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L ecture 7

Measurement of Biopotentials
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Figure 1.1 Generalized instrumentation system The sensor converts energy
or information from the measurand to another form (usually electric). This
signal is then processed and displayed so that humans can perceive the informa-
tion. Elements and connections shown by dashed lines are optional for some
applications.
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Aspects of Measurement

General Instrumentation
Transducers (Electrodes)
General Recording Situation
Sources of Noise and Solutions

Effects of electrode size, spacing and
orientation

Digitization of Signals



Characteristics of Biopotential
Signals

e Determined by size of bioelectric generator

* Determined by distance and orientation of
nioelectric generator to recording
electrode(s)

e Determined by size and properties of
electrode(s)
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Space Charge Region
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Figure 2. Space Charge Layer. Kovacs. [2]



LEleetyoile  Folarizateom

il cetl potentinl resalt of Eguilibran

T camventt Llowiing ia S s h & lectracte

halt cetl ODdﬂLekDL('t:/ aémjvfs Z/?o/af£zﬁ7‘r2ﬂt)
Ié;. = l/r\ +~ V. » Vi,

l/'? = “7Ld7LA/ duebya/?&ﬁ <
VV =~  ohoe oveive /f%ﬂe_ Cresistonce af o loc foside)
vz‘, = (;dmfe&zl?‘;'ﬁfér;'l«/ auf;.ua/?‘a -
¢ (Lﬁmjes o7 f»/z%,?‘r/’éu"#zlm 6 2 lins 4 electrilyte
[i; VIXC””"{V o e/ec‘.?“r-aé/e/c/éc?dkahfyi{c /'»;f@/«-gce,)
V, = actovatiin Oi/r'H(ah[ﬂc
(613189‘7 re in;’eﬁ/ ﬁé}r 4’-‘1(/"6(2{7[/,711 "'/’ez;/qc?((‘;p‘,
07’1 mg,pdﬁ/ za\r‘m,s =t e A/f'*if#kfaﬁl /G emera /.
&’ukreu"( -/’/Ow Itmj a;&:d{av@m 2 7‘6&/@\(7(;7(15’%
Frep/muz:avéf .
?&f&i}g (/?a/dﬂhzézé/& —_— 2#4(4@ /Zcﬂf“fﬂ/dﬂ‘f&ﬁlé/e
/\/aé /e /4!:&?419 /6 —/% e/
79 [ﬁﬂclrram ’je:- /a/,

Cﬁfﬁc At ee E/ecolr.«,//és
é)&tréz:d—cz /70‘;/@/ Cd

o—oI| ——o°

A
eh)cn _Ee‘




A To amplifier B

/ :\ Electro-

Glass -€ ly!:e in
micropipet

«— Stem
Internal electrode .

Environmental

Cell Reference
electrode
membrane
+
* Cytoplasm +
+NZ_ _ N = Nucleus
(@) FTT—F F ° Cell
membrane
A B
®
Rma C.

Ry g
\, Cq Crb =~ R
Ej \_ 1

mb

Ey
Y X
(b) o
Ry
VAA % ® A
Membrane
and ) O 1
i = Cq=C,
action @ d t
potential mp E,.,
! |———oB
© Ep=Ej+ E(+ Epy — Enp !

Figure 5.22 Equivalent circuit of glass micropipet microelectrode (a) Elec-
trode with its tip placed within a cell, showing the origin of distributed capaci-
tance. (b) Equivalent circuit for the situation in (a). (c) Simplified equivalent
circuit. (From L. A. Geddes, Electrodes and the Measurement of Bioelectric
Events, Wiley-Interscience, 1972. Used with permission of John Wiley and
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Coaxial lead wire

Central electrode
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Figure 5.13 Needle and wire electrodes for percutaneous measurement of bio-

potentials

(a) Insulated needle electrode. (b) Coaxial needle electrode.

(c) Bipolar coaxial electrode. (d) Fine-wire electrode connected to hypodermic
needle, before being inserted. (e) Cross-sectional view of skin and muscle,
showing fine-wire electrode in place. (f) Cross-sectional view of skin and
muscle, showing coiled fine-wire electrode in place.



