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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)
- Input impedance
- Noise
- Multichannel cross talk
- Accuracy of heart rate indication
- Pacemaker rejection
- 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:
- 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 | 201.12.4: All For 201.12.4.101
(Diagnostic) performance tests (large DC offset test),
the SECG is limited to
Except : +1VDC. However, this
¢ CMRR test and is almost certainly

enough to exceed the
point of saturation.

baseline noise
> use WhaleTeq
CMRR 3.0

¢ Test referring to
the CTS atlas

For the test circuit in
figure 201.110, switch
position A is not

(CAL/ANE provided. This is

waveforms)*, CSE considered an error in

database the standard due to

> use WhaleTeq the loading effect of
MECG 2.0

R2. Instead the DC
offset is provided in
series with output as
per Figure 201.106.
(See section 3.2 for
notes on switching
between P1, P2 and
P6.)

*Note: for most tests
CAL/ANE waveforms are
alternates. For two tests
may be required
(201.12.4.102.3, test of
lead networks; and
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Standard

Clause(s)

Limitations / Notes

201.12.4.105.3 test of
ringing from mains
notch filter)

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 CMRR3.0 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)

Forall 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 1),

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

module:

1000:1
o Divider
Additional —p| I
input BNCL (100kQ 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) L —®
+1.25v 0.1%) Output lead, dc — Output b4
offset and 620k/4n7 [ | impedance —®
. - . . 4.
Pre-divider switching network — ;ﬁgjzl;i
monitor  (BNC2) — ( ) —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 via USB 2.0

Allows monitoring of
the applied signal
pre-divider

(1V = 1mV output)

Single Channel ECG Test Unit

For IEC60601-2-25, -2-27, -2-47
ANSI/AAMI EC11, EC13

China YY1079, YY1139, YY0782, YY0885

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. Below

includes these parameters and also other system parameters necessary for

testing. For reference, the system capability is provided.

Table 2: Main Specification

Parameter

Specification

System capability /
notes

Main output voltage
accuracy

+1% for amplitudes of
0.5mVpp or higher

+0.3%

Main output voltage
resolution
(DAC resolution)

2.5uv

In version 4.0, a single
output range is used

Frequency / pulse
repetition rate
accuracy

1%

+0.1%

Pulse duration / timing
accuracy (excluding

pacing)

+1ms

+0.2ms

Pacing pulse width
accuracy

+5us

t1ps

Pacing pulse amplitude
accuracy, range

2mV pulse: +1%
>2mV pulse: £10%
Range: £2mV to
+700mV

+2mV pulse: +0.3%
100mV pulse: £1% or
*5mV

Pacing pulse
characteristics

Rise/fall time 5us
Overshoot <1%
Settling time <1%

Pacing pulse overshoot
(intentional)

Method A according
to IEC 60601-2-27

Resistor tolerance 1% +0.5%

Capacitor tolerance 5% 5%

Precision 1000:1

divider 10.2% +0.1%

(100KQ:100Q)

Sample rate 5kHz £ 0.1% 5kHz + 0.05% (50ppm)

11
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Parameter Specification S gl
notes

DC offset (fixed, noise | 300mV *+ 1% 300mV +0.1%

free, sourced from

internal super

capacitor)

DC offset (variable, Setting +1% or £3mV Setting 1% or £3mV

may include up to

50uVpp noise)

Power supply USB +DC supply (no Typical load<0.25A,
separate power supply | up to 0.45A is
required) possible if all relays
0.5A (high power are turned on
mode)

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

expected.

Safety, EMC standards | No applicable safety standards (maximum
internal voltages 12V DC)

For EMC no testing performed. CE marking
based on careful selection of parts, including
USB protection IC, as well as special filters to
reduce noise from microprocessor (8MHz) and
DC/DC converter (200kHz).

*Additional specifications may be provided on request.

12
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2 Setup
2.1 Software installation

2.1.1 System requirements

The Single-channel ECG system uses a normal PC to interface and
control the USB module.

