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The Nature of Biomedical Signals

e Living organisms are made up of many component systems:
— For example, the human body includes the nervous system (217 74]), the cardiovascular sys-
tem (A @A), and the musculo-skeletal system (=2 7#]), among others.
— Each system is made up of several subsystems that carry on many physiological processes

(A shAQl T2 AA),

e Physiological processes are complex phenomena, including nervous or hormonal stimulation and
control. Most physiological processes are accompanied by or manifest themselves as signal that
reflect their nature and activities. Such signals could be of many types, including

— biomedical (A A|A1%) in the form of hormones (€ 2-%) and neurotransmitters (X173 A5 2])
— electrical (717]41%) in the form of potential or current

— physical (£2]41%) in the form of pressure or temperature.
e Biomedical signal has the following forms:

— continuous-time (A& A|7H form : x(t)

— discrete-time (0]AFA|7F, digital) form : x(nT) or x(n) with nT =t
n : the index or measurement sample number of the array of values,
T : the uniform interval (A=32 E}Q]) b/w the time instants of measurement.



10.1 Action Potential (AP)

Online material : https:/www.youtube.com/watch?v=0a6rvUdlg70/

The action potential (AP) is the electrical signal (Z17]*1 %) that accompanies the mechanical con-
traction (7]AZ =) of a single cell when stimulated by an electrical current.

It is caused by the flow (¢]-2 1%H of sodium (Na™), potassium (K ), and other ions across the
cell membrane.

The action potential is the basic component of all bioelectrical signals.

It provides information on the nature of physiological activity (XJ2]5+4 &%) at the single-cell
level.

The signal consists of

- resting potential
— depolarization
— repolarization

— propagation of an action potential



e Resting Potential :

— Nerve and muscle cells are encased in a semi-permeable (HF542) membrane that permits
selected substances to pass through while others are kept out.

— Body fluids surrounding cells are conductive solutions (1A £3]%&) containing ions.

— In their resting state, membranes of excitable cells readily permit the entry of K ions, but
effectively block the entry of Na® ions. (J|ZoojlA K& MEZ WHZ drolso0]al, Na™-& A
JHE Solot AL vt

— The inability of Na™ to penetrate a cell membrane results in the followings:

* The outside of the cell is more positive than the inside of the cell. (M| 2B = +2, YJH &
-2)

x Charge balance cannot be reached due to differences in membrane permeability.

x A state of equilibrium is established with a potential difference (1$¢*}), with the inside
of the cell being negative w.r.t. the outside.

— Cell in its resting state is said to be polarized. (52| A4 o FA4S Zt=t})

— Most cells maintain a resting potential of the order of -60 to -100[mV] until some disturbance
or stimulus upsets the equilibrium. (53] AFefof A AHEZ YF = ¢F -70[mV] AEE FA])



e Depolarization :

— When a cell is excited by ionic currents or an external stimulus, the membrane changes its
characteristics and begins to allow Na' ions to enter the cell. (A=& TO™H Nat5 W=7

A EZYFE= grot=¢1th)
— This movement of Na" ions constitutes an ionic current, which further reduces the mem-
brane barrier to Na™t ions.

— This leads to an avalanche effect : Na™* ions rush into the cell.

— KT ions try to leave the cell, but cannot move as fast as the Na™' ions. (K1o] A|3ZEIO 2 O]
Sale] slAg Natgha whax] FolA, AZyRe] A9s oA +2)

— The net result is that the inside of the cell becomes positive w.r.t. the outside due to an
imbalance of K ions.

— A new state of equilibrium is reached after the rush of Na™ ions stop.

— This change represents the beginning of the action potential, with a peak value of about
+20[mV] for most cells. (Na*9] o]50] Wz #o] A2 BRI o2 d, ojre A9
+20[mV] A Lojt}.)

