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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
WEARABLE ELECTRONIC DEVICES AND TECHNOLOGIES –  

 
Part 402-3: Performance measurement of fitness wearables –  

Test methods for the determination of the accuracy of heart rate 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in 
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which 
may be required to implement this document. However, implementers are cautioned that this may not represent 
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC 
shall not be held responsible for identifying any or all such patent rights. 

IEC 63203-402-3 has been prepared by IEC technical committee 124: Wearable electronic 
devices and technologies. It is an International Standard. 

The text of this International Standard is based on the following documents: 

Draft Report on voting 

124/247/FDIS 124/259/RVD 

 
Full information on the voting for its approval can be found in the report on voting indicated in 
the above table. 

The language used for the development of this International Standard is English. 
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/publications. 

A list of all parts in the IEC 63203 series, published under the general title Wearable electronic 
devices and technologies, can be found on the IEC website. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the 
specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, or 

• revised. 

 

IMPORTANT – The "colour inside" logo on the cover page of this document indicates 
that it contains colours which are considered to be useful for the correct understanding 
of its contents. Users should therefore print this document using a colour printer. 
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INTRODUCTION 

The intent of this document is to evaluate the accuracy of wearables that measure heart rate 
with a photoplethysmogram (PPG) sensor. 

Heart rate is a widely used physiological variable that non-invasively assesses the cardiac 
autonomic nervous system by measuring changes in the cardiac rhythm through time. Heart 
rate can be measured from an electrocardiographic signal (ECG). However, the use of 
physiological signals other than ECG to extract heart rate information is common. The term 
“pulse rate” has been used in literature to reference heart rate obtained through PPG. 

Researchers have been using PPG to extract as much information as possible given its 
widespread use in clinical and everyday activities. PPG is a simple, non-invasive, optical 
measurement technique used for the detection of blood volume changes in peripheral tissue. 
Pulse rate has been treated as a synonym to heart rate and these two terms are often used 
interchangeably by manufacturers in describing device features to consumers. However, it is 
possible that the relationship or differences between heart rate and pulse rate will not be clear 
based on intent. Because some countries and manufacturers can use the term pulse rate rather 
than heart rate, the reader is encouraged to clarify preferential term, if the term is being used 
as a synonym, and testing expectations. 

Heart rate measures the rate of contractions or heartbeats whereas pulse rate measures 
changes in blood pressure. For an unhealthy person, these two factors could be different. The 
reader is reminded that according to 4.4.1 of this document, test participants are asked to fill 
out the Physical Activity Readiness Questionnaire (PAR-Q) to determine their eligibility for the 
comparative test. Anyone deemed unhealthy per the PAR-Q will be disqualified from testing. 
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WEARABLE ELECTRONIC DEVICES AND TECHNOLOGIES –  
 

Part 402-3: Performance measurement of fitness wearables –  
Test methods for the determination of the accuracy of heart rate 

 
 
 

1 Scope 

This part of IEC 63203 specifies terms, a measurement protocol, and a test to evaluate the 
accuracy of wearables that measure heart rate with a photoplethysmogram (PPG) sensor. While 
this document can be used to measure a variety of different devices claiming to report heart 
rate, care will be taken when testing in countries that differentiate between heart rate and pulse 
rate. This measurement protocol is not intended to evaluate medical devices associated with 
the IEC 60601 series or ISO 80601 series. 

2 Normative references 

There are no normative references in this document. 

3 Terms, definitions and abbreviated terms 

3.1 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

ISO and IEC maintain terminology databases for use in standardization at the following 
addresses:  

• IEC Electropedia: available at https://www.electropedia.org/ 

• ISO Online browsing platform: available at https://www.iso.org/obp 

3.1.1  
heart rate 
HR 
speed of the heartbeat measured by the number of contractions of the heart per unit time 
(typically per minute), or frequency of contractions of the ventricles 

3.1.2  
body mass index 
BMI 
person’s weight divided by their height in meters squared 

Note 1 to entry: It is expressed in kilograms per square meter. 

3.1.3  
heart rate monitoring device 
HRMD 
device that captures pulsation signals and calculates the pulse rate at regular intervals 

Note 1 to entry: HRMD is used in this document for PPG wearable devices under test only. 

3.1.4  
plethysmograph 
device which produces a plethysmogram 
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3.1.5  
photoplethysmogram 
PPG 
graphic record of the variation with time of an optically measured volume of blood circulation at 
the skin’s surface 

3.1.6  
pulse rate 
PR 
increase in arterial pressure that can be felt and measured by a pulse (typically measured per 
minute) 

Note 1 to entry: Pulse rate is used interchangeably with the term heart rate by many manufacturers describing 
features of wearables. However, some countries use the term pulse rate differently than heart rate. 

