Human Body as a signhal 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



1
Signals in medicine H = z p * 10925

Signal is something which carries Information Information contentin 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

“I wish | could be as calm as JB when it comes to
making decisions.”



Transmitting information — information coding

in general

Information source

encoding

v

Transmission channel

decoding

v

Information reciever
destination
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Speech, waves in the air, sms
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Signals in medicine
Signal is something which carries Information

Here in speech:

Information : ,what we say”

Signal:
- Audio: pressure wave|
the air
- encoding: electrical
signal fi
Micropl

- encoding: formal grammar |

- decoding: electrical to
Mechar
(loudspeaker)

- decoding: natural language
underst




Medical signal processing chain

Analog side (obsolete now)

Coding

Patient as
information source H-

coding

Digital chain Decoding
and Diagnosis

Electric
signal

Any kind of signal
from the human body
(electric or not)



Signals in medicine
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Signals in medicine Sound

Heart beat

Signal:
Original:

Encoded:

Encoded:

intensity vs.
time

2280 '“")lrvﬁm1 W I",,rwm..ﬂﬂljw—-m—i M{‘u"u'\"*"""*"*“ﬁﬂilﬂflwﬂw}lrr-m

1300
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Acoustic waves,, . I 3
(sound)

. : 350
electrical signal from
the microphone.
150 fa
Coloured image on the
computer screef’ © oy
(frequency spectrum)

Systole Diastole

Frequency components
(see Fourier later)

Information: Heart cycle parameters, anatomical and flow problems.



Signals in medicine

PET: Positron Emission Tomography Detector ar/ray for radiation

Original: y-photons TS
/\ ;

Encoded: electrical pulses from
the detector.

Encoded: Coloured image on the
computer screen

Impulsamplitude (Volt)

Information: Location of drug, labeling molecule, etc.



Signals in medicine

SPET-CT:
Single Photon Emission
Computed Tomography

Computer Tomography
Signal:
Original: v-photons
X-ray pho
Encoded: electrical pulses
From the
Encoded: Coloured image

Information:
Anatomy (X-ray)
Label (desease,etc)




Signals in medicine
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Basics of medical imaging:

Pixel
Voxel

Image
Tomogram
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A 3D model can be made from

~ o - <
Joining many 2D slices together. o
LS
The reconstruction volume is thus
a box
Y
4
/
/
/ J=

Voxel (i, j, k)
K-th slice



Windowing:

Only show a specific part of the
full scale.

Reason: the human eye can not
differentiate too many
colors/brightness values

Gray scales of a CT image at
different ,windows”.

-1000 -50 (fat) 0 +40 +1000
(air) o (water)  (muscle) (bone)

N\
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Liquid Crystal Display

unpolarized
" incoming light

1. polarizer __
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OLED Structure
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Charge Coupled Device (CCD)
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CCD-s are also used for X-ray imaging

substrate



Signal processing

Types of signals

Electric signals — analog signal chain
(amplifier, frequency response,Fourier theorem)

Digital signal processing (DSP)



Types of signals

Electric Not electric




Types of sighals
constant

o
-

variable in time
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Types of signals

Periodic Not periodic

lime >




Types of signals
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Types of signals

Continuous Pulses

Zixpraxxcesxxi i

2z




Types of signals

Analog
ECG
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4 / f . |- A W
{ "o | ’.-l ] f)! 'Z /1 R B I ’,
il i el M.,.«"\!'/ '..w,.a"-,\!}/ Lo 1

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

Digital
10010111001000101

Unipolar Coding ("1"=+V ,"0"=0V )

SMTIC

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

electrical tq




Information content of signals

Analog signals — infinite information content?

ArsxxxsxxiiEii

FER

Do we really need unlimited resolution?

Do we even have ulimited resolution in
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real-life analog singals?

S =

Information

+

. (J"",’,“\ lp’!\) M\L .,M'f Q'AL..JH MW I'W\\J Noise

250 200 A0 i o .00 S50 000

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

We always have a real signal as:

Information + Noise



Information content of signals

Analog signals — infinite information content?

We have Information + Noise

1

Goal: Preserve and transport information
T Ll without increasing the noise content.
S TUN i h

Information U =A .- cos (ot + ¢)

+

.m\ i 3‘,)\1 MM ‘T“‘" ;Jhw,»lt "% "hﬂ N* f\\J Noise Noise(t) = A

- Random(t)

noise



Medical signal chain

Transporting and processing signals

\ "" :‘
. Transducer Processing
Encoding into and
electrical signals transport
' Decoding
Signal source o

(information source) Utilizing information



Transporting and processing signals

Noise Noise
)
1‘-V |
" v v
m ’ \ | |:‘ —>
.
'|‘ I;Il \“ |
(] :
\ /] Transducer Processing
I Encoding into and
= e electrical signals transport

Signal source
(information source)

We need to separate
information from noise!