— An excited cell displaying an action potential is said to be depolarized: this process is called
depolarization. (MEUI5] 73 &240] oFsh 24 0 2 MsE gl ofu))



e Repolarization :

— After a certain period of being in the depolarized state, the cell becomes polarized again and
returns to its resting potential via a process known as repolarization. (A% thA] 24402

=)

— Nerve and muscle cells repolarize rapidly, with an action potential duration of about 1[ms].
Heart muscle cells repolarize slowly, with an action potential duration of 150-300[ms]. (A17/
28 AmE AP 717} 1ims], AFHEE 200(ms] F= )

— The action potential is always the same for a given cell, regardless of the method of excitation
or the intensity of the stimulus beyond a threshold: this is known as the all-or-none or all-or-
nothing phenomenon. (AP AN Z7} StAAE W= A= T2t A=29 Zreof dtglo] 4
22 ngog A

— After an action potential, there is a period during which a cell cannot respond to any new

stimulus, known as the absolute refractory period (about 1[ms] in nerve cells). (APE A3t
HhE A 5ol ok 432 wolSelx] ghth AZAES] 79 o 1ms] Fob
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e Propagation of an action potential :

— An action potential propagates along a muscle fiber or nerve fiber as follow: Once initiated by
a stimulus, the action potential propagates along the whole length of a fiber without decrease
in amplitude by progressive depolarization of the membrane. (dt 2o 2]5] AP7} AA =|H
ol A7/ AlEH S wEtA AP Z= Aglo] AgE )

— Current flows from a depolarized region through the intra-cellular fluid to adjacent inactive
regions, thereby depolarizing them. (AP2] depolarization ArEjofjA A E o] ZHE7} Q1S
N ZE A=s5te] APE A AAA7I= A CE AP7E HE)

— Current also flows through the extra-cellular fluids, through the depolarized membrane, and

back into the intra-cellular space, completing the local circuit.

— The energy to maintain conduction is supplied by the fiber itself. (AP2] =7|7} dA3HY|, o|=
AE A A= BE oA Fa= 7] dii)
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Figure 12-38 Essential Cell Biology, 2/e. (& 2004 Garland Science)

19 2: Propagation of Action Potential Through Cell Membrane



10.2 Electromyogram (EMG), 4%

e Skeletal muscle fibers (=2 A-4) are considered to be twitch fibers because they produce a me-
chanical twitch response for a single stimulus and generate a propagated action potential. (7] A&
=1 APE AY)

e Skeletal muscles are made up of collections of motor units (MUs), each of which consists of an
anterior horn cell (or motoneuron or motor neuron), its axon, and all muscle fibers innervated
by that axon. (22152 Ao ®o] L} anterior horn cell (¢]& ZEFdol|ztalr 3, REF2
so] gl Axon, Axono] Ja4 Aol HolA 9 TAGER T4

Dendrite Axon Terminal

Hode of
Ranvier

Gray matter White matter

1. Anteriar hom 4. Anterior funiculus 10. Central canal

2. Posterior horn 5. Lateral funiculus 11. Anterior root

3. Gray commisure 6. Posterior funiculus 12. Posterlor root
7. Anterior commisure 13. Dorsal root ganglion
8. Anterior median fissure

9. Posterior median sulcus Nucleus
Structure of a typical neuron

Schwann cell

Myelin sheath

1% 3: Anterior Horn Cell (or motor neuron) and Neuron
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1% 4: Muscle Fiber

e A motor unit is the smallest muscle unit that can be activated by volitional effort. (MU= 2] %] 9]

OfsA A= A 25 ©H)

e Large muscles for gross movement have hundreds of fibers per motor unit; muscles for precise
movement have fewer fibers per motor unit. (£ 522 ol= 2852 shto] MU 954 417 9]
271 AlojEn], AW3F =2HS gofsts Lo shte] MUV AL 4=0] -2 o)

e The number of muscle fiber per motor nerve fiber is known as the innervation ratio. For exam-
ple, it has been estimated that the platysma (of the neck) has 1826 large nerve fibers controlling
27100 muscle fibers with 1096 motor units and an innervation ratio of 25. (MUY @4sl= &%
£A15-9] H|-8-& innervation ratioz} g, 22 = AWt T2 71

e The mechanical output (contraction) of a muscle is the net result of stimulation and contraction
of several of its motor units.

