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Abstract

In this paper, a Basal Body Temperature monitoring Internet of Things-enabled system is
fabricated by using a thermistor constructed from nanomaterial. Basal Body Temperature is
the lower most temperature of the human body who is at break and varies from 96°F-99.5°F.
A nanoceramic powder-based thermistor is fabricated by pressing the self-synthesized
NiMn,O4 nanomaterial powder in an insulated cylindrical tube with aluminium electrodes.
The mean crystallite size of the nanoceramic powder is found to be 27 nm. This result is
obtained from the x-ray diffraction characterization results with the help of Scherr’s model.
Sensor calibration is performed by using a thin film heater, a combination of LM35 and a
fabricated thermistor with Atmega328 microcontroller. Further Internet of Things-enabled
Basal Body Temperature monitoring system is fabricated with the use of an open Internet of
Things platform. The fabricated system effectively measures Basal Body Temperature with a
precision of about four digits, which is better suitable for forecasting the ovulation period in
humans by the analysis of the two-phase temperature trend of the Basal Body Temperature
graph. This information has been helpful in order to naturally become pregnant or not.

Fertility awareness method facilitates natural family planning.
Keywords: Thermistor, Nanoceramic, 10T, Basal Body Temperature, Ovulation detection

1. Introduction to 99.5°F (Hutchison et al., 2008). The
temperature of the human body is a
complex, non-linear variable that is both
internally and externally influenced by a
variety of factors, including age, effort,
infection, gender, the location of the
measurement in the body, the time of day it
is taken, the subject's level of consciousness,
activity, emotional state, psychological
factors, inadequate and irregular sleep

The degree of heat intensity is measured by
temperature. The temperature of a body is an
expression of its molecular excitation(Ling
et al., 2015). It is among the most frequently
seen environmental parameters given that
the majority of mechanical, chemical,
biological, electrical, and physical systems
show some sort of temperature

dcip;ei?:ve;:eégggnddetchkajorn & schedule, and the subject's reproductive

’ ' status.(Mackowiak et al.,
The widely accepted typical adult 1992)(Grodzinsky, 2013)'(Lu & Dai, 2009).
temperature in a healthy state is about
98.6°F (Hutchison et al., 2008). The normal
temperature of a human is generally 97.7°F

Human body temperature is measured using
various kinds of thermometers, including
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analogue clinical thermometers (mercury
thermometers), digital thermometers,
tympanic membrane thermometers and
thermometer probes. The following places
are used to measure the temperature of a
human body: the mouth, the rectum, the
vagina, the bladder, the nose, the forehead,
above the temporal artery, under the arm,
the ear, and the tympanic
temperature(Martha Sund-Levander RN,
MSc et al., 2002)(Kelly G, 2006). There are
different ways to determine  body
temperature in a variety of parts of the body
and give different results.

Humans are homoeothermic, the
bioprocesses, functions and body
temperature have been verified at every
level of organization to possess regular,
time-sensitive  fluctuations  known  as
biological rhythms(Smolensky & Alonzo,
1993)(Kelly, 2006). Body temperature
varies within the day with the largest in the
late afternoon (4:00 and 6:00 p.m.) and the
smallest levels about 4 a.m. following the
Circadian rhythms(Kelly G, 2006)(Baker et
al.,, 2001). This smallest temperature is
attained typically once the body becomes at
rest which is known as Basal Body
Temperature (BBT).

The temperature of the human body is
sensitive to many hormones indicating the
events taking place in the human body. The
temperature rhythm variations during the
menstrual cycle in women are called circa
mensal rhythm(Kelly, 2006). At follicular
stage of the menstrual cycle, Basal Body
Temperature reaches its smallest point about
1 day earlier ovulation because of a larger
amount of estrogen, later ovulation, a larger
amount of progesterone generated by the
corpus luteum basal body temperature
increases abruptly later ovulation to about
0.5 -1°C during the luteal phase, the event is
referred to as Biphasic Temperature
Pattern(Su et al., 2017).

The currently available methods for
measuring basal body temperature are
mercury thermometers with the
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disadvantages of less accuracy and
precision, easy breakage, slow response and
hazardous due to the presence of toxic
mercury (Hg); digital thermometers are also
used as basal thermometer which has less
precision and accuracy and the results are
unreliable(Dolkar et al., 2013) and other
basal thermometers available which are
accurate, precise and capable of storing data
but, it is very expensive.

Charting of biphasic temperature form of
Basal Body Temperature is applicable as a
part of the Fertility Awareness Method of
Natural Family Planning(NFP) known as the
Symptothermal method which is the
simplest, harmless and non-invasive
efficient mechanism to sense ovulation by
following the symptoms and signals of a
human body(Fehring, 2004)'(Smoley et al.,
2012). The exact prediction of ovulation, as
a pointer aids to accomplish or protect
pregnancy naturally (Pallone & Bergus,
2009) (Watanabe et al., 2016).

In this work, a nanoceramic powder-based
thermometer is fabricated, characterized,
calibrated and tested. The NiMn,04
nanomaterial is prepared using a solution
technique. The thermistor from this
nanoceramic powder is fabricated using a
simple and economical method and the
resulting thermistor is stable, highly accurate

and more precise. The basal body
temperature displaying system is
manufactured  using  the  fabricated

thermistor, Atmega328 microcontroller, and
Arduino Integrated Development
Environment (IDE). Further, this system is
upgraded with 10T wusing NodeMCU,
ThingSpeak 10T platform and Arduino IDE,
to simplify the broadcast, storage, access,
processing and plotting of the information in
real time and also help the involvement of
health professionals for the correct real time
measurement of ovulation period as the
Biphasic temperature pattern variations are
only around 0.5°C - 1°C and the distinction
of temperature variations due to the
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influence of others factors demands
specialization. So the developed 0T system
is very convenient for BBT monitoring with
high accuracy and precision of more than 3
digits privileging the prediction of the
ovulation period.

