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Introduction 
This guide was written to instruct clinicians on the use of heart rate variability (HRV) in clinical biofeedback, 
as a form of applied psychophysiology. 

Contrary to the common assumption, a healthy heart doesn't beat regularly as a metronome. The heart's 
moment by moment beating rate is naturally influenced by many physiological factors and varies 
constantly. The most obvious of these factors is physical activity. At rest, for example, your heart might beat 
in the neighborhood of 60 times per minute. When you're running for the bus or swimming lengths, it might 
accelerate to well over 90 times a minute. In fact, the range defined by your minimum to maximum heart 
rate capacity is a key factor defining your level of health. As a person's physical condition deteriorates, this 
range can actually become narrowed to the point of limiting their ability to adapt to the stresses of daily life. 
From that point on, any unexpected stressful condition could push the individual to the limit of their 
adaptability and put them at risk for cardiovascular accidents and possibly death. 

The idea of exercising the cardiovascular system to maintain as wide as possible a range of heart rate 
adaptability is not new. Medical practitioners have prescribed physical exercise and stress management 
techniques, such as meditation or yoga, for generations. In recent years, a novel biofeedback method has 
gained serious recognition from practitioners of many health care professions. A set of standard signal 
processing and analysis methods, proposed in 1996, has been widely accepted by practitioners and 
manufacturers of equipment. A number of heart rate variability (HRV) biofeedback protocols have been 
developed and tested for various clinical conditions. The research shows sufficient evidence of success 
that it places HRV biofeedback ahead of many other self-regulation methods in terms of acceptance by 
mainstream medicine. 

This manual will teach you the basic concepts of HRV biofeedback and help you learn how to apply them 
within your clinical practice. After you have become familiar with the key concepts, it is strongly 
recommended that you do some hands-on training, before using them on a real examinee. 

As simple as this method may sound, it still requires practice. 

HRV biofeedback is clinically indicated for: 

¶ Relaxation 

¶ Stress control 

¶ Exercising the respiratory and cardiovascular systems 

Note: This document is not intended to replace scientific and clinical literature (a bibliography of 
references is provided on page 31). 
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Detection of Heartbeat Signals 
The principal component of successful HRV biofeedback is the ability to detect heartbeats reliably and 
precisely. Two types of physiological sensors can be used: 

¶ Electrocardiography (EKG/ECG) 

¶ Blood Volume Pulse (BVP, also called photoplethysmography) 

Both sensors are noninvasive and detect a specific physiological change associated with the heart's 
activity, but their functions are based on very different principles. 

In either case, the sensor's output shows a recognizable beat pattern that is used to calculate the time 
between consecutive beats, or interbeat interval (IBI), and the corresponding heart rate (HR, in beats per 
minute). From a series of such IBI values, a number of mathematical processes can be applied to extract 
the standard metrics used for HRV biofeedback. 

When doing HRV training, it is also common to use a respiration sensor for practicing breathing exercises 
and to train to increase respiration sinus arrhythmia (RSA). The respiration sensor detects the expansion 
and contraction of the chest as a person breathes. 

Electrocardiography (EKG) 

The EKG sensor detects the electrical signal that is generated by the heart muscle each time it contracts. 
This electrical signal propagates throughout the body and is captured by the electrodes, then amplified and 
filtered by the sensor before being converted to a digital signal by the encoder. It is then sent to the 
computer to be processed, recorded and displayed by the BioGraph Infiniti software. 

    

Heart muscle Electrodes (+cable) + Sensor Encoder Computer / 
Software 

 

Blood volume pulse (BVP) 

The processing sequence for the BVP sensor is similar, except for the type of physiological change that is 
being measured. The BVP sensor shines infrared light through the finger and measures the amount of light 
reflected by the skin. 

Fibers Electrodes Amplifier Filter 
A/D 

converter 
Processor/

Monitor 
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The amount of reflected light varies during each heart 
beat as more or less blood rushes through the 
capillaries. The sensor converts the reflected light into 
an electrical signal that is then sent to the computer to 
be processed. 

 

Respiration 

The respiration sensor is strapped around the client's chest. It detects 
breathing by monitoring the expansion and contraction of the rib cage 
during inhalation and exhalation. 

The resulting signal looks like a wave that moves up and down with each 
breath. The software uses the wave pattern to calculate the respiration 
period (duration), rate and amplitude. 

Note: For clarity this graphic shows sensors strapped around a bare 
chest. In practice, you would normally strap respiration sensors 
over a client's clothing.  

A/D converter (Encoder) 

Thought Technology's analog to digital (A/D) converters are called "encoders". 

¶ ProComp2 has 2 channels (A and B) sampling at 256 samples per second and 2 channels (C and D) 
sampling at 32 samples per second. Because channel A contains an integrated EEG sensor, it cannot 
be used to measure other types of physiological data. (Only two channels at a time can be used to 
record data, either A and B, or C and D.) 

