PsPM course session 5

Model-based analysis of heart
period responses
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Summary

1. Background

anatomy, autonomic input, evoked & fear conditioned responses in operational
literature

2. Modeling event-related heart period
responses

model development, assumptions, accuracy, applications

3. Fear conditioned bradycardia

model development, accuracy, comparison with SCR

4. Practical implementation

how to preprocess, set up 1st level GLM



The anatomy of the heart
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Two main compartments of the heart
* right atrium & ventricle pump deoxygenated blood into the lungs
* left atrium & ventricle pump oxygenated blood via aorta into the whole

body
QRS complex marks main contraction of the ventricles that precedes the
ejection of blood from the heart



The anatomy of the heart
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Two main compartments of the heart
* right atrium & ventricle pump deoxygenated blood into the lungs
* left atrium & ventricle pump oxygenated blood via aorta into the whole
body
QRS complex marks main contraction of the ventricles that precedes the
ejection of blood from the heart



Different time courses for PNS and SNS influence
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SNS exhibits steady state influence < .12 Hz
respiration causes HRV via PNS (vagus)



Heart rate vs. heart periOd (see Berntson et al., 1995)
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Evoked heart responses in the literature

Auditory white noise (100 dB)
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» Material type matters: differential autonomic control modes?



Evoked heart responses in the literature
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» Material type matters: differential autonomic control modes?
« Stimulation durations matter: response shape ~ duration
* Response function unknown: too few & no systematic experiments



Fear conditioned cardiac responses

in humans (n=60),

Headrick & Graham In guinea pigs,

Cruikshank et al. (1992)

(1969)
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« Secondary deceleration (bradycardia) as a measure of fear memory
IN humans and animals
* Repeated conditioning amplifies bradycardia



MODELLING EVENT RELATED
HEART PERIOD RESPONSES



Developing a model for event related heart period responses

SNS PNS

Psychological
variable

Peripheral LTI
\ model

Neural activity :
—

Physiological
signal

 Elicit different sympathetic / parasympathetic control modes
« Qualitatively different experimental situations



Modeling event-related heart period responses

n Design PNS SNS
Auditor
whitey 20 white noise bursts ~ 85dB, ‘ t
noise duration 1s, ITI 29 -39 s
61
Auditory 6 oddball tones in 1 s series
oddball of standard tones, ﬁ ﬁ
duration 50ms,’|OI’ 29 -39 s
IAPS 48 |APS pictures (16 neg.,

viewing

duration 1s, |11 43 -47 s




Qualitatively different average responses in all experiments

Event related heart period responses
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Qualitatively different average responses in all experiments

Event related heart period responses
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Model development: finding response functions

—PC1
o 2 1. model individual
g peaks
2
2 2. Select most
8 appropriate function
N - Gaussian
0 15 30
time (s)
RF 17C3 RE °c2 RE 3°cs €l Set.free parameters
to fit the peak:
| | . L | . L | | o = shape
RF 4Pc RF 6°¢2 RF 8°C!

4. Set up GLM, test
}\% %\ﬁ #\ coefficient(s)

Include RF into the final model, if ...
1. stable acceleration/deceleration across experiments or
2. separation of at least two out of the three experiments




Model accuracy

Model development
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Modeling event-related heart period responses

n Design PNS SNS
Auditory
white 20 white noise bursts ~ 85dB, ‘ t
noise duration 1s, ITI 29 -39 s
61
Auditory 6 oddball tones in 1 s series
oddball of standard tones, ﬁ ﬁ
duration 50ms,'|OI’ 29 — 39 s
IAPS 48 IAPS pictures (16 neg.,
picture 23 16. neu., 16. pos), t E>
viewing duration 1s, [T 43 -47 s
o 120 trials (30 IAPS neg., 30
Validation @ IAPS pos., 85 dB white noise,
experiment 65 dB white noise),

ITI 10s + 65




Model accuracy
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-

Log Evidence Ratio (LER)
o N A OO O O

—_

Log Evidence Ratio (LER)
o N A OO 0 O

-

Log Evidence Ratio (LER)
o N A~ O © O

Model development

Whitenoise vs. Oddball

\/

-~ A v A AN v oo N b Lo
§ LI T &Y L LS

Whitenoise vs. IAPS

1 1 1 1 1 1 1 1 L

LS &F v & & & Lo 8 b L
ss«:g"g@@bbbhbb

Oddball vs. IAPS

[ | Peakscoring

o N A OO 0 O o N A O © O

o N A O O O

Model validation

Sound 85 vs. IAPS

e &F A v A4 & & 2> L& oo 0@
§ &9 ¥ Qe & & ¥ & ¥

Sound 85 vs. Sound 65

Fé& ¥vTy&geg sy e e

IAPS: Neg vs. Pos

[ ] Model

Snipes & Taylor (2014)
Kass & Raftery (1995)



