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1 Introduction

1.1 Basic Concept

The WhaleTeq Single-channel ECG Test System 4.0 (SECG 4.0) provides a
single waveform to one or more lead electrodes of diagnostic, ambulatory, or
monitoring ECGs, for testing IEC/YY/JJG standards. The following diagram
shows the single-channel concept:

ECG device
under test

Figure 1: Single-channel Concept

Via a SECG 4.0, the system produces arbitrary waveforms (streamed from
the PC with digital to analogue conversion) at up to 5V, which is then
applied to a precision 1000:1 divider to produce the voltages at up to £5mV
level (10mVpp). The SECG 4.0 contains resistor/capacitor networks, DC
offset, pacing circuit, and relay switching to provide the full range of single-
channel performance tests in IEC/YY/JJG standards as described in Section
1.2.

The basic range of tests in the standards include, for example:
* Sensitivity (accuracy of the mV/mm indication)
* Frequency response (sine wave, and impulse tests)
e |nputimpedance
* Noise
e Multichannel cross talk
e Accuracy of heart rate indication

e Pacemaker rejection




e Tall T-wave rejection
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For a full list of tests, refer to the standard together with Section 1.2.

The system does not provide:

e CMRR tests (this requires a special noise free box, please refer to
CMRR 3.0+ on WhaleTeq website)

¢ Multichannel waveforms, such as the CSE, AHA, MIT databases (this
requires a multichannel system, please refer to MECG 2.0 on
WhaleTeq website)

1.2 Standards/Application

The following table shows the standards for which this system has been
designed for including any limitations:

Table 1: Standard/Application

Standard

Clause(s)

Limitations / Notes

IEC 60601-2-25:2011
(Diagnostic)

201.12.4: All
performance tests

Except:

* CMRR test and

baseline noise
> use WhaleTeq

CMRR 3.0+

e Test referring to the
CTS atlas (CAL/ANE
waveforms)*, CSE
database
2 use WhaleTeq

MECG 2.0

*Note: for most tests
CAL/ANE waveforms are
alternates. For two tests

For 201.12.4.101
(large DC offset test),
the SECG is limited to
+1VDC. However, this
is almost certainly
enough to exceed the
point of saturation.

For the test circuit in
figure 201.110, switch
position A is not
provided. This is
considered an error in
the standard due to
the loading effect of
R2. Instead the DC
offset is provided in



https://www.whaleteq.com/en/product/1/9-ecg-ekg-testing/view9-cmrr-30-plus
https://www.whaleteq.com/en/product/1/9-ecg-ekg-testing/view8-mecg-20
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Standard

Clause(s)

Limitations / Notes

may be required
(201.12.4.102.3, test of
lead networks; and
201.12.4.105.3 test of
ringing from mains
notch filter)

series with output as
per Figure 201.106.
(See section 3.2 for
notes on switching
between P1, P2 and
P6.)

IEC 60601-2-27:2011
(Patient monitoring)

201.7.9.2.9.101 b), 4)
and 6) (special test
waveforms for Figure
201.101)

201.12.1.101, all
performance tests
except baseline noise
and CMRR (use
WhaleTeq CMRR 3.0+
for these tests)

No known limitations

IEC 60601-2-47:2012
(Ambulatory)

201.12.4, all tests
except CMRR (use
WhaleTeq CMRR 3.0+
for these tests)

For all 201.12.1.101
database tests, use

WhaleTeq MECG 2.0 for

these tests.

No known limitations

ANSI/AAMI EC 13
2002/(R)2007/C2008

All performance tests
except CMRR and as
noted left.

See below for Clauses
5.1.4 n) and 5.2.9.1 f),

g)!

General limitation: this equipment is designed for use with isolated ECG
circuits, as are generally provided for medical ECG. If applied to a non-
isolated circuit, the noise may be excessive.

15.1.4 n) Fast QRS: The sampling rate is limited to 0.2ms, some distortion of the pulse is possible

below 6ms.

5. 2.9.1f), g): Functionality is not included at this time; note the test is not applicable to most ECG

systems
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1.3 Block Diagram/SECG 4.0 Module Overview

The following is a simplified block diagram of the system inside the SECG 4.0

module:
1000:1
o Divider
Additional —p| I .
input  (BNC1) (100kQ2 Precision dc 620kQ 4.7nF
0.1%) offset (Test for input
+300mV impedance) Qutput:
RA ~ V6
(10 lead
Channel A 1000:1 electrodes
+5Vor Divider L —e
+25Vor (100kQ [ —e
+1.25v 0.1%) Output lead, dc — Output (-
offset and 620k/4n7 [ | impedance —®
. - . . 4.
Pre-divider switching network || switching
monitor ancs —  (51kQ/47nF) .
(e ] —
—e
10:1 divider
Channel B —— (9000, (via |—
10V analogue
switch) 1000
(0.1%)
Figure 2: Simplified Block Diagram
For noise reduction
Connects to the PC SECG 4.0

via USB 2.0

Single Channel ECG Test Unit
For IEC60601-2-25, -2-27, -2-47
ANSHAAMI EC11, EC13
China YY1079, YY1139, YY0782, YY0885

Allows monitoring of
the applied signal
pre-divider

(1V = 1mV output)

Additional input to allow connection to an external
function generator (e.g. analogue type if aliasing is
suspected). Precision divider ensures that 1V in =
1mV out (£0.2%)

Figure 3: SECG 4.0 Module

10
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In general, the system has been designed to the standards above, taking
into account Clause 201.5.4 in IEC 60601-2-25 and IEC 60601-2-27. The

SECG 4.0 specifications are listed.

e Technical Specifications

Table 2: Technical Specifications

Parameters

Specifications

Main output voltage accuracy

+1% for amplitudes of 0.5mVpp or
higher

Main output voltage resolution

2.5uVv
(DAC resolution) s
Frequency / pulse repetition rate +0.2%
accuracy
Pulse dgranon./ timing accuracy +0.9rms
(excluding pacing)
Pacing pulse width accuracy +1us

Pacing pulse amplitude accuracy,
range

+2mV pulse: +0.3%
>2mV pulse: £10%
Range: £2mV —+700mV

(100kQ:100Q)

Resistor tolerance +0.5%
Capacitor tolerance 5%
Precision 1000:1 divider +0.1%

Sample rate

5kHz +0.05% (50ppm)

DC offset
(fixed, noise free, from internal
supercapacitor)

300mV +0.1%

DC offset

Setting +1% or £3mV

11
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Parameters

Specifications

(variable, may include up to
50uVpp noise)

Power supply

USB +5V DC supply (no separate
power supply required)

0.5A (For high power mode. Typical
load<0.25A, up to 0.45A is possible
if all relays are turned on.)

Environment

15-30°C (by design, not tested)
30-80% RH (by design, not tested)
(Selection of components is such
that no effect from the
environment is expected.)

Safety

No applicable safety standards (5V
is lower than the standard
requirement of 12V.)

CE marking based on careful
selection of parts (including USB
protection IC, as well as special
filters to reduce noise from
microprocessor (83MHz) and DC/DC
converter (200kHz).)

*Additional specifications may be provided on request.

e  Signal Type
Table 3: Signal Specifications
. Default Minimum
Parameters Setting Range Values Step Size
Frequency 0.05-500Hz 1Hz | 0.01
(Hz)
Sine Frequency
- 60BPM | 1
(BPM) 3-30000BPM
Amplitude (-10)-10mV 1mV 0.01

12
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] Default Minimum
Parameters Setting Range Values Step Size
F
requency 0.05-500Hz 1Hz | 0.01
(Hz)
Triangle Frequency
- BPM | 1
(BPM) 3-30000BPM 60
Amplitude (-10)-10mV 1mVv 0.01
Frequency 0.05-500Hz 1Hz | 0.01
(Hz)
Square Frequency
- BPM | 1
(BPM) 3-30000BPM 60
Amplitude (-10)-10mV ImVv 0.01
Frequency 0.05-5Hz 1Hz | 0.01
(Hz)
Rectangle | Frequency 3-300BPM 60BPM | 1
pulse (BPM)
Amplitude (-10)-10mV 1mV 0.01
Pulse width 2-300ms 100ms |1
Frequency 0.05-5Hz 1Hz | 0.01
(Hz)
Triangle | Frequency 3-300BPM 60BPM | 1
pulse (BPM)
Amplitude (-10)-10mV 1mV 0.01
Pulse width 2-300ms 100ms |1
Frequency 0.05-3Hz 1Hz | 0.01
(Hz)
Exponential | Frequency )
(BPM) 3-180BPM 60BPM | 1
Amplitude (-10)-10mV 1mV 0.01
QRS )
Amplitude (-5.7)-5.7mV ImV 0.1
QRS Duration | 5-200ms 100ms |1
ECG-2-27 T Amplitude 0-5mV 0.2mV |0.01
waveform
Frequency 0.05-6Hz 1Hz | 0.01
(Hz)
Frequency
- B 1
(BPM) 3-360BPM 60BPM