¶ ProComp5 Infiniti has 2 channels (A and B) sampling at 2048 samples per second and 3 channels (C 
to E) sampling at 256 samples/second. 

¶ ProComp Infiniti has 2 channels (A and B) sampling at 2048 samples per second and 6 channels (C 
to H) sampling at 256 samples/second. 

¶ FlexComp Infiniti has 10 channels (A to J) sampling at 2048 samples per second. (This encoder was 
designed primarily for research data acquisition, hence the high sampling rate on all channels.) 

    
ProComp2 ProComp5 Infiniti ProComp Infiniti FlexComp Infiniti 

The sample rate (for instance, 2048 samples per second) is the number of measures (samples) per 
second taken from the continuous signal (analog signal). In this case, the analog signal is the EKG, BVP or 
respiration signal captured by the sensor. The series of samples constitutes the digital signal. 
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Although EKG or BVP signals can be sampled at 256 samples per second, it is generally recommended to 
use a higher sampling rate (2048) because this allows for a higher precision in the detection of heartbeats 
and, subsequently, in the HRV calculations (Gary G. et al). 

Note: For research data acquisition, use of the higher sampling rate (2048) is crucial. For biofeedback 
purposes, such as paced breathing training, a lower sampling rate may be adequate. 

Because it is a slow signal with no high-frequency component, the respiration signal can be sampled at 256 
samples per second with no loss of precision. A higher sampling rate can be used, but provides no 
additional benefit. 

Amplifier (Sensor) 

Thought Technology's HRV sensors are: 

¶ EKG-Flex/Pro (SA9306M): Detects heart beats by measuring the heart's electrical activity. The unit of 
measure is in millivolts. 

¶ BVP-Flex/Pro (SA9308M): Detects heart beats by measuring the pulse in a finger tip. The unit of 
measure is relative (%). 

¶ Resp-Flex/Pro (SA9311M): Detects breathing by measuring the chest's expansion and contraction. 
The unit of measure is relative (%). 

   
EKG-Flex/Pro (SA9306M) BVP-Flex/Pro (SA9308M) Resp-Flex/Pro (SA9311M) 

Note: Thought Technology also manufactures a receiver for the PolarÊ transmitter belts. The receiver 
works principally with two PolarTM products, the T31 codedÊ transmitter and the T31 
transmitter. Thought Technology does not provide the belt. More information about these products 
is provided on the PolarTM web site: www.polar.fi/en/products/accessories. 

Recommended encoder inputs (Channels) 

When you purchase a specialized application suite from Thought Technology (such as the Physiology Suite 
or the EEG Suite) each sensor is preassigned to a specific encoder input so you don't have to worry about 
selecting the right sampling rate. 

If you design your own channel sets, follow these simple rules: 

http://www.polar.fi/en/products/accessories
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The EKG and BVP sensors can both be used on channel B of the ProComp 2 but not on channels A, C or 
D. They can be used on all channels of the ProComp 5 Infiniti and ProComp Infiniti encoders but channels 
A and B are preferred because they allow a higher sampling rate. They can be used on all channels of the 
FlexComp Infiniti. 

Since the respiration sensor can be used with any sampling rate, it can be connected to any input of any 
encoder (with the exception of channel A of the ProComp 2). Generally, however, it is connected to an 
input with a lower sampling rate. 

In the following tables: 

X Green check marks indicate the proper sensor inputs for each encoder type. 

X Yellow check marks show connections that are possible but not recommended. 

W Red X marks show which input cannot be used for that sensor. 

ProComp2 A B C D 

EKG-Flex/Pro W X W W 

BVP-Flex/Pro W X W W 

Resp-Flex/Pro W X X X 
 

ProComp5 A B C D E 

EKG-Flex/Pro X X X X X 

BVP-Flex/Pro X X X X X 

Resp-Flex/Pro X X X X X 
 

ProComp A B C D E F G H 

EKG-Flex/Pro X X X X X X X X 

BVP-Flex/Pro X X X X X X X X 

Resp-Flex/Pro X X X X X X X X 
 

FlexComp A B C D E F G H I J 

EKG-Flex/Pro X X X X X X X X X X 

BVP-Flex/Pro X X X X X X X X X X 

Resp-Flex/Pro X X X X X X X X X X 
 

Note: When you use a FlexComp Infiniti encoder with a specialized application suite from Thought 
Technology, such as the Physiology Suite, you must set its DIP switches to the ProComp Infiniti 
protocol settings. (This changes the sampling rates of the FlexComp Infiniti inputs to match those 
of the ProComp Infiniti encoder.) Instructions for changing DIP switch settings are found in the 
FlexComp Infiniti Hardware Manual. 
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Using the EKG sensor 

Although it is possible to use the EKG sensor with dry electrodes and no skin preparation, this setup raises 
the probability of artifacts distorting the signal and causing calculation errors. As a general rule, skin 
preparation enhances the signal quality, reduces the probability of artifacts and minimizes the need for 
post-recording artifact rejection. 

