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Introduction

1. Introduction

Pulmonary waveform generator is the most essesedjaipment for developing and testing
spirometers and other flow/volume measuring devices

PWG-33 is the ideal test equipment for R&D compshi®r manufacturers and for
authorized test laboratories as well.

The PWG-33 Pulmonary Waveform Generator providesdgfined flow(time) and
volume(time) waveforms for validation and calibration of Spireters and other
equipments measuring flow and volume.

1.1. Covered standards

Waveforms generated by PWG-33 and evaluationssbirésults are fully compatible with
the following standards and recommendations:

» “Standardization of Spirometry” issued by Americ@horacic Society on 11
November 1994

« EN ISO 26782:2009 — “Anaesthetic and respiratoryiggent - Spirometers
intended for the measurement of time forced expm#dmes in humans”

« EN ISO 23747:2009 — “Anaesthetic and respiratoryi@mgent - Peak expiratory
flow meters for the assessment of pulmonary functiospontaneously breathing
humans”

(former referenced as ,EN 13826:2003 - Peak exqiydtow meters”)

1.2. Generated waveforms
The PWG-33 generates the following standard wawesor

* 24 ATS Standardolume(time) waveforms

e 26 ATS Standarflow(time) waveforms

» 13 Standard waveforms according to EN ISO 26782 20thex C

» 10 Standard waveforms according to EN ISO 2374R2thex C, profile A

» User configured waveforms according to EN ISO 23Z@3d9 Annex C, profile B
User defined waveforms:

* Sine waveforms
* Square waveforms
* Volume(time) waveforms
* Flow(time) waveforms
Number of user defined waveforms is unlimited.
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1.3. Main features

Extreme powerful design
* Volume upto 101

« Maximal flow rate of 20 I/s

Automatic operation
« Full automatic resistance measurement

« Full automatic calibration of PWG's internal reaiste
« Full automatic tests via software interface mode
» Remote control port (optional)

BTPS simulation (optional in PWG-33BT)
* PWG is providing heated and humidified ai

* Adjustable air temperature

Automatic evaluation of test results
* error analysis

» flow resistance calculation
according to given standards.
Full support of individual control of the device
* Public USB communication protocol
» Utilities for data conversion
* Command-line (DOS) control tools

Technical support
» Software updates

* Firmware updates
are free of charge

Sleep Mode
PC software automatically sets PWG to a low povatesafter a given idle time. In Sleep
Mode the motor current is turned off. Any commanilswake PWG from Sleep Mode.

1.4. Principle of operation

PWG-33 is a pneumatic syringe driven by a steppsiomEach step moves the cylinder
by a constant volume of 0.345 ml. This step voluageals to the theoretical volume
resolution of the generator. Desired flow rates arkieved by setting the precise delay
time between two consecutive steps in a resolwfdi?.5 ns. Generataalume(time) and
flow(time) waveforms are transformed di@p-del ay-time(volume) functions.
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Block diagram

Items’ description

Item | Description
1 | calibration ports
2 | Control button
3 | Remote control port
4 | USB plug
5 | Pneumatic outlet
6 | Humidifier connected to the BTPS inlet
7 | Two way (BTPS) valve
8 | Heated syringe
9 | Circuit board
9a | Main circuit with the internal microcontroller
9b | Separate calibration circuit
10 | Schneider Electric SD326 stepper motor controller
11 | Berger-Lahr stepper motor
12 | photo interrupters: end-position sensors
13 | Photo interrupters for kinematic test
14 | Timing belt driving the piston
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Phases of operation
* Objects being tested must be connected to the pateuoutlet.

» A stepper motor drives the piston by a timing belt.
» PC software converts desired waveformstép-delay-time(volume) functions.

» Converted waveforms are copied to an internal SDnamg card built into the
PWG.

* Waveform generation can be started via
o USB protocol (PC software)
o Start button on the device
o Remote Control Port (optional)

* PWG’s microcontroller feeds a timer through a DMAhaiming data read from
the SD card.

* The timer event sends a pulse to the stepper neotdroller forcing the motor to
make a step. The generated waveform consists gecative steps.

* Rotation of the motor is supervised by a built ivofo interrupter and a stroboscope
disc. When step is impossible to perform due toaherload an error message is
generated.

* A heated humidifier is providing tempered and vagpat air for BTPS simulation.
The pneumatic syringe is also tempered to avoidieonsation.

* During BTPS inhalation the BTPS valve is openedals the humidifier.

» During expiration the BTPS valve is opened towdhdspneumatic outlet.

* Two extra photo interrupters are built in at consfaiston positions for kinematics
checking.

1.5. General consideration on certain flow meters

Some flow meters may show undesired side effecttdaesolume step sequence of the

generated waveforms. It is easy to recognize thenpmenon because the measured flow
rates and volumes will be unexpectedly high. Acoawydo our experience this side effect

may occur to the turbine type and to the differaimig flow meters like Pitot-tubes.

< In this case some pneumatic filter has to be ilestah between the device being
tested and the pneumatic outlet of the generator.

A good choice could be a laminar flow element lkeFleisch-tube or a simple PFT
bacterial and viral filter. Be moderated in incliegsthe dead space and the resistance of
the system apply serial pneumatic filtration onpyta the necessary extent.
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1.6. Technical data

1.6.1. Pneumatic information

Pneumatic outlet ....................... ISO-30 Madliaper Male OD=30,2 mm Basic taper 1:20
Maximal back-pressure of the object being tested............ccccevvvvveiiinnnnn. 4.0 kPa atl/B2
VOIUME FESOIULION. ....coiiiiiiiiiiit bttt e e e e e e e e e e e e e e s s nnane 0.345 ml
MaxXimal VOIUME ... .. 10.00 |
MaXimal fIOW FALE.........ooiiiiiiiiit ettt r e e e e e e e e e e e 20.0 I/s
Minimal rise time to flow ratel6 |/s at back-press8 kPa .............ccceceeiiiiiieeeeeneen. 4.ms
Maximal slew rate to flow ratel6 I/s at back-pressBikPa ...........ccccovvvvveiiieennnnn. 4069 I/
1.6.2. Accuracy
VOIUME...ciiiiiiee s 0.2 % or 10 ml winiever is larger
FIOW e 0.3 % or 15 ml/s alhiever is larger
TIMIE s 0.02 % or 1 ms @vhever is larger
Temperature of air with BTPS simulation..............cceeeiiiiiiieieieieeeeeeeeiiie Aa+l1°C
Relative humidity of air with BTPS sSimulation. .........ovvvviiiiiiiiiiieeeeeeeeeee, 9296 %
Distance between photo interrupters for verificatjpominal value) ...................... 127 mm

1.6.3. Environmental conditions
The equipment complies with the EN 606001-1:198Adard

Transporting conditions

TEMPEIALUIE ...t eer e et e et e e e e et e eeenna s -30 °C + +60°C
Relative humidity............oooiiiiic 10% + 100% (nomdensing)
AMDIENT PrESSUIE ...veeiiiiii i eeeeeree e e e e e e eeeas 500 + 1060 mbar
Storage conditions
TEMPEIALUIE ...t eere e e et e e a e e e e e e et e e nennnsneeees 0 °C ++50°C
Relative NUMIILY........coooiii e 10% + 85%
AMDIENT PrESSUIE ...vviiiiie e eeeeeree e e e e eeeas 500 + 1060 mbar
Operating conditions
TEMPEIALUIE ...t eere et e e e e e e a e e e ennaens +10 °C + +35°C
Relative NUMIILY.........oooiii e 30% + 75%
AMDIENT PrESSUIE ..t eeeeeeer e e e eean 700 + 1060 mbar
1.6.4. Electrical data
Nominal voltagesmitchable) ...............uuueiiiiiiii e 115 or 230 VAC
Mains voltage tolerance at 115 VAC........coocccceeiiiiiiiee e 100 30LVAC
Mains voltage tolerance at 230 VAC...... .. occceeiiiiiiiei e 1704®VAC
(=T | U =T o o PSR 50/ 60 Hz
Power consumption; PWG-33 ......oooiiiiiiiiiimmmmmmn et max. 25VA
Power consumption; PWG-33BT .....cooiiiei oo e eeeeeattennsn s n e e e aaeeaaes max0VA
1.6.5. Mechanical properties
Size without humidifier ...........ccooiiiiiiie 1100 mm x 370 mm x 265
LAY o U PPPPSPRR 38 kg
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1.7. List of accessories

PWG-33 @QUIPIMENT ..ttt eeeeeeee ettt e e enaa e e e e e e e e aaeeeees 1 set
g (=] = U 01 5] (] T o Lo 1 piece
(0151 = 0% o] = PP R 1 piece
SD Card —2 GB ...t e e ————- 1 piece (built in)

SOMWANE .t e Qn the built in SD card
USEIS'  IMANUAL.......ceiiiiiiieiiies e et e e e e e e e e e e e e e e e ee e e e e e s enneensaeaaaaeaaeeeeees 1 copy
Additional items for PWG-33BT

[ (== 1= To I o101 o1 o 1= O UPPPRRR 1 set
Tubing, connectors as listed in the section 2 Humidifier .............cccccoeeiiiiiiinn 1.set

1.8. Minimal PC configuration

OPErating SYSTEIM .....uiiiiieii e tsme b s e e e e e e e e e e e eeeeeeeasennens Winde XP, Vista, 7
Computing CaPaCIty .........evvvvueiirierieeeeeeemeeeeeeenn See operating system recommenusgtio
PIAtIOIM ..o booth 321&4 bit supported
Free USB 1.1 or 2.0 compatible POrt.........coceeeeeeeiiiiiiiiiiiiiicien e eeeeeeee e 1 port
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2. Installation

2.1. Installing device

2.1.1. Appropriate placement

PWG-33 should be positioned so that at least 1@istance is kept around the ventilation
openings on left and back side. Always place PW@&i83a stable horizontal surface. Keep
in mind that weight of the device is close to 40 (&9 pounds) and due to the high
acceleration of internal mechanical parts it mightise horizontal shake of the table
(maximal momentum of 0.6 kgm/s).

2.1.2. Selecting mains voltage

Mains voltage is factory set to 115 or 230 VAC. teag setting can be checked on the
yellow label next to the power connector.

WARINIG!

A Connecting the device to improper line power will dmage the
Schneider Electric stepper motor controller!

To switch mains voltage, contact the manufactwedeétailed instructions.

2.1.3. Adjusting motor current

Under special application conditions the devicehnhrgquire extra power to generate high
speed waveforms without step error; for examplekwgr with high flow resistance test
object at high flow rate. In such situations thsige of the device provides the possibility
to increase the maximal motor current.

& Turn off the device and unplug power cord

& Remove the cover of the device as described agph 10.2.2: Removing the
cover.

& Locate the Schneider Electric SD326 stepper maiotroller
& Locate the Rotary switch (3) for setting the matorrent

7

i//////////
A
" (22,

\,

=)
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& Use the rotary switch to select the desired matorent.

POS | | ax [A] POS | | ax [A]

0 |o6 8 |16

1 o8 9 |18

2 1009 A |19

3 1.0 B | 2.0(factory default)
4 1.1 C |21

5 1.3 D |23

6 1.4 E | 24

7 1.5 F |25

WARNING!

t Increase the current only step-by step! Test eacleting!

Use the minimal current level that complies with yar needs!

Never increase the current to levels that are causy even
temporary mechanical deformations during waveform
generation!

& Reconnect power cord and turn on the device toytast settings using an
adequate waveform. Be careful while operating #regator with opened casing!

< |f the motor current is sufficient turn the deviui& remove power cord and
reinstall casing. Reconnect power cord.

2.1.4. Humidifier (only for PWG-33BT)
Before using BTPS simulation mode install the hufiddmodule in the following order.

& Connect the heater module’s electrical cable to PAM@midifier port.
@ Connect the hose to the BTPS inlet of the device.

< Fill the humidifier chamber with distilled water

& Assemble the humidifier module in the order showrle scheme.

User Manual: Pulmonary Waveform Generator - 11
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Item list
Item | Name Manufacturer | Part number
1 | Heater module Contact suppliePWG-33-HUM
2 | Humidifier chamber Fisher & Paykel MR250
3 | Chamber's plug Fisher & Paykel part of MR250
4 | Bubbler adapter Contact suppliePBM22/f
S | Bubbler inlay Contact supplierPBM22/m
6 | O-ring 22x2 NBR70 Superseal OR22x2
7 | O-ring 14x2 NBR70 Superseal OR14x2
8 | Filter Intersurgical 1S1944
9 | Straight connector 22M-22F Intersurgical 1S1961
10 | Check valve Intersurgical 1S1920
11 | T-piece connector 22M-22M-22F  Intersurgical 1S1982
12 | Aerosol hose D22 Intersurgical 1S1573

2.2. Device drivers

PWG-33 Pulmonary Waveform Generator is a compakgdtace of a generic HID device
plus a generic mass storage drive. You do not aegddevice drivers to be installed on
supported operating systems. Connect the deviadriee USB port of the computer.

User Manual: Pulmonary Waveform Generator - 12
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2.3. Installing software
Once the device is connected to the PC the buDncard will be recognized as a mass
storage drive.
& Open My Computer (Windows XP) or Computer (Windaofys
& Locate the drive letter associated to PWG’s SD ¢ardexample E:)
& Locate and launch pwg_setup.exe
& Click “Run”, “Yes”, etc. if security messages askiag for confirmation

'@ User Account Contrel [0

% Do you want to allow the following program to make

" changes to this computer?

Program name: PG Setup
Verified publisher: Unknown

File origin: Hard drive on this computer

\:’ Show details Yes

Change when these notifications appear

& Follow the instructions of the setup applicationrtstall the PC software

#@ Setup - Pulmonary Waveform Generator PWG-33 EE C“Ck [NeXt] tO Sk|p Welcome screen

Welcome to the Pulmonaty
Waveform Generator PWG-33
Setup Wizard

This will nstall Pukmonary Waveform Generator 1.0 on your
computzr,

I you dlose l oeh
contiming.

Cick Nt to cantinus, of Cancel to exit Setup,

?@lpﬂav!'mm Generator PWG-33 E)E Read the ||Cense ag reement
Please read the folowing License Aglcurru‘;. \'numuslenmctlh;z torms of this H : Se|ECt ‘ | accept the ag reement,,
pomm . 5 Click [Next]

{The Fiston Medical Pumornsry wavefonn Generator softwars end-user fcence. -
|
1

fcornputers and use it bo operats modical devices by Fiston Led. v

&1 accept the agreement
1o ot accept the scresmient

If required, select a different destination folder
Or click [Next] to skip this step

Select Destination Location
where shoud Pulionary waveform Generator PWG-33 be installed?

Atlaast 3,918 of Free disk space & requed,

[ <Back ot > Cancel

User Manual: Pulmonary Waveform Generator - 13
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78 Setup - Pulmonary Waveform Generator PWG-33

Select Start Menu Folder
where shoud Setup dlace the prograir's shortouts?
{j Satup wil treate the program's sharbouts In the following Stark Menu Foldes..

To continue, dick Next. IF you would i b select a diferent folder, dlick Browse.

oy s et Gererator | erowse..

