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Physio Observer

The Physio Observer allows to extract physiological parameters and to train a
classifier on different tasks. In this tutorial the usage of the system for recording and
evaluating physiological parameters like the heart rate (HR), galvanic skin response
(GSR), EEG bandpower and the respiration rate will be shown. The Simulink
Highspeed On-line Processing blockset allows to read in data into Simulink in real-
time and to perform the parameter estimation and classification.

PREPARATION

Before start there are a few important things to check when g.USBamp is used for
recording:

T
1
1
1
1

T

The g.USBamp must be connected to the computer and switched on

1 active/passive ECG clip lead must be connected to channel 1 on g.USBamp
The g.RESPsensor must be connected to channel 5 on g.USBamp

The g.GSRsensor must be connected to channel 9 on g.USBamp

7 active/passive EEG electrodes, EEG ground and EEG reference must be
connected to channel 2, 3, 4, 13, 14, 15 and 16 on g.USBamp

When using active electrodes, the g.GAMMAbox connected to block A and
block D of the g.USBamp

when g.MOBIlab+ multi-purpose is used for recording:

T
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The g.MOBIlab+ multi-purpose device must be connected to the computer and
switched on

3 ECG clip leads must be connected to channel 5 on g.MOBIllab+

The g.RESPsensor must be connected to channel 3 on g.MOBIllab+

The g.GSRsensor must be connected to channel 7 on g.MOBIlab+

1 EEG electrode mounted on Cz, ECG ground and ECG reference must be
connected to channel 1 on g.MOBIllab+

APPLYING THE SENSORS

Apply the ECG electrodes as follows:

1 Attach ground to FPz with g.USBamp (See EEG setup) and to right hip with
g.MOBIllab+
1 Attach reference to the right Ear (See EEG setup) with g.USBamp and on
right shoulder with g.MOBIllab+
1 Attach channel 1 of g.USBamp or channel 5 of g.MOBIlab+ multipurpose to
V5 or V6 position below the left breast
EEG Cap: FPz block A block B block C block D
Left Ear
Wilson 5 or 6
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Physio Observer

Mount the respiration belt such that it tightly fits to the thorax. Short circuit the ground
and reference ports of block B of the g.USBamp or the ones for channel 3 of
g.-MOBIlab+ connector box with the purple jumper cable. Connect the g.RESPsensor
to the reference port and channel 5 on g.USBamp or channel 6 on g.MOBIlab+
multi-purpose. Alternatively a g.FLOWSsensor can be used instead of the
g.RESPsensor.

block A block B block C block D

g.RESPSensor
Jumper cable with 1.5 mm
safety connectors

Attach the electrodes of the g.GSRsensor to the left index and middle finger. Connect
the g.GSRsensor to g.USBamp on channel 9 or channel 7 on g.MOBIlab+. Connect
the ground and reference of the sensor accordingly.

block A block B block C block D

g.GSRsensor

Attach the yellow ground electrode to Fpz, clip the reference to the right ear and
mount the EEG electrodes on Fz, Cz, P3, Pz, P4, PO7 and PO8. Interconnect the
ground and reference sockets of block A and block D of the g.USBamp using jumper
cables (not shown). When using g.MOBIlab+ mount the EEG electrode to Cz and
connect it to channel 1.

EEG Cap: FPz block A block B block C block D

Left Ear
FEGz,:Cz. P3

Pz, P4, PO7, PO8
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For active EEG and ECG recordings connect g.GAMMAboXdokA and B instead of the
passive ECG and EEG leads. Connect the active g.GAMMACcIip for the ECG to channel 1 of
the g.GAMMADbox and the 7 active g.LADYbird electrodes to channel 2, 3, 4, 13, 14, 15, 16
of the g.GAMMADbOXx
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Physio Observer

INSTALLATION

Copy the directory PhysioObserver to your local hard disc. You have to manually
set the path for MATLAB by selecting Set Path in the File menu. Click the
Add with Subfolders button, and select the directory

C:\ Program Files \ gtec \ g. PHYSIOobserver 1.12.00 \

Click Save and Close to finish the path settings.
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START-UP

The corresponding Simulink models can be started from the MATLAB Start button
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Signal Processing

g.UsBamp Physio O

0.MOBIlab+ Physio Observer

or by typing the name of the Simulink model into the MATLAB command line.