LTI assumptions are only approximately met

Respiratory sinus arrhythmia (RSA)

Electrocardiogram
) W N N NN U O T

Respiration

Heart Period = // levmel
/_\_/ N Syme.

« RSA is a nonlinear influence on HPR
- reduce impact: many trials

« range of HP is limited: system will quickly saturate

> use adequate ITls: allow the system to return
to baseline



Model for evoked heart period responses

Heuristic model that separates experimental conditions
better than all tested operational methods

* Model for short presentation times (~1s)

—RF1
—RF2
RF3
—RF4
—RF5
RF6

* LTI assumptions need further testing: use only RFs that

peak within the ITI



MODELLING FEAR
CONDITIONED BRADYCARDIA



Fear conditioned bradycardia
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CS+ - CS- difference quantifies fear memory
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* Individual CS+- response shapes not stable across experiments
 Difference between CS+ and CS- stable over experiments
- Model quantifies the degree to which a trial is CS+



Model structure and accuracy
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Model structure and accuracy
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|s fear conditioned bradycardia time locked to CS or US?
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Tested by varying CS — US interval:
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« Castegnetti et al. (2016): SOA 3.5 vs. 4s — fit for time lock on
US better than for CS

« Castegnetti et al. (2017): SOA 3.5 vs. 4/6s — fit for US better



Gaussian input translates evoked HPR to fear bradycardia

s PRF
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HPRF is RF1,,keq With

gaussian input centred at US



Model accuracy — compared to SCR
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Model accuracy — compared to SCR

Experiment 1 Experiment 3

L L _90 L
120 160 40

Number of trials

* Model is significantly better than operational methods

|s fear conditioned bradycardia even more accurate than SCR?

* Large trial numbers: dominance of respiratory rhythms — single trial
estimates in HPR not possible



Summary
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« model significantly better than available operational methods

« for large trial numbers might even be more accurate than
SCR (BUT: no single trial estimates)

« LTI assumptions approximated for adequate ITls & trial
numbers to average out RSA



HOW TO ...



How to model event-related heart period responses?

1.  Preprocessing
* Detection of heart beats
* Interpolation of the time series
* Quality checks



Preprocessing — ecg2hb, quality checks, hb2hp

[ JON ] Batch Editor
File Edit View PsPM BasiclO
D E >
Module List Current Module: Preprocess heart data
Preprocess heart data<-X Help on: Preprocess heart data

Data File <X 7
Preprocessing

. Type of preprocessing

.. Convert ECG to Heart Beat ~

...Channel

....Default

... Options

.... Semi automatic mode On
. Type of preprocessing

.. Convert Heart Beat to Heart Period N
...Samplerate 10
...Channel

....Default

... Limit

.... Upper limit 2
.... Lower limit 0.2
Replace output channel No

if the algorithm fails.

Convert ECG to heart beat detects QRS complexes in ECG data and write timestamps of detected R spikes into
anew heart beat channel. This function uses an algorithm adapted from Pan & Tompkins (1985). Hidden options
for minimum and maximum heart rate become visible when the job is saved as a script and should only be used

Convert Heart Beat to heart period interpolates heart beat time stamps into continuous heart period data and

writes to a new channel. This function uses heart period rather than heart rate because heart period varies

linearly with ANS input into the heart.