Select Additional Tasks
Which addiicnal basks shouid be performed? I )

Select the additional tasks you vould ike Sebup to perform nhile nstalling Pumonary.
Waveform Generalor PUE-33, then clck Next

Aditionsi cons:
[7] Create a desitop icon

Ready to Install

Setup is now ready to begin installng Pumonany, Waveforn Generstor PMG-33
uter,

Start Menu Folder:

Puimenary Waveform Generator

Completing the Pulmonary
Waveform Generator PWG-33
Setup Wizard

Setup has Frished instalig Pulmanary WaveForm Generater
PWE-33 an your computer, The appication may be lunched
by selecting the instaled icons.

Click Finish bo 22dt e,

| Firish

If required, select a different Start menu
program group
Or click [Next] to skip this step

Uncheck the checkbox if you do not want to
create a desktop icon

Or click [Next] to skip this step

Click [Install] to start copying files

Click [Finish] to close setup application

& QOpen the Start menu to launch the installed appdica

2.4. Post-install configuration

Launch the installed application. You will arrivé the welcome screen. The PWG
Software automatically recognizes if the deviceasnected or not. Drive letter assigned
to the built in SD card is also detected. If theide is connected a confirmation text will

appear at the top of the window:

| Device connected as DRIVE:

where DRIVE: is the actual drive letter assigneth®SD card.

2.4.1. Check device connection

To test device connection and check its basic nmecaband electrical parameters click
the button [Device Info]. The following informatiomill be displayed:

User Manual: Pulmonary Waveform Generator - 14



Installation

Property

Description

Type

Type of generator. PWG-33 or PWG-33BT

Serial number

Serial number of device: PWG-33[BT]-20yy-nnn
where
yy is the year of construction

nnn s the serial number of device
Volume Functional volume of the generator
Dead space Volume of the syringe including dead space
Peak flow Maximal allowed flow rate

Peak BTPS flow

Maximal allowed flow rate during BTPS inhalation

Slew rate (Accel.)

Maximal acceleration speed

Slew rate (Decel.)

Maximal deceleration speed

Step volume Volume in/expired during a single step of the motor
Calib. steps Step count between the two calibration photo infeers
2.4.2. Setinstitute data

Institute data will be printed on reports and sione project files. To change this data
perform the following steps:

& Click the button [Configure]; the Setup dialog beX pop up.

& Choose the tab [Institute Data].

& Fill the form implicitly

& To store settings, click [OK]

2.4.3. Configuration of the Waveform Generator

Some device-related parameters should be set biferirst use. To change this settings
perform the following steps:

& Click the button [Configure]; the Setup dialog beX pop up.
& Choose the tab [Device setup].

Return to zero speed
Speed of the piston (in I/s) moving to basic zeosifon. This setting is stored in the
device itself; option is only available if the deiis connected. Default value is 5 I/s.

BTPS inspiration speed

Speed of the piston (in I/s) during inhalation efted and vaporized air. Default value is
0.5 I/s. Adjust this option carefully as too highalwves can lead to step error or direct water
inhalation!

Store piston temperature log
Piston’s temperature is logged when the PWG apjicas started. This log can be stored
for later analysis. Default value is “No”.

Enter sleep mode after...
When the PWG application is started the deviceeist® Sleep Mode after the idle time

that was set here.
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3. Device overview

3.1. Design
Main components of the device are shown on thewolig figure.

Cover mounting

Cover
screws
Cooling air e
inlet
Y
‘ — |
:
o
\ /
/ o e}
:
Front panel ® U
BTPS inlet Pneumatic outlet
Front panel
The most important controls and indicators of tMéGare placed on the front panel.
BTPS inlet

BTPS inlet is the pneumatic plug that receiveshiim@idifier’s flexible hose.

Pneumatic outlet
Interchangeable pneumatic plug for receiving olgjéltat are being tested.

Cooling air inlet
Never cover ventilation openings

Cover
The removable housing covers the top and both sifig® device.

Cover mounting screws
The four hex socked bolts placed in the four umeeners are fastening the cover.
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3.2. Front panel

Complete set of controls and indicators of the tfrpanel are shown on the following
figure. Some of these controls are optional.

® Status
indicator
T \\ T
[ A\ ® Mains

POWER switch
@ Control START READY y

button \\@

® Heating HEATING
indicator * T
® Remote
control port ?
I:H— E REMOTE CONTROL
PISTON IN PISTON OUT

@ Pump end

A o\

position (ﬂ o o

indicators ERROR o
Humidifier
/ port”

CONTINUOUS VAPORISER

1MHz

5

o

=/

® USB plug

V=

© Calibration
ports

! Available on PWG-33BT
2 Available with remote control option

3.2.1. Basic components

Mains switch
The mains switch interrupts the power supply ofdbeice. To turn on the device switch it
to position I.

Humidifier port
Power supply and data interface port of the hunedif

USB plug
Connect the waveform generator to the PC’s USR:dmipatible port.
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3.2.2. Indicators

LED light indicators are displaying basic statu®imation about the PWG. LEDs can be
turned of, they can light, or they also can blinkwdifferent frequencies.

Status indicator @
» Lighting status indicator refers that the deviceeizdy to generate a waveform.

» Blinking status indicator refers that the device is sleep mode. (Blinking
frequency is 50 / min)

» Status indicator blinking briskly after turning dWWG refers that the device is
ready for firmware update.

Heating indicator ®
» Turned off heating indicator refers that the BTH8uation is turned off

» Blinking heating indicator refers that BTPS simidatis turned on and the device
is in warming up state.

» Lighting heating indicator refers that the devisedady for BTPS simulation.

Pump end position indicators®
The two LED’s of Pump end position indicators cgintl up together or separate.
» Turned off indicators are referring that the pisi®not in any of its end positions.

» Lighting only one of the two indicators refers tltlé piston is in the signed end
position.

* One indicator lighting another blinking refers ttia¢ piston ran out of range at the
end signed by the blinking indicator.

» Both indicators blinking are referring to step erro

3.2.3. Control button

Use Control button to manually send the pistonet@ position, start waveform generation
or stop any movement. Pressing the Control buttitirraise the following events:

Piston is in
END position

Generating
default
waveform

Go to zero
position

Stop at current
position

Result of operation

Impact of control button

>
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Control cycle

* When the piston is in zero position, control buttail start generating the default
waveform, if present.

» During waveform generation, control button will gtihhe piston at current position.
* When the piston is not in zero position, contraitd will move it to zero position.

» Control button interrupts even the “go to zero” g®n and will stop the piston at
the current position.

A Control button can only be used in NORMAL mode. Theuser is
responsible to use a non-inverse waveform.

3.2.4. Remote control port (optional)

Remote control port was designed to control the PMé@ an external electrical device.
The DIN 45322 (5-pin at 60°) plug has two controftp on two different pair of wires:

PORT

Port | Pin Technology | Voltage range | Polarity
A 1-2 Optocoupler | 3+25VDC Pin 24

B 4-5 Reed relay 4+7VDC Pin 448

Schematics are showing tfeanale DIN plug on the front panel arekternal view.
Principle of device control corresponds with thech@ism described for control button.

3.2.5. Calibration port

These two BNC connectors can be used for kinematiexking. See chapter 4.2:
Kinematics checking for details.

3.3. Error messages
Heating indicator ®
* Heating indicator blinking briskly after setting Anent valve refers to valve error.

Pump end position indicators®

* One indicator lighting another blinking refers tiia¢ piston ran out of range at the
end signed by the blinking indicator.

» Both indicators blinking are referring to step erro
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3.4. Firmware update

Firmware is the internal software of the PWG'’s burlmicrocontroller. Do not mix it up
with the software running on the PC. Updating tinevare is necessary only when your
supplier calls your attention for that.

WARNING!

é Improper implementation of firmware update can permanently

lose device functionality! Always keep instructions of this
documentation!

Firmware update of PWG-33 is possible via stand#®®B connection. Firmware update
tools are bundled with the firmware binary file.

Fi rmnar e update tool:
PIC32UBL.exe

3.4.1.

Checklist

Before you continue read the following remarks frdhye

3.4.2.

Never try to update the firmware if not necessary!
Always consult the manufacturer before doing aWare update!
Check the documentation of the firmware releaseiatompatibility!

Always use an uninterruptable power supply to aymder loss of device and PC
during the operation

Step by step

Perform the follow the instructions:

& Plug the PC to an uninterruptable power supplyserainotebook with fully

charged batteries

Copy the firmware update tools and the binarytiéding the new firmware to
the PC

Use the PWG configuration tool to store device paaters (see firmware release
notes)

Turn off the device

Connect the device to an uninterruptable powerlsupp

Do NOT turn on the device; press and hold the @bibtton

Holding the Control button, now turn the device on

The Status indicator will start to blink briskly

Now release the Control button

Start the firmware update tool

Follow the instructions supplied with the firmwdoeperform the upgrade process
Turn off PWG, wait 15 seconds then turn it on again

Use the PWG configuration tool to restore devicepeeters (see firmware release
notes)
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4. Validation

There are two main factors determining the accucddye
waveforms generated by the generator:

* Proper sealing
* Proper movement of the piston

4.1. Check of sealing

Sealing should be checked in the total stroke efpiston
under a certain working pressure. For this purmostsed
circuit constant pressure generator is needed. mbst
convenient device for checking the sealing is dlifrg
seal” spirometer with a weight on the upper movpagt
providing the necessary working pressure.

Install the rolling seal spirometer in a way thdtet
movement of piston was vertical. Calculate the appate

weight, which could provide pressure in the ranp80® Pa

to 1.2 kPa.

& Turn off the PWG.

& Remove the white plug on the back panel turning
with a coin.

& Screw in the External piston rod.

& Connect the spirometer to the PWG with a solid
wall tube.

Push and pull till impact the piston with the Exiar
piston rod.

& Repeat this step 20 times.

& The loss of the volume due to the leakage can@o
higher than 10 ml in a full stroke pro cycle.

4.2. Kinematics checking

Accuracy of the generator should be tested withmad and
with the maximal load. To achieve the maximal laese a
laminar artificial resistance.

4.2.1. Principle of the test

Measure piston’s transit time between the two ph
interrupters built in at dedicated points of thi fange.

Just a TTL level frequency and event counter isleddo
measure the time intervals.

There are two BNC connectors at the right side haf
generator:

* The upper BNC connector [Continuous 1 MHz] s
an output with the basic clock frequency.
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* The lower BNC connector [Gated 1 MHz] is an outpiih the gated 1 MHz.

The two photo interrupters at the position of &rliand 5 liter gate out the basic clock
frequency. The time interval can be measured by lal@ével event counter. The value of

the LSB is 1us.

4.2.2. Calculation of transit times

The kinematics checking of the equipment shoulddbee in square wave mode. The
actual number of the steps between the two phd&rupters can be read out from the
device as described in the section 2.4.1: Checlcd@onnection.

& Read the actual number of the stBls, between the two photo interrupters form
the device. Values df,om are dedicated for each individual generator.

< Read the actual step volurigs, from the device. Value is in ml. Divide it by 1000
to get value in liter

& Create testing waveforms of 10 liters of volume ahdifferent flows
& Measure the precise frequerfand pulse tim&iyvy, of the [Continuous 1 MHZz]

output

& Calculate number of pulsébusn between the two photointerrupters for each flow
rate n ,):

Nom nal

N =

pulse,n

pul se count

Nnom ><Vstep x f

\Y/

n

4.2.3. Examples
Clicking [Device Properties] button at the welcosweeen reports the following data:

Nnom = 11532steps (Number of steps is dedicated for each individygaderator)

Vsep = 0.345ml
Measuring the continuous 1 MHz results
f=1000 063z
Calculations
lliter /I s
N,y = 11532« 0.0001345< 1000063_ 3978565ulses
51liter |/ s
Ny = 11532x 0.00(5)5345< 1000063_ 79571ulses
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5. Software overview

5.1. Main features

5.1.1. Waveform library

PWG software is cataloguing waveforms in the Wanmafdibrary. All waveforms have
their own name. Similar purpose waveforms can loeiggd together. Waveform groups
are separated to factory default library and custaveforms. Catalogued waveforms can
be then added to custom waveform sets. Waveforsicset be used to test a couple of
waveforms automatically.

5.1.2. Generating periodic signals

PWG-33 can generate sine and square (trapezoidalgfarms configured by the user.
Variable parameters are peak flow, expired voluperjod time and rise times. This
periodic waveforms then can be repeated a givenbrumr even infinite times. Defined
sine and square waveforms can be stored in the \&fave.ibrary.

5.1.3. Generating predefined waveforms
PWG-33 provides four main groups of predefined vi@nes:

* 24 ATS Standardolume(time) waveforms

e 26 ATS Standardflow(time) waveforms

» 13 Standard waveforms according to EN ISO 26782 20thex C

» 10 Standard waveforms according to EN ISO 2374R28@nex C, profile A and
profile B

User can define further custom waveforms and wawefgroups. Any waveforms can be
completed by leading tidal cycles and can be geeeraith BTPS simulation.

5.1.4. Scalable waveforms

Any predefinedvolume(time) andflow(time) waveforms can be scaled on both flow and
volume axis of an FVC Spirogram. This feature canveil a cheat based on shape
recognition of ATS curves observed in connectiothwsbme poor quality spirometers.

5.1.5. Automatic measurement of flow resistance
PWG software is measuring flow resistance of testgdcts in full automatic mode. User
has only to configure the tested flow range. Debeation of the internal resistance of the
PWG is also being performed automatically.

5.1.6. Composing complete Spirograms
PWG-33's capabilities allow to move more than 180 @ter of air in a single waveform
(alternately in- and expiration maneuvers). PWQvsarfe provides a Spirogram editing
tool where the user can assemble complete Spir@grainmultiple forced in- and
expirations, tidal cycles and simple IC/EC manesver

5.1.7. Support of ambient data measuring module

PWG software supports PAM-201 ambient module thavigdes temperature, relative
humidity and barometric pressure data.
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5.2. Welcome screen
The welcome screen collects the basic tasks ingheswindow:

) P o A
for PWG-33 and PWG-33/BT - Device Connected as F: i W
Puimonary YWavaforimn
Fensrator

Quick test

Quick test a device with standard ATS and IS0 waveforms

Create a new or modify an existing waveform, manage your own
waveform sets

Create a new sgjmgram

Create complete spirograms to perform more complex tests

Add waveforms and waveform sets to your project and configure test
environment.

OEen a gr_gject

Open an existing project. Do a test or modify it.

] vevceio Gont

P

5.2.1. Main menu

Quick Test
Open a Quick test to generate periodic signalse(siquare), predefined waveforms or
measure flow resistance. See chapter 6: Quiclatesthapter 7: Resistance test.

Create a new Spirogram
Start here to create a new Spirogram. See chap@oriplete Spirograms.

Open project
Open an existing Spirogram.
5.2.2. Buttons

Device info
Show device properties: type, serial number, machhand pneumatic parameters, etc.

Configure
Open configuration window.

Close
Close PWG software.

5.3. Configuration
Click the button [Configure] on the Welcome Scréopen configuration window.

5.3.1. Set institute data
Institute data will be printed on reports and stione project files. To change this data
perform the following steps:
& Choose the tab [Institute Data].
< Fill the form implicitly
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5.3.2. Custom logo
Custom logo will appear on screen and will be gaindn reports. To use custom logo:

& Create a logo image of 620x320 pixels in size
& Store it in standard 24 bit bitmap format
& Copy the logo to PWG software’s installation foldeaplace existing logo)

5.3.3. Configuration of the Waveform Generator
To change device-related parameters:

& Choose the tab [Device setup].