PC requirements:

- Windows PC (Windows 7 or later, suggest to use the genuine
version)

- Microsoft .NET 4.0 or higher

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

- 1.5 GHz CPU or higher

- 1GB RAM or higher?

- USB port

2.1.2 SECG 4.0 Software Installation

Please follow the below steps to download and execute SECG

Software.

1. Download SECG software from WhaleTeq website.

2. Browse to the download location.

3.  Unzip the file to your destination folder.

4. 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.

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
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.
13
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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 SEEG 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. 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 USB module 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 SEEG unit, please download
“mchpcdc.inf” from WhaleTeq website. This driver is
14
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provided by Microchip® for using with PIC microprocessors
having built-in USB function.

2.  When the USB module 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 SEEG 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 USB module, use the “ECG breakout
box” provided. The ECG breakout box includes:

(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.

Alternately the ECG device under test can be directly connected to the USB
module using a male D15 connector. The pinouts are:

1-RA  4-RL  7-V4 10-V1
OQO 2lA  5-V6  8-V3 11-NC
—— 3L 6-V5  9-V2 12- GND

15
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2.3 Environment, noise reduction

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

(a) using a metal bench or metal sheet underneath the ECG device under
test and the WhaleTeq SECG test unit, and

(b) connecting SECG GND terminal to the sheet and also the frame ground
(or EP terminal) of the ECG device under test:

A~
SECG 4.0

ECG Device
Under test

Frame ground
or EP terminal

Metal bench, metal sheet or foil

Figure 4: Noise Reduction Environment Setup

With this setup, turn the ECG device under test to maximum sensitivity,
turn off the AC filters (if possible) and confirm that the level of noise is
acceptable for tests. For most tests, this setup is satisfactory without any
special efforts. However, for the input impedance test with the 620kQ is in
series the imbalance in impedance can cause high noise. For this test, the
AC filter may be turned on. If the noise is still excessive, move to an
electrically quiet environment or increase the size of the metal sheet
underneath and around the setup.

16
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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”.)

Not Support Firmware Update Support Firmware Update
About [=]|| |About 2
WHALETEQ Single Channel ECG Test System WHALETEQ Single Channel ECG Test System
Version 5006 Yersion 5006
WHALETEQ Co, LTD @ 2017 AT Rights Reserved WHALETEQ Co,, LTD ® 2016 Al Rights Reserved
Tittpewrw whaleteq com hitp:/Avww . whaleteq com
- Performance tester for 1/3/5/12 lead ECG device - - Performance tester for 1/3/5/12 lead ECG device
WHALETEQ - Built-in patisnt's skin-slsctrode impedance WHALETEQ - Builtin patient’s skin-electrode impedance
- CAL waeform available - Adjustsble DC offsst - CAL waveform aveilable - Adjustsble DC offset
- Built-in fest circnit per ECG standands - Built-in test circuit per ECG standands.
[FIW Version:55  H/W Version:28 ] (UpdeteFW | [ OK ]

Figure 5: 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”.

17
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.WHALETEQ Single Channel ECG System  *** SIMULATION MODE *** X
Main Function Parameters DC Offset edance Special functions
@ off Amplitude Setting
O sine 1.003 mv 05 mv
E 01015 mVpp
O Triangle Frequency [] variable g a e
< Vi lains Frequency for above
O square 0.057% Hz W b x BEO At @ SHz O 60Kz
< > H: 100H
3.0 BPM O 8oz O 1004z
Pulse Waveforms nput Impedance Teat
O Rectangle Puse Pulse Width [ S0k 70 Ove When checked,
O Triangle Puise 1005 ms (on = shorted) S1k/4TnF M:.” ed
imped: it Ampltude  Frequency
O Exponential ==
| mv H H
O ece2-27 QRS Duration Pacing Amplitude Pacing Duration @ Single puise LR il [
- - - Double pulse
[ show Timer 1005 ms 0% mv 205 ms O (56 advarced FEr]e:uencyscans
O special () Double puise ine =
CALDS000 (1mVpp) T Wave Overshoot Time Constant Pacing Rate (250ms advanced) Stan 0673 Hz
Select Specil 02017 mv 0% ms 60 2{BPM _ g ncnronised Swop | 150.00[3 He
Waveform %} with main function Duration 305 s
@ oumat Pacing [J ECG (3 ~ 30bpm / 30s)
7 Overshooting A
Amplitude Scan
i Hz
0.00 3 |mv BPM
E 5 M Automatic
Dok Auto Pacing
QO 20mmmv
a1 - | @ tommmv Auto Heart Rate
[] Waveform Diaiog O smmimy Caibration Mode
Reset to Defauls SECG Assistant Il SECG Assistant I SECG Assistant

