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 Heart rate (HR)

 Heart rate variability (HRV)

 Experimental HRV characterization
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 Methods

 Results

 Conclusion

 Outlook

 Future Project

Outline
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What is heart rate? Pulse rate? How is it calculated? How can we measure it?

Background
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HR =
#heart beats

1 min.
→ 80 bpm

Background | Heart rate
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Background | Heart rate | Instruments/Wearables

ECG Chest beltPulse oximeter Wrist Watch
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Background | Heart rate | Electrical activity
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Background | Heart rate variability (HRV)
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Frequency-domain:

Time-domain:

Background | Heart rate variability (HRV) | Metrics

Parameter Unit Description

SDNN ms Standard deviation of NN intervals

RMSSD ms Root mean square of successive RR interval differences

Parameter Unit Description

ULF power ms
2

Absolute power of the ultra-low-frequency band (≤0.003 Hz)

VLF power ms
2 Absolute power of the very-low-frequency band (0.0033–0.04 Hz)

LF power ms
2 Absolute power of the low-frequency band (0.04–0.15 Hz)

HF power ms
2 Absolute power of the high-frequency band (0.15–0.4 Hz)

LF/HF % Ratio of LF-to-HF power
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NN-Intervals: RR-Intervals

with artifacts removed
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Clinical applications

 As a predictor of risk of arrhythmic events or sudden cardiac death

 HRV as a clinical marker (a range of diseases have been associated with 

modified HRV)

Psychological aspects

 PTSD, depression, anxiety and stress

Sports and exercise sciences

 Determine a recovery status -> Avoid overtraining

Overall lifestyle metric (quantify well-being)

Background | Fields of Application
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Background | General Knowledge

Low HRV High HRV

Fight or Flight Rest

Stress greater cardiovascular health

Low adaptability High adaptabiltiy

Decreased cognition Improved cognition

a higher HRV is generally a good thing

12



Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences

Motivation, Methods, Results and Discussion

Experimental heart rate variability characterization
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Heart rate variability during exercise

 How does exercise intensity affect HRV?

 How does time affect HRV?

Goal:

 Gain new knowledge

 Contribute to the field

Focus/Motivation
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Literature Review | Knowledge Gap

Michael et al. (2017) doi: 10.3389/fphys.2017.00301

 “HRV measures demonstrate a curvilinear decay as a 

function of exercise intensity”

Hunt et al. (2018) doi: 10.1186/s12938-018-0561-x

 ULF and VLF power was found to decrease with increasing 

intensity of exercise

 “remains to clarify whether these changes are due to time 

itself or to increases in HR related to cardiovascular drift”
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https://www.frontiersin.org/articles/10.3389/fphys.2017.00301/full
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Cardiovascular drift

16

constant pace constant heart rate



Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences 17

Setup and HR Control

Heart rate [bpm]

Speed [m/s]

Feedback 

control loop

HRV is a disturbance in this control loop. If HRV 

would not exist an equilibrium could be found

where HR and TM speed are constant.
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Brockmann et al. (2022) doi: 10.1080/21642583.2022.2068166

Dataset:

 8 Participants - 2 measurements each -> 16 samples

Conclusion:

 Results provide evidence of a decrease in HRV over time 

during treadmill running

 Larger sample size is needed to improve the statistical power

 (Experimental design can be optimized)

Pilot Study

https://www.tandfonline.com/doi/full/10.1080/21642583.2022.2068166
https://www.tandfonline.com/doi/full/10.1080/21642583.2022.2068166
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 32 healthy regular exercising adults

 Participants were required to avoid

 strenuous exercise (24h),

 caffeine (12h),

 and heavy meals (4h) before each test.

 Every participant performed a treadmill running exercise at two distinct HR 

levels (exercise intensity level (EIL) 1 and 2).

Protocol
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Results | Data records for a single participant 

                                     

      

 

  

   

   

   

        

    

  

                                     

      

 

 

 

 

 
        

    

 

EIL1 EIL2~155 bpm target ~165 bpm target
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Exercise intensity dependence

• EIL1w1 vs EIL2w1

• EIL1w2 vs EIL2w2

Time dependence

• EIL1w1 vs EIL1w2

• EIL2w1 vs EIL2w2

21

w1 w2

EIL1

EIL2

Analysis 

w1w2

EIL1

EIL2

EIL1/EIL2: Exercise Intensity level 1/2; w1w2: window 1 and 2

EIL1/EIL2: Exercise Intensity level 1/2; w1/w2: window 1/2
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Results

Results for outcomes 

that have not been 

introduced in this 

presentation.

7 metrics; 3 comparisons -> 21 outcomestime dependence

Exercise intensity  

dependence
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Results | Time-domain

         

    

    

    

   

   

   

   

    

    

   

   

   

 
  
  
  
 
 
 
  
 
 
 
  
 
 
 
  
  
 
 
  
 
  
       

    

    

      

    

Intra: time dependence analysis  

Inter: EIL dependence analysis  



Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences 24

Results | Frequency-domain
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 Many HRV metrics were found to decrease with time and with exercise 

intensity.

 The intensity-related reductions were found to be greater in value and 

significance compared to the time-related reductions. 

 Outcomes from RMSSD and HF stand out! No or only a minimal decrease was 

found.

 These parameters (RMSSD and HF) have been reported to reach a near-zero 

minimum early (between low and moderate intensity).

Results | Summary
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 Heart rate control was successfully employed in treadmill running exercises to 

allow for an unobstructed HRV time-dependence analysis (removing the 

confounding effect of cardiovascular drift).

 The results highlight that many HRV metrics decrease with time and with 

exercise intensity.

 The results indicate that HRV metrics appear to only be able to decrease with 

time or exercise intensity as long as their metric-specific near-zero minimum 

has not been reached yet.

Conclusion
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 What now? One theory worth investigating would be to:

 Design a heart rate controller that expects the HRV to decrease with time so 

control responsiveness could be adaptively increased with time -> improving 

control performance without disturbing the control variable (speed for TM 

exercise).

 What about people with disabilities/impairments? Do we expect similar results?

 Feasibility study with stroke patient @Reha Rheinfelden.

 Up to 12 patients

 Evaluate the feasibility of employing heart rate control in rehabilitation 

exercises

 HRV (do we find similar trends? are there differences?)

Next step
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