Return to zero speed
Speed of the piston (in I/s) moving t0 ze
position. This setting is stored in the devi el sttt data \ S necmptunen i
itself; option is only available if the device i R wsisow

connected. Default value is 5 I/s. { (Sored n the device |
. . . BTPS inspiration speed 0,50 Vs

BTPS Insplra‘tlon Speed Stare piston temperature log m

Speed of the piston (in I/s) during inhalatiq ewerseep mods ater [ i

of heated and vaporized air. Default value
0.5 I/s. Adjust this option carefully as to
high values can lead to step error or dirg
water inhalation!

Store piston temperature log

Piston’s temperature is logged when t
PWG application is started. This log can
stored for later analysis. Default value
“No”.

Enter sleep mode after...
When the PWG application is started the deviceetst® Sleep Mode after the idle time

that was set here.

5.3.4. Configuration of flow resistance test
To set up flow resistance test: e ]

- Ch th t b R . t t t &lnslilme data I ﬂﬂccepmnce criteria
oo]se e tab [Resistance tes [ Ry Rosmance omtseup | B oevicosatup | 58 Devics inte
setup]. | Fijgy Bosteance hreset §
= e Test order
Resistance test starts with an initial flow rg """ E%_ ; S5
that is increased in each cycle with a const| wimim  fosw v~ —
flow rate until a maximal flow rate i rse L
achieved but not exceeded. i 3
Passes Step count pes
Each flow rate will be repeated the give
times.
Units
Entered flow values and the test report w
use the selected units, liters/sec or liters/mi|_ ‘
ok X cancel

Step count

Shows number of iterations between initial flow anaximal flow rate.
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Test order
Defines how passes should follow each other: rerfitst flow rate test the given of times
before doing the next flow rate step, or do the lehest the given of times.

5.3.5. Acceptance criteria
To set up custom acceptance criteria

& Choose the tab [Acceptance criteria).

Accuracy of waveform generator
The accuracy of waveform generator according terrefl standards:

* For volume parameters:+ 0.5 % ort 50 ml whichever is greater
* For flow parameters:  * 2 % or+ 85ml/s whichever is greater

Additional error of BTPS simulation
The additional error of the BTPS simulation accogdio referred standards:

* For volume parameters:+ 1.0 % or+100 ml whichever is greater

Accuracy of the device under test
The accuracy of results is calculated accordingfterred standards:

Devi ati on

Deviation = average — standard

Devi ati on %

Deviation % = 100 * (average — standard) / standard

Repeatability of the device under test
The deviation of results is calculated according ADS publication (Appendix: B,
Expressions: B1 and B2, Page: 1128)

Range

Range = maximum - minimum

Range %
Range % = 100 * (maximum — minimum) / average

Enabling error analysis
Error analysis can be turned on or off for eaclapmters. To enable analysis check the
checkbox preceding the parameter’'s name.

5.4. Measurement windows

Both measurement windows, Quick Test and Spirodfditor have a common toolbar for
controlling and monitoring basic functions of thé&/8.
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5.4.1. Device control toolbar

PWG’s basic control functions are placed in thstfioolbar group.

Zero position End position

Y

| ¥l @ NORMAL -|

g

STOP operation Direction switch

Direction switch

PWG is able to operate in a so-calleverse Mode which means that any steps are
performed in the opposite direction. For examplas tmakes it possible to generate
standard waveforms as inspiration maneuvers.

Zero position
In consideration of the actual direction of wavefogeneration, moves the piston to zero
position (farthest position from the pneumatic ettl

End position
In consideration of the actual direction of wavefogeneration, moves the piston to the
end of the syringe (closest position to the pneunmattlet).

Easier to say, in inverse mode the two buttonsdZmusition] and [End position] are
working in the opposite way.

STOP operation
Immediately stops any movement of the piston.

5.4.2. Ambient toolbar

Ambient data toolbar group shows the actual amlpardameters that will be showed in the
report and displays the syringe’s actual tempeeatur

Show Temperature Enter ambient
Graph data

Toiston 37 “CEd Tamp 250 °C Payy, 1014 #Pa RHy,,,, 50 % &

- J S— _—
~ ——
Temperature of Actual ambient
syringe parameters
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Temperature of syringe
Shows weighted average of syringe’s thermometers.

Show Temperature Graph
Shows aemperature(time) graph in a separate window.

Actual ambient parameters
Last entered or actually measures ambient parasaeter

Enter ambient data

Displays an input dialog for entering the curremhbgént parameters: temperature,
barometric pressure and relative humidity.

4% Barometer

Enter BTPS data

Temperature |25 = C°
Pressure o1z = hPa
Humidity 50 = %

5.4.3. BTPS toolbar

Abut using BTPS simulation mode, read the relechaipter 5.5: BTPS simulation. BTPS
toolbar groups two controls:

@ |7 3
N

BTPS mode switch Desired temperature

BTPS mode switch
Click BTPS switch to enable or disable BTPS mode.

(1 Blue icon: BTPS mode disabled

(19 Red icon: BTPS mode enabled; heating

1‘ Green icon: BTPS mode enabled; Desired
L ) temperature reached

Desired temperature
Use spin buttons to set desired temperature.
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5.5. BTPS simulation

ATS and ISO standards prescribe to test spiromddgrsdischarging gas at BTPS
conditions.

5.5.1. BTPS simulation in general
Heated air can be provided any time by turning oRP8 simulation even without
connecting the humidifier.

Any waveforms can be generated using full BTPS Etian mode but BTPS conditions
can only be guaranteed if the waveform containg erpiration maneuvers.

With BTPS simulation turned on, PWG will automaliganove the piston to its end
position and inhale the required amount of heated eaporized air to discharge the
selected waveform.

5.5.2. BTPS maneuver
If BTPS simulation is turned off the process of efrm generation goes as follows:

* The piston is starting from its zero position
» The requested waveform is generated
If BTPS simulation is turned on the process of viana generation goes as follows:

* Dry air is first discharged

* PWHG is inhaling the sufficient amount of vaporizgduntil the remaining volume
in the cylinder equals to the volume of the cuwéé generated.

* The requested waveform is generated

55.3. ATS
According to ATS publication (Appendix: B, Paragnap#8, Page: 1128) diagnostic
devices should be also tested by injecting at Iéast waveforms using heated and
humidified air. The first four standard waveforni®sld be generated in three trials. The
time interval between trials should be less thamiButes. The temperature of the air
injected should be 3C + 1°C.

5.5.4. IS0 23747

According to ISO 23747 standard (Annex: B, Pardgrap.3.6, Page: 10) diagnostic
devices should be also tested by injecting heatetl rumidified air. All the standard

waveforms should be generated in five trials ugiag at a temperature of 34 °C + 2 °C
and a relative humidity above 90 % with air corafi§ at BTPS. The time interval between
trials should be less than 2 minutes.

5.5.5. IS0 26782

According to ISO 26782 standard (Annex: B, Part, B8ragraph e), Page: 17) diagnostic
devices should be also tested by discharging difiest profiles C12 and C13 with gas at
a temperature of 34 °C + 2 °C and a relative hutyidbove 90 % to the spirometer,

including its accessories and detachable partstifine interval between trials should be

less than 2 minutes.
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5.5.6. Testing multiple devices
When testing multiple devices, it is recommendegddorm ATP test (BTPS turned off)
first on all devices.
& Perform the ATP tests in a row on each device
& Store a report file for each device
& Turn on BTPS simulation
For each device in a row

& Perform the BTPS tests
& Update the report file by storing it again
& Print the test report

5.6. Restrictions
BTPS simulation mode can be used for any wavefaovitistrivial physical restrictions:

* Full BTPS simulation is only available in Quick tesode. Complete Spirograms
can only be generated with heated air. Explanatibrthis is that the BTPS
inhalation can not be performed through the flonandieing tested and so the
maneuver would break the Spirogram.

* BTPS simulation is obviously not available in inseemode.

* BTPS simulation is obviously not available if tidaeathing cycles are preceding
the main waveform of the test for the same reasaompletes Spirograms can not
be generated.

5.7. Device under test
Parameters of the device under test must be showthei test report. To enter required
data, select the [Tested Device] tab in the meastreens.

|| 4% PWG: Manage Waveforms

: Manage Wave
| pi| S| [NORMAL - j37 % Toiton 207 CHH Tarus 251 °C Paguy 10131195 RHapy 50 %8 | cyele 07 /fi 3]

\(\‘F Waveforms an Flow Resistance _J Sets " (23 Te@rd Device ]
Tested device
Manufacturer Device type Serial number
|Sample Ltd. = |sPIRO-1 ~| [SPIRG-1-2012-001 Access deVI ce data

Customer

|Customer Ltd. \
Comments \ Tested device group

Responsi ble Write your comments here..|
of the test

\ Testad by Report dates

’wer -] [20120312.7:38:34 | (Waveforms)
[20120312.7:37:48 | (Resistance)

Customer

Comments

Report toolbar

\ Date of tests

New test

Store Report Load Repol
=
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History of entered data is automatically storedd gManufacturer], [Device type],
[Customer] and [Tested by] fields have auto congpleature.

Tested device group
Enter Manufacturer, model number and serial numbgpresent — of the tested device

Customer
Enter name and other data to identify the customer.

Comments
Enter your comments in connection with the perfafriests.

Responsible of the test
Name of the person who performs or who validategeit.

Date of tests
Date and time of tests performed. Timestamp ofstasce is recorded when the test was
started. Timestamp of waveforms is recorded whenast waveform was generated.

Report toolbar
Load, store and print functions.

5.8. Reports
Reporting functions are available on the [Testedia#g panel of all measure windows.
PWG-33 is creating common reports for all testéquared. The user can mix different test
profiles and test modes, as they are sorted autoatigt Sorting method
» First aspect is the waveform group (ATS-24, ATS{38) 26782, ISO 23747 ...)
» Second aspect is if BTPS simulation is turned omabr
These results are then stored in a single repert fi

5.8.1. Contents of the reports

Required contents of spirometer’s test reportssied under EN ISO 26782:2009 Annex
B; Section 5.

Required contents of peak-flow meter’s test repmtbsted under EN ISO 23747:2009
Annex B; Section 5.

PWG-33 provides test reports including most of riguired measured or calculated test
results however some tasks are requiring some gugeaspects to be performed.

Report header is including
* Name and contact information of institute
* Manufacturer, type and serial number of the debiiag tested
» Date and time of printing
* Ambient temperature, humidity and pressure
Footer of the test is including
* Responsible of the test
 Comments
* Signature
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Resistance test report is including
* Report header

* Report footer

* Measured back pressure values for up to 5 passebdth phases of the test, and
for inspiration and expiration)

» Average pressure values
» Effective pressure measured on test object
» Calculated resistance to flow
Waveform test report is including
* Report header
* Report footer
» Temperature of syringe in BTPS simulation modeefch waveform
» Measured parameters values for up to 5 passes
» Calculated error for each value and for each pass
» Absolute and percentage range of measured values
* Absolute and percentage deviation of measured salue

5.8.2. Reporting functions

j H Store Ifeport | .a—-‘( Loadfepolt | (=2 F'rlnT..
New Test Store test Load test Print test report

New test
Click the button [New Test] to create a completedyv test. This will clear data of device
being tested, results of resistance test and wawvefests.

Storing test results

Click the button [Store Report] to store all tessults. All results will be stored into a
single results file. Configuration used for resisfa test is also stored. Waveform files are
not stored.

Loading test results

Load results from a report file for all tests. Cgaofation of resistance test will also be
loaded. Starting resistance test after loading portefile will perform the same test

structure as defined in the report file. To perfoantest according to the procedure
described in the current configuration of the PW&vegare, click the button [New test] on

the [Resistance test] tab first.

If the report file refers to waveforms or wavefosats that are not present, an error
message will appear.

| Waveform [group] / [name] not found in the library!
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5.8.3. Suspending or postponing test
All tests performed can be interrupted, suspendgubstponed.

& Store test results

& Do other tests or even you can close the software
& Load the test results later

& Continue working with the same device

This feature can be used if testing multiple devicgee chapter 5.5.6: Testing multiple
devices.

5.8.4. Printing test report

Click the button [Print...] to open Print Previewindow. Print preview shows both
waveform and resistance test report. Printing ot@iso can be set from here.

Preview settings  Paging Print setup Print test report

4% Print Preview

= M4 M =S B & EH F | o
£
[ '|_|‘|'_',|I'I| ﬁ%u_“/ PULMOHARY WAVEFORM GEHERATOR I012.04.10. 15:35:08 Page 173
‘- — [ 4
I'_.I I|_lI - = I:L__a
Prlmomary ¥avelorn
Cewmsratar
Tested device MamnFacturer Device type
Serial Humber | | Time oftest 20M2.04 05, 135542
Customer
Measurement of flow resistance Anhient comndtions 250°C  1F4AFz 50%
Resistance of PWG Curnuative Resistance
Flow |P=s #1 #2 #3  avg. #1 a4 #3 avg.|Effedtive ResiBtancs
[I#z] [Pa] [Fa] [Fa] [Fadi=]
1
Expiration
1,00 14 14 14 14 31 31 a1 31 17 16,32
1,10 13 13 15 13 37 a7 a7 ar 24 21,76
1,20 13 17 13 13 dd dd dd 4 3 26,08
1,50 1z 17 1z 12 £l El £l al 34 30,13 el
0% Page 1 of 3

Preview settings
Preview settings toolbar provides different zoowels for the selected page

Paging
Use paging toolbar to navigate between the pagdseatport

Print setup
The button [Print setup] pops a standard windowst&r Setup dialog for selecting and
configuring printer and for select pages to print.

Print test report
Starts printing test report with the specified ops.
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6. Quick test

6.1. User interface
User interface of Quick test mode collects thedb=satures of PWG:

* Generating standard waveforms

» Generating custom waveforms

* Measuring flow resistance

* Load, store, export and report functions

Access waveform
sets

4% PWG: Manage Wavefarms

Flams 50 & | Cyele 0 /] 3]

| M| @I NORVAL -| [(@BTPS |7 3¢ T 283 OE Tapy, 25 By, 1013 s50R

+ j Custom

I

Header toolbar

= %l

[T ested Device .
%\ Access details of

==l device being tested
i >

ol e 71202
+ %) isomr {Fee 7.1202
i gl [PEF 6.3660
=/ | Iso82 : et : Wb 26580
nnum |FEVI/FYC  68.7353
Selected waveform . .\
s =
‘ ‘ A Waveform data
lIAMus
. Pass #i Pass B2 Pase #3 e e Range & Dev Dev &
Waveform display v oiE o e e
. 9.120 7.120 7.120 o EREES e
o.000 0.000 0.000 -
with track bars . e Edit waveform
'vvi'm PEF 11/s8] 6.986 ::;:: ::3:2 EIZEZ u.u u.uoy vy
0.000 0.000 0.000
10 TET 51 2,640 2.658 2.658 2,658 0.0 0.000 0.0
o.000 0. 000 o.v00
""wﬁ |FEVL/EVC [£5] 68.735 68.735 68.735  68.735 o T
0.000 0.000 a.000
® Jpu | Test Report
Res [Pats/l]  150.000 125.616 125.483 1250.254 .a.
13 £low [1/s] 6.612 6.665 6.665 n.a. noa
antks press [*ea] 0.831 0.836 0.833 n.a. n.a.
ine
Y [Pavameter  Error
UL s quare [rEVL a
TEVE ]
Ve 0
PEF a
TET o
reviseve Waveform toolbar
1S026782/05 2012.01.26. 11:25:12 {BTPS @
A ATs24 || ATS26 | vty || Ft) || SIN || SOR
m ) ‘rm Ha|u| ol | [7a)

Waveform Library Waveform control

6.2. Managing waveforms

Waveforms can technically be separated into t
main groups:

User defined sine waveforms

» Periodic signals (sine, square)

* Predefined waveforms
While flow values of periodic signals are calcutht:
on fly according to some parameters entered by

user, predefined waveforms are described by asse
of volume or flow data points in function of time.

