
HMS(Hemodynamic Modality Separation Method)
“Separation of fNIRS Signals into Functional and Systemic Components Based on
Differences in Hemodynamic Modalities”, T.Yamada, et al. 2012 PLOS ONE

Source of oxy,deoxy are separated to functional and systemic components.

Method：

ASSUMPTION(1)：
functional components of oxy and deoxy are negatively correlated
systemic components of oxy and deoxy are positively correlated

∆HbO:𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜𝑜𝑜 ∆Hb𝑅𝑅:𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑚𝑚𝑚𝑚𝑜𝑜𝑜𝑜𝑜𝑜
∆𝑯𝑯𝑯𝑯𝑶𝑶𝑭𝑭 ∆𝐻𝐻𝐻𝐻𝑅𝑅𝐹𝐹
∆𝑯𝑯𝑯𝑯𝑶𝑶𝒔𝒔 ∆𝐻𝐻𝐻𝐻𝑅𝑅𝑆𝑆

functional component of oxy,deoxy
systemic component of oxy,deoxy

∆𝑯𝑯𝑯𝑯𝑶𝑶𝑭𝑭∆𝑯𝑯𝑯𝑯𝑯𝑯𝑭𝑭 ∆𝑯𝑯𝑯𝑯𝑶𝑶 ∆𝑯𝑯𝑯𝑯𝑯𝑯

∆𝑯𝑯𝑯𝑯𝑶𝑶𝑺𝑺∆𝑯𝑯𝑯𝑯𝑯𝑯𝑺𝑺 ∆𝑯𝑯𝑯𝑯𝑶𝑶∆𝑯𝑯𝑯𝑯𝑯𝑯

ASSUMPTION(3):
𝒌𝒌𝑺𝑺 value is derived to minimize “the mutual information(4)”  between 𝒌𝒌𝑭𝑭𝒂𝒂𝒂𝒂𝒂𝒂 𝒌𝒌𝑺𝑺 .
𝑺𝑺𝑺𝑺𝑯𝑯𝒔𝒔𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝒂𝒂𝑺𝑺 𝒌𝒌𝑭𝑭 and 𝒌𝒌𝑺𝑺 into equation (3),  the result will be got.

ASSUMPTION(2):
𝒌𝒌𝑭𝑭 𝒗𝒗𝒂𝒂𝒗𝒗𝑺𝑺𝒗𝒗 𝑺𝑺𝒔𝒔 𝒂𝒂𝒗𝒗𝑺𝑺𝒗𝒗𝒅𝒅𝒅𝒅𝑺𝑺𝒂𝒂𝒗𝒗𝒂𝒂 𝑯𝑯𝒃𝒃 𝒗𝒗𝒆𝒆𝑺𝑺𝒔𝒔𝑺𝑺𝑺𝑺𝒂𝒂𝑺𝑺 𝒇𝒇𝒇𝒇𝒇𝒇𝑯𝑯𝑺𝑺 𝒔𝒔𝑺𝑺𝑺𝑺𝒂𝒂𝑺𝑺𝒗𝒗𝒔𝒔,𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒅𝒅𝒂𝒂𝑺𝑺𝒂𝒂𝑺𝑺 𝑺𝑺𝒂𝒂 𝑺𝑺𝑺𝑺𝑺𝑺𝒅𝒅𝑺𝑺𝒗𝒗𝒂𝒂𝑺𝑺𝑺𝑺𝒂𝒂𝒂𝒂.
𝒌𝒌𝑭𝑭 = 0.6
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CBSI Method (1/2)
“Functional Near Infrared Spectroscopy (NIRS) signal improvement based on negative correlation
Between oxygenated and deoxygenated hemoglobin dynamics”, Xu Cui, et al. Neuroimage 2010

Methods： x : measured oxy-Hb y : measured deoxy-Hb   𝒆𝒆𝒂𝒂 : true oxy-Hb    𝒃𝒃𝒂𝒂: true deoxy-Hb
α: the ratio of the noise amplitude in oxy-Hb and deoxy-Hb
β: the ratio of the noise amplitude of true oxy-Hb and deoxy-Hb
F: external noise, independent from the true signal 𝒆𝒆𝒂𝒂 and 𝒃𝒃𝒂𝒂

“Noise” is high frequency white noise 
introduced by NIRS device.
This term fluctuate independently in
oxy- and deoxy-Hb signal. removed by 
standard filtering techniques 
so we exclude this term.

relation of  x ,  y, 𝒆𝒆𝒂𝒂 , 𝒃𝒃𝒂𝒂

ASSUMPTION (1)
𝒆𝒆𝒂𝒂 and 𝒃𝒃𝒂𝒂 should be maximally negatively correlated (close to -1)

F and 𝒆𝒆𝒂𝒂 are expressed 

ASSUMPTION (2)
𝒆𝒆𝒂𝒂 and F should be minimally correlated (close to 0)
Correlation of coefficient of 𝒆𝒆𝒂𝒂 and F  is equal to 0 

ASSUMPTION (3)
α = β   ∵ α, β are proportionally low, this assumption is based on 

empirical data rather than theory. 
α is derived

Finally, a very simple result is got.

std: standard deviation
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CBSI Method (2/2)
“Functional Near Infrared Spectroscopy (NIRS) signal improvement based on negative correlation
Between oxygenated and deoxygenated hemoglobin dynamics”, Xu Cui, et al. Neuroimage 2010

This report describes the limitation of this method precisely, as follows (page 9, Discussion) :
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