signals transport

Decoding
and
Utilizing information

Signal source
(information source)

We need to separate
information from noise!

Transporting and processing signals

Signal only

Signal + Noise (1:1)

Signal + Noise (5:1)

Signal + Noise (1:2)

Transporting and processing signals

Amplifiers
Task: amplify signal, without addition of noise

(only transport information)
Combat noise in the chain: Amplifiy the signal at the beginning!

In real-life no amplifier is ideal, they always distort the signal

We need to characterize amplifiers, and other signal-transporting / processing
elements of the signal chain.

B
P

Analysis of amplifiers

Basic analysis: amplifier gain

P=U-I1=U*/R

n= 10~log(

=10e 10-1g10dB =

1
=10-1dB= 10dB

output

input

[aB]

P . 24 1019248 -
P

=10.0,3dB = 3dB

The technique
is applicable to
any transport/coding!

3
2 4 |8

8 9

3,16 10 10
20 13

10 100 20
1000=10° | 30

100=10" [10000=10%] 40
1000=10°| 10° | 60




Analysis of amplifiers - complex signals

Fourier theorem: Any arbitrary (periodic) signal
can be split into sine/cosine functions with varying frequency and amplitude
OR from a set of such functions it can be recovered

| | |
| $ ¢
A ~

| A A —
Signal(t)<——>zi A;-sin(w;, )+ B;cos(w; ) | I i I £ t
T

Where in the case of periodic signals o = kf,f=1/Tandk=1,234,5....
>

Base frequency overtones

Analysis of amplifiers - Fourier theorem Signal(t)<——>z[ A;-sin(w; 1)+ B;cos(w; 1)

Original signal

/ /4 k=1 A °°

0 5 10 k 15 20

Spectrum

Amplitudes vs k (or frequency)

Analysis of amplifiers - Fourier theorem Signal(l)<——>ziAi~sin(wit)+Bic0s(w,.t)

Original signal

0
0 5 0 Kk 15 20
—_— >
1
%§ 1 05
% Y k=1,2,3
§§OZ XOZ o H—t———"
0 5 10 15 20

Analysis of amplifiers - Fourier theorem Signal(t)«——>zl_ A;-sin(w;#)+ B;cos(w; ?)

Original signal

0.5 4
ol
0 5 10 15 20
o
0.5
ol Ly
0 5 10 15 20
1,
0.5
0 !Ill




Analysis of amplifiers - Fourier theorem

S T RA

Original signal

Infinite number
of components

Signal(t)<——>zi A;-sin(w; )+ B;cos (w; ?)

1
0.5
0 l‘l‘!‘!‘!‘ew””‘
5 10 15 20
1
o‘wl‘l‘!‘!:!‘!‘fw‘r:
0 5 10 15 20

But: they are all related, so information is the same!

Analysis of amplifiers - Fourier theorem Signal(t)<——>zl_ A;-sin(w; 1)+ B;cos(w; 1)

\/(217“)[: f(t)e' ™ dt

Non-periodic signals: Fourier transform F(w)=

oPeWer Spectrum _ Chan 1 Aug=10

Power Spectrum

Chan 1 Bug=1

a8 : : : a8

Functn  Lin  Hz [AMarker]y] RCLD
X:400Hz 56085608 X:232Hz .-50.071408

Analysis of amplifiers - Fourier theorem

Signal(l)<——>zi A,-sin(w, 1)+ B,cos(w; )

i X . . 1 +oo i
Non-periodic signals: Fourier transform F(uo)zﬁ-f f(t)e' ™ dt
TT — 00
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Voiceprint:
Frequency
analysis in time
t

Analysis of amplifiers - Fourier theorem Signal(t)«——»Z:[ A;-sin(w; )+ B,cos(w;?)

Non-periodic signals: Fourier transform

_ 1 . oo eiuxt
F(w)_m f_wf(t) dt
@

NFANA |

Infinite sine wave
7 has asingle line
as spectrum

L L] LI e r ’
Signal in time o Signal in frequency
v T d Pdf @
N/A (% A Longer
U t f= 1T f sine-signal
has
@) narrower
U o Parf spectrum

d Pdf




Analysis of amplifiers - Fourier theorem Signal(l)<——>ziAi-sin(w,-t)+Bicos(w,-t)

. . . . 1 teo iwt
Non-periodic signals: Fourier transform F(w)= . t)e'™ dt
p g (@)= J 1w
Any signal is just a representation of information Hi, De. Elzabeth ¢

Yeoh, vh... T accidentu)ly 120k
the Furier transform of @y cat ...
'

We can have many pictures of the same % Meow !

