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G Signaux physiologiques
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@! Composition du signal

Il est possible de reconstruire n’importe quel signal avec des sinusoides




@! Composition du signal 2




EEG
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FFT composition spectrale
EEG
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G Composition spectrale
- d’un signal
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G0 Composition spectrale ECG




Filtres

Low pass, high pass, bad pass, band stop

Filtres IIR
calculs plus rapides (on line) mais déphasage
(Infinite Impulse Response)
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Electrocardiogram (ECG), .5 -35 Hz
Electrocardiogram (ECG), .05 - 35 Hz
Electrocardiogram (ECG), .05 - 100 Hz, AHA
Electrocardiogram (ECG), .05 - 150 Hz
Electrodermal Activity (EDA), 0 - 35 Hz
Electrodermal Activity (EDA) Change
Electroencephalogram (EEG), .5 - 35 Hz
Electroencephalogram (EEG), .5 - 100 Hz w/notch
Electrogastrogram (EGG)

Electromyogram (EMG), 5 - 250 Hz w/notch
Electromyogram (EMG), 5 - 500 Hz
Electromyogram (EMG), 5 - 1000 Hz
Electromyogram (EMG), 30 - 250 Hz w/notch
Electromyogram (EMG), 30 - 500 Hz
Electromyogram (EMG), 30 - 1000 Hz
Electrooculogram (EOG), .05 - 35 Hz

Préset d’acquisition

Temperature (deg. C)
Temperature (deg. F)
Temperature Change (deg. C)
Temperature Change (deg. F)

ElectroX, A-BHz

A : filtre Passe haut
B : filtre passe bas

Domaine spectral

( \

100
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Réglage d’un amplificateur

| AcgKnowledge - Input Channel Parameters

Channel Number: CH1

Channel Label: ECG .5 - 35 Hz]

Preset: | Electrocardiogram [ECG), .5 - 35 Hz

Digital Filters
Type Frequency
1|\ Low Pass v | 66.5 0.5
2 [\ Low Pass v || 385
3 [M Band Stop - Line Freq '] 50
Gain: (1000 w | Offset: 0 mv
High Pass Filter (Hz): () Off (DC) () 005 @ 05

[New Channel Pteset]

Advanced... ] [ Scaling ... ] [

DK

] [ Cancel




Qv Intérét du domaine spectral



@01 Stabilisation de la ligne de base
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GRv | Suppression
de la composante continue
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CGR0v

Electrocardiogram (ECG), .5 -35 Hz
Electrocardiogram (ECG), .05 - 35 Hz
Electrocardiogram (ECG), .05 - 100 Hz, AHA
Electrocardiogram (ECG), .05 - 150 Hz
Electrodermal Activity (EDA), 0 - 35 Hz
Electrodermal Activity (EDA) Change
Electroencephalogram (EEG), .5 - 35 Hz
Electroencephalogram (EEG), .5 - 100 Hz w/notch
Electrogastrogram (EGG)

Electromyogram (EMG), 5 - 250 Hz w/notch
Electromyogram (EMG), 5 - 500 Hz
Electromyogram (EMG), 5 - 1000 Hz
Electromyogram (EMG), 30 - 250 Hz w/notch
Electromyogram (EMG), 30 - 500 Hz
Electromyogram (EMG), 30 - 1000 Hz
Electrooculogram (EOG), .05 - 35 Hz

Préset d’acquisition

Temperature (deg. C)
Temperature (deg. F)
Temperature Change (deg. C)
Temperature Change (deg. F)

ElectroX, A-BHz

A : filtre Passe haut
B : filtre passe bas

Domaine spectral
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@Quelle fréquence d’échantillonnage?
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@ Fréquence d’acquisition optimale
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LGN Aliasing

Sinusoide a 10 Hz
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Erreur sur 'amplitude et la fréquence




Y Traitement du signal

Suppressions des artéfacts
Supression des parasites

e Effectuer des transformations

Extraire I'information
Faires des mesures et des analyses



Préparation du signal

suppression du bruit et des parasites



(@Y Fonctions pour |la suppression
des artéfacts et des parasites

. Connect end points »

Fonction Smoothing (lissage)
Moyenne

Meédiane
* Fonction Slew
* Filtrage numérique du signal



@! Suppression du bruit

* Un bruit blanc n’a pas de fréquences spécifiques et
est symétrique autour du signal principal donc
La moyenne du bruit blanc = zéro

* Pour supprimer un bruit :
- par soustraction : filtres adaptatifs
il faut un canal d’enregistrement du bruit
-par moyennage : lissage (smoothing)
-par filtrage (band stop, filtre en peigne, HP, LP)



Q@ Smoothing (lissage par moyennage)

Suppression de bruit
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@! Lissage par la médiane

Suppression d’artéfacts

Eve B Y Chaque point est le résultat de

1 4 . ) .