Convert Peripheral pulse oximetry to heart beat first creates a template from non-ambiguous heart beats. The

signal is then cross correlated with the template and maxima are identified as heart beats.
OnNvert .y 0 NEArT Derod Alows 10 airact convert conninoo =\ (lAala INnto con

L —
\

name of a pspm data file that
contains ECG data

convert ECG to heart beat
mark QRS complexes

[Optional] inspect result
manually to make sure QRS
detection was successful

convert heart beat to heart
period by interpolating the
heart beat time series into a
continuous signal



Preprocessing — import, quality checks

OmINqe

E = [T] New Variable Analyze Code
t;:L L= o0 [ Find Files &1 oy = < \c
= [/ Open Variable ¥ (7 Run and Time
New New New Open |12) compare Import Save - Simul
Script Live Script v - Data Workspace @ Clear Workspace v |/ Clear Commands ~
FILE VARIABLE CODE SIMUL
Current Folder ® Command Window
<A P H E | « PsPMa » vP‘
[Name « |Date Modified [ Welcome to PsPM - PsychoPhysiological Modelling
backroom  04/06/2018 11‘12‘.vlz| (incorporating SCRalyze)
DatafF== =
Imp 4 RERED e

PsPM 4.0.2

Data preparation

Data preprocessing Tools

Preprocess heart data v/ Display data

Preprocess heart data

ECG editor

Preprocess respiration data
Prepare iluminance GLM
Find valid fixations

Convert data

Find startle sound onsets
Preprocess startle eyeblink £

1st level models

GLM for SCR -

Models for SF

Review model Contrast manager Export statistics

2nd level model Report 2nd level

1) pspri®

H pspm_butt... 10/06/2017 09:09:
#) pspm_chec... 03/14/2017 02
3] pspm_conl...07/03/2017 05
| pspm_con2...07/03/2017 05
ﬂ pspm_contr...07/03/2017 02 ﬁg >>
'a pspm_contr...07/03/2017 05:17:

Hj pspm_conv... 11/17/2017 09:5
fﬂ pspm_conv... 11/03/2017 12:10:...[ ]
Details A

Importing /data/tu:paulus:cloud/IO:PSPM/OI:Data/Samp'LeDa
11-May-2018 18:44:42 - Done 'Import'
11-May-2018 18:44:42 - Done

Y Batch Editor
Eile Edit View PsPM BasiclO
DEE| b
Module List Current Module: Preprocess heart data
AR e el | [Help on: Preprocess heart data |=|
Data File ..._am_96_tntcond_a.mat
Preprocessing

. Type of preprocessing

.. Convert ECG to Heart Beat

... Channel

.. .. Default

... Options

.. .. Semi automatic mode On
. Type of preprocessing

.. Convert Heart Beat to Heart Period

... Sample rate 10
... Channel

.. .. Default

... Limit

... Upper limit 2
.. .. Lower limit 0.2
Replace output channel No

Current Iltem: Semi automatic mode

Off a
*On

il

Specify... J

Semi automatic mode

Allows manual correction of all potential beat intervals.
One of the following options must be selected:

* Off

* On

® Workspace

@

Name £

Value




Preprocessing — import, quality checks

OmINqe

4 [ Batch Editor. X
EQIL Eﬁ ELE' '} Lq) Find L Navigate
New New New Open (-] Comg B
Script Live Script S Zeemin |
- —
FILE — A
Current Folder 200 Zoom out ® Workspace ®
< HE D« PsPMa » v [~ |Name £ Value
|Name L ‘Date Modified —
backroom  04/06/2018 11:12:.. add QRS marker
100 H
remove QRS marker
Heart beat events
Detection factor 2 times the stddev
Data preparation 0f k\,/""‘/\~r/ / Uome it (borm)
pper limit (bprm
h 20 Find faulty
25 cesoN— - |
17.0800 =
1st level models o700
-100 i+ 128.0850
e
2225600
2368650
291.9800 -
338.4300 3
339.8700
364.7700
365.0800 -
-200 -
Review model :gtﬁg —
402.2100
426.9250
441.7400
2nd level 442.0650
4463650 —
447.7850
-300 L L L L L L L L 4616700
2nd level mode| 14 145 15 Uil 16 16.5 17 s -';;::g: | |
time in seconds [s] 579.8650 =
581.3800
Artefact epochs 597.1850
Display settings / F aulty detection Eeraest
use all QRS markers 598.4350 —
602.7550 2
exclude artefact periods from faulty QRS detection
hide QRS markers during artefact periods A
] pspni® Output settings | 2= |
[ pspm_butt... 10/06/2017 09:09: e S
) psprm_chec... 03/14/2017 02 include QRS during artefact periods [ Manual mode
)ﬂ pspm_conl...07/03/2017 05 remove QRS during artefact periods
| pspm_con2...07/03/2017 05 d |
) one cancel
pspm_contr...07/03/2017 02 Load
'a pspm_contr...07/03/2017 05:17:
Hj pspm_conv... 11/17/2017 09:58:..
% pspm_conv... 11/03/2017 12110:"';—] 11-May-2018 18:45:41 - Running 'Preprocess heart data’ ‘ b L
Details A  f£ QRS detection for /data/tu_paulus_cloud/10_PsPM/01_Data/ | [«] I»