To start the g.USBamp PhysioObserver model type gPhysioObserve

into the MATLAB command line.

The following Simulink model opens:
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r_guSBamp
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FDATOSL

Filter
Realization
Wizard

OO O

Scope Scaler
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(Copyright g.tec medical engineering GmbH
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Physio Observer

To start the g.MOBIlab+ PhysioObserver model type
into the MATLAB command line.

gPhysioObserver_gMOBIlab.mdl

In that case this Simulink model opens:

IZ] gphysiocobserver_gMOBIlab
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Physio Observer

DRIVER CONFIGURATION
g.USBamp

Double click on the g.USBamp block to open the following window:

) Configure g.USBamp SNR.: UA-2007.10.15 = IEIIiI

— opecify AMPLIFIER SETTINGS:

Camman groun: Comimon reference: Sampling rate (Hz):  Frame lencth: Analog outpt:

r Group A r Group A |255 j I 1 IgiPE vI

o Group B [ Group B

Options, —— Mode:; - . . I 0o

[ Group C Il Group C Amplituce: 100 ()
™ Counter % Measure

[" GroupD [ GroupD _ i Orffzet: 0 [
I Trigger " Test =ignal

Serial number; I UA-2007.10.15 [ Shave — Frequency: I 10 [Hz)
[ shortcut

CHAMMEL selection:

¥ cHot W cHos ¥ cHos [ cHo7 ™ cHos [T cH11 ™ CH13 ¥ CH1s
v cHoz v cHo4 [ cHos [ cHos [T cHio [ cHi2 W cH14 ¥ cH16

— Specify CHAMMEL SETTINGE:

1

- al B = n =
Sl ey |
4 0 HP:
Bandpass: [HP: 0.500/LP; 30.000 | apply == | - .
- 0.000 f LP:- 20_.000
= apply => | — —

Bipalar: I 0

Maotch: |50

Load ... | Save .. | Help ... Cancel | OK

Enter the serial number of your g.USBamp, select a Sampling rate of 256 Hz and a
Frame length of 1. Then select channels CHQL, CH2, CH3, CH4 , CH5 CH®,
CH13, CH14, CH15 and CHI16, unset Common ground and Common reference
for all groups.

Apply to channel 1 a Bandpass filter with lower-cut-off frequency of 0. 1 Hz and
upper-cut-off frequency of 100 Hz and a 50 Hz Notch filter.

Apply to channel 5 a Bandpass filter with lower-cut-off frequency of 0.01 Hz and
upper-cut-off frequency of 30 Hz and a 50 Hz Notch filter.

Apply to channel 9 a Lowpass filter with upper-cut-off frequency of 30 Hz and a
50 Hz Notch filter.

Apply to the channels 2, 3, 4, 13, 14, 15, and 16 a Bandpass filter with lower-cut-off
frequency of 0. 5 Hz and upper-cut-off frequency of 30 Hz and a 50 Hz Notch filter.

Now g.USBamp is correctly initialized.
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Physio Observer

Save the settings by clicking on the S a v e buéon and enter a flename to store the
settings.

Press OK to accept the settings and to close the window.
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Physio Observer

g.MOBllab+

Double click on the g.MOBIlab+ block to open the following window:

) g.MOBIlab+ Configuration - |E||i|

g.MOBlsk+ configuration dialog alloves selection of analog and digital
channels az well as providing cther neceszary settings far the device.

— Analog Channels and Kaotch Filters:

[¥ Analog Channel 1 Match: m
[~ Analog Channel 2 Metch  [orF -]
v Analog Channel 3 Match: Im
™ Analog Channel 4 Motch:  |JoFF -
v Analog Channel 5 Miotch: Im
™ Analog Channel 6 Motche  [oFF
¥ Analog Channei 7 Noteh'  [sonz -
™ Analog Channel 3 Motch:  |oFF -

— Digital Inputs and Outputs:

Digital Input 1: OFF -
Diggital Input 2 OFF -
Digital Input 3: OFF -
Digital Input or Output 1: OFF -
Digital Input ar Output 2 OFF -
Digital Input ar Output = OFF -
Digital Input ar Output 4: OFF -
Digital Input 4: OFF -
— Settings:
Serial port: ICD W11 - l
Filename:
[GMOBILAB

haximum delay:
10000

[ Enable writing to SDCard [~ Testmode

OK | Cancel I Help I

Select CH1, CH3, CH5 and CH7 and activate the 50 Hz Notch filter for them. Set the
Digital Channel 1-8 parameters to OFF and select the COM Port where your

amplifier is connected to the PC.

