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Abstract:

The purpose of hemoglobin in our body is to bind oxygen. When there is a lack of hemoglobin one feels tired,
suffers from headaches, dizziness, fatigue, inability to concentrate, shortness of breath, etc. Low hemoglobin
causes anemia. It is suggested to get the hemoglobin level tested at regular interval. The common method to
measure hemoglobin is by observing the chemical reactions in labs and estimating the hemoglobin level. In the
present study it is observed that the hemoglobin can be accurately measured by measuring the capacitance of the
blood sample. This study investigates the viability of measuring hemoglobin concentration by evaluating the
performance of dielectric property of blood samples. In this paper the authors tried to establish a relationship
between the hemoglobin and blood capacitance. It is observed that the blood capacitance decreases with increase
in hemoglobin level in blood. Using this method hemoglobin level can be measured easily, accurately and quickly.
By measuring the capacitance of the blood we can also predict the value of hemoglobin. The result has been
verified by using data mining software, DTREG. Data mining is a computational process of determining data
pattern. The paper includes the result of data mining which distinguishes the normal and abnormal hemoglobin
value of blood by measuring the capacitance of blood.

Keywords: Hemoglobin, Blood Capacitance, Di-electric of blood, anemia, measurement of hemoglobin level, RBC,
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Introduction:

The protein in red blood cells is called Blood
hemoglobin. Its main function is to carry oxygen
from the lungs to the other parts of body tissues
and extract carbon dioxide from the tissues
back to the lungs. The main role of hemoglobin

is a valuable fluid in diagnosis of
diseases. The precise knowledge of its contents,
its biological, physical, electrical and chemical
properties is of great importance. Most
important is its dielectric parameters which are

is to bind the oxygen.The low hemoglobin relevant for various medical applications [7-8].
results in feeling tired, headaches, dizziness, The

fatigue, etc. Anemia is also the consequences of
low hemoglobin [1-4]. A low hemoglobin range is

present method focuses on the
measurement of hemoglobin by measuring the
capacitance of the blood sample. It is based on
as less than 13.5 grams of hemoglobin per the truth that the dielectric property of blood
deciliter of blood for men and less than 12 varies with the variation in its constituents. As
grams per deciliter for women. The hemoglobin the dielectric property changes the blood
is measured in grams (g) of hemoglobin (Hb) per capacitance will change [9-10]. Many sensors

deciliter of blood (g/dL). In case of females the which are used for diagnosis purposes are using
normal range of hemoglobin is 12.3 to 15.3 g/dL this feature of the blood.

while in case of males the normal range is 14.0 Data Mining:
to 17.5 g/dL. Increased levels of hemoglobin in
the sample blood serum generally indicate
hemolytic anemia which can cause red blood
cells to break down abnormally [5]. It may lead
to sickle cell anemia (which is a genetic disorder
that causes the RBC to be rigid and unusually
shapes. It may also lead to hemoglobin C
disease (which is a genetic disorder that causes
the production of abnormal hemoglobin.
Another disease like thalassemia may also be
caused (which is a disorder that affects the Methodology:

body’s ability to produce normal hemoglobin). It Step 1: Blood samples were collected from

Data mining is a process which includes
sorting through data to identify certain patterns
and establish relationships between the physical
quantities. In this paper a pattern has been
established between the capacitance of blood
and normal and abnormal range of hemoglobin
level using single tree in data mining (DTREG).
It estimates the normal and abnormal ranges of
hemoglobin [11].

may result in congenital spherocytic anemia various pathology laboratories of different
(which is a disorder of the red blood -cell patients and preserved as shown in fig 1. 225
membranes) [6]. samples of blood samples were collected. Out of
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which 80 samples were of female patients and
145 were of male patients of different age group.
Step 2: The value of hemoglobin level of the
samples were also taken from the respective
labs.

Step 3: The capacitance of the blood is
measured with the shown experimental setup in
fig 2. It should be noted that a fixed amount of
blood should be used for measuring purpose.
Step 4: The measured value of the capacitance
is then co-related with its value of hemoglobin
levels.

Step 5: In this step we verified our observation.
We took blood samples randomly (5 male and 5
female samples) and measured the capacitance
of it. Then the hemoglobin was checked. The
measured values got fit into the curve which
was obtained earlier.

Step 6: The measured value has been used for
data mining to obtain the hidden pattern in the
findings of the experiment.

Result:

The authors observed a relationship
between hemoglobin and the age of the subject.
An interesting curve is obtained between the
blood capacitance and hemoglobin of the blood
sample.

It is observed in Fig 3 and fig 4 that the
variation of hemoglobin is related with age. The
value of hemoglobin is low at early age and
increases as age progress. It gets saturated in
normal condition and again starts decreasing
after 50’s.

The measured blood capacitance value
changes with hemoglobin level as shown in fig 5.
It is observed that the capacitance decreases
with increase in hemoglobin level.