13
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Parameters Setting Range Default |V|In|m.um
Values Step Size
Load special
Special waveforms
waveform from user's
computer

e  Signal Add-on

Table 4: Signal Add-on Specifications

. Default Minimum
Parameters Setting Range Values Step Size
(-1000)-
DC offset 1000mV omvV 1
Amplitude (-700)-700mV omVv 1
Duration 0.1-2ms 2ms 0.1
Pacing rate 10_3OOB?M / 60BPM | 1
Synchronization
Overshooting
Pacing time 0-100ms Oms 1
constant
Single pulse,
Pulse type Double pulse i i
(150ms), Double
pulse (250ms)
620kQ / 4.7nF
(Turn on for short circuit) on / off Off i
AAMI EC 13 Drift Test
Triangle wave (0.1Hz, 4mV) | on/ off Off -
add-on
50Hz, 60Hz,
80Hz, 100Hz
. . . (The 80Hz and
Noise Main noise 100Hz settings 50Hz -
are for
capacitance

14
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] Default Minimum
Parameters Setting Range Values Step Size
correction only,
not for testing
ECG.)
Amplitude 0.01-2mVp-p 0.1lmVv | 0.01
Start 0.67-500Hz 0.67Hz | 0.01
Frequency | frequency
scan Stop 0.67-500Hz 150Hz | 0.01
(Sine) frequency
Duration 10-180s 30s 0.01
Frequenc 3-
sca: L ) 30BPM |
(ECQG) Duration - 30s -
RA (R), LA (L), LL
Output lead electrode (F), V1, V2, V3, RA (R) -
V4, V5, V6

2 Setup
2.1 Software installation

2.1.1 System requirements

The Single-channel ECG system uses a normal PC to interface and control it.

PC requirements:
e Windows PC (Windows 7 or later, suggest to use the genuine version)
e Microsoft .NET 4.0 or higher

e Administrator access (essential for installing software, driver, and
Microsoft .Net Framework)

e 1.5 GHz CPU or higher
* 1GB RAM or higher?

2 Relative to normal PC processing, there is no special use of PC speed. However, there has been
noted a slow increase in system RAM usage over long periods of time up to 30-40MB (related to MS
Windows “garbage collection”). PCs with only 512MB or less installed and are running several other

15
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e USB port

2.1.2 SECG 4.0 Software Installation

Please follow the below steps to download and execute SECG Software.

Download SECG software from WhaleTeq website.

Browse to the download location.

Unzip the file to your destination folder.

Open the destination folder and make sure all files are unzipped in the
same folder.

5. Double click on the SingleChannelECG.exe to execute the SECG4.0
program.

PwnNPE

If SECG software can’t be executed properly or this is the firsttime using
WhaleTeq product, please refer to below two sections to confirm that USB
driver and Microsoft .Net Framework 4.0 are all installed.

2.1.3 USB Driver Installation

If Windows device manager can’t recognize WhaleTeq product, please
follow the below instructions to Install Microchip® USB driver.

Microsoft Windows 10

As Windows 10 has built-in Microchip® USB Driver, there’re no needs to
install any drivers. It just takes a while for Windows Device manager to
recognize and install the driver.

Microsoft Windows 8 and Windows 8.1

1. Windows 8 and Windows 8.1 can’t recognize SECG unit, please
download “mchpcdc.inf” from WhaleTeq website. This driver is

programs (in particular, Internet Explorer), may exceed the available RAM, requiring access to the
hard drive and dramatically impacting speed. In this case, streaming interruptions and other
problems may occur.

16
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provided by Microchip® for using with PIC microprocessors having built-
in USB function.

2. As mchpcdc.inf provided by Microchip® does not contain digital
signature, please disable driver signature enforcement in Windows 8
and Windows 8.1. Please click here to watch the tutorial video.

3.  When the SECG 4.0 is connected for the first time, select manual
installation, and point to the folder containing the above file. Then
continue to follow the instructions to finish the installation. There may
be a warning that the driver is not recognized by Windows®, and this
can be ignored. Please click here to watch the tutorial video.

Microsoft Windows 7

1. Windows 7 can’t recognize SECG unit, please download “mchpcdc.inf”
from WhaleTeq website. This driver is provided by Microchip® for using
with PIC microprocessors having built-in USB function.

2. When the SECG 4.0 is connected for the first time, select manual
installation, and point to the folder containing the above file. Then
continue to follow the instructions to finish the installation. There may
be a warning that the driver is not recognized by Windows®, and this
can be ignored. Please click here to watch the tutorial video.

2.1.4 Microsoft .Net Framework 4.0 Installation

WhaleTeq software is developed by Microsoft .Net Framework 4.0. If SECG
software fails to launch properly, please check whether Microsoft .Net
Framework 4.0 or higher versions was installed in the operation system.

If your PC does not install Microsoft .Net Framework 4.0 or higher versions,
please download from Microsoft website. Please click here to watch the
tutorial video (from 2:03).

2.2 Connecting to the ECG

For connecting the ECG device to the SECG 4.0, use the “ECG breakout box”
provided. The ECG breakout box includes:

17
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(1) RA-V6 terminals: Total 10 terminals, corresponding to the 10 electrodes
of 12-lead ECG (or fewer lead channel ECG)

(2) GND terminal: The terminal connected to the ground.

(3) CMRR Imbalance with DC: The terminal is only used with CMRR 2.0 for
CMRR testing purposes.

Users may also choose to use a male DB15 connector to connect their own
breakout box to the SECG 4.0, and then connect the ECG device under test

to the breakout box.

Please refer to the figure and table below for the DB15 connector pin definitions.

Figure 4: Pins of A Male D15 Connector

Table 5: Pins of A Male D15 Connector and Their Corresponding Leads

Pin Corresponding Lead
1 RA
2 LA
3 LL
4 RL
5 V6
6 V5
7 \Z!
8 V3
9 V2

10 V1

11 NC

12 GND

18
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2.3 Set Up a Low-noise Test Environment

A low-noise environment is necessary for testing ECG equipment. This can
be achieved relatively easily by:

(a) Connect the metal casing or the metal part of a connector of the
computer on the left side of the SECG 4.0 to the metal plate.

(b) Connect a USB isolator between the SECG 4.0 and the computer.

(c) Connect the ECG device under test (hereinafter referred to as DUT) to
the right side of the SECG 4.0.

(d) Connect the metal casing or the metal part of a connector (e.g. USB
port) of the DUT and the computer to the metal plate.

(e) Connect a USB isolator between the DUT and the computer. (If the DUT
has a built-in USB isolator, an additional USB isolator is unnecessary.)

Computer USB Isolator SECG 4.0 USB Isolator Computer
[ e
o | - ’ “\‘;“"‘. i
- ()
‘ A metal bench or a metal plate
Connect the metal casing or the metal part of a Connect the metal casing or the metal part of a
connector (e.g. USB port) of the computer on the connector (e.g. USB port) of the DUT and the
left side of the SECG 4.0 to the metal plate computer to the metal plate

Figure 5: Low-noise Test Environment Setup

After grounding the SECG 4.0 and the DUT, set the DUT to its maximum
sensitivity. If possible, disable the line frequency notch filter, and confirm
that the noise level is acceptable before performing the test.

If conducting an input impedance imbalance test with a series connection of
620kQ impedance, it may result in high noise. For this test, users can enable
the line frequency notch filter. If the noise is still too high, users may

19
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consider moving to an environment with fewer electrical appliances or
increasing the size of the metal plate placed under devices.

Note:
1. The metal plate's size should cover the SECG 4.0, the DUT, and the
computer at least, and it's unnecessary to ground the metal plate itself.

2. Shorter cables are recommended to connect the SECG 4.0 and the DUT to
minimize the distance between them and reduce potential interference.

3. Use shielded cables to connect the SECG 4.0 and the DUT to avoid
environmental radiation interference.

4. Avoid cables that connect the SECG 4.0 and the DUT overlapping or
crossing each other during the test.

5. The USB isolator is available with a separate purchase. Please refer to
WhaleTeq’s website for more information.
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2.4

Firmware Update

Firmware Update only can be supported with specific hardware and
firmware, so if your SECG 4.0 doesn’t support the feature, please contact
Whaleteq for upgrade at service@whaleteq.com.

Question:
How to check your SECG 4.0 has supported Firmware Update?

Answer:
Connect the SECG 4.0 device to PC. Go to “About”, and check whether
the “F/W Version” and “H/W Version” buttons are hidden. (Please see
Step 1 in the below section for where to find “About”.)

Support Firmware Update

About =

Not Support Firmware Update

About

WHALETEC) Single Channel ECG Test Systom

Version 5006

WHALETEQ) Co,, LTD @ 3017 &1l Rights Reserved

http:wary whaleteg com

- Performance tester for 1/3/512 lsad ECG device
WHALETEQ - Built-in patisnts skin-elsctrode impedance
- CAL waveform available - Adjustabls DC offset
- Builtin st circuit per ECO} standards

~J

WHALETEQ

WHALETEQ Single Channel ECG Test System
Version 5006

WHALETEQ Co,, LTD ©2016 All Rights Reserved
hito-#Avww whaleteq com

- Performance tester for 1/3/5/12 lead ECG device

- Built-in patient’s skin-electrode impedance

- CAL waveform available - Adjustable DC offset

- Builtin fest circuit per ECG standards.

