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« Basics of testing PPG optical Heart Rate (HR) and SpO, functions

* Introduction of the Multifunction Tester

« How to use the Multifunction Tester to test optical heart rate and
SpO, functions

How to use the Multifunction Tester to:

e Test ECG equipment according to ECG standards

o Test Pulse Wave Transit Time (PWTT)

o Conclusions
e QA
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Basics of testing
PPG optical Heart Rate (HR)
and SpO, functions



Green LED and PD to Measure HR

LED emits green light to the skin

+ Partially absorbed by skin tissue,
arteries, and veins

+ Partially reflected back to the PD
of the sensor

Skin tissue and veins

+ In a static state, the volume does
not change with each heartbeat, and
the intensity of absorbed light and
reflected light is stable. It is
converted into direct current (DC) by
the PD.

¢ Darker skin color will absorb more
incident light, so the reflected light
will be weaker, and vice versa. So the
DC level represents the skin color
range.

o o e o~ o~ P AC

Epidermis

/ Dermis -

Hypodermis 1

PD (Photo diode)

¢ The converted electrical signal
consists of two parts, DC and AC.
¢ The AC signal comes with HR
variation parameters.

Artery

¢ The blood volume changes with
each heartbeat and the heart rate,
so it is converted into alternating
current (AC) through PD.

¢ People with more elastic arteries,
meaning the reflected AC signal has
larger amplitude changes, so the AC
level represents the artery elastic
range.



R&IRLED and PD

« Pulse oximetry determines SpO, value by illuminating vascular tissue with rapid switching between Red and IR light.

« ACsignals of Red and IR PPG are sensitive to changes in SpO, value because of the variance in the light absorption of O2Hb
(Oxyhaemoglobin) and HHb (Deoxyhaemoglobin) at these two wavelengths.

Transmittance Reflectance

o .DCi (R) AC(R) + DCt (R) D R) 32: :FR?) Q
LED (IR) DE: Qz: PD LED (IR) I:.)-:\,__:
Dei (IR) AC(IR) + DCt (IR) PD .‘;{:’
AC (R) + DCr (R)
AC(IR) + DCr (IR)

« Rvalue: using the amplitude ratio of AC/DC signals for both Red and IR wavelengths

_ (AC/DO) g _
= Gk m) |Sp02=K1+K2R| R curve

Note: SpO, value can be calculated as a linear function of R, where K1 and K2 are constants.
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Introduction of the Multifunction Tester
& how to use it to test
optical heart rate and SpO, functions



Synchronization & Three Major Parameters AC, DC, BPM

Lux

N

PI=[AC/DC] x 100%
Pl:0.1% ~ 20% 'DC

«  BPM (Beat Per Minute) — adjusts the frequency of the AC signal to simulate
different heart rates.

« DC-simulates brightness reflected of different skin colors.

« AC-simulates PPG waveforms changing in arterial blood volume within the skin.

« Pl (Perfusion Index) — (AC/DC) x 100%

Green light R & IR light

Wearable DUT Wearable DUT

Mechanical

' ' | I Separator
leltlijl::rl]on : Diffusion Diffusion
Film [
LD | % Film
Multifunction Tester Multifunction Tester PPG Module
PPG Module

LED to Generate Signals PD to Detect Timing

Synch rong /

Synchronize



Functional Signal and Parameter Range

The standard AC source generates a frequency-accurate

standard function waveform

+ Sine, Triangle, Square, or PPG waveform
¢ Range: 10 bpm ~ 300 bpm

¢ HR accuracy: £1 bpm

Adjustable AC/DC amplitude
¢ Range of AC amplitude: 0.75 ~ 30 mV
+ Range of DC amplitude: 100 ~ 3000 mV

+ Pl (AC/DC * 100%) range: 0.025% ~ 30%

I
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Optical Noise

The noise is divided into :
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+ Motion noise
(1) Non-pulsating physiological tissue movement such as during exercise or
daily activities will lead to reflected light intensity changes with the movement.
(2) If the frequency of movement is close to the heart rate, it is difficult to

differentiate it from arterial blood volume changes.

+ Ambient light noise
(1) Ambient light, such as sunlight and lamp light.

(2) It's also absorbed by the PD in the sensor and generates a
physiological-like signal that interferes in measurements of changes in

arterial blood volume.

+ Motion noise and Ambient light noise

Note: The waveforms are for reference only and do not represent actual superimposed results.