Noise

v

Decoding
and
Utilizing information



Transporting and processing signals

Signal only Signal + Noise (5:1)

Signal + Noise (1:1) | 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.



Analysis of amplifiers

Basic analysis: amplifier gain

VVVVVA

P=U-I=U?R

N

— 1O OE

)

= AE OdB

A 4

n=10 log

output

P.

input

The technique
IS applicable to
any transport/coding!

Uout
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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

Signal (t)<——>zi A;-sin{w;t)+ B, cos{w;t) N N e —

Where In the case of periodic signals o, =kf,f=1/Tandk=1,2,3,4,5.....

[\

Base frequency overtones



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

E DO5Box 0.74-3, Cpu speed: 3000 cycles, Frameskip 0, Program: FOURIERA — >

@ DO%Box 0.74-3, Cpu speed: 3000 cycles, Frameskip 0, Prograrm: FOURIERA

The result of the componel

original signal modified signal . . .
lett from the vertical lin

can be seen,

original =ignal modified sigrnal

amplitude

r

red: cosing part, blue: =ine part

amplitude

rn#f

L red: cocine part, blue: =ine part J
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Analysis of amplifiers - Fourier theorem Signal (t)<——>zi A;-sin{w;t)+ B;cos{w;t)

amplitude

h

B DOSBox 0.74-3, Cpu speed:

red:

|

"q_r'h__J ‘ —

original =ignal

Cosine part,

modified signal

blue:

3000 cycles, Frameskip 0, Prograrm: FOURIERA

£ine part

rn#f

v

amplitude

V-

B DOSBox 0.74-3, Cpu speed:

original

read:

|

|

zignal

cozine part,

3000 cycles, Frameskip 0, Prograrm: FOURIERA

—r Ir__..-—-.

modified signal

bluea:

gime part

it

A




Analysis of amplifiers - Fourier theorem Signal (t)<——>zi A,-sin{w;t)+ B;cos{w;t)
o 1 te ‘ iw
Non-periodic signals: Fourier transform Flw)= MJ_J f(tle dt
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Analysis of amplifiers - Fourier theorem Signal (t)—— > A-sin(w;t)+ B;cos{w;t)
Flw)=—— [ £ (t)e" dt

—

Non-periodic signals: Fourier transform
Inisheer Traditional
Penny Whistle

s

Ly,

Voiceprint:
Frequency
analysis in time




Analysis of amplifiers - Fourier theorem Slgnal

Non-periodic signals: Fourier transform

Signal in time

@
A

-

\VARVERV/
- ®

Py

dpP/df T

dpP/df T

dpP/df T

<——>Z A-sin{w;t)+ B.cos(w;t)

m J~+’J “tdt

Infinite sine wave

f,= 1/T

has a single line
as spectrum

f

f,= 1/T

Signal in frequency

@
/\ Longer

f= 1T f sine-signal
has
narrower
spectrum
JAN T
f,=1/T f




Analysis of amplifiers - Fourier theorem Signal (t)<——>zi A.-sin{w;t)+ B, cos{w;t)

' 1 o ‘ it
Non-periodic signals: Fourier transform Flw)= m'f_w f(t)e  dt
Any signal is just a representation of information Hi, Dr. Elzabeth?
PRI Veoh, oh... T cecdeately ook |

'ﬂ\e Fourier transfocm of My Cott ...
!

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

Low-pass filter High-pass filter

n(dB) Uour n(dB)
R,

U output — U input m

Substitute one R with C
logf logf

o—{ | —eo—o ° I 1 °
| |

Uin — C Uout Uin R Uout




Analysis of amplifiers - Transfer function of filters

Low-pass filter High-pass filter

n(dB) Uour n(dB)
R,
U output — U input m
Substitute one R with C
> 1
Ro=="
logf Cw logf
o—{ | —eo—o ° I 1 °
| |
Ui, — C U, Ui, R Uout
1

U U input U R C ® U input



Analysis of amplifiers - Transfer function of amplifiers

Ul U2 Q:&&:Q N %@g,\&/\xm
input output w
n(dB)
) / \ Ideal amplifier
max
T R R, W

Real-world amplifier

Transfer band

ﬁ
f f

>log f (Hz)

u

Amplifiers are not ideal, they have input and output capacitance,etc.

The output signal may not contain all frequency components!

l

Distortion, information loss / alteration




Analysis of amplifiers - Transfer function of amplifiers

Uy

Summation point

Feedback in amplifiers

Modification of gain and
Transfer function

U IAZI © O Amplifier gain

I

@é‘z’%@@e‘ﬁ%@éﬁﬁ%

S IS S

S | S="2

A3
B >0 :positive feedback
B <0 :negative feedback

Gain with feedback circuit

A B = 1: oscillator (output without input signal: signal generator)



Analysis of amplifiers - Transfer function of amplifiers

Gain Bandwidth Product

Gain - Bandwidth = constant

The available power to the amplifier
can either be put to use as:

high signal gain over a limited bandwidth
or

limited gain over a wide bandwidth.