[F/W Yersion: 5.5 H/W Version 28]

[ Update i OK

Figure 6: Firmware Update Confirmation

Note: There are risks of losing data if improper options are performed during

the firmware update period.

2.4.1 Firmware Update Instruction

If your SECG 4.0 supports “Firmware Update” feature. Below is the step-by-
step instruction for how to update firmware:

Step 1.

Connect the SECG 4.0 device to PC, then open SECG application with
version 5.0.0.6 or higher. Move the cursor to System Menu Bar, right
click your mouse. Then there will show up a menu, select “About”.
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B WHALETEQ Single Channel ECG System

*** SIMULATION MODE ***

Main Function Parameters DC Offset Output Li pdance
@ off Amplitude Setting O Rrad
O sine 1.003 mv 05imv |Owa -
O Triangle Frequency [] Variable g e
- Common mode v Alt+F4
O square 0.05% Hz W Ove x + L.
Pulse Waveforms Input impedance Test | [7] v4
O e Ovs Store as defaut
cngls e Pulse Width [ S0 7eF Ove Wher checkied,
O Triangle Pulse 1005 ms (on = shorted) 51k/47nF output
impedance is shorted
O Exponential
O Ece2-21 QRS Duration Pacing Amplitude Pacing Duration @ Single pulse
- - - Double puise
[ Show Timer 1004 ms 0% mv 205 ms O (150 AcFancen
O special ) () Double puise
CAL05000 (1mVpp) T Wave Overshoot Time Constant Pacing Rate (250ms advanced)
Select Special 0205 mv 03 ms 60 ; BPM Synchronised
Waveform 1%} with main function
- ouout Pacing
3 Overshooting
2 Amplitude
0.00 3 |mv
B [ Automatic
Display
o0 O 20mmimv
= Time (6} - @ L
[ waveform Dialog O smmimv
Reset to Defaults SECG Assistant i SECG Assistant I
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Special functions

0.101%- mVpp

Mains Frequency for above
@ soHz O 80Hz

QO 8oHz O 100Hz

Ampitude
102

Frequency
mV 4013 Hz

Frequency scans

O sine
Stant 06713 He
150.00 15+ Hz

WS

Stop
Duration

[ ECG (3 ~ 30bpm / 30s)

Scan Frequency
Hz
BPM

Auto Pacing
Auto Heart Rate
Caiibration Wode

SECG Assistant

Step 2.

Figure 7: Function Table

“About” button is popped up. Press “Update F/W” button.

About

F/W Version.: 5.5

~J

H/W Version.: 2.8

WHALETEQ Single Channel ECG Test System
Version 5006

WHALETEQ Co,, LTD © 2016 All Rights Reserved
http:dvww whaleteq com

- Performance tester for 1/3/5/12 lead ECG device.
- Built-in patient's skin-electrode tmpedance.

- CAL waveform available - Adjustable DC offset.

- Built-in test circuit per ECG standands.

=]

Step 3.

Figure 8: Update F/W Button

Go to WhaleTeq website, refer to the below table to download
compatible Firmware file.
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Table 6: Hardware and Firmware Versions

Hardware Version | Firmware Version
2.7 4.4 or above
2.8 or above 5.5 or above

Step 4.
Back to SECG AP, select the downloaded firmware file.

Step 5.
The AP will show an information dialog. After pressing “OK”, the
operation cannot be cancelled.

WhaleTeq Firmware Update =

You are going to update the device firmware. Please be cautious as
pi l *. there are risks of losing data if improper options are performed
during the period
Are you sure to be continue 7

Current Firmware Numberis : 5.5
The selected Firmware Numberis - 5.5

WARNING

1. Do not turn off power or remove USB cable during updating the
firmware.

2 After pressing “"OK" |, the operation can not be cancelled

[ 2w |[ Bm

Figure 9: Information Dialog

Step 6.
Wait for firmware update complete.

Update Firmware

Progress - Writing Data .

39 %

Figure 10: Firmware Updating

Step 7.
Please restart the SECG system to complete the firmware update process.

Update Firmware

Succeed! - Please restart the system to complete firmware update process.

Figure 11: Firmware Update Completion
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2.5 Main Screen

. WHALETEQ Channel ECG Syster * SIMULATION [Frx e
Main Functiol Parameters DC Offset Output Lead Electrc Lead Blectrode Impedance  Special functions
@ off Amplitude Setting [J RAR)
O sine 1.005 mv 0 mv 0L o
- 1013 mvy
O Triangls Frequency [ Variable ELL ) Wi o s
vi \ains Frequency for above
- Common mode
O square 0.0577 He O orerin Ove Per latest standards, g S0Hz 8 60Hz
= 51k/47nF in RLN 80Hz 100Hz
3.017 BPM LI (PE)teminal only
Pulse Waveforms Input Impedance Test | [(] V4
o) Owvs Store as default
ectangle Puise
Pulse Width 620k0/4.7nF Ove Whes ctacked.
O Triangle Pulse 1002 ms (on = shortg 51k/47nF output
() Exponential impedance is shorted Amplitude  Frequency
= mv S Hz
O Ece 227 QRS Duration F acing Amplitude Pacing Duration ~ (® Single puls¢ 108 49
[ show Timer 1005 ms 05 mv 205Hims O Blafuot::\eszl:f Frequency scans
Double pulse [ sine
t)ALSO‘:eo%I:IUmVpp) T Wave Overshoot Time Constant Pacing Rate O (250ms advanced) Start 0674 Hz
Select Specal 0203 mv 0 ms 60 S{BPM o cnronised Swp | 150.00/2] Hz
Waveform with main function Duration 30K s
ouout Pacing [] ECG (3 ~ 30bpm/ 30s)
Overshooting
Amplitude e frequency
— Hz
0.00 % |mv BPM

Automatic

Deplay Auto Pacing
O 20mm/mv
ms (6} = “ - ® 10mm/mv Auto Heart Rate
[[] waveform Dialog O smmimv Calibration Mode
Reset to Defaults SECG Assistant lll SECG Assistant Il SECG Assistant

Figure 12: Main Screen

01 — Main Function: Select the main function (waveform) type, such as sine,
triangle, etc.

02 — Main Parameters: General parameters for main waveform and pulse waveforms.
03 — DC Offset: DC offset settings.

04 — Output Lead Electrode: Select the lead electrode which the output is switched to.
05 - Special Functions: The functions for special test, such as frequency scan.

06 — Automated Functions: Provide automated test with different arrange combinations.

07 — SECG Assistant: Step-by-step guidance for standard performance tests. “SECG
Assistant” is for IEC, “SECG Assistant IlI” is for YY and JIG
(China standard), and “SECG Assistant IIl” is for GB.

08 — Pulse Waveforms: Select the pulse waveform type. “Pulse Width” is a related
parameter.
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09 — Input Impedance Test: Select if 620kQ/4.7nF is in circuit (for input impedance test).

10 - ECG 2-27: A special waveform related to the ECG waveform (IEC 60601-2-27).
QRS Duration and T Wave are the parameters for this waveform.

11 - Special Waveform: Provide CAL and AAMI waveforms. “Load ECG” function, the
function allows customer to play their own waveform, is also
provided here.

12 — Pacemaker Parameters: Parameters related to pacemaker pulses.

13 — Output Waveform: Provide a semi-real time graphical display of the current signal.

2.6 Description of Functional Groups

2.6.1 Main Function (Main Waveform)

This group allows the operator to select the main waveform to be used in
the test, from the following:

Table 7: Main Waveform

Waveform

Type Description Sample Waveform

Basic sine wave,
. according to the W

Sine ] .

amplitude (mVpp) and
frequency (Hz or BPM). : I :
Basic triangle wave, :
according to the
amplitude (in mVpp) and
frequency (Hz or BPM). | R
Basic square wave,
Square according to the w

amplitude (mVpp) and

frequency (Hz or BPM). ( s :
A rectangular pulse, .
Rectangle | according to the ] H H H H

pulse amplitude setting, pulse
width (ms) and pulse t

Triangle
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Waveform
Type

Description

Sample Waveform

repetition rate
(frequency, Hz or BPM).

Triangle
pulse

A triangle pulse,
according to the
amplitude setting, base
pulse width (ms) and
pulse repetition rate
(frequency, Hz or BPM).

Exponential

Exponential waveform,
used to Hysteresis test,
according to the

amplitude (mVpp) and
frequency (Hz or BPM).

uuuuuu

ECG

Waveform according to
IEC 60601-2-27, Figure
201.110 and 201.113,
with adjustable
parameters for amplitude
(mVpp), frequency (Hz or
BPM), QRS duration and T
wave amplitude.

Special

A range of stored
waveforms including
ANSI/AAMI waveforms,
some selected CAL
waveforms, and loaded
waveform. For these
waveforms, the amplitude
and frequency settings
have no effect.

uuuuuu

nnnnn

uuuuu
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2.6.2 Main Parameters

Parameters

Amplitude
1.00= mV

Frequency

1.00 | Hz
60 =] BPM

:

<
5
=
o
= Bl

100 ms
QRS Duration
I 1003: ms
T Wave 0]
0205 mV

Figure 13: Main Parameters

Amplitude:
Adjust the waveform amplitude from 0 to 10mV at a 0.01mV resolution. For

all waveforms, the amplitude represents the peak-to-peak value. For
example, for a 1mV sine wave, the actual waveform varies between +0.5mV
and -0.5mV. This correlates with testing requirements in standards.