Three Major Testing Function

DUT . :
3. Algorithm Testing

Algorithm

MCU
2. DUT Performance & Repeatability Testing

1. DUT LED Behavior Signal

Process
LED PD
1 3
PD LED
Freerat MaxPeak 904 - 9

EEIEREEEREN EREIRERNARN

Display DUT LED Behavior

g Load \ Play C sition: 00:00:40:310 2 sec 5 sec 10 sec
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Play Recorded Raw Data or Customized Waveform
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AECG100 + PPG Module

AECG 100 main unit

¢ A single-channel ECG device tester
¢ Designed for ECG standard
(IEC 60601-2-47, YY0885)

\

USB port

+ Used for connecting to
a laptop/PC to control
the AECG100 through its
software

YMd XNV

asn

i ECG, PPG and PWTT
AECG100 Multifunction Tester
I Con T

Off/On T
- ® Mode @ @ @ C/

Reflectance PPG module Transmittance PPG module
+R&IR +R&IR
* Green

N

®@ @ ®@ @

RL1/N1 RL2/N2 RA/R LA/L
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¢ Upper: PD
¢ Lower: LED

yt & Performance Test System for Wearable Medical Devices

Supp< hina YY0885 Perfor

GNDY¥ Monitor ¥
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SpO, Testing Example

1 2 3

+ Upper opening: matches DUT R & IR LEDs ? Control the AECG100
+ Lower opening: matches DUT PD, and blocks and the DUT
DUT green light to facilitate SpO, testing _— -

R & IR LED
Green LED

Mount the other side of the
3D test fixture onto the PPG
module and then put the

3D test fixture

. to match the DUT and DUT onto it DUT (MAXREFDES103) put
AECG100 PPG module , on the 3D test fixture using
Align the LED and PD on Bluetooth communication

® DUT to the PD and LED on with the PC

the module respectively



AECG100 SW Parameters & MAXREFDES103 SpO, Measurement

MAXREFDES103 PPG Evaluation Kit SW controls B /heleTeq ACGI00 Test System (beta) Main WASTO0T-19001 PRGHVAP2002 120034 - .
the DUT through Bluetooth or USB = o Pl = o

Waveferm | PPG r D Use SpO2 Table R Cu rve

@ Waxim Devicestudi\-[PPG EVKS p02 98&" 2% :| ‘ID?_.SE” + | ?..1&" x R o+ | -S.QE" x RA2 Degree: P— E"
Fle View Device \Diagfiostics Tools Help
PPG Evaluation Kit Rvaue | 02232 = @n® s OPm R curve
Operation Algorithm Management AFE Management AEC Settings [HE2
Operation Mode AFE Contro D Lock AC Lock DC
E\:\:rlthm 0:Continuous HRM and Sp02 AEC n onime e l.-f'/_-h\“\.h__ I Pl | 1,?35&" % = AC | 3,93&" mv o/ DC | 500 ‘| v
Power Saving ~ sScD 14.8 l_,.-" o "“"--N_H___- .f_.-"' = -
Display Log Management e e Output DC = 500+ 0% mv R: PI = AC/DC
Accelerometer 100 sps, av
' Algorithm Data Log HR Log (1Hz) = — BPM 602 Infrared
P —— | Write Heade e Setting 5P, vt [ Lock AC Lock DC
=N P Max Dling-Avg | 100 sps, av
pO2 Graph C:MaximLogs\PPG_2022-09-05_14-16-20.csv B PM Pl | 20000z % = ac | w00 mv s b | 500Z| mv
Stop Browse Select Data OutputDC = W00+ o my I R. PI — AC/DC
.
9500

U P P P P U P P I Ve P P Pt

= L =
5 o Red PD waveform L [Reat |[ sme | [ Reca R AR O2sec @5sec O Tosec
o @
& g0 =
£ £ INVERTED: ON
S = .
o a0l E SYNC PULSE: ON
- v
IR PD waveform |z
7500 — . . . . . o=
=
-Axis Scale 500 - samples E'u
IR Count ed Count Green Count
as = s o000 T e
8145 | 9434 | 3606 ‘ -
HR RR . - Sp02 Sp02 % Low Signal Motion Sp02
HR (bpm) Confidence RR Value Confidence Activity SpO2 (%) onfidence R Value Complete Quality Flag State SCD State
115 ‘ 99 ‘ 0 ‘ 0 ‘ REST “ 97.9 V 98 ‘ 0.678 ‘ 0 ‘ 0 ‘ 0 ‘CALCULAT.. ‘ OFF SKIN