Needle Electrode Connections
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Figure 3-1 o

Schematic illustration of standard concentric (a), bipolar concentric (b), monopolar (c), and single
fiber needles (d, €). Dimensions vary but the diameters of the outside cannulas shown are similar
to 26-gauge hypodermic needles (460 um) for (a), (d), and (e), 23-gauge needle (640 pm) for (b), and
28-gauge needle (360 pm) for (c). The exposed tip areas are about 150 pm X 600 um for (a), 150 pm
X 300 pm with spacing between wires of 200 pm center to center for (b), 0.14 mm? for (c), and 25 um
in diameter for (d) and (e). A separate reference electrode is necessary with monopolar needles (c)
and (d) to complete the circuit. (Modified from Stalberg and Trontelj.%)



Ag/AgCl electrodes

Contacts ~
l Base
Insulated leads

(a)

Insulated leads

Contacts ~—~—

Ag/AgCl electrodes

(b)

Exposed tip

(c)
Figure 5.16 FExamples of microfabricated electrode arrays. (a) One-dimen- 11
sional plunge electrode array (after Mastrototaro er al., 1992), (b) Two-dimen-
sional array, and (¢) Three-dimensional array (after Campbell ez al, 1991).



Metal disk

Insulating
package

Double-sided
adhesive-tape

nng Electroyte gel
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(c)

Figure5.11 Examples of floating metal body-surface electrodes  (2) Recessed
electrode with top-hat structure. (b) Cross-sectional view of the electrode in
(a). (c) Cross-sectional view of a disposable recessed electrode of the same
general structure shown in Figure 5.9(c). The recess in this electrode is formed
from an open foam disk, saturated with electrolyte gel and placed over the
metal electrode.



Stratum corneum
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Figure 5.7  Magnified section of skin, showing the various layers (Copyright
© 1977 by The Institute of Electrical and Electronics Engineers. Reprinted,
with permission, from /EEE Trans. Biomed. Eng., March 1977, vol. BME-24,

no. 2, pp. 134-139.)
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Figure5.8 A body-surface electrode is placed against skin, showing the total
electrical equivalent circuit obtained in this situation. Each circuit element on
the right is at approximately the same level at which the physical process that 4
it represents would be in the left-hand diagram.



Conditions of Measurement

 Biopotential signals are low amplitude
(<1pv - 25 mv)

 Biopotential signals are low bandwidth (d.c.
— 15 kHz)

* Body is volume conductor (specificity of
signal source)

* Noise Is high in bandwidth of biopotential
signal (60 Hz: 30 mV on skin)
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(a)

(b)
Figure 3.5 (a) The right side shows a one-op-amp differential amplifier, but
it has low input impedance. The left side shows how two additional Op amps can
provide high input impedance and gain. (b) For the one-op-amp differential
-amplifier, two levers with arm lengths proportional to resistance values make
possible an easy visualization of input—output characteristics.
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Sources of 60 Hz
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Effects of Electrode Impedance Mismatch
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Mismatch Cont’d and Motion Artifact
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Effects of Electrode Size
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Effects of Electrode Spacing
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Common Mode Electrophysio;logical Signals

(cont’d)
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Analog to Digital (Sampling)

Actual Signal

Sampled Signal
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Signal Sampling
Sampling Theorem

If x(t) is a bandlimited signal with its Fourier transform X (o) = 0 for | a)l > g, X(
is uniquely determined by its sample values x(kT), k=0,£1, 42, ..., if

0, > 205 (7.1)

where @, = 27/T, t is time, o, @5, and @, are frequencies in rad/s. Here, T is the
sampling time and 2w, which is the minimal sampling rate, is referred to as the
Nyquist rate. B

p(t)= Y 8(t—kT)

k:-—-oo
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Signal Sampling (cont’d)

1 p(® EFT 24T P(w)
REER RERE

: -
2T T 0 T 2T d 20, ~-0, (0 O 20, @

R s T B T

Figure 7.1
Fourier transform of an impulse train.

P(w) = -2?” i 5(0) —k %?—j | (7.3)

k..—_—oo
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Signal Sampling (cont’d)

You can write a sampled signal x,(t) as

x,(£) = x(t)p(£)

If you take the Fourier transform of x,(f),

X (o) =§1;X<w>*P(a>)

where * indicates convolution. Substituting (7.3) in (7.5),

32



Signal Sampling (cont’d)

A X(o) A X(0)
A AIT

@ — —W; O O @, @

Original signal X(w) and the spectrum of the sampled signal X;(a).
To reconstruct the original signal x(t), use a lowpass filter H(®) to extract
only the spectrum in the baseband; that is,

X(w) = X,(w)H(w) (7.7)
where
@,

H(w)= {T’ 2

o|< (7.8)

0, otherwise



Signal Reconstruction

A X, (@)

/T\/\/T\

—W 0 Wy

A H(w)

A X
—wy, 0 W ® Figure7.3 Reconsiruction of the

original signal from its samples.
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Adequately Sampled
Signal

Aliased Signal

Aliasing
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