User defined square waveform

13 Standard waveforms: ISO 2678
10 Standard waveforms: ISO 2374

- ATS Standard volume(time) wavefol
26 ATS Standard flow(time) waveformg
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6.2.1. Selecting waveforms

Waveform toolbar
Use waveform toolbar to quick access main wavefgrooups.

Waveform library

Click the arrow button ®#] at the left edge of the screen to show wavefoitmmaty.
Waveform library grants direct access to predefinedeforms in [Library] section, and
user defined waveforms under the [Custom] section.

Selected waveform
Selected waveform field shows the group and theenamthe selected waveform, for
example:

| 1IS023747 / Prof A 0100 l/min |

Use the arrow buttonsq] and P>] to select next waveform in the current group.

Waveform display
Waveform display showlow(volume), volume(time) andflow(time) graphs of the selected
waveform. Track bars around this display are altgithe user to transform waveforms.

Waveform data
Waveform data field shows pre-defined parameterghef waveforms. These are the
reference values for test reports

Waveform control
Waveform control toolbar collects basic control dtions as Start or repeat waveform
generation. For details, see chapter 6.4: Gengrataveforms.

Edit waveform
[Edit waveform] button shows waveform propertiesairseparate window. After editing,
the modified waveform can be named and storedatiltinary.

6.2.2. Sine and Square waveforms

To create a new custom Sine or Square wavefd%:
click the proper tool button on the waveform toolbq - v

Former defined sine and square waveforms canwm . 2™
accessed in the waveform library: —

& Click the arrow button®] at the left edge of
the screen to show waveform library.

& Open the [Custom] section 9. |
& Select the desired group Sine or Square
& Select the desired waveform
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6.2.3. Editing sine waveforms
To modify waveform parameters, click the [Edi

6.2.4. Editing square waveforms

waveform] button bellow the graphs.

First select the two independent parameters taritbesc

the sine function. Three options are available:

& Define PEF + FVC
= Define PEF + FET
& Define FVC + FET

Flow

PEF

FIT

The third parameter is automatically calculated. [To

finish configuration of sine waveform

& Enter a value for the two selected parameter
& Enter a name for the new sine waveform

& Click [Store] to store the new waveform in
Waveform Library

or
& Click [OK] to close this window preserving
modifications
& To reject changes, click [Cancel]

[%2]

Flow

FVC

PIF

Time

Volume

To modify waveform parameters, click the [Ed
waveform] button bellow the graphs.

The software distinguishes two different versioris
square waves:

» Clean square waveform
» Trapezoidal waveform

PEF [10 Vs
FC [7 1
o T [899 ms

ine:
ine PEF + FET
ine FYC + FET

(oK

X cancer

Whereas PWG itself has some mechanical limitati

peak acceleration and peak deceleration of therpis
is predefined. Thereby clean square waves also |
small trapezoidal distortion however the softwase
automatically calculating the shortest raise anitl
times.

First select the independent parameters to desthrée

square function. Six options are available:

» Square wave, define PEF + FVC
* Square wave, define PEF + FET
e Square wave, define FVC + FET
» Trapezoidal wave, define timing + PEF
» Trapezoidal wave, define timing + FVC

* Trapezoidal wave, define Tr + Tf + PEF
FvVC

PEF

Flow

Time

FvVC

' Volume|
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Rest of the parameters is automatically calculafieal.finish configuration of square
waveform

& Enter a value for the selected parameters

& Enter a name for the new square waveform

& Click [Store] to store the new waveform in Wavefdriarary
or

& Click [OK] to close this window preserving modiftaans
& To reject changes, click [Cancel]

6.2.5. Automatic analysis of entered parameters

Entered waveform parameters are automatically et@du If entered data (or any that is
calculated from them) exceeds the limitations o¥icks error messages are displayed
including possible corrections at the bottom of $lseeen. If an error can be corrected in
more different ways all possibilities will be liste

Example: Creating a sine with PEF = 20 | / s and@ ER2 seconds will produce more than
25 liters of volume. Since the device has a maxwofilme of 10 liters the software will
promote two options:

FVC exceeds device limit. Correct PEF.
FVC exceeds device limit. Correct FET.

To automatically correct the error

< Double click one of the solutions above to corgextr waveform.

Staying at our example, selecting “Correct PEF1 wider the software to change PEF
value to 7.85 I/s, preserving FET = 2 in additiorget FVC = 10 liters.

6.2.6. Selecting standard waveform sets
Standard waveforms can be accessed on the Wavdfwiar or similar to custom
waveforms, they are accessible in the wavefornatiptoo.
& Click the proper tool button on the waveform toolba
or

& Click the arrow button ] at the left edge of the screen to show wavefobnarty.

& Open the [Library] section

& Select the group of desired standard

& Select the desired waveform
User parameterized waveforms can be modified aed #iored to a different group on a
different name.

Use the arrow buttonsq] and P>] to select next waveform in the current group.

6.2.7. Selecting custom waveforms
Custom waveforms are accessible in the waveforraryb

& Click the arrow button ] at the left edge of the screen to show wavefobnarty.
& Open the [Custom] section

& Select the desired group

& Select the desired waveform
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User parameterized custom waveforms can be modifiath and then stored to a different
group on a different name.

Use the arrow buttonsq] and P>] to select next waveform in the current group.

6.3. Waveform sets

Different waveforms can be categorized into wavef@ets. Waveform sets are used to
collect waveforms that are frequently tested togietio manage waveform sets select the
[Sets] tab.

Access Set list Set details

4 PWG: Manage Waveforms

| QINORMAL j !BBTPS 37 20| Tostod 37 CEd Tamy 25 °C Py 1013 495 RH,,l 50 o &

1
Waveforms B’ Flow Resistance ) i Tested Device
V fow B-pL ]
Set list SetName Waveforms Name [AIATS
NIATS ATS24/01, ATS24/02, ATS24103, ATS24/04, ATS24/05, ATS24106, ATS24/07, ATS24108, ATS24/09, ATS24/10,

- ATS24/11, ATS24/12, ATS24/13, ATS24/14, ATS24/15, ATS24/16, ATS24/17, ATS24/18, ATS24/19, ATS24/20, AT524701 ~

ATS24/21, ATS24/22, ATS24/23, ATS24/24, ATS26/01, ATS26/02, ATS26/03, ATS26/04, ATS26/05, ATS26/06, ATS24/02
ATS26/07, ATS26/08, ATS26/09, ATS26/10, ATS26/11, ATS26/12, ATS26/13, ATS26/14, ATS26/15, ATS26/16, ATS524/03
ATS26/17, ATS2618, ATS26/19, ATS26/20, ATS26/21, ATS26122, ATS26/23, ATS26/24, ATS26/25, ATS26726  [REAEFS ]

24/05
AT524/06 [ J
ATSZl 12 ATS24¢ 13 ﬂTS?l 1! ATS247 15 ATS24¢ 16 ATSZl 17 ATS24/ 1B ATSZl 19 ATSZS?O, ATS247207
ATS24722, ATS2423, ATS24724 ATS24/08
| 26102, ATS26/03, ATS20/04, ATS26/05, ATS26/106, ATS26/07, ATS2608, ATS2600. ATS2610,  |ATe2grs
11, ATS26/12, ATS26/13, ATS26/14, ATS26/15, ATS26/16, ATS26/17, ATS26/18, ATS26/19, ATS26/20, ATS24/11
| ATS26:22, ATS26123, ATS26/24, ATS26725, ATS26/26 ATS24712
1SO26782101, 1S026782/02, ISO26782/03, IS026782/04, 1S026782105, IS026782106, 1S026782/07, ATS24/13
15026782108, 1S026782:09, ISO26782/10, ISO26782/11, IS026782/12, ISO26782/13 P
ATS24:06, ATS24/1 150, SineTizliter, SquareTeszt Forditott, Square/Teszt, SineHatliter, SineMNegyliter, AT524/16
Sine/Kettoliter ATS 24717 R
. bl stors Set )
. IJ lete set Niw set
/‘— - | — B
Delete set Add new set Store set Waveform trash
Set list
Shows list of the available waveform sets. Clicktam to view or edit details.
Set details

Shows details of the selected waveform set. Yoo edé edit the set; see next chapter for
more information.

6.3.1. Add new set

Click the button [New set] to add a new set. Unledinumber of waveform sets can be
added.

Name of set
Enter a name for the set.

Adding waveforms to the set
To add new waveforms

& Open waveform library
& Use the mouse to drag ‘n’ drop waveforms to theds#ils list

Reorder waveforms within a set
To reorder waveforms within the set

& Use the mouse to drag ‘n’ drop waveforms withingbedetails list

Remove waveform from set
To remove a single waveform from the set

User Manual: Pulmonary Waveform Generator - 38



Quick test

& Use the mouse to drag ‘n’ drop the waveforms olventaveform trash

Clear waveform set
To remove all waveforms from the set

& Double click the waveform trash

Store set
Click the button [Store set] to save changes ofefi@wn set.

6.3.2. Delete set
To delete a waveform set

& Select the waveform from the set list
& Click the button [Delete set]

6.3.3. Using Waveform sets
Stored Waveform Sets are listed in the waveformatip under the top level node [Sets].
To work with these waveform sets, select one aintifrm the library. Waveform sets are
behaving like Waveform Groups.
& Click the arrow button )] at the left edge of the screen to show wavefobnarty.
& Open the [Sets] section
& Select the desired Waveform Set
& Select the desired waveform
Use the arrow buttonaq] and ] to select next waveform in the current group.

6.4. Generating waveforms

The waveform control toolbar is used to configueading tidal breathing cycles and to
start or repeat waveform generation.

| MM Tidal. | P Run | 23] [ Graph.
New test Enable tidal Start Repeat Show back-
cycles waveform waveform pressure graph

New test
Clear current waveform test results

Enable tidal cycles
Turn on or off leading tidal breathing cycles prdiog the main waveform of the test.

Start waveform
Download selected waveform to the device and staveform generation.

Repeat waveform
Repeat the last downloaded waveform.

Show back pressure graph
Shows a back-pressure diagram for the last gemkreweform including the waveform
and the estimated shape of the actual airfloweaptieumatic outlet.
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6.4.1. Starting a new test
To start a completely new test, select the [TeBtedce] tab in the measure screens, and
click the [New Test] button.

To clear Resistance test results only, select Trestgd Device] tab in the Quick Test
measure screen, and click the [New Test] button.

To clear waveform test results only, select the Jéfarm] tab in the Quick Test measure
screen, and click the [New Test] button.

6.4.2. Scaling waveforms
Any predefinedvolume(time) andflow(time) waveforms can be scaled on both flow and
volume axis of an FVC Spirogram.
Use track bars around waveform displays to scaleefeams flow rate or volume.

The three track bars are in fact only two: flow amde will be moved parallel, while
volume track bar changeslume data point values beside a constant input frequand
that causes proportional increase in flow.

This goal of this feature not to create exact ldrmgnostic parameter values but to unveil a
cheat based on shape recognition of ATS curvesradsen connection with some poor
quality spirometers. According to this, lung diagto parameter values are not
recalculated yet.

6.4.3. Tidal cycles

PWG software provides leading tidal breathing cygeeceding the main waveform of the
test simulating a real forced expiration maneuveraa with some normal breathing cycle.

& Click the button [Tidal...] to open the tidal breiaity cycles setup box

4% Set up tidal breathing cycles E]@E]

Waveform — — | Open editor
m - ] E Edie.® |
FRC level ————1®Rc level 3500
v 2,000 )
IClevel — | =
| @ycle count 2 o pos
Cycle count / (oK Cancel

Waveform
Tidal breathing cycles are generated from previodsfined sine waveforms stored in the
Waveform Library.

Follow the steps described in chapter 6.2: Managiageforms to create predefined sine
waveforms.

& Select an item from the drop-down list

Open editor
Click the button [Edit...] to change waveforms paeters.
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FRC level

Define FRC (Functional Residual Capacity of the gulevel of the Spirogram formed by
this tidal breathing cycles and the main waveforinthe test. The piston will be moved
towards to its end position prior to waveform getien. This feature is also allows
reducing dead space of the piston.

IC level

Define IC (Inspiration Capacity) level of the Sgram formed by this tidal breathing
cycles and the main waveform of the test. Thisrdefi amount of air will be inhaled
between the tidal breathing cycles and the mainefean of the test.

Cycle count

Define count of leading tidal breathing
cycles.

& Click [OK] to apply settings. The
button [Tidal...] will turn to green
indicating that leading tidal
breathing cycles feature is turned
on. Waveform data will be F
downloaded automatically - this cal
take some seconds.

VOLUME

IC

5
Juaoud 1534

FRC

or

& Click [Cancel] do close windows TIME
without activating leading tidal
breathing cycles.

To turn off leading tidal breathing cycles latdiclc the button [Tidal...] button
again. The button [Tidal...] will turn to back toegy.

6.4.4. BTPS simulation

Use the BTPS toolbar to enable BTPS simulationirBeésemperature can be set any time.
BTPS check button is indicating if the device isadg for BTPS simulation. Open
temperature graph to check visually the warminggeess.

If BTPS simulation is enabled,

» Leading tidal breathing cycles are turned off
« If inverse mode was set, PWG is set back to nomuale

6.4.5. Normal and Inverse mode
In normal mode

* Pre defined waveforms are generated as expiratareavers.

The first half cycle of sine and square waveformgeanerated as expiration and the
second half of them is generated as inspiration.

The button [Zero position] will move the piston“fmump in” position, the farthest
position from the pneumatic outlet.

If switching to inverse mode, any waveforms areggated in the opposite way.

The piston is moved automatically to “pump out” itios, the closest position to
the pneumatic outlet.

» Leading tidal breathing cycles are turned off
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e BTPS simulation is turned off
» Pre defined waveforms are generated as inspiratenmeuvers.

» The first half cycle of sine and square waveforsnganerated as inspiration and the
second half of them is generated as expiration.

* The button [Zero position] will move the piston“mmp out” position.

6.4.6. Start or repeat test
After selecting the desired waveform and wavefoanagation options

& To start waveform, click the button [Start wavef¢rm
* The waveform will be downloaded to the device
* Waveform generation will start automatically

& To repeat the last waveform without downloadinggain, click the button [Repeat
waveform]

» Waveform generation can be aborted any time b¥Xiokcthe button [STOP]

6.4.7. Recording test results

PWG software can record five series of test regalt®ach waveform. After each test the
software pops a results table to enter measurednyer values. Switch between
parameters by pressing [Enter] on the keyboargéed up data input. Pressing [Enter] at
the last parameter will close the window and recitrel entered parameters in the test
report.

Enter Data

Param Yalue

FEV1

FEVE | 7.1202 |
FVC | 7.1202 |
PEF | £.9860 |
FET | 26580 |
FEV1/FVC | E8,7353 |
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6.4.8. Back-pressure graph

Click the button [Show back-pressure graph] to sholwe back-pressure diagram of the
last generated waveform including the waveform twedestimated shape of the airflow on
the pneumatic outlet. Take into consideration tihat backpressure represents the total
internal pressure of the syringe. Obviously the&ffe backpressure of the device being
tested is only a part of this value.