Press OK to accept the settings and to close the window.

g.tecmedical engineering GmbH 1.12.00
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PARADIGM

Double click on the Paradigm block to open the following window:

E! Source Block Parameters: Paradigm x|

rSubsystem (mask) ‘

—Parameters

Class Info File

I CirdeTraining-ClassInfo.m

Instructions

I I:irdeTraining-Instruu:tions.m

Mode ITraining Paradigm LI

Trial Period [5] (== 8s)

S

Active Part [%]

EG

Inter Exercise Break [s]

|20
Initial Offset [s] (== 10s + Trial Period { 1- Active Part / 100) )
|30

oK Cancel | Help |

Class Info File: Set the path of the Class Info File.

Instructions: Set the path to the Instructions file. Each line describes one exercise.
The first entry names the type of exercise like Sports or Math (see section on
Classifier generation). All remaining entries contain the instruction for each single
task to be completed during the exercise. The time for each single task is defined by
the total number of tasks per exercise, the Trial Period, i t A&tsve Part and the
number of consecutive repetitions of the exercise as specified in the

CircleTraining - Classinfo.m  file. Complex exercises like the D2-Test can be
defined through an external html file or page e.qg. file://  C:\ Program

Files \gtec \ g.P HYSIOobserver 1.12. 00\ d2test \d2.html .This page may contain
standard HTML tags except forms and utilize java script to control the exercise. Do
not forget to insert the proper path of the d2-Test in the

CircleTraining - Instruction .m file.

Mode: The window allows selecting between three modes: (i)
Training Paradigm, (i) Paradigm with feedback and (iii)) Free running
To train the classifier selectraining Paradigm for the initial run.

Trial period defines the length of one trial in seconds. It should not be shorter than
30 s
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Physio Observer

Active Part [%] defines the time duration the user has to concentrate on one specific
exercise during one single trial period. It is specified as percentage of the trial
period.

Inter Exercise Break: This parameter allows to define an additional break between
distinct exercises. It has no impact on the break between consecutive trials a single
exercise.

Initial Offset defines the length before starting with the first trial in seconds. It should
not be set to values less than 10 s.

g.tecmedical engineering GmbH 1.12.00 12
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ECG-FILTER
Double click the Filter Realization Wizard to configure the ECG-filter.

) Filter Design & Analysis Tool - [fwizdef.mat *] i m] 3

File Edit Analysis Targets View Window Help
D EHSR|[ ALK DENEMHL+0  BLIO(NW

— Current Fitker Information

— hlagnitude Responze (dB)

I I I I
Structure:  Direct-Farm I, i E
Secand-Order . ' !
Sections L o e Tt el e e dmmm g eme- 1---4
Qrder: 53 T ! !
=) 1 '
Sections: 3 % _________ O Ao A P, N PR
Stable: Yes = | H
Source:  Designed = ... . L [
__________ |___________i__________
Store Fitter .. I 40 50
Frequency (Hz)
Fiter Manager ... I
—Fesponse Type—— FiterOrdder— Freguency Specifications — Magnitude Specifications
8 ILuwpass 'I o Sp Units: IHZ vl
" Highpass
€ Minimum order =3 55 The attenuation at cutoff
(¢ Bandpass
'S Bandstop _ Ctian Fel: IE_ frequencies iz fixed at 3 dB
8 IDifferentiatur - I (half the passhand pouwer]
- There are no optionsl Fe: 100
i parameters for this design
- ethaod.
= IR IBuﬂ&rwurth *l metho
L]
@ C FR IEquirippIe < |
& ﬂ— Filter Desian Design Fiter_|

|Re ady

On the Filter Design Pane (red Arrow) set Response Type to Bandpass , select IIR
as Design Method and set it to a Butterworth filter. Select Specify Order for
Filter Order and set it to 6. Set Units to Hz for the Frequency Specifications. Set
Fs:t0 256 Hz, Fcl:to 5 Hz, Fc2:to 100 Hz and click Design Filter button.