Frequency:
The frequency can be set in either Hz or beats per minute (BPM). Changing

one will automatically change the other to match. For pulse waveforms
(rectangle, triangle, ECG), the frequency can also be referred to as the pulse
repetition rate, or heart rate. For some pulse settings, the frequency is
limited to prevent overlapping pulses.

Pulse Width:

Apply to rectangle, triangle, and exponential pulse waveforms only. For the
rectangle, the pulse width is defined as the time between crossing the 50%
point in rising and falling edges of the pulse. For triangle pulses, the setting

3 To minimise ringing due to ECG notch filters, rectangle pulses have a rise time of 1ms. This means
that a 20ms rectangle pulse will actually have a 21ms base and a 19ms at the top of the pulse. This
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matches the base of the triangle pulse. For exponential pulse, the set pulse
width is time constant. Pulse width can be set down to 2ms*.

QRS Duration:
Allow the setting of the QRS component of the ECG wave in IEC 60601-2-27,

in the range of 10 to 120ms, matching the requirements of the standard®.

T Wave:

Allow setting of the amplitude of the T-Wave in ECG waveforms, to verify
tall T-wave rejection ability of patient monitors according to IEC 60601-2-
27. The maximum amplitude is 2.5mV. For the heart rate accuracy test in
IEC 60601-2-27, a T-wave component is not required. In this case, set the T-
wave to zero.

2.6.3 DC Offset Settings

DC Offset
Setting

I 0 3 mV/
™ Variable

Comman mode
r toa RL/N

Figure 14: DC Offset Settings

This function allows the operator to switch in a DC offset. In the default
condition (not variable), only +300mV, 0 or -300mV can be set. In this
mode, the DC offset is sourced from an internal “supercapacitor” which at
least 3 minutes of accurate and stable 300mV DC offset to be placed in
series with the main waveform, without impacting the quality of that main
waveform. The capacitor is charged while not in use (i.e., when the setting
is zero).

definition ensures that the pulse integral matches the setting, e.g. a 3mV 100ms pulse will have an
integral of 300uVs.
4 Note the sampling rate is limited to 0.2ms. Therefore a 2ms pulse will have limited time resolution.
5 This range has increased to include 10ms to allow for the new heart rate test in IEC 60601-2-
27:2011 (a QRS of 10ms should not provide any heart rate).
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In the variable mode, the DC offset is provided by a second channel. This
mode is intended only for an investigation into the point in which “LEADS
OFF” or similar alarms are provided. It is limited to 1000mV.

The “Common mode to RL/N” places the 300mV offset in series with the
RL/N as per IEC 60601-2-25, switch position C in Figure 201.110.

2.6.4 Input Impedance Test

Input Impedance Test

52 position:
¥ 620k0/4 TnF
(on = shorted)

Figure 15: Input Impedance Test

This check box allows the user to switch in an impedance of 620kQ//4.7nF
in series with the main function, for testing the input impedance of the ECG
device under test. When the check box is ticked, the impedance is shorted.
The £300mV DC offset can be used in conjunction with this test.

2.6.5 Output Lead Electrode

Output Lead Blectrode

V¥ RA(R)
AW
L
I~ w
- vz
[~ wva
[~ v4
[~ vs
I~ ve

Figure 16: Output Lead Electrode

This section allows the user to select which lead electrode the output is
connected to (e.g., terminal P1 in the IEC 60601-2-25, Figure 201.106).
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Unselected electrodes are connected to the system ground (terminal P2 in
Figure 201.106).

More than one lead electrode may be selected. For example, if it is desired to
have Lead | and Lead Il have a positive indication, LA and LL can be selected.

2.6.6 Pacing Parameters

Pacing Amplitude Pacing Duration ¥ Sinlge pulse

= = Double pulse
[]3 m/ 20z | ms | O {150ms advanced)

'S Double pulse

Owershoot Time Constant Pacing Rate (250ms advanced)
93 ms E“:]:I BPM v Synchronised
with main function

Figure 17: Pacing Parameter

In general, a pacemaker pulse can be added to any main function
(sine/triangle/ECG etc.), with the following parameters:

Table 8: Pacing Parameter

Parameter Description

This can be set in steps of 2 ranging from -700mV to
+700mV.

When set to zero the pacing function is turned off
regardless of other pacemaker settings.

Pacing Amplitude | When set at +2mV or -2mV the pacing pulse comes
from the main 1000:1 divider, which is accurate to
better than +1%. For settings above 2mV, the
output comes from Ch2, which has a design
accuracy of £1% or £5mV.

Can be set between 0.1ms and 2.0ms, covering the
range required by all standards.

Settings from 2ms to 100ms, creates an overshoot
according to Method A of IEC 60601-2-27 (0.25 of
the pacing amplitude or 2mV, whichever is smaller).

Pacing Duration

Overshoot Time
Constant
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Parameter Description

If the “Synchronized with main function” checkbox
is ticked, the pacing pulse will be synchronized with
the main function, such as the ECG waveform in IEC

Pacing Rate/ 60601-2-27.
synchronized with
main function If this box is not ticked, the user can set the pacing

rate independent of the main function (e.g., 80BPM
as required by IEC 60601-2-27, 100BPM according
to IEC 60601-2-51).

Single/Double This group selects whether single or double pulses
pulses, 150ms are required according to IEC 60601-2-27. If double
and 250ms pulses are required, they can be 150ms or 250ms
advanced advanced.

2.6.7 Output Graphic Display

y ‘Qutput PEICiﬂg
Overshooting
Amplitude
204 B
0.0 mv
ET i
E V| Automatic
10
Digplay
oo Z0mm/m\
oo o o 20 40 o
R @ 10mm/m\

g
Waveform Dialog Smmimty

Figure 18: Output Graphic Display

The output display provides an image similar to that provided by ECGs. The
sensitivity of the display range may be set at 4mm/mV, 10mm/mV, or
20mm/mV to cover the full range of waveforms offered by the system. The
time rate is fixed.

The output display uses the same data as used in the DAC output and serves
as a cross-check of the selected waveform, and also allows the user to view
the original waveform as filters in the ECG device under test can substantially
alter the waveform. Pacing pulses are shown in purple.

For Version 4.0, the output range is fixed at £t5mV.
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2.6.8 Special Functions

Special functions

D Bazeline reset test
{1Vpp 50Hz/60Hz)

Maing noise .
0 (sogonzy | 2105 Vs

Ma_lins Frequencl,'for above
(® 50Hz () B0Hz
() 8Hz () 100Kz
] AAMIEC 13 Drift test
(0.1Hz 4mV friangle wave)

["] Dynamic Range Test
{IECE0801-2-51/51.107.2)

Ampltude  Frequency
105 mv 4015 He

Frequency scans

[] sine

Start 0.67 5 Hz
Stop 150.00 : Hz

Duration s

[] ECG (3 ~ 30bpm/ 30s)

Scan Frequency
Hz
BFM

Figure 19: Special Functions

Baseline Reset Test (sine wave only):

When checked the parameters are ignored and a large signal of 1Vpp
(0.354Vrms) is applied. It is intended to test the ECG’s response to overload,
in a particular automated resetting of baseline (due to high pass filtering).
When unchecked, the system reverts to the previous settings (e.g., ImVpp
10Hz signal). Mains frequency of the test can be selected from 50Hz or 60Hz.

Mains Noise (ECG 2-27 waveform only):

When checked adds a small sine wave at mains frequency of 50Hz or 60Hz.
Range is from 0.05mVpp —0.2mVpp (additional range added for EC 13).
Settings of 80Hz and 100Hz are used for calibration of capacitors only, not
intended for testing ECGs.

AAMI EC 13 Drift Test (ECG 2-27 waveform only):
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When checked adds 4mVpp 0.1Hz triangle waveform to the ECG signal (for
testing baseline drift).

Dynamic Range Test (square wave only):

When checked adds a 1ImVpp waveform at the frequency indicated (20Hz,
30Hz, or 40Hz), intended for combination with an adjustable square wave
for testing Clause 51.107.2 in IEC 60601-2-51.

Frequency Scans:

“Sine”” may be used with IEC 60601-2-51 tests or to test systems with
extended frequency response. This system uses a fixed sampling rate of
5kHz which has been found to reduce problems of beating from other
digital sources. If beating still occurs, a separate analog input at BNC1 is
provided to allow testing with analogue-type function generators.

“ECG” can be used for testing IEC 60601-2-27 heart rate below 30BPM as
indicated in the standard (0 —30BPM over 30s). As a frequency of “0” is
infinitely long, the scan starts at 3BPM.

2.6.9 Other Functions (Auto Pacing, Auto Heart Rate, Cal. Mode)

Auto Pacing
Auto Heart Rate
Calibration Mode

SECG Assiztant

Figure 20: Other Functions

Auto Pacing: This opens a new window for automatically cycling though all
the combinations required for pacemaker testing in IEC 60601-2-27 (Clause
50.102.13).