v



AECG100 LED Synchronizes With DUT LED Lighting Timing

¢ AECG100 PDs detect DUT
LEDs lighting timing & intensity

¢ AECG100 LED switches' on-off
timing synchronizes with DUT LEDs

¢ DUT LEDs synchronize with
AECG100 LED switches

E., Stop B4 Freeze Max Peak R: 176 [R: 1020 = ' +
: = =¥ PD-RED =
%_ «  PD - Infrared DUT Red LED emits
3 Switch - RED
_5 — Switch - Infrared n . a]l nl
= DUT IR
_ LED emits |‘ ﬂ
-E Stop ] Freeze Max Peak R:0  IR:D = | +
= PD - RED =
s PD - Infrared r\‘ AECG100 Red LEDu—u u—u
3 w  Switch - RED switch ON
& |{anfrard—— "  Switch - Infrared
= H H AECG100 IR LED H H
switch ON
E | stop £ Freeze MaxPeak R:0  IR:0 - | +
= ;I PD-RED
E Fen »  PD - Infrared ] Iy
3 v Switch - RED I “'I(
il_ ] : o Switch - Infrared n
g FInfrared n 1 n
= AECG100 Red &IR LEDs
] ‘l; synchronize wiﬁm DUTR & IR LEDs
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Establish a SpO, table & build an R curve via the SpO, table

ECG | PWTT  $p02 |PPG | AutoSequence | BN 7
SpDZ % _| 102.. SE| | 2.1 E‘ = R o+ = RA2 Degree:
BB 002 Table (outputting R-DC=350 0, IR-DC= — O . 9
Table |maJ{3|]3 V| | Mew Table | = | Save | | Graph | |SaueAs*seq | R curve
R - AC (mV) R - DC(mV) IR - AC (mV) IR - DC {mV) 5p02
i i . . : uploaded
A EE 500 10 500 91
18 500 10 500 Al ]
gem 120 500 10 500 / \!?5 V4
B 5002 Table (outputting... R-AC=8, R-DC=500, IR-AC=10, IR-DC=500) — O I 5002 Table (outputige®R-AC 00, IR-AC=10, IR-DC - x
Table |ma.1(303 V| | MNew Table | B | Save | | Table | |SaveAs".seq | Degree Polynomial: Table | Sav || Table I|SaveAs*.seq | Degree Palynomial:
1o ' Sp0O2 — 1162 — 201 xR & @ p ' Sp02 = 1025 +21 xR — 8 x R“Z‘J. |
R curve ol R curve
(first-order equation) (quadratic equation)
§ 90 1 * § 90 1
w w
0 | AC/DC 0
= L0 re (AC/DC) ga
(AC/DC) IR =
70 : : : t : : . ! (AC/D!C) IR -
0.6 0.8 1.0 12 14 16 18 20 22 14 16 18 20 22
R Value R Value
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Auto Test SpO, Function

- WhaleTeq AECG100 Test System (beta) Main: VWAE1001-190018 PPG: WAP2012-220602 - .4
Masimo R curve El o
ECG | PWTT utputting...o |Sp02 l PPG | Auto Sequence |
J v Inverted
5p02 8 % lable: |M_RCurve ~ ~  Synchronized Pulse
Trigger Level
Transmission Rate | Mormal Medium Finger Neonatal Foot Ambient Light v o#
) Dark & Thick Finger Indoor - 50 Hz
signalsuenger: [N | Dsric Medium Finger t ndoor- 60tz
T Normal Medium Finger Indoor - 1K Hz
N Light & Medium Finger One more red Indoor - 2K Hz
/ S~ —— / Light & Thin Finger ; Indoor - 3K Hz
~ Auto detects & 'trED to ;I‘mutlT'teht e
f e ampilent i
~/ reflects DUT LED I door- skhe
Indoor - 6K Hz
EPM 60 . . Indoor - 7K Hz
6 different DC level settings Indoor - 8K Hz
Indoor - 9K Hz
Indoor - 10K Hz
Indoor - Direct Current
Sun Light
r_é, Stop R-DC: -- IR-DC: -- () 2sec (@ Ssec () 10sec
2
£ i~ C -~ . INVERTED: ON ‘
el ]/ \ [N .'f N\ \ ."II{ SYNC PULSE: ON Tt e
&R i S M { — | AMBIENT LIGHT: OFf -

i . Note: The Masimo reference SpO, table is not

= = o = - = provided by its owner. The data are collected
through the AECG100 main console

measurement and for reference only.
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Player tab — Replay raw data file