Estimated shape of the airflow on the pneumatidebus calculated from the measured
back-pressure and the volume remained in the syriBgtering proper ambient pressure is
also required for the calculation.

Back pressure graph is refreshed automatically efieh test.

@ Test Result Graph

I Test profile [ Back pressure || Outputsignal | Measured data

Time [s]

0 oK Zoom [ J—

Content of the graph

Shape of selected waveform (green)

» Measured back pressure (red)

Estimated output signal (yellow)

* Measured data reported by the device being testedtérface mode)

6.5. Reports
After finishing tests
» Store results

* Print reports
Quick tests also can be suspended.

See chapter 5.8: Reports for details.
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7. Resistance test

7.1. About the test

7.1.1. Purpose

Main goal of resistance testing is to preciselyedaine an object’s resistance to flow in an
automatic way. While ATS recommendation does ngtilege the way resistance has to be
measured, ISO standards are describing some metihalitermine if the tested device is
having resistance to flow below a specific limit.

& To start resistance test, open Quick Test and fiRelsistance test] tab.

7.1.2. Configuration
To configure resistance test

* Open software setup from the Welcome screen.

» Chose the tab [Resistance test setup]
For details see chapter 5.3.4: Configuration ofreveform Generator.

7.1.3. ATSrecommendations

According to ATS publication (Chapter: EquipmentcB@mendations, Table: #2, Page:
1111) the resistance of the flow meter can not ecdke limit of:

| 1,5 cm H20/L/s or 150 Pall/s

& Use resistance test to determine resistance to flow

7.1.4. Measuring resistance according to ISO standards
According to standard ISO-26782 (Chapter 7.9 Expisaimpedance):

The expiratory impedance of the SPIROMETER,
including its ACCESSORIES and detachable parts,
shall not exceed 0,15 kPa/(l/s) for the defined

test profiles listed in Table C.1 with flows up to

14 |/s.

Described method (Annex B; Chapter 2; paragraph d))

Record the pressure throughout each defined test
profile with and without the SPIROMETER, including
its ACCESSORIES and detachable parts, attached.
Measure the peak impedance once the 1,0 | volume
has been discharged.

According to standard ISO-23742 (Chapter 7.3 Rascs to flow):

The resistance to flow across the measurement range
of the PEFM shall not exceed 0,35 kPa/l/s.
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Described method (Annex B; Chapter 2; paragraph d))

Calculate the resistance, R, to flow for each
reference flowrate, n, using Equation B.3:

Ri=p n/q rein (B.3)
where

pn is the peak pressure for reference flowrate n;
Jrefn IS the reference flowrate for flow rate n.

To calculate this resistance values, PWG's owrriidteresistance has to be measured first.
For details see chapter 7.3.2: Calibration of I1S83tprofiles.

7.2. User interface
User interface of Resistance test mode collect$oifeving features:

* Resistance testing
* Measuring resistance of PWG during generation ©f i&st profiles

45 PWG; Manage Waveforms

4 P @INORVAL | [@951P5 |7 21 Toun 7. T 28 P 1013470 Ry 80 %3 [cvis 0 /3
f\pe wavetorms || Ry, Flow Resistance .\J Sets 3 Tested Device

Resistance of PWG [Pa] Cimglative Resistance [Pa]
# #3

Test Report ~ = -

[Pa]l [pa/l/;i

Megpiration
1/s 12 12 1z 12 93 93 93 81 40.33
3. 50 Mg 36 36 35 36 193 153 193 156 11.69
5.00 1/% 71 T1 12 71 320 320 320 249 49.74
6.50 1/s 119 118 119 118 113 1713 474 ass 54.58
B.00 1/s 176 176 176 116 619 650 650 650 59.22

9. 50 1/s 244 244 247 243 851 851 a851 a51
11.00 1/s 319 323 323 327 1072 1073 1075 1073
12.50 1/s 413 412 416 414 1343 1344 1341 1343 929

63 96
68.34

14.00 1/s 529 527 527 528 1629 1629 1628 1629 1101
15,50 1/s 651 649 647 649 1945 1939 1944 1943 1294 Access reSIStance
17.00 1/s 785 783 T84 184 2301 2300 2300 2300 1516 §9.20 teSt
18.50 1/s 928 929 936 931 2689 2696 2690 2692 1761 95,17
20.00 1/s 1086 1083 1079 1083 3091 3094 3093 3094 2011 100.53
Inspiration
2.00 1/s 21 21 21 21 105 105 105 105 84 41.88
3.50 1/s 62 62 62 62 237 238 238 238 175 50.06
| 500 1/s 123 122 122 122 108 113 409 410 288 51.58
6.50 1/s 199 199 200 199 621 621 621 621 az1 61.83
8.00 1/s 293 292 293 293 813 874 873 873 581 12.58
9.50 1/s 102 101 101 102 1193 1193 1193 1193 791 83,22
11.00 1/s 529 527 531 529 1545 1544 1544 1544 1015 92.32
12.50 1/s 674 672 673 613 1928 1934 1931 1931 1258 10061
. 14.00 1/s 827 828 829 828 2376 2371 2373 2376 1547 110 54
ReS|stance 15.50 1/s 1022 1019 1026 1022 2827 2839 2842 2836 1814 117 04
17.00 1/s 1231 1230 1235 1232 3343 3362 3366 3357 2125 12498
= 18.50 1/s 1461 1442 1455 1453 3913 3911 3908 3913 2460 132,97
d|agram L0 00 1/s 1680 1675 1676 1677 1506 1508 4508 4507 2830 141.49

Resistance
test control N\

Test Report

For normal resistance test, Test report includes
* PWG calibration data for in- and expiration
» Cumulative resistance of PWG and tested devicenfand expiration
» Effective resistance of the object being testedrfoand expiration

During calibration of ISO Test profiles Test repbeld shows the measured resistance of
PWG without any objects connected.
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Resistance Diagram
Resistance diagram show the measured resistandéenation of flow. The graph is
displayed for inspiration in green and for expatin red.

7.2.1. Resistance test control

| P Stat ) CALIBRATE: [ :IS026782 [ 15023747

New Test Start Test Calibration of ISO
Test profiles

New test
Clear current Resistance test results.
& Use [New test] also if configuration of resistamest has been changed.
& Opening a former report will override default segs. Repeating a test will be also
done according to the method stored in the rejert f

Start test
Start automatic measurement of resistance to fRyevious data will be overwritten.

Calibration of ISO Test profiles
Start automatic measurement of PWG’s own resistemélew according to methodology
of the referred 1ISO standards. Previous data wilberwritten.

& Calibration must be performed manually for bothmakrand inverse mode
according to your current needs.

7.3. Performing tests

7.3.1. Resistance test
Resistance test is technically performed in twospka
» First phase is measuring the internal resistand®w6 plus the pneumatic adapter
if necessary.

» Second phase is measuring the total resistanc@eofyénerator, the pneumatic
adapter and the object being tested.

Resistance test is performed with a flow rate iasegl in equal steps between a minimum
and a maximum level. Resistance at each flow matmeasured several times with and
without the object being tested. Final result ikglated form the average of the particular
values.

To start resistance test
& Click the button [Start Test]. The following messagll appear:

Remove any object being tested from the pneumatic
outlet!

& Remove the object being tested form the pneumatieto

& Attach or leave on the pneumatic adapters thatemya@ired during the test to fit the
test device but are not part of it in normal use.

& Click [OK] after you verified the pneumatic outlet.
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First phase of the resistance test is now perforaugdmatically. After the calibration has
finished, the following message will appear:

Connect the object being tested to the pneumatic
outlet!

& Click [OK] after you have connected the object lpeiested.
Second phase of the resistance test is now pertbamomatically.

7.3.2. Calibration of ISO Test profiles

Calibration of ISO Test profiles is performed isiagle phase, but it is only performed for
the selected type of waveforms and only in thecsetbmode, inverse or normal.

During calibration, all test profiles are generatesdmany times as is set for resistance
calibration.

To start resistance calibration, according to #s¢ tollowing calibration

& Select normal on inverse mode
& Click the button [ISO26782] or [ISO23747]. The tlling message will appear:

Remove any object being tested from the pneumatic
outlet!

& Remove the object being tested form the pneumatieto

& Attach or leave on the pneumatic adapters thateyp@ired during the test to fit the
test device but are not part of it in normal use.

& Click [OK] after you verified the pneumatic outlet.
Measurement of PWG's resistance is now performéahaatically.

Results of calibration are stored automatically
& Always repeat these test if pneumatic connectohanged!

7.4. Reports

After finishing tests

» Store results
* Print reports
Resistance tests can not be suspended, but calibcdtlSO Test profiles is kept.

For details see chapter 5.8: Reports.
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8. Complete Spirograms

8.1. About Spirogram editor

8.1.1. Purpose
Taking advantage of PWG's flexible and powerfuligesSpirogram editor was designed
to make possible functional testing of spirometeftvgare. Among others complex
waveform series can be used to
* Create multiple flow level calibration sign for nbnear flow meters
» Test detection of different lung function test mawers in a single recording

» Test calculation of lung diagnostic parameters aategh or averaged from multiple
maneuvers

» Test control sequences of more sophisticated d&gneystems

8.1.2. Principle of operation

Spirograms are assembled from blocks. Blocks argcbwaveforms stored in the
waveform library. Before Spirogram playback, wavefdlocks are generated one by one
in a row and are mounted into a single waveform fil

8.1.3. Type of blocks:
The following types of blocks are available:

Main block types
» Tidal breathing: accepts sine waveforms

* Inspiration and Expiration: accepts any waveformwaveform sets

Auxiliary block
* Binding block: automatically generated quarter @erof sine used to bind tidal
breathing and inspiration or expiration maneuvershift FRC point.

8.1.4. Flexible architecture

Based on the available blocks, almost any frequargéd lung diagnostic maneuvers can
be simulated with PWG. You can combine an unlimiedber and type of blocks to get

the desired breathing pattern. When using wavefsets for inspiration and expiration

blocks, standard test profiles can be switched wiingle click.

8.1.5. Reporting

Tests with complete Spirograms are producing theesist reports as Quick Test. Beside
the report files, also Spirograms can be storedbter use.
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8.2. User interface

User interface of the Spirogram editor:

| »i| | [NORMAL - T | Toen 37 CH Ty 25 °C Pay 1013 475 RHyyy 50 % | cycle 0 /p 2

Compose Spirogram ‘\@ Tested Device "ﬂ 4 Report

Waveform
block toolbar P T

Project name

= %) oo

SetName Waveforms
ATS24/01, ATS24/02, ATS24/03, ATS24/04, ATS24105, ATS24106, ATS24107, ATS24/08, ATS24/09, ATS24/10, ATS24/11, ATS24/12,
ATS24/13, ATS24/14, ATS24/15, ATS24/16, ATS24/17, ATS24/18, ATS24/19, ATS24/20, ATS24/21, ATS24/22, ATS24/23, ATS24/24, + :D ATS24

ATS26/01, ATS26/02, ATS26/03, ATS26/04, ATS26/05, ATS26/06, ATS26107, ATS26108, ATS26/09, ATS26/10, ATS26/11, ATS26/12,
Waveform parts ATS26/13, ATS26/14, ATS26/15, ATS26/16, ATS26/17, ATS26/18, ATS26/19, ATS26:20, ATS26/21, ATS26122, ATS26123, ATS26/24, & %) 1026782 mod
ATS26/25, ATS26/26 LB
MW Add TV ATS24i01, ATS24/02, ATS24/03, ATS24/04, ATS24/05, ATS24/06, ATS24/07, ATS24/08, ATS24/09, ATS24/10, ATS24/11, ATS24/12, % pistonxp
. ATS24/13, ATS24/14, ATS24/15, ATS24116, ATS24/17, ATS24/18, ATS24110, ATS24/20, ATS24121, ATS24122, ATS 24123, ATS24724 L
Add 4V 1 B1426 ATS26/01, ATS26/02, ATS26/03, ATS26/04, ATS26/05, ATS26/06, ATS26/07, ATS26/08, ATS26/09. ATS26/10, ATS26/11, ATS26/12, + ﬁ Sine
. ATS26/13, ATS26/14, ATS26/15, ATS26/16, ATS26/17, ATS26/18, ATS26/19, ATS26/20, ATS26/21, ATS26/22, ATS 26123, ATS26/24,
ATS26/25, ATS26/26 & 3 Square
Add FVC 0 1S026782001, [SO26782.02, ISO26782103, ISO26782/04, ISO26 782105, [SO26782.06, 1SO26782107, 1S026732108, ISO26T42009, -
4 1S026782/18, 1S026782/11, 1S026782/12, 1S026782/13 4+ // Library
u\/\a Add IVC » SineiKettoliter, SineMNegyliter, SquareTeszt, SineTizliter AN si
: ine
ATS24/05, ATS24/06, ATS24/1 150, Square/Teszt, Sine/Hatliter, Sine/Neayliter VL Square

ATS2406, ATS24/1 150, Forditott,

Set list

1802678201, 1S026782.( 104, 1S026782/05, 1S026782/06, i 1502678209,
1802678210, 1S026782/11, IS026782/12, IS026782/13

Spirogram

Apply changes Waveform library

Lung
parameters

Zoom

Store project Start Spirogram Recalculate Trash

Waveform library and Set list
Use Waveform library and Set list to select thetenhof waveforms blocks.

Spirogram
Shows the composed breathing pattern and a timeliliek on the Spirogram, to select a
block.

Zoom
Clicking [Zoom] button shows a track bar to scéle Spirogram

Waveform block toolbar
Add a new or remove the selected waveform block.

Trash
To remove a single waveform block from the Spirogra

& Use the mouse to drag ‘n’ drop the block over tla@eform trash

Lung parameters
Shows three basic lung diagnostic parameters teatescribing the range of the syringe in

which the piston will pass during waveform genenati

* TLC: Total Lung Capacity — the effective volume maad from the pneumatic
outlet.

* FRC: Functional Residual Capacity — distance ofltveer end of the first tidal
breathing block measured from the pneumatic outlet.
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RV: Residual Volume - the volume of the unused eamgeasured from the
pneumatic outlet.

Apply changes and Recalculate

Click to apply changes and recalculate Spirogrararpaters.

Store project

Click to store the Spirogram.

Start waveform

Download the complete Spirogram to the device éad waveform generation.

Repeat waveform
Repeat the last downloaded Spirogram.

8.3. Composing Spirograms

8.3.1. Creating a new Spirogram
To create a new Spirogram:

& Use Quick test screen to create
each special sine and square
waveform that are required for
your project.

If finished:

VOLUME

& On the Welcome screen select
[Create new Spirogram]. The
Spirogram editor will appear.

& Enter a name for the Spirogram

& Compose your Spirogram

& You can use the button [Store

project] any time to save your TIME
changes

TV
IC

Jqiaoxd 1S3L

FRC

8.3.2. About waveform blocks

Each waveform blocks have a header and a displag. afrhe header contains the
configurable parameters of the block and the dysptaa shows the waveform itself.