Auto Heat Rate: This opens a new window for automatically cycling though
all the combinations required for heart rate testing in IEC 60601-2-27
(Clause 50.102.15).

Calibration mode: Opens a new window (see Section 4)
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Recommended use for Auto Pacing:

This option is intended to be used in conjunction with a trend mode in a
patient monitor. If the patient monitor can reject pacing pulses, the heart
rate should not be affected. Therefore, the test should be set up with a
mode that has a constant heart rate.

For the tests in IEC 60601-2-27, the tests can be grouped into synchronized
(heart rate and pacing is 60BPM), and asynchronous (heart rate 30BPM,
pacing 80BPM).

In addition, the £2mV pacing pulse uses a separate range. Changing to this
range can cause switching transients that can affect the heart rate.
Therefore, separately out testing for +2mV is recommended.

Based on experience, it is recommended to have a change interval of at
least 30s. With the selected time, users should verify by simulation that the
trend mode will clearly show up problems (e.g., deliberately set a wrong
heart rate for 10s, and verify this is detectable).

Note that most patient monitors will have problems with the overshoot
function. Users should experiment first to find the overshoot that the
patient monitor can handle, or test this separately (limit the overshoot time
to Oms only).

Recommended use for Auto Heart Rate
As above, tests for the Auto Heart Rate are intended for use with trend monitoring
on a patient monitor, and should be grouped according to heart rates.

2.6.10 Load ECG File
) Special
CALOS000 (1m\Vpp)

Select Special
Waweform

Figure 21: “Select Special Waveform” Button
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This function is implemented on the “Special Waveforms” window. In that
window, a new button is created and a text box. The button name in code is
“Load ECG”.

Click the “Select Special Waveform’ button to open the “Special Waveforms”

window.
- Special Waveforms = o X
Special EC 60601-2-27 Special [EC 60601-2-25 Note:
5 ANE20000 waveform originally included has
AAMI3A/ECA1 CAL0S000 (1mV
= {izpo) been deleted. The test to determine the

AAMI3B - EC A2 CAL10000 (2mVpp) extent of ringing from mains notch fiters

should be performed with a multichannel device
AAMIZC-ECA3 CAL15000 (3mVpp) and all 12 displayed leads (Lead |, Il ll, aVR,

aVF, aVL, V1 ~ V6) inspected for ringing.
AAMI 3D- EC A4 CAL20000 (4mVpp) )R ok

AAMI 4A - EC B1 CAL30000 (6mVpp) { Load ECG ’
AAMI4A - ECB1 x2 CALS0000 (10mVpp) e TOTIALS are available:

Text (*.txt):
AAMI4A-ECB12
. - Ascii file, Windows line breaks (LF, CF)
AAMI 4B - [EC B2 1JG Hysteresis Test Signal - first line is sample rate (Hz)
- second line number of samples
AAMI 4B - [EC B2 x2 - following lines are samples in microvolts

(one sample per line)
Binary files (*.bin)
- Bytes 1-2 are sample rate (Hz)
- Bytes 3-6 are number of samples
- Following bytes are samples, 2 bytes per sample
- all data is bigendian (high byte first), 2's compliment

AAMI4B - ECB2/2

x2 = double amplitude for tachycardia portion only
/2 = half amplitude for tachycardia portion only

Database Download From Physionet

https://ww w teuniz.net/edfbrowser/edf%20 format%20description. html
Record Channel
Downloading file Progress: %

Figure 22: Load ECG File Button

The “Load ECG” function supports two formats: Text and Binary files.

Text (*.txt):
e Ascii file, Windows line breaks (LF, CF)

 First line is sample rate (Hz)
e Second line number of samples

* Following lines are samples in microvolts
(one sample per line)

Binary files (*.bin):

e Bytes 1-2 are sample rate (Hz)
e Bytes 3-6 are number of samples
e Following bytes are samples, 2 bytes per sample

* All data is bigendian (high byte first), 2's compliment

The maximum size of loaded file is 100 million samples.
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2.6.11 Download PhysioNet Database
Please follow the steps below to download the PhysioNet database:

1. Click the “Select Special Waveform’ button to open the “Special Waveforms”
window.

() Special
CALOS000 (1mVpp)

Select Special
Wawveform

Figure 23: “Select Special Waveform’ Button

2. Select “Abdominal and Direct Fetal Electrocardiogram Database (adfecgdb)”
and choose the desired “Record” and “Channel”. The SECG 4.0 will automatically
connect to the PhysioNet website to download the data.

DC Offset

ain Function arameters Tl ad Flectrode ad Blectrode Impedance ecial functions
Main Functi P il Output Lead Electrod Lead Blectrode Imped: Sp | functi
O off Amplitude Setting 8 raR)
@I=T | 1002 mv 0zlmv |Owa0
) Trienl BR Special Waveforms =
QO sa  gpecin c 60601227 Special [EC 60601-2-25 Nots:
= 2 ANE20000 waveform originally included has. OHz

AAMISATECAT E D been deleted. The test to determine the: |

Pulse i AAMI3B - ECAZ CAL10000 (2mVpp) extent of ringing from mains notch fiters 4
should be performed with a muttichannel device
O Rectf AAMI3C - EC A3 CAL15000 (3mVpp) and all 12 displayed leads (Lead |, I Il aV/R, 3
IVF, aVL, V1 ~ V6] cted for ri ;"
) Tl AAMI 30- EC Ad CALZ0000 (4mVpp) BERBEs R I
O Expd AAMI 44 - IEC B1 CAL30000 (5mvpp) Toeitee B
D[ He
O Ece AAMI4A - [EC BT %2 CALS0000 (10mVpp) Three formats are avaiable:
Text (= txt).
AAMI 44 - ECB1 /2
a - Ascii file, Windows line breaks (LF, CF)

O sped AAMI 4B - [EC B2 1JG Hysleresis Test Signal - first line is sample rate (Hz)
CALOS0 - second line number of samples

Seleg
Wa

0

AAMI4B - [EC B2 %2

AANMI4B - [EC B2 /2

- following lines are samples in microvolis
(one sample per ling)
Binary files (*.bin}
- Bytes 1-2 are sample rate (Hz)
- Bytes 3-6 are number of samples

575 he
20/ He
0k

m

=
&

- Following bytes are samples, 2 bytes per sample

EE= T DT T My T D T e - all data is bigendian (high byte first), 2's compliment

12 = half amplitude for tachycardia portion only
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Database Download From Physionet

PM

l 1. Abdominal and Direct Fetal Electrocardiogram Database (sdfecgd lnﬂgs'iiwwwteuniz netledfbroviser/ed %20 ormat%20description. html

o ecord Channel
Downloading fle Progress: % o1 v ‘ | I
ol ; e 1 Direct_1 ]
oo B g — 20 2.Abdomen_1 ommimy Auto Heart Rate
3 Abdomen_2
[[] Waveform Dialog 4.Abdomen_3 mm/m/ Calibration Mode
5.Abdomen_d
Reset to Defaults. s CCG Assistant I SECG Assistant

Figure 24: Download PhysioNet Database
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If a “Network Downloading Failed”” message appears, please follow these
steps to manually download the data:

1. Visit https://physionet.org/content/adfecgdb/1.0.0/ to access the files.
2. Download the desired .edf file.

S ® DO i Abdo

Direct Fetal ECG [ X =+ = | x
C &  https//physionet.org/content/adfecgdb/1.0.0/ & @1y = - 0

12 Visualize waveforms

Folder Navigation: <base>

Name Size  Modified
[ ANNOTATORS K3 308 2012-08-06
[ RECORDS & 40B  2012-12-12
O SHA256SUMS.txt F3 8998  2019-02-20

D 01.edi *_' 29MB  2012-08-02
D rotedigrs & 13KB  2012-08-02
DO rodeds K3 29MB  2012-08-02
D rosedigrs & 13KB  2012-08-02
O ro7.edf K3 29MB  2012-08-02
D r07.edigrs & 13KB  2012-08-02
D rosedf F3 29MB  2012-08-02
D ros.edfqrs E3 13KB  2012-08-02
O ri0edi X 29MB  2012-08-02
O ri0edfqrs 3 13KB  2012-08-02

Figure 25: Manually Download PhysioNet Database (step 2)

3. Save the downloaded file to the “C:\Physionet\SECG\adfecgdb” folder.

adfecgdb X + - © 28
« N o O > =w > [E®E®C) > Physonet > SECG > adfecgdb || 23 adfecgdb Q
® g I} T EE = R @ =g
v B2 FEEEC) Z8 . [Efd=k:] p=6id i
N $SysReset 1 101.edf 2024/12/20 EF 11:32 EDF &% 2991 kel
> 00 IECE0801-2-25-20115
> [ECB0601-2-27-2011.5
> OneDriveTemp
PerfLogs
5> T Program Files
> Program Files (x86)
> ProgramData
> " RDCA
> 0 Windows
1 EEE Eo

Figure 26: Manually Download PhysioNet Database (step 3)
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4. Return to the “Special Waveforms” window and select the “Record” and
“Channel” of the downloaded file to output signals.