Figure 6: Function Table

Step 2.
“About” button is popped up. Press “Update F/W” button.

About =]
WHALETEQ Single Channel ECG Test System
Version 5006
WHALETEQ Co., LTD © 2016 All Rights Reserved
hittp:tvww whaleteq com

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

- CAL waveform available - Adjustable DC offset.

- Built-in test circuit per ECG standands.

F/W Version:55  H/W Version:28
Figure 7: Update F/W Button.

Step 3.
Go to WhaleTeq website, refer to the below table to download

compatible Firmware file.
Table 3: H/W F/W Version

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

18
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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
i l_S 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

[ 2»m |[ Bm

Figure 8: Information Dialog

Step 6.
Wait for firmware update complete.

Update Firmware

Progress - Writing Data ..

39 %
.

Figure 9: 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 10: Firmware Update Completion
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Lead Blectrode Impedance _Special functions

. WHALETEQ Channel ECG Systel ** SIMULATION i
Main Functio Parameters DC Offset Output Lead Electry
® off Amplitude Setting [J rRAR)
O sine 1.00% mv 05 mv Owaw
O Triangle Frequency [] Variable E] LL(r)
v
2 Common mode
O square 0.0577 He O torsn 0Ov2 Per latest standards,
=S 51k/47nF in RL/N
3.0 BPM Owvs (P6) teminal only
Pulse Waveforms, Input Impedance Test [ [] v4
O Rectangie Pus Ovs Store as default
ectang| ulse i
Pulse Width 620Kk0/4.70F Ove Wrsi chockad.
O Triangle Puise 100/ ms (on = shorf 51k/47nF output
als -~ impedance is shorted
vnonentia
O Ecc2-27 QRS Duration [’acing Amplitude Pacing Duration @ single puls|
how Ti 1 = - - Double pul¢
[] show Timer 005 ms 0% mv 205 ms Ol o
() Special 1 . . @ puuble puise
CALOS000 (1mVpp) T Wave Olershoot Time Constant Pacing Rate (250ms advanced)
Select Special 0202 mv 0 v ms 60 - |BPM Synchronised
Waveform with main function
¥
ouout Pacing
Overshooting
Amplitude
0.00 = |mv
: Automatic
Display
O 20mm/mv
e ) ® 10mm/mv
[[] waveform Dialog O smmimyv
Reset to Defaults SECG Assistant Il SECG Assistant Il

0.10/$ mVpp
Mains Frequency for above
@® soHz O 60Hz
O 8oz O 100Hz

Amplitude Frequency

105 mV 4013 Hz

Frequency scans

[] sine
Stant 067} Hz
Stop 150.0013 Hz
Duration 30Ks

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

Scan Frequency
Hz
BPM

Auto Pacing
Auto Heart Rate
Calibration Mode

SECG Assistant

Figure 11: 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 11” is for YY and JIG (China standard), and “SECG

Assistant 111" is for GB.
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08 — Pulse Waveforms : Select the pulse waveform type. “Pulse
Width” is a related parameter.