Surface electrodes and cables 

The EKG sensor requires the use of silver-silver chloride electrodes to make electrical contact between the 
skin and the sensor. In order to optimize the signal quality, a wide electrode placement is recommended, 
usually on the chest or on the forearms, so the electrodes should be indirectly connected to the sensor via 
an extender cable. To further enhance the signal quality, we recommend using pre-gelled electrodes like 
Thought Technology's UniGel electrodes (T3425M). Dry single strip electrodes can be used but Triode 
electrodes (T3402M) should be avoided because the triangular configuration is not appropriate for 
detecting EKG. 

 

T3425 ð UniGel electrodes (single use): The UniGel electrode should be the 
first choice if signal quality is important (i.e., for data acquisition). 

Three UniGels can be snapped to the yellow, blue and black leads of the 
extender cable and applied to the client's chest or forearms, depending on the 
preferred electrode configuration. 

 

T3404 ð Single strip electrodes (single use): The single strip electrodes are 
the perfect choice for biofeedback sessions where ease of use matters and 
signal quality is not crucial. 

The strip can be cut into single electrodes and snapped to the yellow, blue and 
black leads of the extender cable to be applied to the client's chest or forearms, 
depending on the preferred electrode configuration. 

Skin preparation 

 

For any recording where signal quality matters, good skin preparation is important to 
get a clean signal and avoid artifacts. Before applying the EKG electrodes, make sure 
the skin surface is clean and dry by rubbing it with an alcohol pad. Abrading the skin 
with an abrasive cream, such as NuPrep, can also help. If necessary, shaving excess 
body hair can be required. 

Enhancing electrode contact 

 

For optimal contact between the electrode and the skin, it is recommended to use 
conductive gel. Pre-gelled electrodes (UniGel) are easiest but it is possible to apply a bit 
of conductive paste or gel to the center of the single strip electrodes (grey area only) 
before applying them to the skin. Make sure the electrodes are placed firmly on the skin 
and that there is good contact between the skin and the electrode. 



 Thought Technology Ltd ð Heart Rate Variability Applied to Psychophysiology 7 

Chest placement 

The ideal electrode placement for 
detecting EKG is a triangular 
configuration on the chest where the 
yellow and blue electrodes are parallel 
with the heart's main axis (see 
illustration). The yellow and black 
electrodes should be placed over the 
right and left coracoid processes, 
respectively, and the blue electrode 
over the xiphoid process. 

    

Purpose: Establishing a tight triangular area over the heart to minimize the risk of artifacts from 
interference from chest and arm muscle activity. 

Commonly used in psychophysiology for: Running stress assessments, when working with male clients 
or when arm placements lead to too many artifacts. 

Location: Coracoid and xiphoid processes. See above pictures. 

Abdominal placement 

Since some clients may find the idea of exposing their 
chest area uncomfortable, an acceptable alternative is to 
place the electrodes on the abdomen (Baker, Peper & 
Shaffer). 

Ask the client to lift their shirt and place the yellow 
electrode below the ribs on the right and the blue electrode 
at the same level on the left. The black electrode can go 
anywhere, but a good location is the upper sternum area. 

 

Purpose: Establishing a triangular area around the heart that maintains a good signal quality but less 
invasive to the client.  

Commonly used in psychophysiology for: Running stress assessments, when working with female 
clients or when arm placements lead to too many artifacts. 

Location: Just below the ribs, on either side, and on the upper part of the sternum. See above picture. 
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Arm placement 

An easier electrode placement uses the forearms, 
as indicated in the illustration. The yellow electrode 
is on the right arm and the other two are on the left 
arm. 

Ideally, an area with little or no hair is preferred. The 
arm placement is more susceptible to artifacts, 
particularly interference caused by arm and chest 
muscle activity. 

 

Purpose: Extending the triangular area from the chest to forearm positions allows a more comfortable 
setup. 

Commonly used in psychophysiology for: Biofeedback training sessions where the client can sit and 
stay relaxed or working with female clients who are uncomfortable with the chest or abdominal placement. 

Location: Medial aspect of the forearms. See above picture. 

Wrist placement 

The forearm electrode placement requires the 
use of an extender cable with longer leads like 
the one that is sold with the EKG Wrist straps 
(SA9325). The wrist straps provide the easiest 
placement method for EKG signal detection. For 
best results, it is recommended to use BioGraph 
Infiniti's Advanced IBI from EKG beat 
detection algorithm when working with the Wrist 
Straps.  

