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Physiology in time series signal



Biological rhythms



What are the characteristics of physiological signals?

Periodicity

Variability &
Interaction



How do we measure physiological signals? Cardiac activity

Krug et.al 2013



How do we measure physiological signals?

Krug et.al 2013



How do we measure physiological signals?

• ECG inside MRI

• The magneto-hydrodynamic effect : the motion of the blood



Pulse Oximeter (optical measure) 

http://haemod.uk/nektar

How accurate is pulse rate variability as an estimate of heart 
rate variability?

Schäfer et, al.2012



Pulse Oximeter (optical)

8



Measuring Blood Pressure (pneumatic) 

9

”Continuous” Non-invasive blood pressure monitor(NIBP)

Baruch et, al.2014



MRI compatible – Pressure pad (pneumatic)

Small pressure pad for 
surface pulsations

placed on carotid artery



Respiration (pneumatic-piezo)

• Diaphramatic
• Shallow breathing



• T2*-weighted imaging sensitive to paramagnetic 
deoxyhaemoglobin concentration in the blood

• Blood-oxygenation level dependent (BOLD) effect

Functional MRI

Neuronal activity

CMRO₂ ↑
Deoxyhemoglobin ↑

CBF ↑
Deoxyhemoglobin ↓

MR signal ↑

Neuro-vascular
coupling

Glover et.al 1999

Respiration

Cardiac pulsations



• Noise
• Hardware related
• Physiological
• Motion

What modulates time series in fMRI

Liu TT, Neuroimage 2016 

• Hardware related
• Scanner drift
• Thermal noise

• Motion
• Respiration related
• Cardiac related
• Task related
• Other head motion

• Physiological
• Respiration

• Time-locked
• B0-field 
• CO2

• Blood flow
• Cardiac

• Time-locked
• Motion-related
• Blood flow



What modulates time series in fMRI

Garcia et, al.2021



Functional MRI
Preprocessing

•fMRI images are not ready to do statistics on them.

•They need to be “conditioned”

space (x,y,z)  
   time (t)

•Baseline wander correction

•Trend removal

•Scanner drift removal

abrupt 

head motion

•Image alignment

•Registration

•Motion Correction

•Physiological noise correction

•Skull stripping

•Spectral filtering

•Smoothing



Improving temporal resolution
Fast fMRI

I = Signal + Noise I = Signal+Physiological puls. +Noise

EPI MREG
•      Readout time: ~65ms 
• 3D acquisition in ~ 100 ms (in contrast to 2-3 seconds in 

conventional EPI)
• Iterative image reconstruction with off-resonance

correction
• Result: whole-brain data with some blurring, effective

spatial resolution ≈ 4 mm)



Improving temporal resolution
Fast fMRI

Kiviniemi et, al.2019



Improving temporal resolution
Fast fMRI

Tong et, al.2019



Independent Component Analysis

• ICA is the mathematical approach that 
performs this so-called “blind source 
separation”

• In fMRI: at each time point, we measure a 
mixture of unknown functional networks 
(as well as artifacts) 

• Networks fluctuate and are thus mixed 
differently at each time point

= + + +

Default-mode Visual Motor Ventricles

http://ics.aalto.fi/en/research/



Improving temporal resolution
Fast fMRI



What are the characteristics of physiological signals ?

Respiratory 0.3 Hz

Cardiac 1.3 Hz 



Bad components?



Good components?



How to “denoise” fMRI data?

fALFF
     fractional amplitude of 

lowfrequency fluctuations

     

     summing the oscillatory 
amplitudes across the typical 
0.01-0.08 Hz range, then 
dividing by the amplitude sum 
across 0-0.25 Hz



Multi-Echo EPI

Kundu et, al.2012



Multi-Echo EPI

Kundu et, al.2012



How to “remove” physiological pulsations

Moving average filter (Lin et al., 2011; Posse et al., 2012)

Removes high frequencies and affects noise properties

Artefact modeling (Glover et al., 2000; Lund et al., 2006)

Model noise as high-order autoregressive process



Regression



Regression



AFNI physio_calc.py



Finger  pulsation- peak detection



Indirect modulation



Designing an experiment with distinct tasks



Designing an experiment with distinct tasks



Image registration



Non-linear registration



Image registration ( T2* fMRI images)

Magnitude = 𝑑𝑥2 + 𝑑𝑦2 + 𝑑𝑧2 𝜃 = arccos
𝑑𝑧

𝑑𝑥2 + 𝑑𝑦2 + 𝑑𝑧2



Warp time series

T2* TIME SERIES

WARP TIME SERIES



Group level concordance



• Always look at your data
• Always acquire physiology
• Physiology might be both noise or signal
• Design a task paradigm that helps to disentangle sources of signals
• Design a processing pipeline that helps to delineate the task related 

activity 

Some take home messages



Thanks to colleagues…

Any 
questions ?
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