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 4: Main waveform

Waveform ..
Description Sample waveform
type
Sine Basic sine wave,

according to the /\/W\/\/
amplitude (mVpp) and

frequency (Hz or BPM) : s .
Triangle Basic triangle wave,
according to the
amplitude (in mVpp) and
frequency (Hz or BPM) c
Square Basic square wave,
according to the w
amplitude (mVpp) and

frequency (Hz or BPM) :
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Waveform
type

Description

Sample waveform

Rectangle
pulse

A rectangular pulse,
according to the
amplitude setting, pulse
width (ms) and pulse
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:
. Adjust the waveform amplitude from 0 to 10mV at a
Amplitude

- 0.01mV resolution. For all waveforms, the amplitude
1.00 3 mV represents the peak-to-peak value. For example, for a 1mV
Frequency sine wave, the actual waveform varies between +0.5mV
1_[][]3: and -0.5mV. This correlates with testing requirements in

Hz
- standards.
Ei[la EFM

Frequency:
Pulse Width The frequency can be set in either Hz or beats per minute
ﬁ (BPM). Changing one will automatically change the other
1003 M 45 match. For pulse waveforms (rectangle, triangle, ECG),
the frequency can also be referred to as the pulse
QRS Duration repetition rate, or heart rate. For some pulse settings, the

100 3 frequency is limited to prevent overlapping pulses.

ms
T Wave O pulse Width:

020 mV  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 pulse3. For triangle pulses,
the setting 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*.

Figure 12: Main Parameters

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®.

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
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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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 Setting

DC Offset
Setting

I 032 mV/
[~ Variable

Commeon mode
r toRL/N

Figure 13: DC Offset
Setting

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).

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
Cin Figure 201.110.

2.6.4 Input Impedance Test

Input Impedance Test

52 position:
|
(on = shorted)

Figure 14: 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.
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2.6.5 Output Lead Electrode

Output Lead Eectrode

[ ve

Figure 15: 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). 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
B B Double pulse
93 o 2.0 3 ms | (150ms advanced)

Owershoot Time Constant Pacing Rate (250ms advanced)

0= ms 60 BPM  _ ynctronised

In general, a pacem

'S Double pulse

with main function

Figure 16: Pacing Parameter

aker pulse can be added to any main function

(sine/triangle/ECG etc.), with the following parameters:

Table 5: Pacing Parameter

Parameter Description
Pacing amplitude | This can be set in steps of 2 ranging from -700 to
+700mV.

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

When set at +2 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.
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Parameter

Description

Pacing Duration

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

Overshoot time
constant

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 rate/
synchronized with
main function

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 |[EC
60601-2-27.

If this box is not ticked, the user can set the pacing
rate independent of the main function (e.g., 80
BPM as required by IEC 60601-2-27, 100 BPM
according to IEC 60601-2-51).

Single/Double
pulses, 150ms
and 250ms
advanced

This group selects whether single or double pulses
are required according to IEC 60601-2-27. If double
pulses are required, they can be 150 or 250ms
advanced.
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2.6.7 Output graphic display

output Pacing
Overshooting
Amplitude

[\ﬁ fbx /\f\ fb\ M 0.0 mv

Automatic

40

Display
) 20mmimy/
@ 10mm/mv

Time &)

-
[] Wawveform Dialog ) Smmimv

Figure 17: 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 Baseline reset test
(1Vpp 50Hz/60Hz)

Mains noise
D (50/60Hz)
Mains Frequency for above
® 50Hz () 60Kz
()atHz () 100Hz

01015 mV/pp

D AAMIEC 13 Drift test
(0.1Hz 4mV/ triangle wave)

| Dynamic Range Test
(IECE001-2-51/31.107.2)
Ampltude  Frequency

105 mv 405 He

Frequency scans

] ine
Start 0675 Hz
Stop | 150.0015 He

Duration W5

[ ECG (3~ 30bpm/ 30s)

Scan Frequency
Hz
BPM

Figure 18: Special Function
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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.,
1mVpp 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 0.05 ~
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):
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 (20, 30, 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
5kHzwhich 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.
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ECG:

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

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

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

Auto Heart Rate

Calibration Mode
Auto Heat Rate: This opens a new window for
automatically cycling though all the combinations

Figure 19: Other Function required for heart rate testing in IEC 60601-2-27
(Clause 50.102.15).

