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What is left over from signal processing

A/D conversion — Nyquist —Shannon theory



Digital signals — A/D conversion (ADC)

The analog signal can in A

represented by numinrs:

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

Measurement accuracy |,

«

(how many bits)

Digital signals are discrete
in time and in value

Numinrs can in transported / stored or

processed losslessly! v\
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Digital signals - Quantization

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

They get lost!

Digital Qutput
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Digital signals — Restoration (DAC)

Recovery of analog signals:

Digital to analog converter

This is easily realized to in near-ideal
Many-bits, fast DAC-s are cheap
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Pitfalls to avoid




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 in at least 2x the frequency of the sine



good

Digital signals — Nyquist

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

f =3900 Hz
fs = 8000 Hz

Still no problem

bad

f =4000 Hz
fs = 8000 Hz

Signal lost!

f =6000 Hz
fs = 8000 Hz

Signal lost!
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Optics Express Vol. 20, Issue 4, pp. 4454-4469 (2012)



Digital signals — Digital Signal Processing

Process

Transducer ADC

Encoding into
electrical signals

Signal source
(information source) -

Utilizing
DAC —— information




Signal processing with DSP units is everywhere around us.
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Cell phone

DSP in everyday life Sample, encode,transmit,decode,DAC
Digital data can in further manipulated : encoded/decoded/compressed,etc.
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Pulse generators,
High frequency heat therapy (diathermy)

(and a bit of amplifiers ©)



Topics

Amplifiers and filters (just the minimum)
Sine wave generators

Diathermy and electro-surgery

Pulse generators

Pacemaker, Defibrillator, Cardioverter, AED



Analysis of amplifiers Signal (t) <——’Z Ay sin(m t)+ B;cos{w;t)

F(w) ¥y j Je'“tdt

Hi, Dr. Elzabeth ¢
Yeak vh.. T acc/:dcﬂh\b ook
‘ﬂ\e gur:er transfocm of My Cotk ...

Fourier transform is the art of engineering
and signal processing

(Picasso: La Crucifixion)
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What happens to our signal?

Signal (t)«— Zi A.-sin{w;t)+ B, cos{w;t)
}.f“‘" f(t)e' dt

e

\ hY /
— o

The Fourier-transform will tell us!

It is enough to test any electric device with sine waves, as all the other waveforms/signals
can in composed of sine waves with different frequencies. The transfer characteristic will
show the inhavior in the frequency domain.



n =10*log(P,,./P;,) P=U*I = U* (U/R) = U/R

Uin UOUt
— < —>
P Pout
n(dB)
f (Hz)
0.1 1 10 100 1000 104 10° 108 |Og!

n = 10*log(P,,./P;,) = 10*log(U,*/U;,* * R../R, ) = 20*log(U,,./U,,) + 10*log(R, /R, ;)



Transfer function of filters

1
; Rl
Low-pass filter U, }—~ High-pass filter
n(dB) )R U n(dB)
R,
U output — U input m
Substitute one R with C

logf logf

out

\ 4



Transfer function of filters

1
; Rl
Low-pass filter U, }—~ High-pass filter
n(dB) )R U n(dB)
R,
U output — U input m
Substitute one R with C
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Transfer function of amplifiers

L» U2 > kg}&g 2\/0,\“ ~V\'(>uv A(f\ﬂ
<
input output | K@Z
n(dB)
n / N\ Ideal amplifier ??
max
[FUREIC RS BRI TN, W

Real-world amplifier

Transfer band

- B >log f (Hz)
f fu

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

The output signal may not contain all frequency components!

Distortion, information loss / alteration



Analysis of amplifiers - Transfer function of amplifiers

Uy U,

Feedback in amplifiers

Modification of gain and
Transfer function

Summation point

& U AS) © % Amplifier gain

o S 2L %_@@SQW

Y IS

N g o
DA | AD—""—__ | Gain with feedback circuit
i N
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

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.

Amplification | dB

Bandwidth at maximurm gain

Freqgquency | Hz



Analysis of amplifiers - Transfer function of amplifiers

P

0.4

035 ¢
03¢
025
02¢

015 ¢

10 20
Frequency (Hz)

Frequency (Hz)

,\,M“k w’vdimwl\f ﬂ)vw S

25

20

15¢

10

/ A
> i Bandwidth at maximum gain
m |
o E_ |
"E =
2t
T
ol
=
_n- |
E I Bandwidth at lower gain
i i i i i J‘_L B [ 'l '! | | 1

Freqgquency | 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
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Just transport that part of the spectrum
which containes the information!
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1-GA

if BAu -> 1 then A" -> oo

*

A

A

Positive feedback
n(dB)



We can insert frequency selective elements into the feedback loop to lock the
system to a given (natural) frequency.

Tank Circuit
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Quartz crystal-oscillator
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Stimulation of cells/tissues with electrical signals
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Stimulation happens above the curve.

The injected charge is above a certain threshold.
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The output power goes to the patient circuit.

NO direct galvanic contant is allowed!