Purpose: Providing the easiest electrode placement method for working with the EKG sensor. 

Commonly used in psychophysiology for: Quickest placement for HRV biofeedback. 

Location: Left and right palmar aspect of the wrist. See above picture. 

Using the BVP sensor 

The BVP sensor does not require skin 
preparation as it is placed directly in 
contact with the skin. Place the sensor 
against the fleshy part of the first joint 
of any finger and hold it in position 
using the elastic strap. 
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Optimizing placement 

The BVP sensor is sensitive to light, movement and pressure. To prevent artifacts caused by light 
interference, be careful to adjust the two small openings on the sensor's front so they are firmly pressed 
against the finger pad and there is no gap between the black edges of the sensor and the skin. If the 
client's fingers are too small, it is recommended to place the sensor on the thumb pad. 

Pressing the sensor too firmly against the finger pad will decrease the sensitivity of the signal because 
excessive pressure reduces blood circulation in the finger tip. Look at the raw signal when adjusting the 
sensor against the finger pad and try to maximize the signal amplitude. 

While using the BVP sensor, instruct the client to keep their arms and hands as immobile as possible. This 
is made easier by having them rest their hands on their thighs, palm side up. 

Using the respiration sensor 

To place the respiration sensor, unravel the strap and attach 
it around the client's abdomen so that the sensor is in the 
front. The fit should be snug enough that the strap stays fixed 
when the subject is relaxed. 

Ask the client to breathe out fully and tighten the sensor 
slightly at full expiration. This should provide enough slack in 
the rubber strap to allow it to stretch without being 
overextended when the abdomen expands. 

 

The rubber strap stretches when the 
abdomen expands during breathing. 

Optimizing placement 

Before strapping the sensor around the client's chest, observe the client's breathing pattern and determine 
what level of their rib cage expands and contracts the most during respiration. Placing the sensor around 
the level of widest expansion will produce a better signal. Since the software is looking for a sinusoidal 
signal that goes up when breathing in and down when breathing out, it is important to instruct the client to 
breathe as regularly as possible to avoid artifacts. 

If artifacts are detected, you can modify the software settings to tell the software whether to expect slow or 
fast breaths ("Slow" indicating fewer than 10 breaths per minute). On the slow setting, long respiration 
cycles are expected and any short waveforms will be ignored. In the BioGraph Infiniti software, this setting 
is found by accessing the Edit Virtual Channel Settings option in the Edit menu. For more information, 
please refer to the on-line help manual (Press F1). 
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The HRV Signals 

Physiological basis of EKG 

The heart is a muscular organ, about the size of a closed fist, located in the left side of the chest. With 
every beat, it pushes blood through the body's arteries and veins, delivering oxygen and nutrients to the 
organs and muscles. Its rhythmic contractions are controlled by natural pacemakers called the sinoatrial 
(SA) and atrioventricular nodes. These two nodes sequence the pumping action of the heart's atrial and 
ventricular cavities and set an average rate between 60 to 100 contractions per minute. A heartbeat is a 
fairly complicated series of electrical events, involving depolarization and repolarization of muscle fibers, 
triggering the contraction, first in the atria, then in the ventricles. The electrical waveform propagates 
throughout the body and can be picked up by placing electrodes on the chest or on the arms and legs. 

 

P Depolarization of the atria 

 

QRS 
Depolarization of the ventricles 
(& repolarization of the atria) 

T Repolarization of the ventricles 

Physiological basis of BVP 

With every beat, the heart pushes a volume of blood through the body's arteries and veins, causing a wave 
which travels from the heart to the peripheral regions of the body (arms and legs) and eventually returns to 
the heart. The body's circulation system distributes the oxygen-rich blood through the tissues through a 
finer and finer series of arteries, arterioles and capillaries. It then gathers up deoxygenated blood via the 
capillaries, venules and veins. As the blood reaches a specific area of skin, the pulse wave causes a 
sudden increase in engorgement in the tissues, which is rapidly followed by a return to normal tissue 
perfusion. 

The BVP sensor detects this process by shining infrared light through the tip of a finger and measuring how 
much light is reflected. (Blood is red because it reflects the red frequencies of the light spectrum.) As the 
amount of blood increases, more light is reflected, creating a rise in the signal. As the surge of blood 
dissipates, the signal falls back down. This waveform is slightly complicated by the fact that the direct pulse 
wave caused by the systolic contraction is bounced back from the lower body and causes a secondary 
"reflected" wave, which appears as a secondary rise in the signal. The gap between the direct and reflected 
waves is called the dicrotic notch. 

 

1) Direct wave caused by the systolic contraction 

 

2) Dicrotic notch 

3) Reflected wave 












































