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Body Rhythms

Life Expectancy
Developmental
Rhythms
Seasonal

Growth and Behavior
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Sleep-Wakefulness
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Various Vital Signs

-y =
#EE | Electrocochleogram (ECochG)
iRIEEl Electronystagmography (ENG)
=081 Stabilometry

1%

B e
Electroencephalogram (EEG) g
Evoked EEG #5eRii

Spinal cord evoked potential #HEHFxEEN
E3

8% i —-‘/ MEERR
: i A ) %M Electrocardiogram (ECG)
Retina potential @&z LA ; b :

s L&E Phonocardiogram (PCG)
Electrooculogram (EOG) REfEK S Heart rate

Visual evoked potential #EFES1 OEE Atrial pressure

2 | CEE Ventricular pressure
PRI ' miR@E Arterial blood pressure
Alveolar pressure FifemE \ FOERECentral venous pressure
Intrathoracic pressure ERE ¥aH g Cardiac output
Breathing flow rate FEfgiE e Bf:#% Finger plethysmogram
Residual volume B&%& #&  Body temperature

Vital capacity piss u {J (%
Ay e . wwosmx
Blood oxygen saturation meE#EsaHE J bl P Intrallutegne pressure
| (SpO.) 3 p BROER Fetal EC

level (SpO, 5 - BRR fEgEst Tocodynamometer

Electromyogram (EMG) &R EeemE  Intravesical pressure
Evoked EMG SRHEE RERE Ureter internal pressure
Nerve conduction velocity R w&m - Urine flow 6/30
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Biosignal Range
IS 0-7 mg
Ballistocardiogram
(BCG) 0-100
MM
et 1-100
Bladder pressure cm
H,O
iR 1-300
Blood flow ml/s
BARME EiE 10-400
Blood mm Hg
Pressure,  pais 25-400
arterial mm Hg
FRAR LI 0-50
Blood pressure, mm Hg
venous

F28 ERFEHRZRMTAM  F1FE AREHROERE

Freq.,
Hz

0-40
0-40

0-10

0-20

0-50

0-60

0-50

=

Sensor

Accelerometer, strain gage

Displacement (LVDT, Linear Variable
Differential Transformer )

Strain gage manometer

Flowmeter (electromagnetic or
ultrasonic)
Strain-gage manometer

Cuff, auscultation

Strain gage
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Biosignal Range Freq., Hz
PO, 30-100 0-2
mm Hg
PCO, 40-100 0-2
g mm Hg
& R
Blood gases "Nz 1-3mm  0-2
Hg
PCO 0.1- 0-2
0.4mm
Hg
1 ;& pH 6.8-7.8 0-2
Blood pH pH units
MAEE 4-25 0-20
Cardiac output liter/min
ILEX(ECG) 0.5-4 mV 0.01-250
Electrocardiogram
izt (EEG) 5-300 uV  0-150

Electroencephalogram
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Sensor /

Specific electrode, volumetric
or manometric

Specific electrode

Dye dilution, Fick

Skin electrodes

Scalp electrodes
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Biosignal Range Freq., Hz Sensor \
wiz\
R & i (ECoG) 10-5000 pV 0-150 Brain-surface or depth

Electrocorticogram electrodes //
ER(EMG) 0.1-5 mV 0-10,000 Needle electrodes
Electromyogram

EREX (EOG) 50-3500 pV  0-50 Contact electrodes
Electrooculogram

HEIRER (ERG) 0-900 pVv 0-50 Contact electrodes

Electroretinogram

EREERG(GSR) 1-500 kQ 0.01-1 Skin electrodes
Galvanic skin

response
B ERI(EGG) 10-1000 pV 0-1 Skin-surface electrodes
Electrogastrogram

0.5-80 mV  0-1 Stomach-surface electrodes
Gastrointestinal 0-100 cm 0-10 Strain-gage
pressure &zt H,O
Gastrointestinal 1-50 g 0-1 Displacement system, LVDT
forcesB a1
S pH 3-13 pH 0-1 pH electrode, antimony
Gastric pH units electrode
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Biosignal

kv

Nerve potentials
DEE

Range

0.01- 3 mV

Dynamic

Phonocardiogram (PCG) range 80 dB,

threshold
about 100
MPa

AFEARE Plethysmogram  Varies with

(volume change)

organ

Flow rate 0-600

liter/min

s Lk
Eﬁifiér:icory Respiratory 2-50 |
: rate breaths/min
functions
Tidal 50-1000
volume ml/breath
XB 32-40 °C
Body temperature 90-104 t

F28 AREHRZRM AR

BIE ERFHROER

Freq.,
Hz

0-
10,000

5-2000

0-30

0-40

0.1-10

0.1-10

0-0.1

(7 THE ""\\,—.
[Z UNIVE nsw;;

