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Abstract

Functional near infrared spectroscopy is the non invasive
optical technique for measurement of neural activity, hemo-
dynamic response and has a potential for brain mapping. In
this work we aimed to develop a system to capture the cra-
nial PPG using IR source (860nm) and detector (OPT 101).
AC excitation for the IR source in the range of 1 to 2 MHz
plays major role in the CPPG sensor. Brain functional ac-
tivity in prefrontal lobe is detected by placing the sensor on
the forehead. The CPPG signal is captured with eyes open
(EO) and eye blinking (EB) activity. Data collection is done
on female subjects in the age group of 20-40 years. A six
level wavelet decomposition of CPPG signal is performed
using Daubechies 9 and statistical features are calculated.
Wavelet decomposition of signal grossly segments the clin-
ical components at different subbands. From the spectral
analysis it is found the centre frequency of A6 is at 1.953
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Hz. The higher frequency part of the signal is found in D4
scale and the centre frequency is 17.58 Hz. All other scales
D3 −D1 shows predominantly the noise part of the signal.
Statistical analysis shows that for A6 level mean ,variance
and energy values of with eyes open are 4.7979, 32.9877,
141853 respectively where as mean ,variance and ,energy
values are for eye blinking are 3.99308, 47.5801, 159023.
The difference between variance and energy for D6 level are
0.15945 and 399.6. These variations are due to increase in
blood flow during the activity in the brain. These differ-
ences can be used to classify the activated regions in the
brain.

Key Words :Cranial PPG (CPPG); functional brain
activity; wavelet decomposition; statistical analysis

1 Introduction

Neuroimaging techniques such as functional magnetic resonance
imaging (fMRI) and positron emission tomography (PET) provides
functional brain mapping information. PET uses radioactive sub-
stances and fMRI requires motion restriction. So it is difficult in
fully examination of brains of children, the elderly and psychoneu-
rological patients using fMRI and PET. Neural activity is measured
non invasively by NIRS system. During the functional activity of
the brain the blood flow is increased. NIRS detects the neural ac-
tivity in a specific brain area by sensing the light absorption for the
oxygenated and deoxygenated blood. Advantages of NIRS system
are freedom of movement, better temporal resolution, easy to use,
test young infant and the cost of operation is cheaper. NIRs and
FMRI are closely aligned techniques as both techniques measure the
increased in blood flow due to functional brain activity [1,2].The
neural activity in the brain is closely linked with the changes in
blood flow and blood oxygenation. The consumption of energy is
increased during the neural cell activity. The response is to increase
blood flow to regions of increased neural activity, which occurs after
a delay of 12 seconds. This leads to changes in local cerebral blood
volume and the concentration of oxyhemoglobin that are detected
using plethysmography effects. CPPG offers several advantages
over other in-vivo optical methods .CPPG is measured by using
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optical sensors. Optical sensors consumes less power and requires
little maintenance [3].

The fNIR technique for brain mapping is based on the beers and
Lambert law . The intensity of light after tissue interaction is de-
pendents upon the extinction coefficient, concentration of absorbing
molecule and the source- detector distance. fNIR instrument con-
sists of light source and light detector. Light source emits the light
of specific wavelength. The detector receives the light after interac-
tion with tissue. Using this techniques several brain functions such
as visual and motor activation, auditory stimulation and cognitive
tasks can be assessed. The CPPG sensor detects real time values
of oxygenated and deoxygenated hemoglobin in the prefrontal cor-
tex. It provides the information of oxygen changes the specimen
performs the various tasks [4,5].

1.1 System block Diagram

CPPG sensor is designed with IR source (860nm) and detector
(OPT 101). AC sine wave in the range of 1 to 2 MHz frequency
is used as source excitation. Light is penetrated through forehead
using IR source. Signal is acquired during eye open and eye blink-
ing activity with sampling frequency of 500Hz. A six level wavelet
decomposition of CPPG signal is performed using Daubechies 9.
Features are extracted using statistical and spectral analysis. Fig-
ure 1 shows the system block diagram [6,7,8].

Fig .1: System Block Diagram
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2 Signal Analysis

The CPPG signal Captured during EO (eyes open) and EB (eye
blinking) activity is shown in figure 2. The analysis of the signal is
done by using multiscale wavelet decomposition .The coefficient of
each subbands are used to calculate spectral and statistical param-
eters.

Fig.2. (a) CPPG signal for EO (Eyes Open) (b) CPPG signal for
EB (Eye Blinking) activity

2.1 Wavelet Decomposition

Wavelet transform detects the transient features and represents the
signal into time frequency domain using building blocks. These
building blocks are derived from mother wavelet using dilation and
translation. The size of window is varying, for low frequency is
narrow and high frequency is broad. The spectral analysis of signal
using wavelet can compressed many data points into few features
[9].The wavelet transform instead of working on single scale (fre-
quency or time). It works on multiscale this feature allows the
decomposition of signal into a number of scales. The multiresolu-
tion of the signal is shown in figure 3.