11



When stimulated by a neural signal, each motor unit contracts and causes an electrical signal
that is the summation of the action potentials of all of its constituent cells. This is known as the
single-motor-unit action potential (SMUAP, or simply MUAP). (25 ESt A|Zo]7] uFEof =S 1t
oW S%staA A7 EE AAET, o2 MUAPE )

Normal SMUAPs are usually biphasic or triphasic, 3-15/ms] in duration, 100-300[uV] in ampli-
tude, and appear with frequency in the range of 6-30[Hz]. (MUAP= X% 2AKup-phase, down-
phase)=-2 34H(up, down, undershoot)o]™, 3-15[ms]2] duration, 100-300[uV] #Z-2g 7}3])

The shape of a recorded SMUAP depends on the type of the needle electrode used, its position-

ing w.r.t. the active motor unit, and the projection of the electrical field of the activity onto the
electrode. (1ol o]a|A =47 MUAPS| 42 1ol 917]o] we} o2)

Motor units are activated at different times and at different frequencies causing asynchronous
contraction. (MU= 417 AFolA &2 02 APE HAYstEz 4 thE A7, Hl57] 52 oF7Ist
WA e Fuge 245 )

The twitches of individual motor units sum and fuse to form tetanic contraction and increased
force.

Weak volitional effort causes motor units to fire at about 5-15[pps] (pulse per second). As greater
tension is developed, an interference pattern EMG is obtained, with the constituent and active
motor units firing in the range of 25-50[pps]. (2Fst 3-& MUAPY9] firing rate’} 2% 5-153] A X O]
A9k, 7S 2 29 25-5071 Ao AP7} A E o] 4R HEEH)

Grouping of MUAPs has been observed as fatigue develops, leading to decreased high frequency
content and increased amplitude in the EMG. (Z4-+ I 2dAMS 71A]H, o|uf 1151} AF o] =9
=1, EMGO| 1 Fo]| #2|= o] )

19
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14 5: EMG

e EMG signals recorded using surface electrodes are complex signals including interference pat-
terns of several MUAP trains and are difficult to analyze.
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10.3 Electroencephalogram (EEG), XA T

The EEG (popularly known as brain wave, x|1}) represents the electrical activity of the brain.
(HAEE X 72 &F)

The main parts of the brain are the cerebrum (thi]), the cerebellum (4 ]), the brain stem (X7},
and thalamus (A]4}).

The cerebrum is divided into two hemispheres, separated by a longitudinal fissure (27 Zz}%l
£) across which there is a large connective band of fibers known as the corpus callosum (X]Z¥).

The outer surface of the cerebral hemispheres, known as the cerebral cortex (th] 1 2), is com-
posed of neurons (grey matter, 3]2!) in convoluted patterns (\d35}|$t =|&€l), and separated into re-
gions by fissures.

Beneath the cortex lie nerve fibers that lead to other parts of the brain and body (white matter,
HH 2])
-1 =2/

Physiological control processes (A 2] %<1 A|o]), thought processes (A}17, AZ}), and external stimuli
(2]5 A=) generate signals in the corresponding parts of the brain that may be recorded at the
scalp using surface electrodes.

The scalp EEG is an average of the multifarious (t}Fst) activities of many small zones of the
cortical surface beneath the electrode. (F7 =04 =45 EEGE tiy]u] @ o] ZFe of Hof x| o]Fof
A ThFe B0 BFAE ojugieh)

For the 10-20 system of electrode placement for EEG recording, refer to the corresponding figure.

14
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719 6: Brain Map

e Typical EEG instrumentation settings used are lowpass filtering at 75[Hz]. (EEG S#7]||A=
75[Hz]o| ko] w3k A 75t
e EEG signals exhibit several patters of rhythmic or periodic activity. The commonly used terms

for EEG frequencies (f) bands are:

— Delta (0) : 0.5 < f < 4 [Hz]
— Theta (0) : 4 < f < 8 [Hz]
— Alpha (o) : 8 < f <13 [Hz]
- Beta () : f > 13 [Hz]

18
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e EEG rhythms are associated with various physiological and mental processes. (EEG 2|52 A2 4
3o HAH maA At AT