Time-based (more convetional)

or

Frequency-based
(useful,but a bit abstract)

Fourier-transform is the ,art of engineering”

(Picasso: La Crucifixion)

Analysis of amplifiers - Transfer function of filters

L fil R
ow-pass filter U

out

n(dB)
— R2
Uoutput - Uinput.m
Substitute one R with C

High-pass filter

R, U n(dB)

logf
Ui" : c Uout

C
-
U, R

n

logf

. R1
Low-pass filter U High-pass filter
n(dB) R, U, N8
R,
Uoutput = Uinput'm
Substitute one R with C
.1
logf Co logf

1 U RCw

Uuu = 'Uin ” - U
t /1+RZCZL02 put out \/m input

Analysis of amplifiers - Transfer function of amplifiers

Ideal amplifier

U, U,
E— < >
input output
n(dB)
nmax / \
N3

max”

Transfer band

Real-world amplifier

£ f

u

Amplifiers are not ideal, they have input and output

The output signal may not contain all frequency

Distortion, information loss / alteration

log f (Hz)

capacitance,etc.

components!




Analysis of amplifiers - Transfer function of amplifiers Analysis of amplifiers - Transfer function of amplifiers

: % |
Up i U P
H < ;22 Feedback in amplifiers
: : Gain Bandwidth Product
: : Modification of gain and I , : :
: 5 § Transfer function Gain - Bandwidth = constant I Bandwidth at maximum gain
i ; g >
--------------------------------------- “E -
Summation point U . - % L
1= Uy 2 y = T mplifier gain ! £
(@) U,=U,+pU (b) A 2 Amplifi i The available power to the amplifier gt
U1 can either be put to use as: EL -
il / Bandwidth at lower gain
(c) A, = U, _UA, _ (Ut BUA, _ A+ p ﬁAu = A+ BALA, high signal gain over a limited bandwidth . : !
U, U U, Us
or A i PR i A L A F—1 1 i I i A 1 .
A - ﬁA*A = A A= L Gain with feedback circuit Frequency | Hz
v vty v v 1- ﬁAU ain with feedback circut limited gain over a wide bandwidth.
B>0 : positive feedback
B <0 :negative feedback
A B =1 oscillator (output without input signal: signal generator)
Analysis of amplifiers - Transfer function of amplifiers Analysis of amplifiers - Transfer function of amplifiers

During analog signal transport at every stage noise will be added! — degradation

Just transport that part of the spectrum

i, f,ru. "V‘”“‘” :"u/'u"u 7’\, l,’u\J P\‘W‘l ﬂ.\‘.".f‘ o fu\..m‘_'\_/J o
' ' which containes the information!
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Digital signals — A/D conversion (ADC)

The analog signal can be
represented by numbers:

We measure the signal every
T seconds, and transmit the
result only.

Measurement accuracy i
(how many bits)

Digital signals are discrete
in time and in value

Numbers can be transported / stored

or processed losslessly! \
0454346 754455..

T

Digital signals - Quantization

Digital signals are discrete What happens to the original parts between?

in time and in value
They get lost!

Digital Output
3

" —
P

00 fe= e i
0 A

100

Quantization Errar

-

01

]

oo

oo

b)

Digital signals — Restoration (DAC)

Vo H
Recovery of analog signals:
Digital to analog converter
This is easily realized to be near-ideal
Many-bits, fast DAC-s are cheap
OFFSET
01, ERROR { i
i CODE !

o Pitfalls to avoid
o
<
a,
@jjl

210001001020,

Digital signals — Sampling of sine waves

For non-sine signals: ,first apply Fourier, then sample each sine”

f =1000 Hz
fs = 8000 Hz

No problem

f =3000 Hz
fs = 8000 Hz

Still no problem
f =3900 Hz
fs = 8000 Hz

Still no problem




Digital signals — Sampling of sine waves

For non-sine signals: ,first apply Fourier, then sample each sine”

f =3900 Hz
fs = 8000 Hz

Still no problem b ! AR

f =4000 Hz
fs = 8000 Hz

Signal lost!

Nyquist theorem: sampling frequency must be at least 2x the frequency of the sine

Digital signals — Nyquist

Nyquist theorem: sampling frequency must be at least 2x the frequency of the sine

f =3900 Hz

8 | fs=8000Hz SRARANAE N S
= . ‘.‘.Hl‘.;".:|:‘:|‘:‘|: T
Still no problem AR L
W [ J
f =4000 Hz
fs = 8000 Hz
Signal lost! T VO VLY VR VO
©
(]
o 4
f =600 Hz AVH
fs = 8000 Hz (il
Signal lost!

sine appears instead of the

Digital signals — Digital Signal Processing

Process

Transducer ADC
Encoding into
electrical signals
Signal source
(information source)
Utilizing
DAC |—» information

DSP in everyday life
Digital data can be further manipulated : encoded/decoded/compressed,etc.
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Cell phone

NS

Sample, encode,transmit,decode,DAC
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