Amphfication | dB

Bandwidth at maximum gain

Frequency / Hz



Analysis of amplifiers - Transfer function of amplifiers

™

i [P s AT TA RN i s

0.4 25
0.35
f 20 }
03} '
025 - T
: oy
02t i S
. -
015 . g
g1 w
0.1 N
0.05} ocd
0 0

10 20
Frequency (Hz)

A Wv y Nimwlv ’TN W‘!) e

-
o,

-t
o

A

i Bandwidth at maximum gain
m - Eh
ﬂ -
'-E-. n
2L
T
u =
=
_n =
E - Bandwidth at lower gain

'l 1 i 1 d ' 1 Il 1 ] ’! i 1 d
Frequency / Hz
10
Time (s)

Frequency range of the signal must match the bandwidth!

Information preservation = spectrum preservation



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
which containes the information!

A
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e 5 5 ,
z 40 40 ,
g|  Spectrum of noise E 30 g 3 ’
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Digital signals — A/D conversion (ADC)

The analog signal can be A

represented by numbers: g ——————ysy
.-.obo--'l-oo.l.o..h.--oio--o'_.»- ronouioooo\'oo-\'oo-‘ ooooo

We measure the signal every ;

T seconds, and transmit the

result only.

Measurement accuracy ‘L . . .- b S E\ B N sharerN e sNannt
(how many bits) ‘ :i E
— — — M
™ t
Digital signals are discrete
in time and in value e
Numbers can be transported / stored T

or processed losslessly! \ i

0454346 754425 5..



Digital signals - Quantization

Digital signals are discrete What happens to the original parts between?
In time and in value

They get lost!

Digital Output
'

111 ,
ki
010 f= | Cluantization Error

R
R

" %S -

I

100 f= y

0 = ﬂ"" .:.\
Ll -4 LGB

0

=
>

o = —d

#
o i T N B B B
0 1 2 31 4 5 g 7 Andoginput

(a) (b)




Digital signals — Restoration (DAC)

Vo

Recovery of analog signals:

Digital to analog converter

This is easily realized to be near-ideal
Many-bits, fast DAC-s are cheap
OFFSET
A1, ERROR {

} CODE |

o Pitfalls to avoid
v
<
%
Yy

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

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=8000 Hz
5
Still no problem
f =4000 Hz
fs = 8000 Hz
Signal lost!
©
CU ! ! 1 [N [
< — I |I |“ ] “ ] ﬁ |"|: |“| it R
f —6000 HZ | || || || || ||| |||| | ||| || | || I|:'I|: ||i||.'||i||'.I
fs = 8000 Hz | |,.- IR . /!
i Lléu.i.l"l;'l}'ltu.l. .i."; }' i
Signal lost! I"|| .ll |-' , 'l ||'|| Ay ||Ii|
u': 1.' " " W : .,.': e .,.-: ,. T
: sine appears instead of the



Digital signals — Digital Signal Processing

) Process

/| Transducer ADC

I Encoding into
o electrical signals

Signal source
(information source)

Utilizing
DAC |—— Iinformation




Signal processing with DSP units is everywhere around us.

_.. — | rocessor|— ﬁ S
Unfiltered D*lmlv Filtered
Wﬂﬂ : Andlag
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15
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3
Preprocessing 2
2
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0 I 328 3 e S 6 7 & 900N arn u
Time (s)
Features Extraction ECG with Baseline Wander Removed by FIR Highpass Filter
QRS Complexes :
Extraction =
. 1
fos
T 0-
Fetal ECG £ 45-
Extraction e T L T T e m—t—————— 1
0 1 2 3 4 5 6 7 8 9 101 12 B U
Time (s)




DSP in everyday life

Digital data can be further manipulated : encoded/decoded/compressed,etc.

Cell phone

Sample, encode,transmit,decode,DAC

CD/DVD player

Light:digital 1010110...

DAC: from stream of numbers
Analog music / video

Mobile Station [MS]

n— Jecads

{lertodlatpy

HB‘

@-QL.‘ Samplo w?* "'
3

Base Station |18S)

CLV Inter . Key Input
Garva e - CNIDFF
*Playbaskifast Fesd

i Tracking:
! Berva
' i

Spindle Syatem
_ ] Motar i Focus Controller @
neid en Reflostiaor i Servg
Laght Light |CTTI S—
A Detector wer Line | S te
: {To Power Line cpara
Beam L\x ::tl;?:; [[I: —™ ;Inefd e
Bplitter i L b
Polarization 1 PC4T47 ek Fower
Priem Cirenit
Laser Dl
Laszer Power Fead Motor UPC19R
‘_(Momr Gr:rn’r-r'«:-ll‘J Servo |‘ e

A PC1835 ete, Audio Output



