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Abstract

Health monitoring of human being can be done using implant or wearable sensors. Making use of these sensors to form a network are
aptly called as Wireless Body Area Sensor Networks (WBASN). Better performance and energy saving can be accomplished in a chal-
lenging way in this type of network. National Rural Employment Guarantee Act in India provides employment for people in rural areas.
This involves more intense physical work in the open environment. People involved in this work tend to feel fatigue if they work for
prolonged duration. We have conducted experiments in several scenarios to determine the stamina level of employed people and pro-
posed ways to provide how man power can be efficiently improved by giving optimal break time and energy supplement drinks to im-
prove the stamina level. Moreover energy of sensors may be efficiently improved by compressing the data before transmitting them to

servers by suitable algorithm as discussed in our paper.
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1. Introduction

WSN attracts many researchers for its various applications and its
efficiency. WBASN is a kind of WSN which uses many sensors to
measure the human physiological factors like pulse rate, tempera-
ture, heartbeat, EEG in real time[1] [12]. In India, our government
established National Rural Employment Guarantee Act in 2005.
The main purpose of this Act are i) to provide guarantee the right
to work ii) to enhance livelihood security in rural areas. iii) to
provide 120 days of employment in a financial year. The follow-
ing tasks are carried out in rural areas i) creating infrastructure of
water harvesting ii) drought relief iii) flood control etc., thereby
creating rural assets to the nation.

People who are involved in this work are directly exposed to envi-
ronment and they become weak physically. In this paper, we pro-
pose a novel method to determine the energy level of people by
WBASN. Decrease in energy level leads to less productivity of
work if they are not treated in time by providing rest or supple-
ment drinks to boost their glucose level. In this method we used
HEER routing protocol which conserve the energy of nodes in an
efficient manner in this operating environment.

The drawback of WBASN are costly sensors, placement of sen-
sors and its stability [2] [3]. Improper placements of nodes leads to
low quality data being sent by the sensor. Placement of low pow-
ered and tiny sensors is a great concern [4].

2. Related works

Network lifetime can be improved by proper data transmission
and even distribution as in [5] recommended using Energy bal-
anced rate assignment and routing protocol for BAN. Nature of
connection between nodes depends on movements of body. Op-

portunistic routing protocol improves the senor life even during
body movements as in [6].

Q-LEACH [7] has four quadrant each has a specific number of
nodes and they are further divided into sectors. Each sector selects
its own CH. This reduces the load on CH.

A. Ahmad et al. proposed Density controlled Divide and Rule
scheme [8] for energy efficient routing in WSN. In this method
static clustering techniques is used. Routing protocol suggested by
N. Javaid. et al [9] for heterogeneous WBASN. In [10] researchers
made a detailed survey on various architectures to monitor health
status in WBASN.

On comparing the above works, it is found that they are focused
on energy efficiency of nodes. In our suggested experiments we
propose a method to extend the network life time by introducing a
suitable compression method based on experiment results.

3. Proposed method

We assume people involved in this work are in groups and each of
them are given three different sensors viz., heartbeat sensor, blood
glucose level sensor and temperature sensor[19][20]. Heart beat
sensor or pulse sensor use non invasive method to take measure-
ments at the skin surface. Optical technique is used to detect blood
volume by using photo detector under bed of tissue [13] [14]. It
uses an IR to illuminate the finger on one side. Photo detector is
placed on other side to measure the small change in variations of
transmitted light intensity. Some of the light is absorbed by the
blood. Light detector recognizes the transmitted or reflected light
to calculate the heart beat. LM35 of Texas Instruments is used to
calculate body temperature. Its operating range is between -55° C
and +150° C. It is suitable for remote applications and it is cali-
brated directly in Celsius [15] [16].
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Dexcom G5 sensor is used for real-time continuous glucose moni-
toring. It monitors the blood glucose level without pricking fingers
and approved by Food and Drug Administration(FDA). Data
sensed by these sensors are collected by Central Base Unit(CBU)
which is placed on the wrist and CBU pushes these information to
the server.

Temperature sensor is placed in the armpit to measure the temper-
ature of the person. Blood glucose level sensor is positioned in the
finger tip to take blood samples periodically to measure the glu-
cose level in blood. Heartbeat sensor is placed at the finger tip to
measure the heartbeat of the person. Alternately they can also be
positioned in ear lobe. CBU is placed around wrist of a person as a
wearable band [17] [18] [21] [22]. This is used to collect the sen-
sor values continuously which in turn send these information to a
remote server as shown in Fig. 1.
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Fig. 1: Sensors on Human Body and Its Communications.

Our experiment is carried out with 40 employees based on sex and
age. 20 men and 20 women were involved for this experiment who
are classified based on four age groups as follows. People who
falls into 20 to 30 years old, 31 to 40 years old, 41 to 50 years old
and 51 to 59 years old. Five persons were selected in each age
category. All of them are fitted with those three sensors as men-
tioned above.

Classification followed in our experiment is shown in Fig. 2.
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Fig. 2: Classification Based on Age and Sex.

The initial average stamina level of the person is taken as 2500
joules. Stamina level is assumed to be maximum before they start
the work. As the time progresses , due to their intense physical
work body metabolism changes accordingly. We are concerned in
calculating their body temperature, blood glucose level and heart
beat with available sensors on body.

We have used Mifflin-St Jeor Formula to calculate the Resting
Energy Expenditure (REE).