] o la médianne d’un intervalle de
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8.00
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@01 Suppression d’artéfact

« Connect end points »
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M Fonction « Slew rate limiter »

‘ep 0051 ‘ep neq1 ‘ep [)082 [ AcgKnowledge - Slew Rate Limiter -
1 ? Source channel: CHE, EDA
] 14.00 Settings
Signal type: ECuslom v i [ New... Delete
| - 1 i Time window: -
QOOpTS}'SGC Sp”(es l . @ samples: 20000 intervals
() time: 1.000000 seconds v
& 2
w /\/\'/\_\ _\/\ /-\J_/\v i Minimum allowed change: 2 utMho
e “'\._/"'\q_/—--/ ~7 10.00 Maximum allowed change: 30 uMho
Transform entire wave [ 1] ] [ Cancel
F\\'_'"“‘H-&_,.f\l I Py a0
6
14.00
200ptsisec 12.00
SN~ 3
e =
i E
Spikes S Y \_,/\f"\- 10.00
0.000 £0.000 120.000 180.000

seconds




! Filtrage

Low pass, high pass, bad pass, band stop

Deux types de filtres numériques : IR ou FIR

IR calculs plus rapides (on line) mais déphasage

FIR plus performants, pas de déphasage mais calcul
plus lourd

(Finite infinite Impulse Response)
Filtres spéciaux:
Filtres adaptatifs, filtres en peigne



Suppression des parasitages
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@0 Suppression des parasitages

Présence de bruit
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Traitement des courbes pour extraction
de l'information



CGR0v

Exemple d’utilisation
des filtres numériques

Conductance cutanée

AL

-0.00

‘ep pos ‘epnegl  ep pos2 ‘ep neg2 ‘ep pos3 ‘ep neq3 in
9
[1] |
| Réponse | — 12.00
. M dANS SN N ‘ 10.00 o
2 /V : | 3
N ] Niveau 8.00
6.00
[2] 3.00
2.00
Composante phasique 2
g HP 0.05 Hz [Comp phasique | 1.00 3

LP0.02 Hz

1

| Composante tonigue |

12.00

10.00

8.00

6.00

| 0.000

2.500

5.000 7.500
minutes




Réponse d’un filtre

AcgKnowledge - Input Channel Parameters

Channel Number: CH1

Channel Label: ECG (.5 - 35 Hz|

Preset: [Electrocardiogram [ECG). .5-35Hz

Digital Filters

Gain: Offset: 0

High Pass Filter (Hz): ) Off (DC)

Type Frequency Q
1 [\ Low Pass v 665 05
2 [\ Low Pass 385 1
3 [M Band Stop - Line Freq v ] 50 1
my
@ 05 ©5
[Advanced.“ ] [ Scaling ... } [ 0K ] [ Cancel ]

New Channel Preset

| Reponse d'un filtre 35Hz
100
050
000
050
0000 17500 %000 52500

Hz
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Lissage par la médiane

Signal de conductance cutanée

Suppression des réponses

‘epneql ‘ep pos2 ‘ep neq2
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G | Dérivée

Définition

e Différence entre deux points séparés par m points
En direct

foutput(n) = finput(n -ln)_finput(n) (ATS * lll)

X

dt




GV Dérivée

Définition

e Différence entre deux points séparés par m points
En différé

foutpui(1l) = figpue(D + [/2])—fippu(n—[(m+1)/2])
(ATs * m)

H
H
H
H
d’t
¥
H
¥
H
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Etude de la variation d’un signal

Dérivée

Utilité

Détermination de points remarquables
Dérivée max, dérivée nulle
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(EROM: | Dérivée
Utilité
* Etude de la variation d’un signal

 Deétermination de points remarquables dans signal asymptotique
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G Dérivée

Choix du pas de dérivée

ox’