SECG Assistant

Calibration mode: Opens a new window (see Section
4)

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 60 BPM), and asynchronous (heart rate 30 BPM,
pacing 80 BPM).

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).
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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

mfﬂl‘%‘;‘;' iy This function is implemented on the “Special
; m_ = Waveforms” form. In that form, a new button is created
Sﬂ:ﬁ,;ﬂ?ﬁﬂl and a text box. The button name in code is “Load ECG”

Figure 20: Load ECG File

= Special Waveforms - b
Special [EC 60601-2-27 Special [EC 60601-2-51 Note:
ANEZ0000 wawveform criginally included has
AL JECA] EALOS00N (ImVen) been deleted. The test to determine the
AAMI3B - EC A2 CAL10000 (2m\pp) extent of ringing from maing notch filters
should be performed with a multichannel device
AAMI3C - ECA3 CAL20000 (4m\pp) and all 12 displayed leads (Lead |, Il Il, aVR,
VE, aVl, W1 ~ WG} i cted for ringing.
AAMI3D- EC A4 CAL50000 (10mVpp) S }inspected for ringing

AAMI SA- EC B1
(| Loadece |)

AAMI 44— EC BY x2 e ; i
Tw/ G Tormars are available:

AAMISA - [EC B1 /2 Text (*bet):
- Ascii file, Windows line breaks (LF, CF)
AAMI4B - IEC B2 - first line is sample rate (Hz)
- zecond line number of samples
AANMI48 - IEC B2 x2 - follewing lines are samples in microvolts

(one sample per ling)
Binary files (*.bin}
- Bytes 1-2 are sample rate (Hz)
- Bytes 3-8 are number of samples
- Following bytes are samples, 2 bytes per sample
- all data is bigendian (high byte first), 2's compliment

AAMI4B - [EC B2 i2

%2 = double amplitude for tachycardia portion onhy
I2 = half amplitude for tachycardia portion only

Figure 21: Load ECG File Button

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

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

- first line is sample rate (Hz)
- second line number of samples
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- 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

The maximum size of loaded file is 100 million samples.
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 IEC60601-2-25/27/47,
YY1079/1139/0782/0885/9706.247, JJG 760/1041/1042, and
GB9706.225/9706.227. What’s more, it also supports IEC60601-2-26. 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 SECG4.0, 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 Caannel ECG System 4 SIMULATION MODE ™

Main Funcon Parameters DC Ofisot Oup Lead Secode  Lead Bectude inpedance  Special functions

| Amplitude [ seting Ora®

- Ou

Ou
=

(=]

)
)

* Please note the activation of T
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.

L
v
O
Ove

Pacing Duration
20%

Figure 22: 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 Active Key.
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Step 1:

B Activale SLCG Assistanl - x

Copy the Hardware ID / SECG Dev|ce |D 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

and send it to service@whaleteq.com to  Secwcwommme o epstemaneet
YY 1079-2008 / YY 1139-2013 / YY 0782-2010/ YY 0885-2013
request for an Active Key. ARER SRR ANSIAMM T3 2002 BE PSS N

GB9706.225/ 559706 2271 YY9706.247

AFAER BRIEC60601-2-25:2011 / -27:2011/ -47:2012 (B SR K
2:25127147 ¢85y © ‘Emwu't.‘zﬂ‘iiﬁlﬂ*bb HEREN AR LA
JJG 760 - 2003 / 1042-2008 ECG Monitor

AeEAERSRERR R FIORGE ABHALE » BT HFEOHEN>
WEREE » BT RIE 50 -

IEC60601-2-26: 2012 EEG

Try it now or contact Whaleteq to activate the fullfeature set
Activation Assistant
Hardware ID BEAFEBFCEACCBESFBFF