cr_ecg_editor




Preprocessing — import, quality checks

OmINqe

4 [ Batch Editor X
B E w2 O o Havigate
New New New Open ||| Comg 4 ] p * .
Script Live Script S Zeemin |
- =
FILE — A
Current Folder 200 - Zoom out ® Workspace ®
<A % H @ |« PsPM4 » - |~ [Name « Value
|Name L ‘Date Modified —
backroom  04/06/2018 11:12:.. add QRS marker
100 -
remove QRS marker
Heart beat everts
Detection factor 2 times the stddev
Data preparation 0 ey Soper i tborm)
pper limit (bpm)
20 Find faulty
\/ .
15,6850 -
17.0800 =
1st level models e
-100 - 128.0850
B
2225600
236.8650
291.9800 -
338.4300 >
339.8700
364.7700
365.0800 .
. -200 - 3811250 B
Review model 4015650 —
4022100
426.9250
441.7400
2nd level 442.0650
446.3650 =
447.7850
-300 L L L L L L L L 4616700
2nd level mode| 221 2215 222 2225 223 2235 224 2245 -';;::g: | |
time in seconds [s] 579.8650 =
581.3800
Artefact epochs 597.1850
Display settings / F aulty detection Eeraest
use all QRS markers 598.4350 |
602.7550 ~
exclude artefact periods from faulty QRS detection
hide QRS markers during artefact periods -
7] pspni : << ‘ >> ‘
FH pspm_butt... 10/06/2017 09:09: OUAFLt sattings
) psprm_chec... 03/14/2017 02 include QRS during artefact periods [ Manual mode
)ﬂ pspm_conl...07/03/2017 05 remove QRS during artefact periods
| pspm_con2...07/03/2017 05 d |
o one cancel
pspm_contr...07/03/2017 02 Load
'a pspm_contr...07/03/2017 05:17:
Hj pspm_conv... 11/17/2017 09:58:..
% pspm_conv... 11/03/2017 12110:"';—] 11-May-2018 18:45:41 - Running 'Preprocess heart data’ ‘ b L
Details A  f£ QRS detection for /data/tu_paulus_cloud/10_PsPM/01_Data/ | [«] I»

cr_ecg_editor




Preprocessing — import, quality checks

MATLAB R2017b - academic use

HOME (2%
E = [T] New Variable Analyze Code Preferences 7% Community
E E oor O e & 2 re R ==c] & @6
= [/ Open Variable ¥ (7 Run and Time i (- set Path 5} Request Support
New New New Open |15/ Compare Import Save — Simulink  Layout - Add-Ons  Help
Script Live Script v - Data Workspace @CIanorkspnce ~ [ Clear Cor—
FILE VARIABLE coi 4 3pul B =
Current Folder ® Command Window File ~
G EED«PPMar v 0 ‘ __________________________________________ ORI E value
[Name £ [pate Modified [ (c) 2008-2018
backroom  04/06/2018 11:12: [a]  Dominik R Bach
4 pspm
PsPM 4.0.2
&
Data preparation Data preprocessing Tools
Display data
1st level models
. avtefact removal
Non-linear SCR model Downsample data
Interpolate missing data
Extract event marker info
Review model Contrast Data edtor
2nd level
1 1 1 1 1 1 1 1 1 |
0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1
2nd level model Report 2nd level Batch << >>
eventchannels event options display options
— starting
integrat... autoscale
extra timewindo
¥ max
“]pSpm_butt... :
£ pspm_buitt... 10/06/2017 09 09 = v min 3
) pspm_chec... 03/14/2017 02:42:.. .
ﬁpspm conl...07/03/2017 05:17: 11-May-2018 18:45:41 - Running ]cb #2
b= - X plot
‘ﬂpzp:—zz:igzggﬁgi; g;i; 11-May-2018 18:45:41 - Running 'Preprocess
ap prm_ " "'07 03/2017 05117 QRS detection for /data/tu_paulus_cloud/10)
PSpm_contr.,{07/03/, ' 11-May-2018 18:49:13 - Done 'Preprocess
£ pspm_conv... 11/17/2017 09:58 11-May-2018 18:49:13 - Done
fﬂ pspm_conv... 11/03/2017 12:10
Details A e >> v 4] D