On the Filter Realization Pane (blue Arrow) set Block name to ECGFilter  and

select Current for Destination. Select Over write genErhtedb 6BICGC
and click Realize Model Button.
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) Filter Design & Analysis Tool - [fwizdef.mat *] i m] 3

File Edit Analysis Targets View Window Help
D EHSLR|[ 22X DE|NEMHL+0  BLIONW

— hlagnitude Responze (dB)

— Current Fitker Information

Structure:  Direct-Form Il
Secaond-Order

Sections @

Qrder: 53 T
-

Sections: 3 %
Stable: Yes =
=

Saurce: Designed

Store Filter ... I

Fitter Manager ... I

— hdodel — Cptimization
Block name: IECG'Fmer I™| Optimize for zero gains
Destinatiors _|Current - I™| optimize for unity gain
—_— zer Defined: Untitled 5 2 I™| Optimize for nega ains
& ilter Realization
. = v overwrite generated "ECG-Fitter’ block I~ Optimize delay chains
(2]
ff]"j [~ Build model using basic elements Ird Optimize for unity scale values
(a1

|Rea|izing Madel ... done

Respiration Filter
Double click the Filter Realization Wizard to configure the Respiration Filter.

On the Filter Design Pane set Response Type to Bandpass, select IIR as
Design Method and set it to a Butterworth filter. Select Specify Order for
Filter Order and set it to 6. Set Units to Hz for the Frequency Specifications. Set
Fs:t0 256 Hz, Fcl:t00.1 Hz, Fc2:to 10 Hz and click Design Filter button.

On the Filter Realization Pane set Block name to Respiration Filter and

select Current for Destination. Select Overwrite generated &Respiration Fi | t er 6
Block and click Realize Model Button.

GSR Filter
Double click the Filter Realization Wizard to configure the GSR Filter.

On the Filter Design Pane set Response Type to Lowpass, select IIR as
Design Method and set it to a But terworth filter. Select Specify Order for
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Filter Order and set it to 5. Set Units to Hz for the Frequency Specifications. Set
Fs: to 256 Hz, Fc:to 5 Hz and click Design Filter button.

On the Filter Realization Pane set Block name to GSR Filter and select
Current for Destination. Select Overwritegener at efldi 16tG&Rand Blitko ¢ k
Realize Model Button.

HR & HRV

Double-click on the HR & HRV block to open the configuration window for the
QRS complex detection. The window allows also to define parameters for artefact
removal and to select output parameters.

u Heart Rate Configuration = | S -

— BRS complex classification

Easze HRE [bpm): 60 Maximum ER increase [9%&]: 70
Maximurm HE [bpm]: 180 Maximum RR decreaze [%]: 40
Minirmum HE [bpm]: 30
— General
Calculation interval [min]: 1 Sampling rate [Hz]: 255
— Outpt
@ Calculate mean HR [bpm]
) Calculate standard deviation of HR [%]
) Calculate RMSSD [ms]

I Help I I Cancel I I OK I

Set the Base HR to 60 bpm, the Maximum HR to 180 bpmand the Minimum HR to
30 bpm. Setthe Maximum RR increase to 70 %and the Maximum RR decrease
to 40 %. Heart-beats outside of these thresholds are not considered.

Define the Calculation interval as 1 min. This is a running time window used for the
parameter calculations. Select Calculate mean HR [bpm] as output signal.
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HR Time Domain

Double click on the HR Time Domain block and set the Reference interval to

60 seconds . The Reference interval defines the interval used for the heart-rate
calculations. Set Min HR to 40 bpm, Max HR to 180 bpm, Max RR decrement to
40 % and Max RR increment to 70 % These parameters are used for artefact
removal. Set the Sampling frequency to 256 Hz and the Validation window to

2 s. The Sampling frequency must be equal to the data acquisition frequency of the
amplifier. The Validation window is used for the signal quality parameter calculated

with the Kurtosis.

E! Function Block Parameters: HR Time Domain

—Level-2-M-file-5-Function (mask)

x|

Input parameters:
R Peak Time: Connect to QRS Time output of HREHRV block; R-peak time in samples
Kurtosis: Connect to Kurtosis output of HREHRY blodk

Output parameters:

Absolute:

Channel 1 - beat to beat heartrate [bpm]

Channel 2 - mean heart-rate of reference interval [bpm]

Channel 3 - RMS50 of reference interval [ms]

Channel 4 - phiM50 of reference interval [%o]

Channel 5 - Channel 2 f Channel 3 normalized to min and maximum of initial reference
period.

