
Page | i  

 

 



Page | ii  

 

 

 

 

 

 

 

 

 
I would like to dedicate this Ph.D. thesis to the most honorable persons in my life- 

My Boro Fufa 

Muhammad Khizir Khan (1948-2015), 
[Ex-chairman of Bangladesh Power Development Board (2007-2008)]  

who brought light to our family. 

 

& 

My Grand Sister  

Mrs. Mehrunnesa (1945-2017) 
who spent all of her father’s properties  

for the expense of my postgraduate education. 

 

[- and I got no opportunity to share it with them]  



Page | iii  

 

 

 

 



Page | iv  

 



Page | v  

 



Page | vi  

 



Page | vii  

 



Page | viii  

 

 

  



Page | ix  

 

Abstract 
 



Page | x  

 

 

 

 

 

 

 

 

 

 

 



Page | xi  

 

                 



Page | xii  

 



Page | xiii  

 

 

     

 

 

 

 

 

 

 



Page | xiv  

 

           



Page | xv  

 

00




Page | xvi  

 



Page | xvii  

 



Page | xviii  

 

 

 

   

 

 

 

 

 

 

 



Page | xix  

 



Page | xx  

 

   



 

~

~

~

~

~



 



 

 

 

 

 



 

 

 

 

 

 



 

 

 

 



 



 

~



 

dHb 



 



 



 



 




  

 













 











 




 

1 3

42

5 7

86

9 11

1210

13 15

1614

NIR Light Source

Detector

R
ig

h
t 

P
ro

b
e 

C
o
n
n
ec

to
r

L
ef

t 
P

ro
b
e 

C
o
n
n
ec

to
r



 





















































































 

40 45 50 55 60 65

-10

-5

0

5

10

15

 

 


 M
/L

No of Samples

 HbO
2

 dHb

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0

50

100

150

200

250

Heart Beat
Respiration

M Waves

B Waves

 
 

M
ag

n
it

u
d

e

Frequency (Hz)



 



 



 



 



 



 



 



 



 



 

~



 



 

Raw fNIR 

Signal

Acquisition Perfection 

Test by SMAR 
Compression Filtering

Baseline 

Correction

Further 

Analysis



 



 




 




 




 




 



 




























  
















 

-10 -8 -6 -4 -2 0 2 4 6 8 10

0.00

0.02

0.04

0.06

0.08

0.10

0.12

A
m

p
li

tu
d
e

Number of Order

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

-250

-200

-150

-100

-50

0

 

 

M
ag

n
it

u
d

e 
in

 d
B

Frequency in Hz





















 






 



 






















 




 








 

0 20 40 60 80 100 120 140
-5

0

5

10

15

Samples
M

ic
ro

m
o

le
/l
it
e

r
 

 
Raw HBO

2
 Signal

FIR filtered Output

SG Filtered Output

0 20 40 60 80 100 120 140
-10

-5

0

5

10

Samples

M
ic

ro
m

o
le

/l
it
e

r

 

 
Raw dHB Signal

FIR filtered Output

SG Filtered Output



 



 











 

 



































 








 


 

 


 2



 

 








  









  


 


 

J



 

00 

10 11

20 21 22 23

30 31 32 33 34 35 36 37

 

00



 









 









 











 



 








 

     











 



 











 

 ℝ

 



 












 



 










 












Testing 

fNIRS signal
Preprocessing

Compare with the 

model equations

Find the index of 

the minimum error

Find the index of 

the task

Predicted 

results



 

Preprocessing
Feature 

Extraction

Train the 

Clssifier

Machine Learning 

based Model
fNIR Signal



 

Features of Testing 

fNIR signal

Machine Learning 

based Model

Predicted 

Results






 



 




 

 
 

 

 



 



 




 













 



𝑘



 

 

   



 

 







 
















 





 



 





 

  





 

Training Data

Learning Rule

Deep Neural Network
Input Data

Input Data Output

Input Data

(Input, Correct Output)
Feature Extractor Classifier

ee

dd

-

+
yy



 

Input Data

(Input, Correct Output)

CNN

(Feature Extractor +Classifier)

e

d

-

+
y



 





 















 























δ β

δ β

 



 



 



 



 



 

Left Hand 

Movement
Rest

Right Hand 

Movement
Rest

Left Foot 

Movement
Rest

Right Foot 

Movement
Rest

10 sec 20 sec

Repeat...

10 sec 10 sec 10 sec20 sec 20 sec 20 sec



 

         



 



 












 









































































 







 



 



 



 



 



 



 



 



 































































































































































































 



 



 



 



 

~

~

~

~

~



 

 

 



 

Left Hand 
Movement

Rest
Right Hand 
Movement

Rest
Left Foot 

Movement
Rest

Right Foot 
Movement

Rest

10 sec 20 sec

Repeat …..

10 sec 10 sec 10 sec20 sec 20 sec 20 sec



 



 



 





 

fNIR & EEG 

Signal

fNIR Signal 

preprocessing

EEG Signal 

filtering

Combine fNIR & EEG 

information and create 120 by 

28 size Neuroimage

Load Signals

Train CNN 

for modeling

CNN based  

predictive model

Separate the 

channel: F3 Fz F4 

C3 Cz C4

STFT of frontal and central 

channels to calculate the relative 

power of alpha and beta band

Prepare 12 column feature 

vectors with relative band power 

of frontal and central EEG 

channel (2×6 channels)

Organize the HbO2 and dHb 

signals (120×16)

fNIR and 

EEG signals

Preprocessing for 

proposed model 

compatibility

Task classification 

for BCI

Voluntary 

and imagery 

movements



 



 



 

    

    

 



 



 



 



 



 



 



 



 



 



 



 



 

 

 

 

 



 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 



 





 


































 

 

 

 





 






 




















 

1 2

























 







 



 

  













  

 





 ≥





 



 

   

211 

 221 

 221 

 2221 




 















 




 222

1




 



 



 



 



 



 

 