Loop R IR Current Position:  00:00:09:835 (O 2sec () 5sec @ 10sec

INVERTED: ON
SYNG PLHLSE: ON

N ) _
. BB Hclp - WhaleTeq format
0 AO1Ptxt: raw data file
3 rorp o File Format
E=F &
%gg[ﬁ— —————————— » [sampling frequency]
1 [number of samples per signal ]
1??%;240 [number of signals]
% : }%g%gg [signal description (signal-1)],[signal description (signal-2)), ...
1. 138864 [sample data-1 (signal-1)],[sample data-1 (zsignal-2}], ...
R [SAmpIEdAta= (signal-1)),[sample data-2 (signal-2)], ...
1.150586
1.154193
% . }g% é [sample data-N (signal-1)],[sample data-N (signal-2)], ...
1. 165464
% 169071

172678 Description



Test Fixture Examples

Watch

Earphone

Y
AECG
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Test Fixture Examples

« WhaleTeq successfully developed exclusive test solutions for MediaTek MT2511.

Flexible probes on the upper fixture mounting base
(electric module matched)

Flexible probes on the lower
fixture mounting base
(electric module matched)

Multifunction tester PPG base
(optical module matched) and ECG connections

G69-related news and photos for reference:

https://kknews.cc/digital/4ga3k6g.html
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Conclusions

e The multifunction tester is mainly used to determine the performance, measurement range, and stability
of pulse oximeters.

e The described method changes the parameter AC, then PI, and the R value, and finally the SpO, value
changes according to the R curve.

e The R curve can be directly input or established through testing.

+ This method can be used to acquire stable measured values before clinical trials by avoiding directly conducting the
clinical trials and having test results at great risk.

e Reference R curve: using the Multifunction tester to test and it is different from the R curve after having
clinical trials.

e The above test takes the reflectance wearable device as an example. The transmittance pulse oximeter is
also tested similarly.

¢ The reflectance one has LED and PD on the same side while the transmittance one has them on the opposite sides.
+ In general, the transmittance one doesn't need a test fixture. Jeses

20
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How to use the Multifunction Tester to
test ECG equipment
according to ECG standards



AECG100 Main Unit

ER WhaleTeq AECG100 Test System (beta) Main: WAE1001-190018 PPG: WAP2007-190027

- X
ECG ‘ PWTT | Sp02 I PPG l Auto Sequence m n
Voltage Noise Generator DC Offset
= , . 5.00mV : -
|i1 Ld  Amplitude (p-p) TO0LS mv Frequency  Off v Offset 0 mv
I ' . '
|II R Wave 0882 mv Amplitude 010 2 | mv [ Variable
| :
[ TWave 0202] my AR
- [ = : . Input Impedance Test
o 0.20/=
AL A Rteee) =] mV ] 620k0/4.70F (on=shorted)
_ Si_ \ . ST Deviation 0003 mV -5.00mV

RL RA - | D Time |[J Pacemake H RLD
| I BE 603 Frequency | 1003 PR Interval | 160E] ms 100 200ms || [J Pacemaker
® ® ® ® S

PR Auto Heart Rate |||:| Respiration
o Electrode Waveform QRS Duration 100E] ms 10 - 200ms |
= RL1/N1 RL2/N2 RA/R LA/L = ® RAR Waveform [ECG - ' RS | Frequency Scan |
e - — r
- : = 100ms 840ms .
2 Sine QT Interval 350k ms Std. Assistant
: 5 o ; . L
% 2 /‘n\,«"\y i Qun Pulse Width Triangle ' C?I'
o ECG, PPG and PWTT o Square
= QASEENN0) i itifunction Tester o Rectangle Pulse
b Compliant & Test Syster fearable Medical Devices = - . : Triangle Pulse
2 \ind YY0885 Performance Tests o % Reset Save Exponential ay ) Smm/mV () 10mm/mV (® 20mm/mV
Off/C A B C = -i
® vk ® @ @ C/ 5| 4
GNDY Monitor ¥ 5 e )
10
oo 10 20 30 a0 50 52 0 80 P 100 1o 120
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IEC 60601-2-47:2012 & YY0885-2013

IEC 60601-2-47:2012

B Assistant - IEC60601-2-47 (2012) - X
Standard: |IEC60601-2-47 (2012) ~
201.12.4.4.101 Linearity and dynamic range (analog) v

Pass Criteria:

Preparation:

Test Parameter:

201.12.4.4.101 Linearity and dynamic range (analog)

201.12.4.4.101 Linearity and dynamic range (digif

201.12.4.4,102 Input impedance

201.12.4.4,104 Gain accuracy

201.12.4.4.105 Gain stability

201.12.4.4.107 Multichannel crosstalk

201.12.4.4.108 Frequency response a) Rectangular Pulse

201.12.4.4.108 Frequency response b) Sinusoidal Signal

201.12.4.4.108 Frequency response ¢) Triangular Pulse

201.12.4.4.109 Function in the presence of pacemaker pulses - shall not affected by the operation of an implanted pacemaker
201.12.4.4,102 Function in the presence of pacemaker pulses - shall product a visible recording for pacemaker pulses
201.12.4.4,112 Temporal alignment