Activation Key

Activate Tnal Cancel

Figure 23: Hardware ID

B Actvate SECG Asistant

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

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

A unique Active Key will be sent to the e

YY 1079-2008 / YY 1139-2013 / YY 0782-2010/ YY 0885-2013

H - . tﬁ;ﬁ;#ﬁ;@mmiﬁxmsw&m Ec13:2002<¢5ﬁpa,¢$”m3
user via email. Enter the Active Key and Gree ey coame v 6
i H AbALE B IEIEC .26:20111-27:2011 | 47:2012 (BRI SR &3
C| ICk the Act|ve button. 22502714735 crssm/c-u&ﬁaﬁ/ﬂécﬁmmuxﬂzmgtﬁ

JJG 760 - 2003 / 1042-2008 ECG Monitor

AREAERESREER iﬁﬂ&ﬁlﬁﬁ SEAUERS » BT <MFLREN>
WRRIGE IR

IEC60601-2-26: 2012 EEG

Your SECG Assistant is now activated.

Try it now or contact Whaleteq to activate the fullfeature set.
Activation Assistant

Hardware ID 6EAFEBFCEACCOESFBFF |

Activation K [31562304A35E4A20A473 ]

Activate Tnal Cancel

Figure 24: Activate Key
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3 Testing to IEC and AAMI standards

3.1 Relation between IEC Figures and WhaleTeq SECG

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 references 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 6: Cross-References Between Switches and Terminals

-2-25/ -2-27/ -2-47 / Function WhaleTeq SECG

Figurel06 | Figurel05 | Figure101 Settings

S2 S S2 Connects the Automatically
function connected when
generator to the| function is
ECG. selected.

S5 S1 None Shorts out the | The SECG
100kQ (allows | automatically
large signals) selects Ch1 for

small signals and
Ch2 for large

signals®.
S1 S2 S1 Shorts the Input impedance,
620kQ used for | S2 checkbox
the input (default condition
is shorted)

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 | FigurelO5 | Figurel101 Settings
impedance
test.
S3 sS4 S3 Shorts out the | Automatically
DC offset selected if DC
circuit offset is set to zero
sS4 S3 S4 Sets the Automatically
polarity of the | selected if DC offset
DC offset is set to +/-300mV
P1 P1 P1 Output signal Any selected output
lead electrode is
connected to P1
P2/P3 P2/P3 P2/P3 Circuit ground | Any unselected
output lead
electrode is
connected to P2
P6 P6 P6 Neutral Terminal RL/N in
electrode the breakout box
(RL/N), with (pin 4) is
series permanently
51k/47nF connected to
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. 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, 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 I1SO 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  *+* SIMULATION MODE *** - X
Main Function Parameters DC Offset Output Lead Bectrode  Lead Bectrode Irpedance  Special functions

® on Amplitude Setting O ra®

O sne 10075 mv 05 mv |Oam

) Triangle Frequency ] Varave % e

® = 1 Common mode v

O Squere 0055TH: |0 iain Ow Per latest standards.

= TS Stk/AToF in RUN

3.0 8PM ]v3 {P6)tenminal orly

Pulse Waveforms Input Impedance Test | [] V4

~ Ovs Store as defaut
Berienghs Py Pulse Width | g szonas e Ove Doty e Dypank

O Triangle Pulse 10052] ms | (on=shorteq

O Exponental

O eco227 QRSDuation  PacingAmpliude  Pacing Duration
[] Show Tener 10055 ms 0 mv 203 ms
O Sspecal
CAL0S000 (1mVpp)
Select Specal 02012 mv 0 ms 60 > BPM
Waveform

TWave Overshoot Time Constant Pacing Rate

Auto Heart Rate

Caibration Hode

Reset 1o Defauts SECG Assistant 1 SECG Assistant 1 SECG Assistant

[] Waveform Diskog
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B Calibration Procedure and Record