Preprocessing

iImport, quality checks

MATLAB R2017b - academic use

HOME PLOTS APPS
L:E’.}L @ EEIE' ™ (g Fnd i @ ‘E Lz, New Variable L& Analyze Code @ E {0} Preferences (% ©) (% Community
= Find Files (] 3
= [/ Open Variable ¥ (7 Run and Time i (- set Path =) Request Support
New New New Open |-|Compare Import Save — Simulink  Layout Add-Ons  Help —
Script Live Script v - Data Workspace @ Clear Workspace v [’ Clear Commands v - ml Parallel v - v X Learn MATLAB
FILE VARIZBLE | b pspm_display oS =
Current Folder ® Command Window File “ ® Workspace ®
= ) « PsPM4 » v ‘ e |~ [Name « Value
<P EA « Ps Cad | 1 I @/B e
[Name £ [pate Modified [ (c) 2008-2018
backroom 52018 11:12:..[a] | Dominik R Bach
"
- « pom  (data/tu_paulus_cloud/10_PsPM/01_Data/SampleData/pspm_am_96_tntcond_a.mat
300 T T T T T T T T T [
[ ® o] o] o] o) @ ) o o) ecg
—© hb
sPM 4.(C
200 |- -
®
& vBA Data preparation Data preprocessing ;
Z 100 -
Frepoces e as 12
N
1st level models 5 0 ﬁ A n \ LA A!\ /\
vy F AR AUV ARG 1PV A Iy L LAY L AR
; A A AR e HTL Vv ~
Non-linear SCR m|3
2 100 -
i
Review model Contrast manag  _200 [~ -
2nd level
-300 | I I 1 1 1 1 | I I
31 32 33 34 35 36 37, 38 39 40
2nd level model Time in seconds [s] << >>
wavechannels eventchannels event options display options
none - none 2 starting -
ecg marker integrat... m —
scr hb e .
emg timewindo
h
P v max
£ pspm_| butt 10/06/2017 09:09 ymin 200
#) pspm_chec... 03/14/2017 02:42:..) | 11TTTTTIoTC > >
#) pspm_conl...07/03/2017 05:17
ﬁ pspm_con2...07/03/2017 05:17 N
- . . L5 plot
#) psprm_contr...07/03/2017 02:43: ééSM:Ztezgifoisf':f‘
& .
j pspm_contr...07/03/2017 05:17 11-May-2018 18:49:
k;H pspm_conv... 11/17/2017 09:58 11-May-2018 18:49:
fﬂ pspm_conv... 11/03/2017 12:10:...
Details A >> [~ [« I»

B pspm_display




Preprocessing — import, quality checks

MATLAB R2017b -

academic use

HOME PLOTS APPS
= [T] New Variable Analyze Code Preferences (%) (% Communi
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Script Live Script v - &= Data Workspace @Clearworks ace v | Clear Commands v - ml Parallel v - v X Learn MATLAB
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Current Folder ® Command Window File “ ® Workspace ®
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1st level models [
0o |- ]
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Review model
400 - =
2nd level
200 I I 1 1 | I
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Z:\g hb extra timewindo 1400 s
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] psp
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#) pspm_chec... 03/14/2017 02:42:..) | 11TTTTTIoTC > >
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How to model event-related heart period responses?

2. Set up the model
« Setting up the 1st level GLM
* Reviewing the model



Evoked responses: setting up the 1stlevel GLM

[ NoN ) Batch Editor
File Edit View PsPM BasiclO ¥

DE@ b name for 1st level GLM

Module List Current Module: GLM for HP (evoked)
GLM for HP (evoked)<-X Help on: GLM for HP (evoked)
Model Filename <X
X

e “ output directory

. Default

Time Units <X
Data & Design

. Session

.. DataFile X

-~ . time units for the design
ey \ PsPM data file containing the

.. Number of basis functions 1x6 double

e ince e HP data
. Default
Overwrite Existing File No
condition file containing the
onsets for the design
Example
>> names = {'Conditionl', 'Condition2','Condition3'};
>> onsets = {[1,4,8,10],[3,5,9,12],(2,6,7,111};
>> save('001_condfile.mat', 'names', 'onsets');
>>
. .
S i ot Tt oy s A o St St 1 . e number of basis functions

specifies events for different conditions. These are used to estimate the mean response amplitude per
condition. These mean amplitudes can later be compared, using the contrast manager.