DC Offset;
®omv O +300mv O -300 mv

Standard:

Pass Criteria:

Preparation:

Test Parameter:

Run Cancel

IEC60601-2-47 (2012) a4

201.12.4.4.101 Linearity and dynamic range (analog) ~

The output signal amplitude referred to input shall not change by maore than 10 % or 50 pV, whichever is greater
RA: Measure lead I, LA: Measure lead |

Setup ECG to Smm/mV and 25mmjs

Qutput Lead:
®RaRrR)y OLlAW

Test procedures

®osmv O1mv O2mv Oemv .
oc ot in standards

®omv O +300mv O -300mv

YY0885-2013

B Assistant - YY0885 (2013) BT LEBEE - X
TR | vvosss (2013): BN OEEZE

51.5.1 NAEBATE
51.5.1 TS5, ,\ TE

51.5.4 Eﬁ&ﬁﬁﬁ

51.5.5 iE'%EI;E‘fE

5156 TS =

e AR

51.5.9 SRR a) 5

FHBH: (5150 RN b) SAEEEE

51.5.9 SIZEMM o = &KkS

51.5.10 &/ MEMES

51511 BERDETRAE S - BEEAEEERS IS
51511 EEROETEES - EENESBRERDETAEND
51.5,15 BT {EI3ET 77

EnRE:
@omv O +300 mv (=307 O -300 mv (=530

m&ﬁ%ﬁ’\]'ﬁﬁ%ﬁﬁﬂ ukl‘:"]"’r

Run Cancel
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Player tab — Replay raw data file

Load

Play Loop Current Position:  00:00:11:987 ) SmmdmV () 10mm/mY (@ 20mm/mVY

4 Plaj.rer’ Signal

?

G

oo

19 0 a0 40 50 8.0 70 8.0 E1e 0.0 .o

120

AO1Ptxt: raw data file B Hel
@ A0tE e File Format
BER =5
25) €em == mm o Em E= = = == e ¥ [sampling frequency]
%5000 [number of samples per signal]
ECG_70 [number of signals]
8 : %%g% %g [signal description (signal-1)],[signal description (signal-2)], ...
0.319712 [Eampledata=l) (signal-1)],[sample data-1 (signal-2)], ...
8 : %égg {% [sample data=2 (signal-1)],[sample data-2 (signal-2)], ...
0.320913
8 : %%gg %% [sample data-N (signal-1)],[sample data-N (signal-2)], ...
0.314904 o
0315500 Description
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How to use the Multifunction Tester to
test Pulse Wave Transit Time (PWTT)



Simultaneously play ECG and PPG waveforms

« Simultaneously play ECG and PPG
waveforms, and the time delay of
ECG and PPG waveforms is
adjustable.

ECG

PWTT ISpDE } PPG ‘ Auto Sequence

N, . 5
\\
Electrode
® RA/R
O LAL
Reset Save Recall

Play

ECG
BPM 60f
Voltage
Amplitude (p-p) 1.0012
TWave 0.2012
Time
QRS Duration 1008
10ms

ECG PPG

Load ECG Mode

Waveform
5.71mV
mV n
A
my
-5.71mV
ms
200ms

PPG

BPM |
Pl
DC

AC

Time Difference

P |

PTF |

Database Player

[] Respiration

R Load PPG Mode
Waveform
803
20000 o

625 2| mv Lock DC

12505 mV [ Lock AC

5002 ms [ Lock PTIp

350 2 | ms [~] Lock PTT

Auto PWTT

() 2sec (@ Ssec () 10sec
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Conclusions



Conclusions

« The multifunction tester optical PPG modules provide PPG heart rate and SpO, testing

« DUT R curves can be established to provide algorithm verification and validation of pulse oximeters

« The ECG tester in the multifunction tester is designed according to the requirements of the standard
test circuit, and the output signals fully comply with the medical standard

« The PWTT can be adjusted to effectively verify the accuracy of the blood pressure measurement
algorithm

« Play raw data waveforms to reproduce clinical recordings or user-defined waveforms

« Standard assistant software organizes test steps and processes required test items of medical
standards

« Provide SDK (Software Development Kit) for users to flexibly develop automated testing programs

28
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