— The alpha rhythm is the principal resting rhythm of the brain, and is common in wakeful,
resting adults, especially in the occipital (35) area with bilateral synchrony. Auditory and
mental arithmetic tasks with the eyes closed lead to strong alpha waves, which is suppressed
when the eyes are opened (that is, by a visual stimulus). (=& 741 431 Q& o] dotapr} 7

SHAl LrEre)

— The alpha wave is replaced by slower rhythms at various stages of sleep. Theta waves appear
at the beginning stages of sleep. Delta waves appear at deep-sleep stages. (o] &5H a7}
ot dut — HEr — e

— High frequency beta waves appear as background activity in tense and anxious subjects. (H]
ehte 2134, 9 )
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104 Event-Related Potential (ERP), 24 9

e The ERP (or evoked potential) includes the the EEG in response to light, sound, electrical, or
other external stimuli. (A= 2F=2o] gjot S A L= 2n))

e Short-latency ERPs are predominantly dependent on the physical characteristics of stimuli, whereas
longer-latency ERPs are predominantly influenced by the conditions of presentation of the stim-
uli. (H7]2]d ERP= #A=2] (4, 47 §)FFol, &7|Ad ERP= A=2] &4 (impulse, step 5) =7

o 2¥)

e Sensory evoked potentials (SEP) are recorded from the central nervous system following stimu-
lation of sense organs, for example,

— visual evoked potentials (VEP) elicited by a flashing light or changing pattern on a monitor
(12243 CNS 29)

— auditory evoked potentials (AEP) by a click or tone stimulus presented through earphones
(37143 CNS $4)

— tactile or somatosensory evoked potential (SSEP) elicited by tactile or electrical stimulation
of a sensory or mixed nerve in the periphery (ZZtA= CNS £4&)

1R



o (VEPS] oA, StHA ¢]ojH 7]) For visual evoked potential (VEP), you are placed in front of a com-
puter screen, which shows a pattern of white and black squares like a chessboard, and a red dot
in the middle that you are supposed to focus your eyes on with minimal movement. The pro-
cedure is done one eye at a time, with the eye that is not being tested blocked off with an eye
patch. During the actual procedure, these squares alternate (white ones become black, black ones
become white) at a rate of several times a second, which produces responses in the visual cortex,
which is picked up by your skull electrodes. Since the computer controls the exact timing of the
changes of the square colors, and receives the exact timing of the electric response in the corre-
sponding electrodes, it is able to determine precisely the amount of time it takes for the visual
stimulus to reach the visual cortex.

e Motor evoked potentials (MEP) are recorded from muscles following direct stimulation of exposed
motor cortex, or transcranial stimulation of motor cortex, either magnetic or electrical. (&5 12

off giet A71/A47] 2k=oll HishiA 250142 5H)
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10.5 Speech signal, =4 ¢

e Speech sounds are produced by transmitting puffs of air from the lungs (#]) through the vocal
tract (%) as well as the nasal tract (H]%) for certain sounds.

e The vocal tract acts as a filter that modulates the spectral characteristics (0} £4]) of the input
puffs of air. (=7} g 49g)

e It is evident that the system is dynamic and that the filter has the time-varying characteristics,
that is, they are non-stationary

20



10.6 Vibromyogram (VMG)

The VMG is the direct mechanical manifestation of contraction of a skeletal muscle, and is a
vibration signal that accompanies the EMG. (i $%A] EMGS} SA9] A ELE 7|AAS X35)

The signal has also been named as the sound-, acoustic-, or phono-myogram.

Muscle sounds or vibrations are related to the change in dimensions (contraction) of the con-
stituent muscle fibers and may be recorded using contact microphones or accelerometers placed
on the muscle surface. (VMGE= 7[&EE A 8.8 nfo|3E 0]835fo] =4)

The frequency and intensity of the VMG has been shown to vary in direct proportion to the con-
traction level. (Fu}4=2} A7 G 7F & £==2Fo] H]d)])

The VMG, along with the EMG, may be useful in studies related to neuromuscular control, muscle
contraction, athletic training, and biofeedback. (EMG / VMGZE 37| biofeedbacko] ©]-&)
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