P

- W ingle Channel EC e SIMULAT )DE *** — X
Main Function Parameters DC Offset Output Lead Blectrode Lead Electrode Impedance  Special functions
P
O off Amplitude Setting 8 raR)
) sine 1.00 7 mv | 0 mv |Oram
) Trienl BR Special Waveforms =
QO sa  gpecin c 60601227 Special [EC 60601-2-25 Note:
ANE20000 waveform originally included has
SANI 2 IECA CALOSO00 IRV PD) been deleted. The test to determine the
Pulse ¥ AAMI3B - [EC A2 CAL10000 (2mVpp) extent of ringing from mains notch fiters
should be performed with a muttichannel device
O Rectf AAMI3C - EC A3 CAL15000 (3mVpp) and all 12 displayed leads (Lead |, I I, s/,
IVF, aVL, V1 ~ V6] cted for ri E"
) Tl AAMI 30- EC Ad CALZ0000 (4mVpp) BERBEs IR T b
O Expd AAMI 44 - IEC B1 CAL30000 (5mvpp) B
Load ECG D H
1| Hz
O Ece. AANI 4A - IEC B1 X2 CAL50000 (10m\Vpp} Three formats are avaiable: al
Text (=)
AAMI 44 - ECB1 /2
a - Ascii file, Windows line breaks (LF, CF)
O sped AAMI 4B - [EC B2 16 Hysteresis Test Signal - first line is sample rate (Hz) |
CALOS0 - second line number of samples Z | Hz
AAMI4B - [EC B2 x2 - following lines are samples in microvolts .
Seleg (one sample per ling) =
wa AANMI4B - [EC B2 /2 Binary files (*.bin} W s
- Bytes 1-2 are sample rate (Hz) F
a - Bytes 3-6 are number of samples 130s)

%2 = double ampltude for tachycardia portion onfy
12 = half amplitude for tachycardia portion only

Database Download From Physionet

- Following bytes are samples, 2 bytes per sample
- all data is bigendian (high byte first), 2's compliment

Record

Downloading fie Progress: % [/ 01

00 | Sp——

oo 10 E 20
Time (61

[ Waveform Dialog

Reset to Defaults.

N

1. Abdominal and Direct Fetal Electrocardiogram Database (adfecgd v| https:ffvw w teuniz netedfbrow serfed %20 format %2 0des cription html
e

FM

Channel
\ v |
1.Direct_1 3
2.Abdomen_1 1 0mmimy Auto Heart Rate
3 Abdomen_2
4.Apdomen_3 ey Calibration Mode
S.Abdomen_4

ST RTeRraT WCCG Assistant I SECG Assistant

Figure 27: Manually Download PhysioNet Database (step 4)

38



SECG 4.0 | User Manual

2.7 Software Options—SECG Assistant

SECG Assistant software option is a companion software add-on to enhance
the function of SECG 4.0. It supports IEC 60601-2-25/27/47,
YY1079/1139/0782/0885/9706.247, JJG 760/1041/1042, and
GB9706.225/9706.227. What’s more, it also supports IEC 60601-2-26. SECG
Assistant software allows the user to save a lot of testing time.

2.7.1 Activate the SECG Assistant Software

Once you have installed the SECG 4.0, you may also activate your purchased
SECG Assistant Software. Please connect SECG to your computer, then
follow the two steps below to activate your SECG Assistant Software.

B WHALETEQ Single Crannel ECG System 1% SIMULATION MODE =
DC Ofiset

*Please note the activation of
SECG Assistant Software will be
paired with only one computer
or SECG 4.0 device. Make sure
you choose the designated
computer or SECG 4.0 device
prior to the activation.

Figure 28: Activate the SECG Assistant Software Button

First click on the “SECG Assistant” button to launch SECG Assistant
Software. When you launch your SECG Assistant Software for the first time,
you will be prompted to enter your activation key.

Step 1:
Copy the Hardware ID / SECG Device ID and send it to service@whaleteg.com
to request for an activation key.
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BB Activale SLCG Assistanl - X

SECG Assistant is a powerful tool to help your product satisfied with below standards

IEC60601-2-25:2011 / IEC60601-2-27:2011 / IEC60601-2-47:2012

Particular requirements for the basic safety and essential performance of
electrocardiographs.

YY 1079-2008 / YY 1139-2013 / YY 0782-2010/ YY 0885-2013
AAFHER B4 [H R A7 ANSUAAMI EC13:2002<0: [ 47 (L, O£ 1 R
&> HEPERE EB A S A9 O S U PR RE AR ©

GB9706.225/ GB9706.227/ YY9706.247
AArlEE B RIEC60601-2-25:2011 / -27:2011 / -47:2012 (EEF 4 %%
2-25027147 15y © £ EEIHU OSSR REE O R RN R A 2L
JJG 760 - 2003 / 1042-2008 ECG Monitor

ALEMIE R BIREE R 5 T a%en QRAUELA 0 BT <SFOuEN>
BRI » G R 36 ©

IEC60601-2-26: 2012 EEG

Try it now or contact Whaleteq to activate the full feature set
Activation Assistant

Hardware ID |GEAFEBFCEACCBESFBFF ]
Activation Key |

Activate Tral Cancel

Figure 29: Hardware ID

Step 2:

A unique activation key will be sent to the user via email. Enter the
activation key and click the “Activate’ button.
Your SECG Assistant is now activated.

B Activate SECG Assistant

SECG Assistant is a powerful tool to help your product satisfied with below standards.

IEC60601-2-25:2011 / IEC60601-2-27:2011 / IEC60601-2-47:2012
Particular requirements for the basic safety and essential performance of
electrocardiographs.

YY 1079-2008 / YY 1139-2013/ YY 0782-2010/ YY 0885-2013
AR S8 T 22 B R S AR/ ANSUAAMI EC13:2002<4: 8 B8P (L G IR S
> chRYPERE AR 7Y S 09 O S I U VERE #77AE ©

GB9706.225/ GB9706.227/ YY9706.247

AR S RBIEC60601-2-25:2011 / -27:2011 / -47:2012 (B 1S FEE
2-25027I47 3B 5y - LB CREFRRIAECHRRENEAZ M RT
JJG 760 - 2003 / 1042-2008 ECG Monitor
ARENEESBEEER R TRRIEE QRRUELRTS BT <MF4OHEH>
BB RIE > FSHE A i -
IEC60601-2-26: 2012 EEG

Try it now or contact Whaleteq to activate the full feature set.

Activation Assistant

Hardware ID EgikaBFCEACCt‘@?EBf_F

Activation Key 131562394A35E4A20A473

Activate Trial Cancel

Figure 30: Activation Key
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As of 2012, all IEC standards have harmonized the test circuits. There
remains some variation in the switch and parts numbering, however the
circuit layout and parts are effectively identical.

To be flexible, the WhaleTeq equipment does not use the switch
nomenclature in the standards. Rather, the user should simply follow the
effective settings. For example, IEC 60601-2-27 may say “Close switches S,
S2 and S4 ...” which means “connect the function generator, short out both
input impedance and DC offset functions”. With the concept of the test in
mind, and some experience with using the WhaleTeq system, this
translation becomes second nature.

The following table provides a cross reference between switches and
terminals referred to in the three |IEC ECG related standards, the intended

function, and settings in WhaleTeq’s Single Channel ECG.

Table 9: Cross Reference Table Between Switches and Terminals

-2-25/ -2-27/ -2-47 / Function WhaleTeq SECG
Figurel06 | Figurel05| Figurel01 Settings
Connects the Automatically
5 S S function conn(?cte.d when
generator to the| function is
ECG. selected.
The SECG
S5 S1 None 100kQ (allows .
large signals) small signals and
ge sl Ch2 for large
signals®.
Shorts the Input impedance
s1 52 S1 | 620kQused for | . Pu-'MP ’
. S2 checkbox
the input

6 If no large signal is required, Ch2 is switched out by relay, to avoid noise from Ch2. Ch1 is always

connected.
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-2-25/ -2-27/ -2-47 / Function WhaleTeq SECG
Figurel06 | Figurel05| Figurel01 Settings
impedance (default condition
test. is shorted)
Shorts out the | Automatically
S3 sS4 S3 DC offset selected if DC
circuit offset is set to zero
Sets the Automatically
sS4 S3 S4 polarity of the | selected if DC offset
DC offset is set to +/-300mV
Any selected output
P1 P1 P1 Output signal lead electrode is
connected to P1
Any unselected
N output lead
P2/P3 P2/P3 P2/P3 Circuit ground electrode is
connected to P2
Terminal RL/N in
Neutral the breakout box
electrode (pin 4) is
P6 P6 P6 (RL/N), with permanently
series connected to
51k/47nF GND/P3 via
51k/47nF

3.2 Terminals P1, P2 and P6

According to the test circuits in all three standards, terminals P1, P2 and P6
are defined. However, in some of the tests it is unclear if unused electrodes
should be connected to terminal P2 or P6. IEC 60601-2-25, Clause
201.12.4.103 (Input impedance) provides an example case. At first the test

states that:

Compliance is checked using the test circuit of Figure 201.106

In that figure, it clearly states that terminals P1 and P2 are for LEAD WIRES,
while P6 is intended only for the NEUTRAL ELECTRODE, or RL/N.
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However the test then goes on to say:

Connect the sine wave signal generator to any tested LEAD (P1
and P2) with all other LEAD WIRES connected to the N (RL) LEAD
WIRE (P6)

The interpretation here is complicated as a “LEAD” refers to the displayed
ECG waveform, not specific electrodes. Using Table 201.106, we can infer
that for example, “LEAD V1” involves V1, RA, LA, LL, but not V2 — V6. The
interpretation could be then that V1 should be connected to P1, with RA, LA
and LL to P2, and V2-V6 are connected to terminal P6 along with RL/N. A
more reasonable interpretation would be to follow the diagram and test
each LEAD wire in turn (first RA, then LA, LL, V1 etc) with all unused LEAD
wires connected to P2.
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4 Software Development Kit

WhaleTeq provides SECG 4.0 software development kit (SDK). All operating
parameters and options have corresponding commands in the software
development kit. The software development kit contains DLL (Dynamic-link
library), which will provide highly efficient program binding and version
upgrade, supports C/C++ header and C# interface, and can also be
integrated with third-party tools and script languages.