Mifflin-St Jeor formula for men is given below:

REE = 10 x weight (kg) +6.25 x height (cm) -5 x age(y) +5
Mifflin-St Jeor formula for women is given below:

REE = 10 x weight (kg) +6.25 x height (cm) -5 x age(y)-161
Resting Energy Expenditure (REE) is defined as the amount of
energy expended by a person at rest. The initial average stamina
level of the person is taken as 2500 joules. This is required for the

proper functioning of various vital organs of human body. This
minimum energy required for a person is considered as threshold

value. If it reaches below 1500 joules, the person is said to have
least stamina level.

In our experiment we use energy consumption model in [11] and
transmission energy and reception energy is given as below:

Transmission Energy = Energy Dissipated by Transmitter
circuitry*b+Transmit Amplifier Energy *m*b*d™

Reception Energy = Energy Dissipated by Receiver circuitry * b

Where b is the numbers of bits being transmitted. Blood glucose
sensor and temperature sensor use 240 bits data while heartbeat
sensor use 24k bits. m is path loss exponent. For Line of
Sight(LOS) communication , its value is 3.3778 and for other non
LOS model the value is 5.778.

4. Experiment and result

We used MATLAB[12] to simulate our work. In this model we
assumed the initial energy as 0.34J. Transmitting and receiving
energy of transmitter is 16.698 nJ/bit and that of receiver is 36
nJ/bit[23][24]. Amplification energy is taken as 2 nJ/bit/m2. All
three sensor readings were taken from 10am to 6pm in an interval
of one hour and they are tabulated. The number of packets being
transmitted is also noted down for each sex. Five people's reading
for each age category is taken and they are averaged to reduce
error and 95% confidence level is assumed. Objectives of our
experiment are,

e To find who discharges work efficiently over the period of

time.

e When to provide break time

e  Throughput analysis

e Improving Node lifetime
Fig. 3 shows graph of stamina level of men in various age catego-
ries over a time period. It shows that beginning of the day all are
in full stamina level. As the time progresses the energy level of the
employees goes down. But after the meal break at 1pm improves
their stamina a bit and gradually there after decreases at the end of
their days work.
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Fig. 3: Stamina Level of Men over A Period.

Fig. 4 shows graph of stamina level of women in various age cate-
gories over a time period. It shows that beginning of the day all
are in full stamina level. As the time progresses the energy level of
the employees goes down. But after the meal break at 1pm im-
proves their stamina a bit and gradually there after decreases at the
end of their days work. Comparing with figure 3 we infer that
women tend to reach fatigue so earlier. Moreover contribution by
51-60 age category is less as they reach fatigue soon compared to
other categories. It is also noted that as the temperature and heart-
beat increases energy level of villagers is drops to threshold. As
the glucose level decreases the energy level decreases. They are
revived by optimal break time and provided with supplement en-
ergy drinks like coconut water, buttermilk etc., for the needy to
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improve their productivity. Unnecessary break time may be elimi-
nated if they found to me fit by analyzing continuously by our
method.
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Fig. 4: Stamina Level of Women over A Period.

Fig. 5. shows the realtion between packets sent over a period of
time for men workers. Age group 20-30 very rarely get tired and
transmission of data from sensors are less frequent. Hence very
few number of packets are sent. But as the age group increases we
found there are large number of packets being transmitted to CBU.
Sending more packets results in more energy spending by the
motes. Network lifetime is more for 20-30 age group and it is less
for the other age groups as noticed from this graph.

Packets sent - Men

v
(=]
(=]
b4
]
7]
g
< w=20-30
[v]
% —B=31-40
g
$ 4150
U T T T T T T T T T 51760

0,(.,((‘ '\?& '15\’@ NQ(R‘ ,»Q@ %Qé‘ b-Q(Q c,Qé\ Q)Q(Q
NOON N

Time Interval
Fig. 5: Packets Sent over A Period for Men.

Fig. 6. shows the realtion between packets sent over a period of
time for women workers. Age group 20-30 very rarely get tired
and transmission of data from sensors are less frequent. But
somehow more packets are sent when compared to men of the
same age group.

As the age group increases we found there are large number of
packets being transmitted to CBU. Sending more packets results
in more energy spending by the motes. Network lifetime is more
for 20-30 age group and it is less for the other age groups as
noticed from this graph. Energy can be saved when transmitting
data for other age group by using appropriate compression
algorithm[24] [25] like Huffman encoding, Delta Run length
encoding etc.,

Packets sent - Women

L4
Q
% &5
-
g 2
v
1]
515
x =4=20-30
m 1 _
% =f=31-40
6 05
2 41-50
0 - = 51-60

S

Time Interval
Fig. 6: Packets Sent over A Period For Women.

5. Conclusion and future work

Better performance and energy saving can be accomplished in a
challenging way in WBASN type of network. Our experimental
results show that young people work for long duration with less
energy spent. When comparing men with women of same age
category, men expected to give more productivity than women.
This experiment provides us to determine the optimal break time
to be given for various categories of people and identify when to
compress the data. Hence man power clustering can be done in an
optimal manner. As older people [51-60 age category] gets tired
very soon, more packets were transmitted requiring more band-
width. So proper compression method can be implemented to
improve the lifetime of the sensors. However compression algo-
rithm is not needed for low age category [20-30] because of less
bandwidth consumption. Incorporating compression for the latter
scenario may decrease the lifetime of the sensors due to its com-
plexity at hardware level.
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