= O X
Calibration Instructions Ster Parameter Nominal Limit Measurement Error Result A
Measurement of 51kQ resistor (RLN/PS terminal) #1 | “Testlocation = = ==
# " Imm/dd) — e
a) Connect the reference meter to RA and RL 2| "Date (yyyyimm/dd
b) measure and record the resistance £ | *Reference equipment — —
#4 | *Room temperature, *C. — —
#5 | *Room humidity, %RH - —_
# | *Tests by. —_— o
#7 | "SECG Serial No — —
LI RL Resistance, kQ: 5100 | 1%
#9 | 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%
Th to fi h truct
e user only needs to follow the above instructions. #11 | nput imp. cap., nF 470 5%
WARNINGS: #12 | * Change to mVdc - - None required
- Follow the steps in sequence
- aliow at least 1s before proceeding to the next step for #13 | Output voltage, mVpp. 0.500 | 1%
equipment settings
#14 | Output voltage, mVpp 1.000 | 1%
If a streaming error occurs due to too many instructions, 215 | Ouired ynene mvion 2000 | 19 v

you may need to re-start the SECG software

Figure 25: 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:\WhaleTeq\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 7: Calibration procedure

Nominal
Parameter value, Method
tolerance
RL/N 51kQ + 1% The 51kQ can be measured between any
resistance lead electrodes and RL/N terminals.

Note: the resistors used are usually
accurate to 0.1%, but the measured
value will be closer to 51.22kQdue to the
inclusion of a 220Q resistor used for DC
offset. This remains in tolerance.
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Nominal
Parameter value, Method
tolerance
Lead 47nF £5% The 47nF can be measured between RA
impedance and RL/N using a calibrated capacitance
capacitors meter, at 1kHz.
Input 620kQ+1% | This can be measured as follows:
impedance e Set Main function to “Off”
resistor e Set output to RA
e Open switch S2 (input impedance
test)
e Measure the resistance between RA
and LL

Input 4.7nF£5% Measure as for the 620kQ above, using a
impedance capacitance meter at 1kHz. Note: there is
capacitance about 100pF stray capacitance in the

circuit which is included in the

measurement. However, even with this

the measured result is within the limit.
Precision 1000:1 Resistance values are specified as 100kQ
divider ratio +0.2% and 100Q + 0.1%, but these cannot be

(100kQ:100Q)

verified once in circuit. An alternate
method is used to verify the accurate
ratio:

e Set up a 10mVpp 0.1Hz square wave
to output RA

e Using the Fluke 8845A or equivalent
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)

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

38




SECG 4.0 | User Manual

Parameter

Nominal
value,
tolerance

Method

Output
voltage

Setting +1%

Method:

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

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

e Repeatforl, 2,5, and 10mVpp

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.

DC offset
(fixed
+300mV)

300mV 1%

Method:
e Set the equipment to “Off”
e Select +300mV
o Measure the voltage between RA
and LL

Note: the DC offset is sourced from an
internal super capacitor which will
discharge after ~10min. Tests in the
standard are typically <<2 minutes.

DC variable

Setting
+5mVor 1%

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
e Repeat for +600, +1000, -200, -600
and -1000mV

Output
frequency

Setting +1%

Method:
e Set up 1mVpp 40Hz sine wave
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Nominal
Parameter value, Method
tolerance
e Measure the frequency at BNC2
using any appropriate meter
Note: this verifies the system clock is
accurate. Verification of other
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.
Pacemaker Voltage The pacemaker pulse can be observed
pulse +10%, pulse | directly at the terminals RA and LL (with
characteristics | width 1%, | the output to RA terminal). Use a setting
rise time of +700mV 2ms, so the pulse can clearly
<10us, be seen above any oscilloscope noise.
overshoot Measure the amplitude, rise and fall time
<5%, and overshoot.
settling time
<5us

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:
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Main Function Parameters DC Offset Output Lead Blectrode Lead Bectrode Impedance
QO oft Amplitude Setting & RAR)
O Sshe 50015 mv 02 mv |Owuwm
O Triangle Frequency [ variable E]] LL (F)
3 Common mode vi
@ saquare 0102 Hz Wiy = ge”a;:;t —
a 1k/47nFin RL/N
6.0 BPM Owvs (P6) terminal orly
Pulse Waveforms input impedance Test | [] V4
Owvs
(O Rectangle Pulse Pulse Width &5 e Ove
O Triangle Puise 1002 ms (on = shorted)
O Exponential