[1:6] — Take only those
E— basis functions that peak

—_— within your IT|

(see Paulus, Castegnetti, & Bach, 2016)



Review the model

Design matrix

e0e Figure 1: Design Matrix
File Edit View Insert Tools Desktop Window Help ¥

DEde M RAOVVLEA- 3 0E @

Design Matrix: MyFirstGLM.mat
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Review the model

[ XS]

File Edit View Insert Tools Desktop Window Help

Design matrix

[ JoX )

Reconstructed responses

Figures - Figure 1: Estimated responses

Figure 1: Design Matrix | File Edit View Insert Tools

Debug Desktop Window Help

Dade b

AL OPDEAL-3 0E O xa ~NgdS b AAOVPLEL- S 08B aO

Bo B =B

130

260
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\ Figure 1: Estimated responses

Design Matrix: MyFirstGLM.r

E‘stimated responses per ufondition: M¥FirstGLM.m:‘at

— Condition1
— Condition2
~— Condition3
— Condition4

H

&

-

-5 0 5l 1'0 1I5 2IO 2‘5 4I0 45




Fear conditioned bradycardia: setting up the 1st level GLM

[ NON J Batch Editor
File Edit View PsPM BasiclO
D E P
Module List Current Module: GLM for HP (fear-conditioning)

GLM for HP (fear-cq

Help on: GLM for HP (fear-conditioning)

.

Model Filename <X
Output Directory <X
HPR Channel

. Default
Time Units <X
Data & Design <X,
Basis Function ™
. Function

..HPRF FC 1

Normalize No "\
Filter Settings

. Default

Overwrite Existing File No

Current Item: SOA

 vedly

Specify custom SOA for response function. Tested values are 3.5s, 4s and 6s. Default:
3.5s

Real numbers are entered.

An 1-by-1 array must be entered.

\

L~

name for 1st level GLM
output directory
time units for the design

PsPM data file containing the
HP data & design

stimulus onset asynchrony
in s. Make sure the
response function is time
locked to the US



FIR model ... alternative to the model for evoked responses

Batch Editor

File Edit View PsPM BasiclO

D E P
Module List

GLM for HP (evoke

Current Module: GLM for HP (evoked)

N

name for 1st level GLM

Help on: GLM for HP (evoked)

Model Filename <X 7
QOutput Directory <X
HPR Channel

. Default

Time Units <X

Data & Design <X

.FIR

.. Arguments

... N: Number of Time Bins <X

... D: Duration of Time Bins <X
Normalize No
Filter Settings

. Default
Overwrite Existing File No

|

"~

Current Item: Basis Function

HPRF_E

output directory

\

time units for the design

PsPM data file containing the
HP data & design

Number of time bins

Basis Function

*HPRF_E
*FIR

Basis functions. Standard is to use a canonical evoked heart period response
function (HPRF_E) with time derivative for later reconstruction of the response peak.

One of the following options must be selected:

Currently selected option:
*"FIR"

Duration of time bins




FIR model ... alternative to the model for evoked responses

[ JON ) Batch Editor
File Edit View PsPM BasiclO ¥

DEd b name for 1st level GLM

Module List Current Module: GLM for HP (evoked)
GLM for HP (evoke Help on: GLM for HP (evoked)

Model Filename <X
Qutput Directory <X 1
P Cromm output directory
. Default
Time Units <X
LT — v\\ , , .
is Function
T time units for the design
.. Arguments
... N: Number of Time Bins <X v
... D: Duration of Time Bins <X
Normalize No "\ 3
Filter Settings B
. Default Skin conductance
Overwrite Existing File No 0.3
— Negative
— Neutral
—— Positive
0.2
Current ltem: Basis Function
HPRF_E
§ 0.1
g o
7]
1
N
[}
2
Specify... E oF
3}
3
Basis Function c
Basis functions. Standard is to use a canonical evoked heart period response 8
function (HPRF_E) with time derivative for later reconstruction of the response peak. € 01t
E =U.
One of the following options must be selected: n
*HPRF_E
*FIR
Currently selected option:
*"FIR" 02}
03 A L . L A A A .
1 2 3 4 5 6 7 8

Time (s)
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