(safety rule) < /\/

A usual way is the magnetic
coupling into the patient-circuit




Patient circuits

Short wave
dm-waves

microwaves

coupling
circuit Cp
L, I capacitor | /
field t /
# electrodes ' /7 J( |
Cy al [\
. // N A

Resonance needed for optimal coupling -> tuning required (autotune)

27,12 MHz
433 MHz

2,4 GHz

coupling
circuit

L

C

Cy
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Microwave
\ I / y radiation M d g netron
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Output i 0 4 microwave generator
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Enlarged prostate Balloon catheter
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ELECTROCAUTERY, ELECTROLYSIS AND OIFFERENT TYPES OF ELECTROSURGERY

\ Eloctrocautery Electrolysis
THERMAL R
CAUTERY y
i 6% ST
o\ T\ T\
(DC) \ e H* \ "\ ‘\.\ "'..
"" M “\\‘ \»\
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| electrocoagulation
|
~ =N

” Gonorator t‘

|

Laparoscope
View
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with Camera

¥ Metal
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,,Electrosurgery is currently used in over 80% of all surgical procedures,
and Is growing in popularity in dental surgery. Electrosurgery also
significantly reduces bleeding and provides the oral surgeon or dentist

greater overall precision. ...”

Advantages:
High precision
Immediate sterilization
Reduced bleeding
Analgesic effect

Whitening




DC: f=0

Anode Cranial (downward treatment):
stimulus threshold increases
sympathic tone Is decreased

Anode Caudal (upward treatment)
stimulus threshold decreases

Galvanotherapy: constant direct current

Cranial or Caudal anode

Effects: pain relief
modulation of stimulus threshold of motoric neurons
modulation of vasodilatation



Hidro-Galvanic Treatment

sympathicus activity (tone) decreases
vasodilatation in deep tissues




lontophoreses: ionic drugs can be delivered through the skin into
the tissues situated between two electrodes

pain reliefs,

anty-inflammatory agents,

vasodilatators,

tissue softeners Cathophorezis — e.g. steroidos, lidocain
Anophorezis — e.g.. Non-streroidal anti-inflammation drugs

Negative electrode Positive electrode
© - oo
© AT - : *: *
4(50 - oaem am i
S kS
IS - S -




lontophoreses :
Advantage: smaller quantity of drug, local treatment, delivery of non-
absorbing drugs.
Disadvantage:

doses are uncertain




Voo (+5 to +15W)
A

Pulse generators

; ' Trigger
T Vee — H _____ Fulse
4

‘ %VCC ' C apacitor
Trigger is an INPUT signal which generates a R2 R1 555 /’ Voltage. Ve

s}

1

controlled voltage-duration pulse at the Monostable 1
output of the monostable circuit. d Monostable
A S Output
30— — 1
B ouT -
1 ' !
0 | I 9 t=1T1TR1C1 :

: The monostable has ONE stable state,
which is the inactive one.
i i The active output state is transient, and
| i will be automatically switched off by the
Y A : device without further external
intervention.



The easiest/robust way to measure time is to charge or discharge a capacitor.

Trigger
|_‘ _____ Fulse

Capacitor
Voltage, Vc

t

1 Monostable

. ltflutput

RC circuit
charging or
discharging

Voltage across a capacitor

h

# o Chargng
@ @ ® Discharging

e

Voltage

0.8 1
Time



Astable circuit: generates a pulse train without external intervention, has no stable,

persistent state.

trigger
Usut 1 (dropping duty cycles:
ed
= Mono 2 ! active
" - N t
U, UT D, = —221 _ .400%
n1 |IN stable 1 Yout | \ Y L T % S
tact 1 i time', t
Uout2 ! I ' 4 Y )
5 Mono- 3 irigger | adge baz
ropping = ——100%
Uout2 ouT stable 2 IN Uin2 | edge) | Y - tact1 + L2
e ° passive
| act2 ! timat
I ——
— time period: T=tg1+lu>
ASTABLE
Uoul
CIRCUIT o




Pacemaker
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Pacemaker

l. . II. V. V.
Chamber(s) Chamber(s) Response to Rate Multisite
Paced Sensed Sensing Modulation Pacing
0 = None 0 = None 0 =None 0 = None 0 = None
A = Atrium A = Atrium | = Inhibited R = Rat A = Atrium
= Rate
V = Ventricle V = Ventricle T =Triggered _ V = Ventricle
Modulation
D = Dual (A+V) D = Dual (A+V) D = Dual (I+T) D =Dual (A+V)

PRERLIA .

el

Here we have: VVIR/AAIR




100z

The time period is approx. 1s without regulation

1A%

14de: 1.00Hz

dt: 1002, 00mz

d': B.BEY [3.13] [-3.38]



Typical pulse duration is 1-2 ms
10z

I

R R e e e e | e e e e e e e e L e e e e e e e e e e e e e e e e L e e e e e e e e e e e e e e e e e e e ] e e

e e Ll R e R i il il I I I

14dk B25.00Hz

dt: 1.60ms

v’ .00 [4.53] [-2.41]



Calculation of pulse energy

Known voltage and tissue resistance, known pulse duration time

U~ U
E=—1 Q==71
R R
P=U*I, I=U/R
P=U2/R t=T:R*C Q=|*t
R=P*t

A LONG lasting battery is needed.
A battery change = exchange of the whole device = operation!



B-radiation powered cell.

Betavoltaic cell: similar to photovoltaics, the ionization
separates charges in a semiconductor junction
-

www.intabatt.com

CASE — Safely encapsulate active components

RTG : radioaktive thermoelectric
generator

\ Dissimilar Metal 2 Va CUUI'TP'O“
- insulation

Hermetic enclosure * T



Defibrillator fibrillation v
(monostable) M

defibrillation

AED: Automated External Defibrillator

back to normal



Cardioverter

ICD: Implantable Cardioverter Defibrillator

S-ICD

Subcutaneous

generatoror

Transvenous ICD

Intravascular
lead

Pulse
generator

Tip of lead in
contact with
right ventricular
myocardium

Nature Reviews | Cardiology