GRv | Dérivée

Choix du pas de dérivée

Difficulté a déterminer
la dP/dtmax

dPidh Deux possibilités
Adapter le pas de
dérivation

dP/cl

& =100 s Appliquer un filtre LP
avant de dériver le
signal

dPyl

dt =1/2 s




Intégration

Via samples, no extra

K
X(n+1) parameters selected: Vi = ZVm *ATs

X(n) / i=K-samplcs+ll

)
/ Via samples, rectify: K
Vk= Eabs (Vi) *ATs
i=K-samplest]
Via samples, root mean square:
Vk= EV“" ) [(samples—1)
: > i=K~samplest]
dt
Via samples, root mean square,
t remove baseline: ; ZVUJ
—samplest]
Ve= ). (Vi -2 [ samples-1
\i-K samplest] Sﬂmplﬁ’&'

AcgKnowledge - Transformation - Integrate |

Source channel: CH3, RMS
Options

@ iAverage over samplesi Reset via channel Timed reset




Intégration
simple cycle a cycle

AcgKnowledge - Transformation - Ir;tegrate -t

] 100
Fréq - 1000Hz 500

%% ~——M——W 000 %
500
E 20
— RMS 50 pts 150

g | 100 ;é
B M [ 00
3 20
150

RMS 500 pts )

m 8

P |
/\\ \1 AN 050
&;_j L_/‘/\_j W\\ 000

Source channel: CH3, RMS
Options

©@ iAverage over samplesi () Reset via channel () Timed reset

Samples: 500
Parameters

() Rectify
@ Root mean square

[] Remove baseline

] [ Cancel

Transform entire wave 0K

45,000 60.000

seconds

75,000




Intégration cycle a cycle

| AcgKnowledge - Transformation - Integrate —

050

025

0.00

0%

050

Litess/s

Fitered Anflows [~]

[=]]

1 080

025

000

0%

050

Yolume

150

1.00

050

4000

Source channel: CH1, Raw Airflow

Options
() Average over samples @ Reset via channel Timed t
Control Channel: {CH2, Filtered Airflow v:
Reset thresholds
LOW  0.000000 Volts
HIGH 5.000000 YVolts

Reset trigger

i Mean subtraction

@ Positive

() MNegative [] Dutput reset events
Transf t

[ DK ][ Cancel ]

80.000




Rate




EROM

Fonction Rate

AcgKnowledge - Rate

€D, Rate setup
Source charnel: [T T S ~ |
Labsl: |C0 -Rate

Preset: Inone ;I

Signal Parameters | outout |

Sgnal typs: |Custom = New... | Delete |
Pezk detect
’7(3 Positve { Negative
¥ Remove baseline
Baseline window width: |25.000000 me

¥ Auto threshold detect

Noise rejecton: | 5.0000 % of p2ak
Cyde Interval Window
Windowing Units: Im
Min: | 40.000000 BPM
Max: | 160.000000 BPM

New Channel Preset | OK Cancel

AcgKnowledge - Rate

€0, Rate setup
Source charnel: IAI, Analogimput _vJ
Labsl: |C0 -Rate
Preset: Inone ;l
Signal Farameters  Qutput |
Function: WH
I usea ’

(* Fixed [nterval (sec)
_ Peak Time (sec)
{7 Fixed CountPeaks
Peak Minmum
M Re Peak Maximum

seC

Peak to Peak
IV Qutout Mean Value

—gt Area

[ Threshold ™ Mcdified

New Channel Preset oK Cancel




EROM

t= (OldMax ~ OldMin)*0.75 + OkdMin

OldMax

Fonction

|1 Lo
| .
{1
| ‘l
| | E
| \ —
- \ =
| \ o
-~ ¢ \ 0
V | /
(OINAY T A—
L0
.00 %20 .0 w0
OldMax
|
§
t= (OkiMax - OdMim)*0.28 + O'A.\!mﬁk_
OdMin — ¥ |

Rate

- - _!f\_ -------- (t+h)
. () 1.00
----.’l\---——-—_ (t-h)
[ == g
IR 3
\\! \/,
5.0 %20 =, S5.40 .60
\/ 1+h
L\
Vo
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Fonction Rate

AcgKnowledge - Rate

€D, Rate setup
Source charnel: [T T S ~ |
Labsl: |C0 -Rate

Preset: Inone ;I

Signal Parameters | outout |

Sgnal typs: |Custom = New... | Delete |
Pezk detect
’7(3 Positve { Negative
¥ Remove baseline
Baseline window width: |25.000000 me