5 Calibration and Software Validation

The WhaleTeq SECG 4.0 has undergone a detailed system validation
including software. A report for this can be provided on request.

Prior to shipping, each unit is tested for component values and output
voltages, using a calibrated precision multi-meter. As WhaleTeq cannot
provide ISO 17025 accredited calibration, laboratories which are required to
follow 1SO 17025 should perform calibration either periodically or on a
before use basis, following normal procedures and practice. The extent of
calibration may be limited depending on the needs of the laboratory.

As the calibration procedure is complicated, a software assisted calibration
mode is provided. The software sets up the SECG as required for the
particular tests, and instructs the user on what measurement to make (e.g.
measure resistance between RA and RL).

B WHALETEQ Single Channel ECG System A SIMULATION MODE *** - X

Main Function Parameters DC Offset Output Lead Bectode  Lead Bectrode Inpedance  Special functions

® on Amplitude Setting OrRa®
O thn 1.00/%] mv 0 mv |Oww
| « | 0.10:5mv;
Triangle Frequency [ Varabe % L® " L
vi lans Frequency for above.
- |  Common mode |
9o 0055iHe |0 igmurm Owv Pex latest standards, @304z S\ x
= bl 51k/d7F in AUN O sz O 1008z
305 BPM v (P6) terminal orly i
Pulse Waveforms bt bepadarce Tet | []V4,
[ Ovs Store as defaut
Pulse Width | g S0 Ove When checked,
1002] ms |2 (on= shorted 5Tk/47nF output
mpedance i shotted Arotude  Frequency
= 10[] mv |40 w
QRS Duration  Pacing Amplitude PacingDuration @ Single puise &
10072 ms 0%/ mv 207 ms  Frequency scans
Os
- T i 06
S TWave Overshoot Time Constant Pacing Rate S e
Select Specel 0203 mv 03 ms 60 > BPM Swop | 1500021 e
Havetorm e
|
o Pacing | O co (2~ 300pm/ 308)
Overshooting |~ g o
Ampiitude i e
e
Y BPM
[ Automatc
Auto Pacng
O 20mmimy
3 i — G “l @ tommmy Auto Heart Rate
[] Wavetorm Disiog L) S

Reset 1o Defauts SECG Assistant 1 SECG Assistant 1 SECG Assistant
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B Calibration Procedure and Record - m} X
Calibration Instructions Ster Parameter Nominal Limit Measurement Error Result A
Measurement of 51kQ resistor (RL/N/PS terminal) #1 | “Test location - - —_—

# | i ) _ _
a) Connect the reference meter to RA and RL 2 | *Date (yyyy/mm/dd

b) measure and record the resistance ) *Reference equipment:
#4 | *Room temperature, *C. — -
#5 | "Room humidity, %RH - -
#5 | 'Tests by. —_ —
#7 | "SECG Serial No —_ —

LI RL Resistance, kQ: 51.00 | 1%

#3 | input imp. rest., kQ 6200 | 1%

Note: the equipment will automatically set relays,
output mode, voltage and frequency as required. #10 | RL Capacitance, nF 470 | 5%
The user only needs to follow the above instructions.

#11 |Input imp. cap., nF: 470 | 5%
WARNINGS #12 | * Change to mVdc = - None required
- Follow the steps in sequence
- allow at least 1s before proceeding to the next step for #13 | Output voltage, mVpp. 0500 | 1%
equipment settings
#14 | Output voltage, mVpp 1.000 | 1%
If a streaming error occurs due to too many instructions 215 | Qutrust yoiane mvino. 2000 | 18 v

you may need to re-start the SECG software

Figure 31: Software Assisted Calibration Mode

The user then enters the results into the form provided, and the software
checks if the results are within allowable limits. When complete, the results
of calibration are automatically copied to the notepad and stored in a text
file at:

C:\WhaleTeg\SECG_Cal_yyyymmdd.txt

where “yyyymmdd” is the date based on the PC’s system. If a fixed width
font such as “Courier New” is used, the data appears aligned.

The following manual procedure is retained here for reference and
explanation. The calibration mode does not include pacemaker rise time,
which is included in the manual procedure here.

Calibration procedure:
Table 10: Calibration Procedure

Nominal
Parameter Value, Method
Tolerance

The 51kQ can be measured between any
lead electrodes and RL/N terminals.
51kQ + 1% Note: the resistors used are usually
accurate to 0.1%, but the measured
value will be closer to 51.22kQ due to

RL/N
resistance
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Nominal
Parameter Value, Method
Tolerance
the inclusion of a 220Q resistor used for
DC offset. This remains in tolerance.
Lead The 47nF can be measured between RA
impedance 47nF £5% and RL/N using a calibrated capacitance
capacitors meter, at 1kHz.
This can be measured as follows:
e Set Main function to “Off”
Input e Set output to RA
impedance 620kQ+1% , ) .
resistor e Open switch S2 (input impedance test)
e Measure the resistance between RA
and LL
Measure as for the 620kQ above, using a
capacitance meter at 1kHz.
Input Note: there is about 100pF stray
impedance 4.7nF£5% capacitance in the circuit which is
capacitance included in the measurement. However,
even with this the measured result is
within the limit.
Resistance values are specified as 100kQ
and 100Q + 0.1%, but these cannot be
verified once in circuit. An alternate
method is used to verify the accurate
ratio:
e Set up a 10mVpp and 0.1Hz square
Precision wave to output RA
.. . 1000:1 ) ]
divider ratio +0.2% e Using the Fluke 8845A or equivalent

(100kQ:100Q)

precision meter, measure and record
the peak to peak voltage at BNC2 by
zeroing during the negative cycle, and
measuring at the positive cycle
(nominally 10Vpp).

e Repeat this measurement at the
output between RA and LL (nominally
10mV)
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Nominal
Parameter Value, Method
Tolerance

e Calculate the ratio and confirm it is
1000:1 +0.2%

Method:

e Set up 0.5mVpp and 0.1Hz square
wave, output to RA

e Measure the peak to peak output
between RA and LL, using the Fluke
8845A or equivalent, record this as
output mVpp

e Repeat for ImVpp, 2mVpp, 5mVpp,

Output Setting £1% and ?OmVpp o

voltage e Confirm all values are within 1% or

5uV of the set value

Note: The Fluke 8845A has suitable

accuracy at 10mVpp but has borderline

accuracy at ImVpp and lower. An

alternate method is to measure the

output at BNC2 and then use the divider

ratio above.

Method:

e Set the equipment to “Off”

e Select +300mV

o Measure the voltage between RA and
LL

DC offset
(fixed 300mV +1%

+300mV
) Note: the DC offset is sourced from an

internal super capacitor which will
discharge after ~10min. Tests in the
standard are typically <<2 minutes.
Use the following procedure:

e Set the equipment to “Off”

e Select the “Variable” checkbox

e Setto +200mV DC offset

e Confirm the value is 200£5mV

Setting

DC variable £5mV or 1%
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Nominal
Parameter Value, Method
Tolerance
e Repeat for +600mV, +1000mV, -
200mV, -600mV and -1000mV
Method:
e Set up 1mVpp and 40Hz sine wave
e Measure the frequency at BNC2 using
any appropriate meter
Output Setting Note: this ver.if.ies 'Fhe system clock is
accurate. Verification of other
frequency +0.2% . o -
frequencies or timing is not as this is
covered by software validation, although
users are free to measure other
frequencies and timing. The use of 40Hz
is recommended to avoid beating with
mains frequency.
Voltage
+10%, pulse | The pacemaker pulse can be observed
width +1%, | directly at the terminals RA and LL (with
Pacemaker rise time the output to RA terminal). Use a setting
pulse <10uys, of +700mV and 2ms, so the pulse can
characteristics | overshoot clearly be seen above any oscilloscope
<5%, noise. Measure the amplitude, rise and

settling time
<5us

fall time and overshoot.
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5.1 Self-Calibration

Self-calibration assists the user calibrates SECG 4.0 before testing.