Figure 26: 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 27: Self-Calibration Setup

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).
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Figure 28: SECG 4.0 £300 mV 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 300 Mv and select

RA n
Main Function Parameters DC Offset Output Lead Blectrode
off Amplitude Setting [¥] RAR)
Sine 0005 mv 3005 mv AL
Triangle Frequency | Variable AL,
= §A , Common mode vi
ESw— dan 7 L ) toRLIN v2
6.0 BPM V3
Pulse Waveforms Input Impedance Test V4
) [ vs
e ae T Pulse Width 620k/4 70F ] ve
Triangle Puise 1005 ms ' (on = shorted)
Exponential

Figure 29: 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 300 mV. The setup is shown in the
below figure.
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3 “SEREAENERERTN. « TS T
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Figure 30: Self-Calibration Setup

6. If the user wants to check the DC voltage other than 300 mV, set the DC
voltage from -1000 mV to +1000 mV with 5% accuracy. Please look at
the figure below for details. (This extra DC voltage can support some
other than 300 mV testing, like IEC60601-2-25, 201.12.4.101 “Indication
of inoperable ECG”, this test item may need DC voltage more than 300
mV)

Main Function Parameters DC Offset Output Lead Bectrode
off Amplitude Setting V| RAR)
~ Sine 0.00% mv 10005 mv  |ClLa®
() Triangle Frequency [¥] Variable :——:‘ LL(F)
@ S 00| He | Common moce J :;
6.0 BPM 0 vs
Pulse Waveforms kexk pecnce Teat 3| IV
e el Pulse Width  620kQV4.70F J\ :«53
0 Triangle Pulse 100 ms ' (on = shorted)
Exponential

Figure 31: 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 Trouble shooting
Table 8: Trouble Shooting

Problem Resolution
USB module (test Recognition of USB devices needs to be done in
unit) not recognized | order:
(USB driver is 1) Close WhaleTeq software if open
installed correctly) 2) Disconnect the USB module for ~2s

3) Reconnect the USB module
4) Wait for the recognition sound
5) Start WhaleTeq software

USB module stops Move the main function mode to “Off” and then
responding return to the function being used. If this does
not work, close WhaleTeq software, disconnect
the USB module, reconnect the USB module and
re-start the USB module.

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.

For operating “Firmware Update” feature, there are risks of losing

data if improper options are performed during the Firmware Update

period.

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

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

8

Purchasing Information

%
[y

Standard accessories

SECG 4.0 hostx 1
12-lead breakout box x 1
Wire tie x 12

USB cable x 1

Grounding wire x 1

AN NI NI NN

00

2

SECG Standard assistant software:
SECG Standard assistant software:
SECG Standard assistant software:
SECG Standard assistant software:
SECG Standard assistant software:
SECG Standard assistant software:
SECG Standard assistant software:
SECG Standard assistant software:
SECG Standard assistant software:
SECG Standard assistant software:
SECG Standard assistant software:
SECG Standard assistant software:
SECG Standard assistant software:
USB Power isolator: WUI100

AN NN NN YN N U NN N N

9 Version information

Purchase software and accessories

IEC 60601-2-25:2011
IEC 60601-2-27:2011
IEC 60601-2-47:2012
GB9706.225-2021
GB9706.227-2021
YY9706.247-2021
YY1079-2008
YY1139-2013
YY0782-2010
YY0885-2013
1JG760-2003
JJG1041-2008
11JG1042-2008

Table 9: Version Information
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Version Modify content Issue date
20201231 Add 20201231
Chap 4 Software Development Kit

(SDK)

Chap 8 Purchasing information
Chap 9 Version information

20210629 Add 20210629
Chap 7 Cautions

20211126 Add 20211203
Chap 5.1 Self-calibration

20221013 Update 20221014

Chap 2.5 Main Screen

Chap 2.7 Software Options — SECG
Assistant

Chap 8.2 Purchase software and
accessories

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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