3.2 Abbreviated terms 
BMI body mass index 
ECG electrocardiogram 
HR heart rate 
HRMD heart rate monitoring device 
LED light emitting diode 
MAPE mean absolute percentage error 
PPG photoplethysmogram 
PR pulse rate 

4 Test methods and procedures 

4.1 General 

A wearable device with heart rate monitoring based on a photoplethysmogram (PPG) is tested 
with a PPG simulator at various frequencies A chest type electrocardiogram (ECG) is used for 
comparative test. A participant wearing both a PPG wearable device and a chest type ECG 
wearable device performs various physical activities including walking, jogging, and running as 
well as no physical activity (being sedentary). 

4.2 Other considerations 

Manufacturers should consider the following factors that can impact testing. 

Test conditions:  

– variable ambient light (e.g., direct, indirect, and sun or shadow transitions);  
– wide ranging temperatures (cold and warm);  
– wide range of ambient noises;  
– use of clothing that can have the potential to interfere with devices (e.g., tightness, 

thickness, or clothing which restricts the ideal wearing of the device);  
– body or wrist positions during certain protocols (e.g., for cycling applications: bent wrist or 

straight arms);  
– position of PPG wearable device on the body;  
– electrical interference from outside sources;  
– potential for signal loss between the measurement device and data repository (e.g., mobile 

app or other). 
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4.3 Setup and configuration 

4.3.1 PPG simulator test 
– A PPG simulator is prepared as shown in Figure 1. A light emitting diode (LED) is connected 

with a current limiting resistor in series and powered with a function generator. The 
wavelength (or colour) of the LED shall match that of the PPG wearable device under test. 
The value of the current limiting resistor is determined considering the LED forward voltage 
and current found in the LED data sheet. A PPG wearable device manufacturer can use a 
commercially available simulator. 

– A PPG wearable device is placed over a PPG simulator that is located in a chamber or room 
wherein humidity, temperature, and light intensity are measured and recorded. 

– By using the function generator, the frequency is configured to 0,5 Hz, 1,0 Hz, 1,5 Hz, 
2,0 Hz, 2,5 Hz, 3,0 Hz, and 3,5 Hz, sequentially. At each frequency, a sinusoidal wave 
between 0 V and 5 V is supplied to the PPG simulator circuit to make the LED blink. 

– Between 5 s to 10 s after the PPG simulator starts to operate at a frequency and the PPG 
function of the PPG wearable device is on, the heart rate readout on the PPG wearable 
device is recorded for 1 min. 

– The accuracy of the PPG wearable device is analysed by comparing the measured heart 
rate and the frequency setting in the simulator. Results shall be reported in accordance with 
Clause 6. 

 

Key 

1 PPG wearable device; 

2 jig for the PPG simulator; 

3 light emitting diode; 

4 current limiting resistor (100 Ω to 500 Ω); 

5 function generator (sine wave with 5 Vp-p and 2,5 Voffset); 

Figure 1 – PPG simulator circuit and setup 

4.3.2 Comparative test with a reference ECG device 
– A participant wears both a PPG wearable device and a chest type ECG wearable device as 

shown in Figure 2 and following the manufacturer’s instruction manual for both the PPG and 
ECG wearable devices. The chest type ECG wearable device used as a control device shall 
have a certified, approved or verified accuracy as a base reference device for comparison. 

– For physical activities, humidity, temperature, and light intensity are measured and recorded 
in accordance with Clause 6. 
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– The participant performs a described physical activity in accordance with the test protocols 
defined in 4.5.3. 

– While performing the physical activity, the heart rates displayed in the PPG wearable device 
under test and the reference ECG device are simultaneously recorded. 

– The accuracy in the heart rate measurement of the PPG wearable device is analysed by 
comparing the measured heart rates from the PPG wearable device under test and the 
reference ECG device. 

 

Key 

1  Reference ECG wearable device (a chest belt type as shown in this example is recommended but other types 
having an ECG module mounted on the chest can be used). 

2  PPG wearable device (wrist type shown but not limited to that type). 

Figure 2 – Example of PPG to be tested and reference ECG devices 

4.4 Participant considerations  

4.4.1 General considerations 

Participants shall be in good health, with no medical conditions, especially heart related 
diseases. Participants are asked to fill out the Physical Activity Readiness Questionnaire 
(PAR-Q) to determine their eligibilities for the comparative test (an example is shown in 
Annex A). Testing shall be done with at least 20 participants representative of the 
characteristics identified in 4.4.2 to 4.4.7. If the number of participants in the participant test 
group is greater than 150 % of this minimum, a good faith effort shall be made to maintain a 
similar ratio of participants with the specified characteristics. 

4.4.2 Skin tones 

Using the Fitzpatrick Scale, at minimum the following number of participants should have skin 
tones in the range specified:  

– at least 25 % of participants with a lighter skin range (1 to 3 on the Fitzpatrick Scale); and 
– at least 25 % of participants with a darker skin range (4 to 6 on the Fitzpatrick Scale). 

It is recommended to try and meet the range on the Fitzpatrick Scale but exceptions to the 
Fitzpatrick Scale are allowed in some countries and regions. 
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