Channel & - maximum heart-rate of reference interval [bpm]

Channel 7 - minimum heartrate of reference interval [bpm]

Signal valid - 1if signal quality is good, 0 if bad

—Parameters

Reference interval [s]

&0

Min HR. [bpm]

[40

Max HR. [bpm]

[ 180

Max RR. decrement [%%]

[40

Max RR increment [%4]

[70

Sampling frequency [Hz]

[ 256

Validation window [s]

2

]

Cancel | Help |

Apply

Open the ECG Scope to view the unfiltered ECG signal (channel 1). Channel 2
indicates the validity of the computed RR intervals and derived HR time domain
parameters (O 7 not valid, 1 i valid) and channel 3 shows the calculated Kurtosis as

g.tecmedical engineering GmbH 1.12.00
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quality parameter. The Kurtosis measures over a certain period of time how well
formed the QRS complexes in the ECG signal are. In case the Kurtosis drops below
a certain value than the data is rated as not valid. The duration of the observation
interval is defined by the Validation window parameter.

=0l x|
SELAL HABRE T AR ~
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Then open the HR Parameters Scope.

The first and second channels represent the beat-to-beat heart-rate and the mean
heart-rate in beats per minute. Channels 3 and 4 represent the RRMSD [ms] and
pPNN50 [%] parameters. All these parameters are calculated from the moving
Reference interval.

Channel 5 represents the ratio between the normalized heart-rate and the normalized
RMSSD parameters (channel 2/channel 3). Both are normalized to their minimum
and maximum values gathered during the reference period at the beginning of the
experiment (first complete Reference interval).

The last two channels show the maximum and minimum heart-rate.

n HR. Parameters Scope

g8 L0 ARBE

Time offset: 20
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Changes Rates HR

Open the Changes Rates HR block and define a Reference interval of
60 seconds , a Sampling rate of 16 Hz and a Reference start delay of
50 seconds . Set the Evaluation window to 30 seconds . Set the Method to Mean.

E! Function Block Parameters: Change Rates HR x|

—Change Rates (mask) (ink)

Compare parameters of an evaluation interval with a reference interval and
express change in percentage

—Parameters

Reference interval [s]

S

Sampling rate [Hz]
|16

Reference start delay [s]

50

Evaluation window [s]

|30

Method IMean :I

0K I Cancel Help | Apply |
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Open the HR Changes Scope to show the Change Rate and the Running Rate for
the beat-to-beat heart-rate. The Change rate between the Evaluation window and
the Reference interval are calculated. For the Change Rate always the same
Reference interval at the beginning of the experiment is used. For the

Running Rate the Reference interval is moving along with the Evaluation window
as time proceeds. The time period prior to the Evaluation window is selected as
Reference interval.

[ u HR. Changes Scope =1 Eﬂ

S8 L,LPL HREE E »

Time offset: 60

g.tecmedical engineering GmbH 1.12.00 20



Physio Observer

Change Rates GSR

Open the Change Rates GSR block of the GSR signal and set the
Reference interval to 60 s, the Sampling rate to 16 Hz, the Reference start delay
to 50 s and the Evaluation window to 30 s. Set the Method to Mean.

E! Function Block Parameters: Change Rates GSR x|

—Change Rates (mask) (ink)

Compare parameters of an evaluation interval with a reference interval and
express change in percentage

—Parameters

Reference interval [s]

S

Sampling rate [Hz]
|16

Reference start delay [s]
| 50

Evaluation window [s]

|30

Method IMean :I

0K I Cancel Help | Apply |
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The GSR Changes Scope visualizes the raw (channel 1) and filtered GSR signal
(channel 2), the Change Rate (channel 3) and the Running Rate (channel 4) as
described above.

-uScopf_-E = | O |
EE LLL ARE T A F &

Wl I:I-_I
1.07

Time offset; 60

g.tecmedical engineering GmbH 1.12.00
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Respiration

Open the Respiration block and set the Sampling rate to 256 Hz, the
Downsampling parameter to 10 Hz, the Blank time within which no other
respiration minimum or maximum may occur to 0.3 s to avoid artifacts and the
length of the Evaluation Window to 60 s. When using a g.RESPsensor set the
Sensor type to Belt and for a g.FLOWSsensor select Thermistor

g.tecmedical engineering GmbH 1.12.00
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