¥ Auto threshold detect

Noise rejecton: | 5.0000 % of p2ak
Cyde Interval Window
Windowing Units: Im
Min: | 40.000000 BPM
Max: | 160.000000 BPM

New Channel Preset | OK Cancel

AcgKnowledge - Rate

€0, Rate setup
Source charnel: IAI, Analogimput _vJ
Labsl: |C0 -Rate
Preset: Inone ;l
Signal Farameters  Qutput |
Function: WH
I usea ’

(* Fixed [nterval (sec)
_ Peak Time (sec)
{7 Fixed CountPeaks
Peak Minmum
M Re Peak Maximum

seC

Peak to Peak
IV Qutout Mean Value

—gt Area

[ Threshold ™ Mcdified

New Channel Preset oK Cancel




Corrélation

000000

Template

K
foutput(ll) = Z ftemplate(k) * fwavefmm(ll)
k=1



LG Find cycle
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@ Find cycle

AcgKnowledge - Find Cycle Preview )

mv

2.00
1.00
— Al 0.00
— -1.00
4,199 6,298
seconds
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Chapter 17 Specialized Analysis...covieniniinnn
Detect and Classify Heartbeats
Locate Human ECG Complex Boundanes ..........
Locate Animal ECG Complex Boundaries ...........
Gastric Wave Analysis.. oo
Gastric Wave Coupling ..o
Chaos Analysis. ..o

Detrended Fluctuation Analysis......
Optimal Embedding Dimension
Optimal Time Delay. ...
Plot Attractor.................
Comrelation Coefficient ...
Electrodermal Activity ... .
Derrve Phasic EDA fmm Tomc .
Event-related EDA Analysis......
Sorting Options ........ccccoveeeeen.
Locate SCRs...........
EDA Measwements ...
Electroencephalography.... R
Compute Approximate Entropv .......................
Delta Power Analys1s. ...
Derrve Alpha RMS... ...
Derrve EEG Frequency Bands ...
EEG Frequencv Analysis..ooeeeeeeeeeee

Seizure Analysis Parameters....

Remove EOG Artafacts ...

Electromyography . ....oooooooeiceeeeeceee e
Derve Average Rectified EMG..
Dermve Integrated EMG......................

Denve Root Mean Square EMG ...
EMG Frequency and Power Analysis............oooooooiiii.
Locate Muscle Acfivation.........ooooiicecceeccee e
Preferences. . ...

Ensemble Average.
Epoch Analysis ..o .
Focus Areas between Events and Segments ..

Hemodynamic Analysis
ABP Classifier............
Artenal Blood Pressure
ECG Interval Extraction ....................
Estimate Cardiac Output from ABP...
Left Ventricular Blood Pressure ........
LVP Classifier........coooooeveeecennee
Monophasic Action Potential ...
MAP Classifier ..o,
Preferences. ........

HRV and RSA Anal) £ 1 OO
Multi-epoch HRV - Statistical .............
Multi-epoch HRV and RSA - Spectral ..
R-R Poincare Plot ..o
Respiratory Sinus Arrhythoma (RSA Time-senes) ..
Simgle-epoch HRV — Spectral ...

Frequency Bands.......oooooi e

Improvements to PSD Options (AcqEKnowledge 4.3 and higher).
Impedance Cardiography Analysis ...,
Body Surface Area.....................
dZ/dt Denve from Raw Z ...
dZ/dt Clasnﬁer

Ideal Body Weight ...
PEP Pre-gjection Period.................
dZ/dt Remove Motion Artifacts.....

Analyses automatisée

Magnetic Resonance Imagmg.. ...
Artifact Frequency Removal ...
Artifact Projection Removal
Med.lan Fllter Artifact Removal.............

Neurophysiology....coovovenee.
Amplitude Histograms ...
Average Action Potentials ...
Classify Spikes..............
Dwell Time Histograms...............ooc......
Find Overlappmg Spike Episodes...........
Generate Spike Trains ...
Locate Spike Episodes ...
Set Ep1sode Width and Oﬂ'set

Principal Component Denoismmg ...
Remove Mean ...

Penh Analysis

Stim-Response ..........oooooeve.
Dizital Input to Stim Events.....
Stim-Response Analysis ...

Waterfall Plot ..o,

Wavelet Denotsing ..o

ECG Analysis Alzonthm References ...