To select a block, click either the display areaany controls placed in the header. For
drag ‘n’ drop operations always drag the displaaar

8.3.3. Adding tidal block

Tidal blocks are the basic elements of a Spirogganmaining a sine waveform starting at a

definable breathing level. A Spirogram begins tgficwith a series of tidal breathings.
Configurable parameters are

FRC level

Exact vertical position of the tidal breathing ¢endefined. The first tidal block added will
determine the FRC level of the whole Spirogram.

Cycle count
Number of tidal breathing cycles

To add a new tidal block
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& Click the button [Add TV] on the Waveform block tbar. The new block will be
placed at the end of the Spirogram

& Use the mouse to drag ‘n’ drop the new block withie Spirogram
& Use the mouse to drag ‘n’ drop sine a wavefornméotiock
A tidal block always starts on its FRC level.

8.3.4. Adding forced in or expiration

Forced inspiration and expiration blocks can confatiedefined waveforms or a single
cycle of sine and square waveforms. They also dacsapeform sets. If a waveform set
was added, included waveforms can be selectedeoyvt arrow buttons4] and [v].

To add a new inspiration or expiration block
# Click the button [Add FVC] or [Add IVC] on the Wafegm block toolbar. The
new block will be placed at the end of the Spirogra
& Use the mouse to drag ‘n’ drop the new block withie Spirogram
& Use the mouse to drag ‘n’ drop a waveform or wanwefset to the block

An inspiration or expiration block always startstla position where the preceding block
ends.

8.3.5. Binding blocks
Binding blocks are containing an automatically gatexl sinusoidal volume step to bind
two other blocks.
Configurable parameter is

V (volume)
Volume level, on what the quarter sine signal effock should rise or fall.

» If a tidal block is following the binding block thERC level of that block will
override this parameter.

« If an inspiration or expiration block is followintpe binding block it will start at
this volume level. In an FVC maneuver, the bindihgck represents the full deep
inspiration preceding the forced expiration.

& Click the button [Add dV] on the Waveform block tbar. The new block will be
placed at the end of the Spirogram

& Use the mouse to drag ‘n’ drop the new block withie Spirogram
A binding block always starts at the position whigre preceding block ends.

8.3.6. Block sequence
Block sequence in a complete Spirogram has sonctess:

* As they start from a given volume level, tidal tdecmust be either placed
manually to the correct position or they has tplereded by a binding block

Blocks can be reordered:

& Use the mouse to drag ‘n’ drop a block within tipgr&ram
After editing the Spirogram, use the button [Apply][Reorder].
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8.3.7. Deleting blocks
To delete a block

& Select the unneeded block
& Click the button [Delete] on the Waveform block ltwar
Or

& Use the mouse to drag ‘n’ drop the block to thexfh

8.4. Open Spirogram
To open stored Spirograms

& Use the main menu on Welcome screen to create anepen an existing
Spirogram.

8.5. Generating Spirograms
In many aspects generating Spirograms is very samgenerating simple waveforms.

8.5.1. BTPS simulation

According to former described physical reasons, 8 Binulation is not available when
generating Spirograms.

8.5.2. Normal and Inverse mode

Normal and inverse mode are both usable and atttengame way as described for simple
waveforms.

8.5.3. Generating Spirograms
Opening or create the desired Spirogram.
Before generating Spirograms
& Verify if there is no break in the volume curve.eldsinding blocks to fix them.
& Select curves for inspiration and expiration marmesi¥f they are containing
waveform sets.
Start or repeat test
& To start Spirogram, click the button [Start Spiaig.
& The Spirogram will be downloaded to the device
& Spirogram generation will start automatically
& To repeat the last Spirogram without downloadiragiin, click the button
[Repeat Spirogram]
& Spirogram generation can be aborted any time lokinly the button [STOP]

8.5.4. Recording test results

PWG software can record five series of test regatteach Spirogram. After each test the
software pops the same results table as for simaleforms to enter measured parameter
values. Switch between parameters by pressing [Eotethe keyboard to speed up data
input. Pressing [Enter] at the last parameter @idse the window and record the entered
parameters in the test report.
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8.6.

8.6.1.

TLC
FRC

RV

8.6.2.

Examples

Calibration signal: sine, two speeds

& Create two sine waveforms having PEF of the reduimv rates, for example 1.5
I/'s and 6 I/s and define a proper FVC

& Create a new Spirogram
< Add two tidal blocks
< Drag ‘n’ drop the two sine waveforms

& For both of them set FRC level to O liter to miraenisignal distortion effect of
back pressure

& Set the number of cycles to the required count
& Store and test curve

CAL_LOW CAL_HI

FRC [1.00 Count |4 g FRC [1.00 Co

7.0000

o NG AN

4,0000

logbo | | logos| | 1 loegqal | | logisl | I laogzel | | loozs! | | logao

Calibration signal: three constant flow rates

& Create three square waveforms having PEF of théreztjflow rates, for example
1.51/s,5I/s and 10 I/s and define a proper FVC

& Create a new Spirogram

& Add three expiration blocks

< Drag ‘n’ drop the three square waveforms
& Store and test curve

4 | Forced Expiration « |Forced E . | Fo
~ | Square.Cal 1.5 l's 10 1 - | Square.{ ~ | S¢

TLC

FRC

RV

0.0000

10,0000

0.0000

logbo | | logos| | | logaol | | logasl | | Iy
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8.6.3. Full FVC maneuver with ISO 26782 test profiles
Create a sine waveform for tidal breathing cycles
Create a set containing all ISO 26782 curves
Create a new Spirogram

Add the following blocks:

&

[ad

&

&

o

O O O O O

Tidal: FRC =51; Count=4
Binding: Volume = 9|
Forced expiration

Forced inspiration

Binding

Tidal: FRC =51; Count =2

Drag ‘n’ drop 1SO 26782 set to both expiration amgpiration blocks
Browse the sets to select a test profile for bo#ipiration and expiration
Store and test curve

Tidal breathing v » Forced Expiration « |[Forced Inspiration v Tidal breathing
FRC 5 Count 4 7| ~ | All ATS/1S026762.10 ~| Al ATS/1S026762.10 5 FRE {5.0000 | Co

opbo | | logos | | | dogqol | | logas | [ logzol || logzsl | | Jogzal | | logzsl | loganl | | logesl | | logso
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9. Custom waveforms

9.1. About custom waveforms

9.1.1. Purpose

PWG software allows creating unlimited number o$tom volume(time) and flow(time)
waveforms, to meet all user demands and to comfity possible standards introduced in
the future.

9.1.2. Format

Waveforms are described by wsiume or flow data points as function of time. Waveforms
can contain positive and negative volume chandew (falues with positive or negative

signs; inspiration and expiration maneuvers). Sargphterval and reference values for
lung diagnostic parameters must be defined.

9.1.3. Requirements
Device capabilities can be read from PWG:

* Piston volume
* Peak flow

« Maximal acceleration / deceleration

Always keep in mind these restrictions and neveees them. Also never define a flow
rate of O I/s. Principle of operation is based iometintervals between two steps taken by
the stepper motor. Null value for flow will divide an infinite time interval.

9.2. Waveform properties
Waveforms have the following properties

Parameter | Type Comment, example

Group String 1ISO26782 mod

Name String 02

Type String VT = volume(time); FT =flow(time)

Freq Unsigned| minimum 10 Hz; at least 500 Hz recenuied
ExpStart Unsigned, Experimental; not used

fZoom Float Default flow zoom; 1.00 = no change
vZoom Float Default volume zoom; 1.00 = no change

9.3. Waveforms parameters

9.3.1. Parameter database

Software install folder contains a CSV (Comma Safeal Values) file called Params.csv.
This file contains a list of parameters with namie)ension, acceptance range, etc. Select
parameters you need from second column of theHuether information on CSV files can
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be found on Wikipediahttp://en.wikipedia.org/wiki/Comma-separated vajugSontact
the manufacturer if you need to expand this tablle mnew parameters.

9.3.2. Reference values

In the waveform file, all parameters that must a@ppe the test report must be listed
including reference values for them.

9.4. File format

Waveform files have a standard windows INI filenfi@t header and parameter descriptor
section plus a data section listing all the datatsaf the waveform.

* Decimal separator for all values can be
o ‘. —period/ full stop/ dot/US decimal sepamasign
o ‘,—comma, European decimal separator

» Section and variable names are all case sensitive

9.5. Adding waveforms to library
To add your custom waveforms to PWG waveform Iyprar

& Copy your files to

c:\Program Files\Pulmonary Waveform
Generator\Custom\[Subfolder]

& You can create one level of subfolders

9.6. Example

[Header]
Group=1S026782 mod
Name=02

Type=VT

Freq=500

ExpStart=0
fZoom=1.68
vZoom=0.89

[Parameters]
FEV1=3.27165499999999998
FEV6=5.16753800000000041
FVC=5.17938800000000032
PEF=4.99000000000000021
FET=8.5860000000000003
FEV1/FVC=63.1668307099999993

[Data]

0.0000000
0.0000802
0.0003195
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10. Maintenance

10.1. Basic tasks

10.1.1. Replacing fuses

Fuse box is built into the line power connector $ing located on the back panel of the
equipment.

* Use a screwdriver to open the fuse box

WARNING!

Replacing fuses with wrong type and value can reduin serious
damage to the equipment.

Recommended fuses:

Line power Fuse
115 VAC 250V /10 A“T”
230 VAC 250V /6.3 A“T”

10.1.2. Periodic lubrication

After 100.000 cycles lubrication is recommendedatTineans testing approximately 1000
spirometers according to standards ISO 26782 a@d2%747 or 2000 peak flow meters
according to ISO 23747 standard.

Piston and cylinder
Use lubricant only specified by the manufacturer:

* Interflon Ltd. Fin Food Lube + Teflon®
» Suggested quantity Spray one (1) second
Procedure:

& Move the piston to “PISTON IN” position, the fariigosition from the
pneumatic outlet.

& Apply the lubricant through the pneumatic outlethte inner surface of the
cylinder.

& Generate a few 10 liter square waves to smoothréese
& Repeat the two previous steps a few times

& Use the drain valve located at the left lower coofehe equipment to remove
surplus lubricants from the cylinder.
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BTPS valve
Check the BTPS valve according to section 10.4djugting BTPS valve. If necessary
adjust it.

Use lubricant only specified by the manufacturer:

* Interflon Ltd. Fin Food Lube + Teflon®
» Suggested quantity Spray one (1) second
Procedure:

& Apply the lubricant specified in the above secijonsilicone spray) through the
pneumatic outlet to the surface of the valve.

& Turn the device off and then on. Startup proceeaillenove the BTPS valve that
will smooth the lubricant

& Repeat the two previous steps a few times
Linear bearing and shaft
& Turn off the device
& Remove the cover as described at paragraph 1®2rdoving the cover.

& Clear the shafts from dirt and add some machingynat, or use the lubricant
specified in the previous sections

< Move the linear slide between the end positions witur hands back and forth a
few times.

& Wipe excess oil off the shaft ends and replacedver.

10.1.3. Quick leakage test

The manufacturer recommends performing a quickagakest after a long term storage or
transport.

& Turn off the device.

& Remove the white plug from the back
panel, turning it with a coin and screw ir
the external piston rod.

< Block the pneumatic outlet with your
hand.

& Strongly push the piston rod and hold it
for minimum 10 seconds with a nearly
constant force to generate a nearly
constant pressure in the cylinder. ‘ =

& After that push it again stronger a second, thentlis previous constant force
again. The piston rod should move in, then retarthé previous position.

& Repeat the test in both directions.

If leakage test fails then see the troubleshoogugle on section 10.5: Troubleshooting
guide.

2
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10.2. Disassembling
WARNING!

Before opening the device, please make sure it issdonnected
from line power!

10.2.1. Tools
List of tools needed for disassembling:

* Hex key 5 mm (min. 200 mm long, with spherical haad T-handles)

* Hex key 4 mm (min. 100 mm long, with spherical haad T-handles)

* Hex key 3 mm (min. 200 mm long, with spherical haad T-handles)

* Hex key 2.5 mm (min. 100 mm long, with sphericahdh@nd T-handles)
* Open-end wrench 10 mm (2 pcs)

» Socket wrench 13 mm

» Slotted screwdriver (min. 100 mm long, 4 mm bladt)v

10.2.2. Removing the cover

Unscrew the 4 screws with 4mm hex
key.

You can pull up the cover by grabbing
on the edge of the upper aluminum
profile with both hands.
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10.2.3. Removing the main front panel

Use 10 mm wrench to loosen the nuts
on both side.

Take care of the cables and connectors.

Carefully fold down the main front
panel, taking care of the cables
connected to it.

10.3. Timing belt

10.3.1. Check tension

Tension of the timing belt should be checked aftezry 100.000 cycles or after a long
term storage or transport.

Proper belt tension can be estimated by plunkiegotlt and measuring its frequency. The
required frequency range for the specified belt is:

« 160 Hz (~D5 musical note) - 200 Hz (~Gnusical note)

Plunk the lower part of the belt to

generate sound. You can use a universal
belt tension meter or a simple PC

microphone and chromatic FFT tuner
software to measure the frequency.

< |f the frequency is too low, then you should reatlfhe tension.
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10.3.2. Adjusting tension

Loosen the 4 screws fixing the rear
bearing block with 4mm hex key.

Loosen the safety nut with 10 mm
wrench.

Use the 10 mm wrench to adjust belt
tension by tightening or loosening the
screw.

: & ,‘B‘f
After finishing the adjustment fasten the safety and the 4 screws and check the
frequency again.

10.3.3. Replacement
Timing belt should be replaced if it is worn orstover stretched

Use timing belt only specified by the manufacturer:

* Optibelt Alpha T2.5-950/12
Procedure:
& Release the timing belt as shown in the previousse

Move the piston by hand until the
fastening plate coincides with the
mounting hole

Unscrew the 2 slotted head screws from
the timing belt fastening plate.

& Replace the timing belt to a new one and fix it
& Adjust pre-tension of the new timing belt
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10.4. Sealing

10.4.1. Adjusting BTPS valve
The abrasion of the PTFE rings should be checkied afery 10.000 cycles of the BTPS

valve.

The slider plate should be in middle
position.

Remove the pneumatic outlets.

You can adjust the preload on the inside
tensioner O-rings with a sheet of metal

or with a coin.

10.4.2. Replacement of PTFE rings in BTPS valve
PTFE rings should be replaced if they are excelgswern or scratched.
' Unscrew the 6 screws with 4mm hex

key. Carefully pull off the front plate of
the BTPS valve.
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The rollers with their shafts should be
put back in place if they fall off.

Treat the sealing surfaces with
lubricant.

Replace the PTFE rings. Replace the
tensioner O-rings too if necessary.

Pull the spacer rings on the screws and
screw the front plate back to place.

Use a rod to center and hold in place the
PTFE rings during the operation.

10.4.3. Replacement of piston O-ring
Use O ring only specified by the manufacturer aregjent in size and type:

* Trelleborg ORARO00443; 189,9x7 mm; NBR 70 ShA

The O ring seal of the main cylinder should be aeptl after every 1.000.000 cycles or
after a failed leakage test.

Remove the piston rod from the linear
slide using 5 mm hex key
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Unscrew the 4 screws on the cylinder’'s
feet with 5 mm hex key.

Disconnect the temperature sensor on
the cylinders back end.

Loosen the grub screw on the fixing
element with 3 mm hex key.

Unscrew the fixing rod from the
cylinder’s back end.
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Turn the cylinder about 30degrees,
taking care of the cables connected to it.

Unscrew the 4 nuts on the tightening
screws with 13 mm wrench and remove
the cylinder’s back end.