The result of date mining is also very
interesting. It is seen that the normal range of
hemoglobin for male patient is between 14g/dL
to 17 g/dL and the variation of capacitance is
between 2.5 pF to 1.01 pF. The abnormal range
of hemoglobin is less than 14 g/dL or more than
17 g/dL. The value of capacitance is varying
from 2.6pF to 7.4Pf corresponding to low
hemoglobin. For high hemoglobin level the
capacitance value decreases from 1.01pF to
0.9pF. The decision tree is as shown in fig 6.
Lets check the node 11 in the tree. It indicates
that if the blood capacitance is measured
2.55pF the hemoglobin of the patient is
13.5g/dL.
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Figure 3: Age Vs Hb curve for male
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Figure 4: Age Vs Hb curve in Female
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Figure 5: Hb vs capacitance curve

Mode 1

(Entire Group)

N =38

hb [mgm/dl) = 14.116
Std. dev. = 2.858

Node 2
capacitance <= 1.3

Node 3
capacitance > 1.3
hb (mgm/dl) = 17.891
Std. dev. =0.233

hb [mgm/dl] = 12.578
Std. dev. =1.732

Mode 4
capacitance <= 0.75

Node 5
capacitance > 0.75

Mode &
capacitance <= 5.425

Node 7
capacitance > 5.425

hb [mgm/dl) = 10.057
Std. dev. = 0,803

hb [mgm¢dl) = 17.080
Std. dev. = 0.621

hb (mgmdl) = 18.567
Std. dev. = 0.345

hb (mgm/dl) = 13460
Std. dev. =0.907

Mode 8
capacitance <= 3.605

Mode 3
capacitance > 3.605

hb [mgm/dl] = 12.283
Std. dev. =0.393

hb [mgm/dl) = 13.964
Std. dev. =0.511

Node 10
capacitance <= 2.55

Mode 11
capacitance > 2.55

hb [mgm¢dl) = 14.400
Std. dev. = 0.330

hb (mgm/dl) = 13.529
Std. dev. =0.183

Figure 6: Decision Tree for Blood samples of
Male Patients

Conclusion:

By measuring the blood capacitance the
hemoglobin of the blood can be easily measured.
It can be accurately bifurcated between normal,
high or low levels of hemoglobin which can
prove to be very helpful for doctor to take
decision regarding treatment without putting
much effort.

Acknowledgment:

The authors are very thankful to
Krishna Engineering College, Ghaziabad for its
valuable support. We thank all our friends and
family for their encouragement and help. The
experiments could not be completed without the
help of careplus pathology labs. The authors
also want to extend their heartfelt thanks to Mr
Vikas for his technical support to carry out the
experiments.

References:

[1] Justin P. Phillips, Michelle Hickey and
Panayiotis A. Kyriacou (2012) ‘Evaluation of
Electrical and Optical Plethysmography Sensors
for Noninvasive Monitoring of Hemoglobin
Concentration’ Sensors 12, 1816-1826
doi:10.3390/s 120201816.

ISSN 2347 - 517X

[2] B. Giraudl, D. Frascal, B. Debaene and O.
Mimoz ‘Comparison of haemoglobin
measurement methods in the operating theatre’
British Journal of Anaesthesia Page 1 of 9
doi:10.1093/bja/aet252

[38] S. Gabriel, R. W. Lau and C. Gabriel (1996)
“The Dielectric Properties of Biological Tissues”
Physics in Medicine and Biology, Vol. 41, No.
11, pp. 2251-2269.

[4] van den Broe NR, Letsky EA (2001)
‘Pregnancy and the erythrocyte sedimentation
rate.’pubmed.gov US National Library of
Medicine National Institutes of Health BJOG.
Nov;108 (11):1164-7.

[5] Arpita Gupta, G.U.Kharat, (2014) Effect of
Diabetes on Dielectric Property of Blood Plasma,
International Journal of Multidisciplinary
Educational Research IUMER, ISSN: 2277-7881;
IF-2.735; V:5.16; Vol 3, Issue 3(6) pp 94-98.

[6] Irimajiri, Akihiko; Suzaki, Toshinobu; Asami,
Koji Hanai, Tetsuya, (1991) ‘Dielectric Modeling
of Biological Cells : Models and Algorithm’ Bull.
Inst. Chem. Res., Kyoto Univ., Vol. 69,pp 420-
428

[7] Neher and a. Marty (1982) Discrete changes
of cell membrane capacitance observed under

conditions of enhanced secretion in bovine
adrenal chromaffin cells Proc. Nati Acad. Sci.
USA Vol. 79, pp. 6712-6716,Neurobiology

[8] Fei Wang, Qussai Marashdeh, Liang-Shih
Fan and Warsito Warsito (2010) Electrical
Capacitance Volume Tomography: Design and
Applications Sensors 10, 1890-1917;
doi:10.3390/s100301890

[9] Charman RA. (1996) Electrical Properties of
Cells and Tissues. In: Clayton’s Electrotherapy.
10th Edn. (Eds. Kitchen S, Bazin S.), London,
UK: WB Saunders Company Ltd.

[10] Schwan HP.(1985) Dielectric Properties of
Cells and Tissues in Interactions between
Electromagnetic Field and Cells. Chiabrera A,
Nicolini C, Schwan HP. (Eds.),
Plenum.

Newyork,

[11] Arpita Gupta, G.U. Kharat, (2015) ‘Change
In Blood Capacitance With Gestational Age
Linked With Data Mining’ International Journal
Of Pure And Applied Research In Engineering
And Technology, (IJPRET), Volume 3 (9): 1592-
1599

51