=i NE

Sensor /
Surface or needle electrodes

Microphone

Displacement chamber or
impedance change

Pneumotachograph head
and differential pressure

Strain gage on chest,
impedance, nasal thermistor
Above methods

Thermistor, thermocouple
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Typical Patterns of Various Vital Signs
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Basic Configuration of a
Measurement System
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Measurement of Vital Signs
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Particularity

of Bio-measurement
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Measurement Methods "
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Electrocardiogram
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ECG&EABP (Arterial Blood Pressure)
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ECG&RESP(respiration)
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Evoked, Event related E G=
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Electromyogram =/
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Core Body Temperature (°C)
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Site-dependent Body Temperature”
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e Signal

— the component of a variable that contains
iInformation about the object quantity

e Noise
— a component unrelated to the object quantity
e Signal ¢ Noise

— not defined by physical nature but by the intention
of the observer

e Signal-to-Noise Ratio (SNR)

SNR(dB)=10log,, FF:—S = 20log,, %

N N

— P and A indicate power and RMS amplitude,
respectively
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e Thermal Noise
— Random thermal agitation relevant to temperature
— Uniform distribution of power density

e 1/f Noise
— Many natural phenomena
— Power density is inversely proportional to the
frequency

e Interference
— Electromagnetic coupling - power line, fluorescent
lamps
e Artifact

— Superimposed on the object quantity and caused by
external factors such as motion — skin-electrode
contact

E28 EAREHREMTAM FTIE £AREFEHROER 27/30



()

B/ 1 X (EMI) P

I IL\IHH&.II"(I:I

Electromagnetic Interference’

500 T T T
400
300
200

100

=100 =
-200 —

Amplitude (mV)

-a00 —

_am 1 1 1
1000 2000 3000 4000 oo 6000 7000

sec)

500 T T T T T

400 —

300 —

200 —

100 —

=100 —

=200 —

Amplitude (mV)

L
-300 —

W= 1RO/ (14 2R2/R1) ﬁ**

- L L L L L L L L
d'i'l'l’ﬂ “nht hﬁ CiFELE b E 40 5802 5504 5506 5508 5510 5512 5514 516 5518 5520
Time (sec)




/{E@\
"'l.‘ ",_‘
. ;GF \""'* |

| IlJ'\.[‘sI:RSIT"r’Ig

\II"L //

T '?D ! !
Noise power A S e
[dBml : I . HER A "'i"""'".'"E""'"-"E"i" ---------

-80 BT S i SRR
1 i TEESNY ‘Jﬂ s-ssosspmasoy -i-- T r"ir a-i-i- ----------
White noise ||

-90 ; t

00 |—— - ——— T

________ L Comnerfrequency || TR
"""""""""""" E e i e | "'"'""""""""i"""":’ __"""'i'""T"_I'__""":'I' S ——

110
0.01 0.1 1

HoE AKEHREHAM BB EREROZR M= a0



\\

- ‘5

T ')

m —
|5
(=9
=

/

v

> s 2\ (5[ UNIVERSITY3]
/ X 0) = ) A1 =5

(%
W

amplitude amplitude

f .
L‘_ uniform

0 P‘#[HKMM\AM\ "0 /diStribth;)c:erability
| LA ’f-_\_I_V____\\M/ \VV\ time

_________________________ .

probability
density

function
amplitude amplitude

1 Gaussian
distribution
é‘ ™~ .
probability
0 time 0 '
probability of

Nnoise occurs in
HoE AKEHREMAN  BI1E AREROLH such amplitude 30,30

A




	スライド番号 1
	第２部授業予定
	医工学の樹
	各種診断・治療用医療機器
	信号の多様性
	様々な生体信号�Various Vital Signs
	生体信号の特性とセンサ
	スライド番号 8
	スライド番号 9
	スライド番号 10
	典型な生体信号パターン�Typical Patterns of Various Vital Signs
	計測システムの基本構成�Basic Configuration of a Measurement System
	生体信号の計測�Measurement of Vital Signs
	生体計測の特殊性�Particularity of Bio-measurement
	計測手法�Measurement Methods
	心電図(ECG)�Electrocardiogram
	心電図と動脈血圧�ECGとABP（Arterial Blood Pressure）
	心電図と呼吸�ECGとRESP(respiration)
	自発脳波 Spontaneous EEG (Electroencephalogram)
	誘発脳波�Evoked, Event-related EEG
	筋電図(EMG)�Electromyogram
	時間とともに変化する体温�Time-dependent Body Temperature
	計測部位に依存する体温変化�Site-dependent Body Temperature
	血圧(BP),心拍数(HR),体重(BW),体温(BT)
	信号とノイズ
	ECGと各種雑音
	ノイズの種類
	電磁ノイズ（EMI）�Electromagnetic Interference
	1/f ノイズ
	ノイズの確率分布