1. Set up the parameters of the SECG 4.0 AP to “Square, 5 mV, 0.1 Hz” and
output to the RA lead electrode as the figure shown below:

Main Function Parameters DC Offset Output Lead Blectrode Lead Bectrode Impedance
O oft Amplitude Setting M RrRAR
O sine 5005 mv 0 mv [Owaw
O Triangle Frequency [ Vvariabie g LL )

3 Common mode vi
e o L = Lol

. 1k /47F i

6.0 BPM Ovs (ps)gmzm}y
Pulse Waveforms Input Impedance Test | [7] V4
Ovs

O Neclange B Pulse Width (] S20K. T 0 ve
O Triangle Puise 1002 ms (on = shorted)
O Exponential

Figure 32: SECG 4.0 Interface

2. Connect the multimeter (Please use the models which are 6 1/2 (6 1/2
digits) or more) to RA and LA of SECG 4.0, and measure the DC mV. The
value should be in 1% of 5 mV because the output amplitude of SECG
4.0 gives alternating 5s (0.1 Hz square wave) phases at -2.5mV and
+2.5mV, which the multimeter is zeroed (delta function) at one phase
(e.g., -2.5mV), with reading taken from the other phase (e.g., +2.5mV) to
obtain the 5mV peak-peak value.

Figure 33: Self-Calibration Setup
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3. SECG 4.0 DC offset check is shown as the red square in the figure below.
SECG 4.0 connects DC in series with electrode wire (in the case, RA).

PS

Sae

100 ka2

0.1%
100 0.1%

EUT

[

o 0—
“w
. T e Ittt

Figure 34: SECG 4.0 £300mV DC Offset

4. The user can verify the DC voltage by setting up the parameters of SECG 4.0
AP to “Square, 0 mV, 0.1 Hz, DC Offset Setting to 300mV and select RA”.

Main Function Parameters DC Offset Output Lead Blectrode
off Amplitude Setting @] RAR)
Sine 0005 mv 3005 mv LA(L)
Trisngle Frequency | Variable I LLE)
@ Squars O0E]Hz [ gy Common moce :;
6.0 BPM v3
Pulse Waveforms Input Impedance Test V4
i sl Pulse Width 620k/4.70F \\f;
Triangle Pulse 1005 ms ' (on = shorted)
Exponential

Figure 35: DC Voltage Verification (300mV)

5. Connect the multimeter to RA and LA of SECG 4.0 and measure the DC
voltage. The value should be in 1% of 300mV. The setup is shown in the
below figure.
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=Lt

3 SREAENERENR - TS

Figure 36: Self-Calibration Setup

6. If the user wants to check the DC voltage other than 300mV, set the DC
voltage from -1000mV to +1000mV with 5% accuracy. Please look at the
figure below for details.

(This extra DC voltage can support some other than 300mV testing, like
IEC 60601-2-25, 201.12.4.101 “Indication of inoperable ECG”, this test
item may need DC voltage more than 300mV. For detailed testing
methods, please contact WhaleTeq.)

Main Function Parameters DC Offset Output Lead Bectrode
) Off Amplitude Setting 7| RAR)
") Sine 0.00% mv 10005 mv |ClLA@
© Triangle Frequency (V| Variable ; | LL(F)
. e — Common mode ) vi
@' Square 010 He | toRL/N 7 v2

6.05 BPM ] v3

Pulse Waveforms input Impedance Test | v4

" vs
e e Pulse Width | 620K/4.TnF 7] ve
*) Triangle Pulse 1002 ms ! (on = shorted)

) Exponential

Figure 37: DC Voltage Verification (>300mV)

7. Use the same way as above to check the DC voltage with the multimeter.

The above steps assist the user to make sure SECG 4.0 is outputting correct
signals before the test.

Reminder: Self-calibration is to facilitate the user to quickly confirm the
signal quality before testing, not to replace the original calibration service
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recommended every year.

Whaleteq original calibration service is equipped with calibration
equipment specially designed for physiological simulator to ensure the
accuracy of calibration, and can calibrate the offset value of the device
within the original specification of Whaleteq. Under normal use, the device
is recommended to be calibrated once a year. Please refer to the contact
information and contact Whaleteq for the original calibration service.

Note: if Whaleteq detects that the components of the device are damaged
and makes it impossible to adjust, it shall be sent back for maintenance.

6 Troubleshooting
Table 11: Troubleshooting

Problem Resolution
Recognition of the SECG 4.0 needs to be done in
. order:
iiffeifg:iiztdu(ﬂz)B 1. CI.ose the SECG 4.0 software if it’s open.
driver is installed 2. Disconnect the SECG 4.0 for ~2s.
correctly) 3. Rec.onnect the SEC§ 40
4. Wait for the recognition sound.
5. Activate the SECG 4.0 software.
Move the main function mode to “Off” and then
return to the function being used. If this does
SECG 4'9 stops not work, close the SECG 4.g0 software,
responding .
disconnect the SECG 4.0, reconnect the SECG
4.0 and restart it.

7 Cautions

1. Before using products, use a grounded wrist strap or touch a
grounded safely object or a metal object, such as the power supply
case, to avoid damaging them due to static electricity.

2.  WhaleTeq does not recommend to connect test equipment with DUT
to conduct Electrostatic Discharge (ESD) test. This may cause
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unexpected damages to test equipment. Please contact WhaleTeq
for alternatives before ESD test.

3. For operating “Firmware Update” feature, there are risks of losing
data if improper options are performed during the Firmware Update
period.

4. Warranty void if QC PASS label is removed or tampered with.
5. The professional testing instrument, not a medical device, is for

testing only, and will not involve human or clinical use.

8 Ordering Information

8.1 Standard Package

Table 12: SECG 4.0 Standard Package

Part No. Description Quantity
Model No.: SECG 4.0

Single channel ECG test system for 12 leads
(RA, LA, LL, N, V1-V6), including one ECG
breakout box (BB-C1) and 12 compound
terminals

100-EC00102 | Package contents: 1
« SECG4.0x1

+ 12-lead breakout box x 1
+ Compound terminal x 12
« USB cablex1

« Grounding wire x 1

8.2 Optional Software, Accessories and Services

e  Optional Software Add-on Pack

Table 13: Optional Software Add-on Pack

Part No. Description
HAO-SEOF001 | Auto setup for IEC 60601-2-25:2011 performance tests
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Part No.

Description

HAO-SEOF002

Auto setup for IEC 60601-2-27:2011 performance tests

HAO-SEOF003

Auto setup for IEC 60601-2-47:2012 performance tests

HAO-SEOF004

Auto setup for China YY1079-2008 performance tests

HAO-SEOFO05

Auto setup for China YY1139-2013 performance tests

HAO-SEOF006

Auto setup for China YY0782-2010 performance tests

HAO-SEOF007

Auto setup for China YY0885-2013 performance tests

HAO-SEOF008

Auto setup for China JJG760-2003 performance tests

HAO-SEOF010

Auto setup for China JJG1042-2008 performance tests

HAO-SEOFO011

Auto setup for China JJG1041-2008 performance tests

HAO-SEOF012

Auto setup for China GB 9706.225-2021 performance
tests

HAO-SEOF013

Auto setup for China GB 9706.227-2021 performance
tests

HAO-SEOF014

Auto setup for China YY 9706.247-2021 performance
tests

Optional Accessory

Table 14: Optional Accessory

Part No. Description Quantity
USB isolator for reducing the power noise
100-0T00001 from PC. Recommended to use with SECG 4.0, 1

MECG 2.0, HRS200, HRS100+, SEEG 100 and
SEEG 100E.

Optional Calibration Service and Warranty Extension

Table 15: Optional Calibration Service and Warranty Extension

Part No. Description
Model No.: C3
Provides (3) years of calibration service coverage.
YY0007 . . ..
WhaleTeq equipment can be calibrated to original
performance on the basis of (1) year interval.
VY0008 Model No.: R3

Extends the limited warranty from (1) year to (3) years.
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Table 16: Revision History
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Version

Modified Contents

Issued Date

2020-12-31

Add

4 Software Development Kit (SDK)
8 Ordering information

9 Version information

2020-12-31

2021-06-29

Add
7 Cautions

2021-06-29

2021-11-26

Add
5.1 Self-calibration

2021-12-03

2022-10-13

Update

2.5 Main Screen

2.7 Software Options — SECG Assistant
8.2 Purchase software and accessories

2022-10-14

2024-12-04

e Update

1.4 Main Specifications

2.3 Set Up a Low-noise Test
Environment

5.1 Self-Calibration

8 Ordering Information

Figure 21

e Add

2.6.112.6.11 Download PhysioNet
Database

2025-01-23

2025-05-19

Update

2.2 Connecting to the ECG
6 Troubleshooting

Table 2

Table 9

2025-05-29
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10 Contact WhaleTeq

WHALETEQ Co., LTD

service@whaleteg.com | (0)+886 2 2517 6255
8F., No. 125, Songjiang Rd., Zhongshan Dist., Taipei City 104474, Taiwan
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