Pull out the piston and remove the old
O-ring seal. Before replacing it clear the
inside surface of the cylinder and the
groove on the piston from old lubricant
and dirt.

After replacing the piston, put the back
cylinder plate in place and loosely
screw the nuts on the tightening screws.

You can align the two cylinder end
plates to place and tighten the screws on
the cylinder’s feet.

Tighten the nuts on the tightening
screws.
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10.5. Troubleshooting guide

10.5.1. Potential leakage points

In case of a failed leakage test the following exetions should be performed:

Drain valve
¢ Check if the valve is closed

» Check the drain tube for damages

* Block the barb connector on the cylinder bottom padorm a quick leakage test
without the drain valve

BTPS valve
* Check the connection and the O-ring sealing optieumatic connectors
» Perform the periodic lubrication process

* Check the slider plate position and if necessasgdjust the pre-tension on the
PTFE rings

» Perform a visual check on the PTFE rings in actind replace they if necessay

Pressure transfer tube
* Check the tube for damages

» Block the barb connector on the cylinder front @land perform a quick leakage
test

Piston sealing
» Perform the periodic lubrication process of theragr
* Check the piston O-ring
* Clear the O-ring groove on the piston

Cylinder front cover sealing

» Check the sealing groove on the cylinders frontec@and if necessary, scrape off
the old grease and fill it with high viscosity, heesistant grease.

10.5.2. Mechanical errors

Linear motion jam
* Check the mechanic for runaway particles and lossezws

» Perform the periodic lubrication process of thedinshaft

» Check the roller bearings on the timing belt pulley
Loud rattling noise

» Check the timing belt pre-tension

» Stepper motor current is too low

Loud humming sound
* This is normal on high stepper motor current
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11. Appendix

11.1. PWG Command-line Waveform Complier

PWG-33 Command-line Waveform Complier is a smalb82DOS based application that
converts standard waveform files to binary fileediby the PWG itself.

Location
PWG-33 Command-line Waveform Complier is locatedha installation folder of the
main application:

| ...\Pulmonary Waveform Generator\pwgcc.exe

Usage

pwgcc -W filename.wf [-O waveform.bin] [-A]
[-VT|-FT|-SIN|-SQR] [-F value] [-FZ value]
[-VZ value] [-1] [-Q value] [-D] [-P] [-H]

Switch | Description

-W Define input file

-0 Define output file (default is input filenamenbpi
-A Append data to the output file
-D Display device parameters

-VT Override input type as Volume(Time)

-FT Override input type as Flow(Time)

-F Override input Frequency

-Fz Override input flow zoom factor

-VZ Override input volume zoom factor

-| Inverse mode

-Q Define quarters for Sine and Square functions
valueis a 1 to 4 digit string used to select quartéihe full period.
Examples: 1234, 12, 34, ...

-C Copy output to device
-P Wait for [enter] after done
-H Display help message
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11.2. PWG Command-line Controller

PWG-33 Command-line Controller is a small 32 bit ®Oased application that can be
used to control the PWG from command line. PWG Camaline Controller supports
basic control tasks only.

Location
PWG-33 Command-line Controller is located in thetatlation folder of the main
application:

| ...\Pulmonary Waveform Generator\pwgcmd.exe |

Usage

pwgcmd [-A|-B] [-1] [-Z|-E] [-M Flow Volume] [-S]
[-F Folder File] [-N Number] [-SLEEP] [-WAKE]
[-RESET] [-TEMP Piston [Vaporizer]]

Switch | Description

-A Set BTPS valve to Ambient

-B Set BTPS valve to BTPS inlet

-l Inverse mode on

-Z Move to Zero position

-E Move to End position

-M Move piston by a given Volume with a given Flow.

Flow can be a positive or negative floating poinimber. Any decimal
separators accepted.

-S Play default file
-F Play the given File in given Folder.
-N Number of iterations

-SLEEP | Enter sleep mode
-WAKE | Wake from sleep mode
-RESET| Reset motor after step error

-TEMP | Test temperature of Piston and Vaporizer

Given temperature can be a floating point numbey decimal separators
accepted.

Enter values of O to turn off heating.

-W Wait for operation to complete

-P Wait for [enter] after done
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11.3. Software Interface

PWG-33

Software Interface

Developer’s Guide

Copyright © 2012
All rights reserved

Created: 20/04/2012
Version: v1.00
Modified: 20/04/2012
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2.

Introduction

2.1. About PWG Software Interface

PWG Software Interface is a communication interfaegveen main PWG application and
spirometer software designed to be used duringyatatkevelopment and validation.

2.2. Main purpose

PWG Software Interface makes it possible to do datilon test of Spirometers’
automatically, without any user interaction. Measaent control and reporting results are
controlled by the interface. Key design considerativas to give an easy to understand,
easy to implement and easy to use standard fomahufacturers using PWG-33 and
leaving further developments at customer side angithter compatibility issues.

2.3. Brief description

PWG Software Interface keeps control on PWG’s sRI&G Software plays themaster
role while spirometer acts atsave. The master controls the slave via standard wirsdow
messages. Main phases of communication are:

» Connect / Disconnect

* Initialize (pre-measurement tasks, like zero sgtthflowmeter)
e Start/ Stop / Cancel measure

e Reporting results via a standard PWG waveform file

2.4. Configuration of Interface : .
i ) ] ) ) gebly tnstiute data } 7] Acceptance criteria | R"nu Resistance test setup |
The following information is required for PWQ  #} s | 5@ oo 2 Sofware Itetace

Software to start the interface:

7\ [This feature was designed for use by developers and facturers only.
£\ [Interfacing other applications is requiring i jon of PWG's Softws

Juiring img
linterface communication protecol based on standard windows messages. For
e User Manual.

e Application to be launched ietais see the User 1

Application path |P:‘Piﬁton)(P‘Langlmges.lml J

° Command-line parameters tO be pass Command-line |m|a|ne(ers|

Window title |PistonxP

+ Title of window to communicate with

Export file path |P:‘Piﬁton)(P‘PWG.wl J

» Path to report file

Principle of operation

PWG Software Interface can be activated frg
the PWG Software. See PWG-33 User Man{_£2% X Gancal
for details.

3.1. Activation steps
Activating the Interface will perform the followingsks:

* Launch of spirometer application
» Check for started process running
* Find the handl&IWND of the window

* Send initialization command
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3.2. Measurement control

After startup, the Spirometer application is wajtifor commands. The test is started

manually by the user.

PWG Software

Start and
initialize
Spiro app

Start of Wait for
test test start

v

)
Download
waveform
~———

A 4

S

Init Spiro

_>‘ Init PWG

A 4
S

Start
measure
~—_

A 4
S

Generate
waveform
~—

A 4
S

Stop
measure
| S —4

Wait for

results

Test
done?

Write
Export

Spirometer software

Initialize
interface

Wait for
test start

Do zero
setting

A 4

Wait for
test start

v

.
Start

measure

~—_ -

A 4

Do the test

| S —

S
Stop

measure

| S —

A 4

Calculate
results

Notify only

Wait for reply
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Operation steps:
« A waveform is downloaded.

e Spirometer is instructed to prepare for measurerl®MG Software is waiting for
the result of spirometer’s initialization procegSinitialization fails, the test is
interrupted.

* PWG is prepared for the test (zero setting, mowad position, BTPS inhalation).
The spirometer is waiting for measurement to beesia

» Spirometer is instructed to start the measurenWtG Software is expecting a
result code. If initialization fails, the test igeérrupted.

* The PWG is generating the waveform; the spiromsteollecting flow samples.

« When the waveform was generated, the spirometestsucted to stop measure.
PWG Software is expecting a result code. If the sussment succeeded the PWG
Software will suspend the test process.

* The spirometer software is calculating test resaiits writes them to an export file.

* The spirometer software is notifying the PWG Sofewvabout the test file was
created.

« PWG Software is reading test results and resuneetetit process.

4. Implementation guide
This chapter will show step by step how to impletieWG Interface in any application.
Examples are written for Object Pascal (Delphi).

4.1. Define constants and variables
The following constants are used by the interface:

W ndows nessage string constant
str WM_PWG_INTERFACE = "WM_PWG_INTERFACE

Commands( const ant s)
pwg_WM_INITINTERFACE = 3$00

pwg_WM_INITIALIZE = $01
pwg_WM_INITDONE = $02
pwg_WM_STARTMEASURE = $03
pwg_WM_STOPMEASURE = $04
pwg_WM_RESULTAVAILABLE= $05
pwg_WM_DISCONNECT = $FF

Command replies constants
pwgCMD_OK = $01;
pwgCMD_FAIL = $FF;

Result status constants
PWgRES _NONE = $00;
PWgRES WAIT = $01;
pwgRES_DONE = $02;

PWG-33 Software Interface: Developer’'s Guide - 5



Var i abl es
PWG_APP : HWND;
WM_PWG_INTERFACE : DWORD;

4.2. Prepare the interface

First step is to register thetr WM_PWG_INTERFACE windows message using
RegisterMessage() API call in the main unit’snitialization section:

Regi ster a custom nessage

initialization
WM_PWG_INTERFACE :=
RegisterWindowMessage(str WM_PWG_INTERFACE);
end.

Next step is to catch windows messages sent tappdcation. Override main form’s
default message handler.

Override Defaul t Handl er ()

TMainForm = cl ass(TForm)
/'l form decl arati ons

pr ocedur e DefaultHandler(var Message); override;
private

public
end;

Create the basic structure DéfaultHandler() to preserve functionality of the application.
See description and implementation guide and fahezommand in the next section.
Embed their example codes into the following one.

Exanpl e

pr ocedur e TMainForm.DefaultHandler(var Message);
begi n
wi t h TMessage( Message) do begin
i f Msg=WM_PWG_INTERFACEt hen begin
I f wParam = ...
/'l write your code here
end el se
i nheri t ed DefaultHandler( Message);
end;
end;

Each command sent to the spirometer software igtddcin the unsigned 32bit integer
valueMessage. wParam.An extra parameter for some commands is locatékdenunsigned
32bit integer valudlessage.|Param.

PWG-33 Software Interface: Developer’s Guide - 6



4.3. Initializing interface (pwg_WM_INITINTERFACE)
Instructs the spirometer software to enter interfimode.

M essage parameters

wParam  pwg_WM_INITINTERFACE

IParam Handle to PWG Software

The parameteiParam can be used when sending notifications for PWGv&oE. Store it
in the predefined variabRPWG_APP.

Possibleresults
pwgCMD_OK initialization successful

pwgCMD_FAIL unable to initialize

Exanpl e
i f wParam = pwg_WM_INITINTERFACE then begin
PWG_APP := IParam;
/'l write your code here
Result := pwgCMD_OK;
end,

4.4. Initializing measurement (pwg_WM_INITIALIZE)

Instructs the spirometer software to run initiati@a tasks required for a measurement (e.g.
zero setting of the flow meter).

M essage parameters
wParam  pwg_WM_INITIALIZE

IParam not used

Possibleresults
pwgCMD_OK initialization successful

pwgCMD_FAIL unable to initialize

Exanpl e
I f wParam = pwg_WM_INITIALIZE t hen begin
if..
/'l wite your code here
t hen Result := pwgCMD_OK
el se Result := pwgCMD_Fall;
end;

PWG-33 Software Interface: Developer’s Guide - 7



4.5. Starting measurement (pwg_WM_STARTMEASURE)
Instructs the spirometer to start collecting sample

M essage parameters
wParam pwg_WM_STARTMEASURE
IParam not used

Possibleresults
pwgCMD_OK  measurement started successfully

pwgCMD_FAIL unable to start measure

Exanpl e
i f wParam = pwg_WM_STARTMEASUREt hen begi n
if ..
/'l write your code here
t hen Result := pwgCMD_OK
el se Result := pwgCMD_Fall;
end;

4.6. Stoping measurement (pwg_WM_STOPMEASURE)
Instructs the spirometer to stop collecting samples calculate results

M essage parameters
wParam pwg WM_STOPMEASURE

IParam trigger event

Trigger events
1 normal stop, waveform ended

2 user cancelled

Possibleresults
pwgCMD_OK  measurement done, calculating results

pwgCMD_FAIL unable to calculate results

Exanpl e
I f wParam = pwg_WM_STOPMEASUREt hen begi n
if..
/'l write your code here
t hen Result := pwgCMD_OK
el se Result := pwgCMD_Fall;
end;
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4.7. Reporting results (pwg_WM_RESULTAVAILABLE)

Spirometer software notifies PWG Software thatrémults are calculated and the export
file is written to the disk.

M essage parameters
wParam  pwg_WM_RESULTAVAILABLE

IParam Result of reporting

If result calculation fails, the paramet@&aram must to $FF. Other values are preserved
for further development.

Exanpl e: Sending notification

SendMessage(PWG_APP, WM_PWG_INTERFACE,
pwg_WM_RESULTAVAILABLE, pwgCMD_OK);

4.8. Closing interface (pwg_WM_DISCONNECT)

Both software may notify the other that the inteefas closed for example due to exiting
the application.

M essage parameters
wParam  pwg_WM_RESULTAVAILABLE

IParam not used

Exanpl e 1: Sending notification

SendMessage(PWG_APP, WM_PWG_INTERFACE, pwg_WM_DISAQINECT, 0);

Exanpl e 2: Receiving notification
i f wParam = pwg_WM_DISCONNECT t hen begin
/'l wite your code here
Result := pwgCMD_OK;
end;

Using the interface

Once the interface is configured, a new button &b to Spirometer software] appears
on the Welcome screen.

& Click the button to launch Spirometer software

& Open a Quick test

& Select a Waveform group of Waveform set
Starting a waveform will automatically initialized spirometer and start the measurement.

& Use the button [All] to batch process all wavefoimshe group or set.
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2. Brief protocol description

PWG-33is an USB composite device, containing two funetio
e MSD drive
* HID device

Booth devices are using OS's integrated driversotomunicate with user software. No
additional drivers are necessatry.

PW G-33 uses the following Vendor and Product IDs:

Vendor ID: 0x04D8
Product ID: OxF8D6

3. Communication

The USB communication is packet based. The maxirsiz@ of a packet is 64 bytes. The
device always sends and receives this 64 bytesekewn most cases we do not use all the
64 bytes just the first few pieces of them all @debytes has to be sent.

All packet starts with the following two bytes:

[1]1] P. siz¢ | P. counte |

1st byte bit 7 (MSB): 1: command or command respons

0: data
1st byte bit 6: 1: PC sent the packet
0: Device sent the packet
1st byte bit 0-5: Packet size 0-63 (the real ®4Packet size]+1)
2nd byte: Packet counter. The device uses tweréift counters, one for the

command packets and another one for the data gacket

4. Send acommand

Commands are sent only from the PC to the devirgdke following structure:

[1]1] P. siz¢ | P. counte | Commani | |

The device is always sending a reply to each condmEmis response begins with the same 4
bytes like the command, only the 6th bit of theldge is turned to zero.