Each stage consists of two digital filters, low pass and High pass
in nature and two downsamplers by 2.The down samples of first
stage provide the detail D1 and approximation A1. A1 is further
decomposed [10]. In the work the CPPG analysis is carried out
by the Discrete Wavelet Transform (DWT). DWT decompose the
signal by using into two components using low-pass and high-pass
filtering. These are the low and high frequency proportion, of the
signal respectively. In real life problem, DWT is more suitable in
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area of biomedical applications. DWT determines the signal at
different frequency and resolutions by decomposing the signal into
approximation and detailed coefficients [11].

Fig. 3. Multi resolution of the signal

2.2 Spectral Analysis

The reconstructed signals at different scales with the corresponding
spectra is plotted using MATLAB is shown in figure 4. From the
spectral analysis of reconstructed signals it is found that the centre
frequency of A6 is at 1.953 Hz. The higher frequency part of the
signal is found inD4 scale and the centre frequency is 17.58 Hz. All
other scalesD3−D1predominantly the noise part of the signal [12].
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Fig.4. (a) Reconstructed signal at scale A6 with its spectrum in
panel (i). (b) Reconstructed signal at scale D6 with its spectrum in
panel (ii). (c) Reconstructed signal at scale D5 with its spectrum in
panel (iii). (d) Reconstructed signal at scale D4 with its spectrum
in panel (iv). (e) Reconstructed signal at scale D3 with its spectrum
in panel (v). (f) Reconstructed signal at scale D2 with its spectrum
in panel (vi). (g) Reconstructed signal at scale D1 with its spectrum
in panel (vii).

2.3 Statistical Analysis

CPPG signal is decomposed and features that can discriminate be-
tween different activity. The features used include some wavelet
based features and some statistical features of CPPG signal [13].

Wavelet Based Features: Mean, variance, standard deviation,
Energy, entropy, used as parameters after wavelet decomposition.

Mean at each decomposition level is calculated using equation 1:

µi = 1
N

∑N
j=1Dij i = 1, 2, 3,−−−−−−, l (1)

Standard deviation at each decomposition level is calculated us-
ing equation 2:

σi = ( 1
N-1

∑N
j=1(Dij − µi)

2)
1
2 i = 1, 2, 3,−−−−, l (2)

Energy at each decomposition level is calculated using equation
3:
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EDi =
∑N

j=1 |Dij|2 i = 1, 2, 3,−−−−−−, l

EAi =
∑N

j=1 |Aij|2 (3)

Where,
i=1, 2,..., is wavelet decomposition level from 1to l N = The

number of coefficients of detail or approximation at each decompo-
sition level.

Entropy at each decomposition level is calculated using equation
4:

ENTi =
∑N

j=1D
2
ij log(D2

ij) (4)

Table 1, table 2 and table 3 shows the statistical parameters of
CPPG signal, A6 level and D6 level.

Table 1: Statistical parameters of CPPG Signal

Table 2: Statistical parameters of A6 level
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Table 3: Statistical parameters of D6 level

Interval plots of statistical parameters of signal CPPG, A6, D6
are plotted using Minitab 17. Interval plot shows the graphical
summary of the distribution of statistical parameters that shows
the central tendency and variability is shown in figure 5 and table
4.

Fig.5. (a) mean ,variance, std.deviation interval plot of CPPG for
EO and EB (b) entropy and energy plot of CPPG for EO and EB (c)
mean, variance, std.deviation interval plot of A6 for EO and EB (d)
entropy and energy plot of A6 for EO and EB (e) mean ,variance,
std.deviation interval plot of D6 for EO and EB (f) entropy and
energy plot of D6 for EO and EB
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Table 4: Central tendency of statistical parameters

3 Conclusion

Cranial PPG of healthy persons are used for analysis using the
wavelet transform. Six level decomposition using Daubechies 9 is
performed on the signals. Spectral and statistical analysis of the
coefficients in the different subbands is the calculated. The spec-
tral analysis shows the centre frequency of A6 is at 1.953 Hz. The
higher frequency part of the signal is found in D4 scale and the cen-
tre frequency is 17.58 Hz . D3−D1scales consists of predominantly
the noise part of the signal. Statistical analysis shows that for A6
level mean ,variance and energy values of with eyes open are 4.7979,
32.9877, 141853 respectively where as mean ,variance and ,energy
values are for eye blinking are 3.99308, 47.5801, 159023. The dif-
ference between variance and energy for D6 level are 0.15945 and
399.6 . Interval plot shows the difference between the statistical pa-
rameters of CPPG signal A6, D6 levels. The other detail subbands
contain the noise part of the signal and hence not considered for
calculation. These features can be used for classifying the activated
and non activated region in prefrontal lobe.
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