[1]0] P. sizt | P. counte | Comman | |
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5. Supported commands

5.1. Common commands
Command name | Code Data after the Response after Comment
command bytes | command bytes
Read version 0x010Q - 1st byte: Device | [Packet size]-6 is
Type equal to the
(PWG-33is 0xOF) number of channelps
2nd byte: Minor
ver. g;uf[O] && OX3F —
3rd byte: Mayor
ver.
4th byte-
list of available
channels
Read channel 0x05Mn | - channel descriptor | nn: identification
descriptor (60 byte) number of the
channel
Write channel 0x061n | new channel modified channel | nn: identification
descriptor descriptor (60 | descriptor (60 byte) number of the
byte) channel
Not supported - - Response is
commands OxFFFF
5.2. Device specific commands
Command name | Code Data after the Response after | Comment
command bytes command bytes
PWG GOTO Zero| O0x0A0Q 1 byte: -
0: IN
1: OUT
PWG Set BTPS | 0xOAO1 | 1 byte
Valve 0: AMBIENT
1: BTPS
PWG Set Syringe | 0XOA02 | 2 byte: Turn syringe and

Temperature

Temperature x 100

humidifier heating
on.

Humidifier’'s
temperature is
automatically set 1]
°C higher.

Value of OXFFFF
will switch the
heating control off.

PWG Set BTPS
Temperature

0x0A03

2 byte:

Temperature x 100

Sets the
humidifier’s
temperature only.
Humidifiers
temperature must
always be higher
than syringe’s!
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PWG Read Status| 0x0A04 - 4 byte Status
word
4 byte Status
change word
PWG Set File to | OXOAQ05 | 1st byte: Max. 1 directory
play 0: Set filename depth level
1: Set Directory accepted
2nd byte- Only 8.3 format
0 terminated str. filenames accepted
PWG Play O0x0AO06 | 1st byte:
Waveform 0: default
1: filename
2nd byte:
Play count
0: endless
PWG Set Speed Ox0AOF  1st byte-: 1st byte-: Values under 1000
Goto zero speed  Goto zero aren’t accepted
[timing, 4 byte speed (actual value is
unsigned int.] [timing, 4 byte| always returned)
unsigned int.]
PWG Go x Steps 0x0A08 1st byte-:
Speed timing,
[4 byte signed
unsigned int.]
5th byte-:
Step count
[16 bit]
PWG Reset Motor] 0x0AQ09
PWG Send Status| 0XOAOA 4 byte Status Notify Devices’
(notify event) word status change; sert
4 byte Status automatically
change flags
PWG SLEEP Ox0AOB | 1st byte In sleep mode the
Mode 0: OFF (wake) controller turns the
1: ON (sleep) motor current off
PWG STOP 0x0AO0Q 1st byte: Stops any
0: Only stop movement of the
1: Stop and goto piston (but does
zero not stop the
2nd byte: ambient valve)
0: IN
1: OUT
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6. Available channels

Name of channel |ldentification |Description Resolution Comment
number

Extra descriptor | 00 Contains device -
name and serial
number

Syringe Pressure| 19 2x16 bit of pressure
Sensors

PWG status 24 - 32 bit: status word |details beloy
- 32 bit: status change
flags

PWG syringe 25 16 bit of front All values

temperature temperature are in °C x

16 bit of rear 100 (signed
temperature integer)

16 bit of syringe
temperature

16 bit of humidifier
temperature
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7. Structure of channel descriptors

Length of the channel descriptor is 60 bytes (irde®-59).

| chsize | chID numbe | S.time LOW |[S.time HIGF Active | Chennel specificare | Reserve
Ch size: The current channel’s size in byte

Ch ID number: Identification number of the channel

Sample time: Sample time in ms (unsigned integer)

Active: 1. Channel is active, if sampling is stal; values are automatically sent

0: Channel is inactive, values are never sent
Channel specific area: In this area are calibratmmstants and other user defined parameters stored
Reserved: Reserved for further development

Non variable parameters |Variable parameters

Identification number Sample time
Channel size Active

Channel specific area
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7.1. Extra Descriptors (Ch00)
Addresses within [Channel dependent] block

byte Parameter name Type
0...19 Name of device (string) String
20....39 Serial number of device (string) String
7.2. Syringe pressure descriptor (Ch19)
Addresses within [Channel dependent] block
byte Parameter name Type
0...... 5 Syringe pressure, pressure sensor lov Par Real48
6...11 Syringe pressure, pressure sensor low Par Real48
12....17 Syringe pressure, pressure sensor high Pa Real48
18....23 Syringe pressure, pressure sensor higB Pa Real48
Pressure [kPa] = (R - ParA) / ParB
where R isthe 16 bit A/D value of syringe pressure channel
7.3. PWG status descriptor (Ch24)
Addresses within [Channel dependent] block
byte Parameter name Type
0..... 5 Maximum BTPS inspiration speed [I/s] R&al
6......7 Calibration steps [step] Unsigned intg@dérbit)
8....11 Main clock frequency [Hz] Unsigned inte@@? bit)
12....17 Maximum flow [l/s] Real48
18....21 Minimum delay time [clock] Unsigned inged32 bit)
22...27 Peak acceleration fl/s Real48
28....33 Peak deceleration {l/s Real48
34....39 Step volume [ml] Real48
40....45 Sum volume [l] Real48
46....51 Available volume [l] Real48
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7.4. PWG syringe temperature (Ch25)

No channel descriptor present for this channeldemand, these bytes can be used to store

any data).

Temperature [°C] = R

n /100

where R, isthe 16 bit (signed) value of syringe temperature channel n

8. PWG-33 Status word

The device has a 32 bit status word and a 32 anh@é flag. The status word is sent any time
when at least one bit changes in it. The Changg ifiandicating the bits that are changed
within the status word. The status word can be glseried any time by the Read Status

(Ox0A04) command.

8.1. Structure of status word
Bit | Function Comment
0 Pump IN Piston is in the IN zero position
1 Pump OUT Piston is in the OUT zero position
2 Ready Device is ready to do something
3 Init ready Initialization was performed
4 Step error The motor could not take the steps
Use the PWG Reset Motor (OXOA09) command
5 Valve in ambient position
6 Valve in BTPS position
7 Valve error Check the device
8 Heating active Heating the syringe and the hufreidfif connected)
9 Temperature OK Temperature is within the range
10 | Going zero position Executing command: PWG GQ@E (0xOA00)
11 Play file Executing command: PWG Play Wavefo@x0A06)
12 | Steps Executing command: PWG Go x Steps (0xOA08
13 | Sleep mode The motor has no power
14 | Switch pressed
15 | Waveform restart Play of waveform restartedrdyayclic play;
after command: PWG Play Waveform (OxOAQ6)
16 Limiter IN Piston ran out of the work area
17 | Limiter OUT Piston ran out of the work area
18 | Device is busy Device can not perform the conanan
19-31| not used

Status change events occur even if there was hahraage in the devices physical condition
so if the physical status change must be waitusiee software has the possibility to trigger on

the status change.
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Example

If a command was sent to move the BTPS valve toi@mliposition but it already was there
the following events will be fired:

1. Valve in ambient position - CLEAR

2. Valve in ambient position - SET

The Change flags’ [Valve in ambient position] bitlwe set in both cases.

9. Programming the generator

9.1. Principle of operation

The PWG-33 is a step motor driven syringe. Exam/ fis achieved by the known volume of
steps following each other after a proper timingn€&ated waveforms are series of timing
intervals. Waveforms must be copied to the buibih card. The default file \waveform.bin
placed into the root folder.

Calculatiuon of timing:

f
T :VStep x#’m

Example

_ 0345ml 9 8000000®Hz

1000 ol
S

The following commands are using these timings:
* PWG Go x Steps (0xOA08)
e PWG Set Speed (0x0AQ7)
« PWG Play Waveform (0Ox0A06)
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9.2. Data format

Timing values are stored in 32 bit unsigned integéDWORD) with the following
supplement. The 31st bit (MSB) is indicating theediion of rotation. These 32 bit data units

are called atep.

bit 31 | bit 0-30

SIGN | Delay time (in main clock)

Sign and directions

_ =:Sign=0
+:Sign=1_ [~
Sign Interpreted as breathing on PWG side 31st bit
- Inspiration 0
+ Expiration 1

9.3. Device capabilities

Device capabilities can be read from the deviceqbgrying the channel descriptor of the
PWG Status channel. Never exceed devices’ phySioéhtions. These parameters can be
device specific so it is recommended to read tlpEsameters anytime you connect to a

device.

Parameter name

Comment

Maximum BTPS inspiration speed [I/s]

Calibration steps [step]

Number of steps betweentito midway optd
gates

Main clock frequency [Hz]

Frequency of the waveforgenerators mai
circuit. Use this value to calculate step timif
from flow values.

gs

Maximum flow [l/s]

Maximal flow rate of the PWG. Ereding thig
speed might result step errors. Extreme rg
violation can cause mechanical deformation!

nge

Minimum delay time [clock]

Firmware specific lowkmit of step time

Peak acceleration [fs

Calculate speed’s raise time for a given fi
using this constant

Peak deceleration [fs

Calculate speed’s fall time from a given fld
using this constant

\W

Step volume [ml]

Exact volume of one step

Sum volume [I]

Pneumatic dead space of the syringe

Available volume [l]

Volume available for waveforgeneration
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9.4. Minimal flow rate

On the one hand the minimal flow rate is O I/s.t@& other hand the PWG-33 is a step motor
based system where we only can speak about avél@geover a given time interval.
However if we define a minimal frequency,() for steps we can calculate a minimal flow
rate.

V., xf_
" = _SEp "Gl [1/5]
100(
Example:
2 034 x25Hz _ ) ng608s
100C

9.5. Structure of played file
Waveform files are pure binary files containingiegiofsteps (see chapter

PWG-33 Waveform Generator: USB Protocol Speciftrati 12



Data format). The device reads sitps form the waveform file in a sequence. The vaéee r
is separated into two parts: rotation direction aming. Any data red generates one pulse for
the motor instructing it to make one step intordguested direction and starts a timer to wait
the time defined in the timing part of th@p. It is obvious that the timing part of the Iatdp
has no impact but its direction flag is used.

Waveform files can hold any breathing samples of &md and any length, including
inspiration and expiration; only the described deuimitations must be kept.

You can use PWG Waveform Compiler (pwgcc.exe) comindine tool to convert
Volume(Time) and Flow(Time) input files to binargtd.

Example
Playing 6 pulses:

Sep | Signs& values| Binary datain file
1 +10000 0x80002710
2 +7000 0x80001B58
3 +3000 0x80000BB8
4 -4000 0x00000FAQ0
5 -8000 0x00001F40
6 -12000 0x00002EEO
|‘ 10000 7000 3000 | 4000 \ 8000

A4

l;|4 ».
»

L|A »
Rl » L

4
o

F 3
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10. Data transfer format
If sampling is started the device sends all aativ@nnels’ data in the following format:

Device sends (theoretical)
|0]0] P.siz« | P. counte | Ch. identifie | Ch.dati |...[ Ch.identifie | Ch.dat | ... |

Example #1 (only the syringe pressure channel is active):

Data sent by device
|0]0] P.sizt | P.counte | 0x13 | Plow Daial| Plow Daw@H | Phigh Data| Phigh Datal| 0x1Z | ... |

Example #2 (syringe pressure and syringe temperature channels are both active):

Data sent by device
[0]0] P.siz« | P.counte | 0x13 | Plow Datal| Plow Datat | Phigh Data| Phigh Datal| ... |

Ox1¢ FRTL|FRTF]|] RTL RTF | SYTL|SYTF] HTL | HTH
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11. Examples of communication

11.1. Read device descriptors

Read version (theoretical):

PC sends
[1/1] 3 | P.counte | 0xO0C | 0Ox01 |

Deviceresponse
[1]0] P.siz« | P.counte | 0xO0C | 0x01 | Device typ: | Minor ver. | Major ver | Channel numl | Channel numl | ... |

Read version in case PWG-33:

PC sends
[1/1] 3 | P.counte | 0xOC | 0Ox01 |

Deviceresponse
[1]/0] 001001 (9 | P.counte | OxOC | Ox01 | Ox6C | Ox01 | Ox01 | Ox13 | Ox1€ | Ox1¢ |
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11.2. Read chanel descriptor
(channel 11)

(channel 11)

PC sends

[1]1] 3 | P.counte | 0xC5

Deviceresponse

[1]/0] 3 | P.counte | 0xC5 channel descriptor (60 by |
11.3. Write chanel descriptor

PC sends

[1]1] 3 | P.counte | 0xC6 New channel descriptor (60 by |

Deviceresponse

[1]/0] 3 | P.counte | 0x06 New channel cscriptor (60 byte |
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PWG-33 protocol specification

11.4. Sample start

PC sends
[1]1] 3 | P.counte | 0x01 | Ox02 |

Sampling starts...
Deviceresponse
[1]0] 3 | P.counte | Ox01 | oOx02 |

11.5. Sample stop

PC sends
[1/1] 3 | P.counte | Ox0z | Ox(2 |

Sampling stops...

Deviceresponse
[1]0] 3 | P.counte | Ox0z | oOx02 |

11.6. Send PGW status

Device send
[1]0] Ox3F | P.counte | OxOAOA | Statuswor | Siatus change fla |

11.7. Not supported command

PC sends
[1[1] 3 | P.counte | NOT | SUPPORTEI |

Deviceresponse
[1Jo] 3 [ P.counte | OXFF | OXFF |
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12. Default values

12.1. Extra Descriptors (ChO00)

Channel configuration

(O IS4 = 0
(04 g T 1 I o101 o] o 1= 0
I F= 0 0] 0] L= 1] 1 [ 0
X0 £ LY/ 0

[N P21 1= “Waveform Generator”
Serial NUMDBET ... “PWG33-20XX-xxX"
....................................................... where 20XX is the year of production

and xxx is a 3 digit ooer

12.2. Syringe pressure descriptor (Ch19)

Channel configuration

O o ST 7.4 = T 4
(08 o T I o101 o] o 1= 19
IS T= 0 0] 0] L= 1] 1 [ 4
A IV et ———— et e a e en— e raaas 1

Pressure Sensor [oW Par AL ... ieeemme e 4000 + 4200
Pressure sensor [ow Par B.: ................ e vveeevvieeeennnnnnnn.. 3500 + 4500
Pressure sensor high Par A.: ..........eeeeommmmmn e 4000 + 4200
Pressure sensor high Par B.: ... 100 + 200

12.3. PWG status descriptor (Ch24)

Channel configuration

O o ST .4 = T 8
(OF g I | D 2N 10 o] o= AN 24
SAMPIE TIME: . 1000
o3 1)Y= RN 1
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PWG-33 protocol specification

Other parameters*:

Max flow of BTPS inhalation:..................ommeeeeiiiiiiiiiiiiieeeeeeee, 0.5 [I/s]
Calibration Steps: .......ccovvviiiiiiiiiierreee e 10000 + 12000 [step]
Main CloCK freqQUENCY: .......ieiiieeeeeeeeeeeeeeceee e 80000000 [Hz]
Maximum FIOW: ... 20.Gs]1/
Minimum delay tIme: ... 500 [clockK]
PEak ACCEIEIALION: ........cveeeeeeeeee e e eee e ee e 300G)/
Peak AECEIETALION: ........cveeeveveeeeee e tee et en e e 300G:4)/

I (=T IR ] [F] 1 = PR 0.34 +0.36 Iml
SUM VOIUME: ..o 10 = 105
Available VOIUME: ........ooeeecce e 1011 [

* Default values may wary on individual device mstes

12.4. PWG syringe temperature (Ch25)

Channel configuration

(O 0 XY = 8
(04 o T I o101 o] o 1= 25
= 10 0] 0] L= 1] 1 [ 1000
X0 £ LY/ 1

Other parameters:
Not used (free for any user data)
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