2. Experimental
2.1.Chemicals Used

To synthesize NiMn,0, nanomaterial tetra-
hydrated Nickel acetate(C4H14NiOg.4H,0),
tetra-hydrated Manganese
acetate((CH;COO),Mn-4H,0), Oxalic
acid(C,H,04) and  Distilled water(H,O)
have been utilized. These chemicals have
been bought from Sigma Aldrich.

2.2.Equipment used

To prepare and characterize the resulting
nanomaterial Alumina crucible, mortar and
pestle, beakers, magnetic stirrer beads,
digital and programmed hot plate, muffle
furnace, fumehood, powder XRD and
FeSEM/EDS have been utilized. All these
equipment are found in Mangalore
University, Mangalore, India. | have

o
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experimented in the
Electronics, Mangalore
Mangalore, India research lab.

NiMn,O,4 nanomaterial is prepared using a
modified solution route technique. Two
hundred milligrams (mgs) of
C4H14NiOg.4H,O and 3939 mgs of
(CH3CO0),;Mn-4H,0 have been mixed and
dissolved in 0.24 liters(l) of solvent which is
distilled water. The sample is put in a
magnetic stirrer on a hot plate at a heating
temperature of about 45°C and a time
duration of half an hour. 70 mgs of C,H,0,
is dissolved in 0.10 | of solvent in a glass
beaker kept in a fumehood at room
temperature. The resulting solution is mixed
with the former solution with vigorous
stirring. Then the resultant sample is kept at
75°C until a thick sol is obtained. The whole
experiment took place in a fumehood. Then
the resulting sol is dried in the furnace at
105°C. The dried sample powder has been
ground with a pestle and mortar. Finally, it
has been calcined in a furnace at 960°C for
about 190 minutes.

Department  of
University,

EHT= 500KV  SignslA=inlens Mag= 9000KX WD = 4.9mm

Figure 1. FeSEM Micrograph of the nanomaterial NiMn,O,4 sample

Field emission scanning electron
microscopy  with  energy  dispersive
spectroscopy(FeESEM/EDS) and powder X-
ray diffractometer (XRD) have been utilized
to describe the surface morphology and
mean crystallite size, constituents, and
crystal arrangement of the resultant
nanopowder correspondingly.
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3. Results and Discussion

3.1.Results and discussion for
nanoceramic NiMn,O4 powder

FeSEM

It is used for characterizing the morphology
and particle size of the synthesized powder.

the
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The FeSEM image of the resulting ceramic
powder is shown in Figure 1. As shown in
this figure, the nanomaterial is fabricated by
wet chemical method using distilled water as
a solvent, synthesized NiMn,04
nanoceramic powder consists of distinct
nanoceramic grains with some
agglomeration and the resulting samples are

homogeneous. The resultant grains are
composed  of  nanocrystallites.  The
agglomeration is created due to the

moisture, characteristics of the material and
the calcination temperature. The mean grain

2 - & 3 10
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Figure 2. EDS analysis of the sample

XRD

The elements of K, Drawings have been
logged in the step-scanning mode, with a (260)
step of 0.02° scan and 2 seconds per step
counting time in the range of 10° < 20 <
80°. As shown in Figure 3, there have been
nine peaks shown during the experiment.
Among the peaks the longest (2957.91 cps)
has been seen at 35.96° with 0.2492° Full-
width half maximum(FWHM) while the
shortest peak (196.89cps) has been seen at
76.06116° with 0.2106° FWHM.
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size of the sample is 54nm and the mean
particle size is about 35nm.

EDS

The chemical composition analysis of the
resulting sample is performed using EDS
with the K-lines of the respective elements
on a well-crystallized powder. The cation
ratio of Ni: Mn is found to be 1:1.96 which
is in good agreement with the expected 1:2
proportion. EDS result also confirms that the
powder sample contains Ni, Mn and O; as
shown in Figure 2.
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Figure 3. XRD pattern of the resulting
powder

Powder XRD has been used to measure the
mean crystallite size of nanopowder from the
resulting diffracted pattern using XRD results
and the Scherrer equation from equation (1).
D 09=xA1 L
~ B *cos(8) 1)

Where B is the FWHM of the diffraction
peak in radians, 0 is the Bragg's angle, and A
is the CuKa source's x-ray wavelength
(0.154059nm). The nanoceramic material's
mean crystallite size has been measured at
27 nm.



Almaw A.

L{EIIEH ]

|

and

Figure 4. Sensor fabrication process

3.2.Thermistor
calibration result

fabrication

The detailed fabrication process steps of the
sensor are clearly shown in Figure 4. The
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electrical  insulator  but  thermally

conductor tube is taken

Aluwminum

fail pit::l:h are  rolled and

compressed to this side of the tube

Aluwminmuun lead wire is mserted into tube

0.23gms of NiMnzOs nanocceramic powder

was mserted through the opened side of the

tube and well pressed

The opening on the other side is closed by

rolled aluminum foil pieces followed by

aluminum lead wire tightly

The aluminuwm lead wire on either sides is

wound  with  wires

to  facilitate electrical

connections

thermistor is fabricated using the prepared
NiMn,O,4 nanomaterial using a cylindrical
tube of thermally conducting and electrically
insulating material. The resulting discrete
thermistor is shown in Figure 5.

Figure 5. Fabricated thermistor
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Figure 6. Temperature versus resistance of the thermistor

Adjusting the value of the fabricated sensor
The resulting thermistor is characterized and
calibrated using a homemade circuit
interfacing the fabricated sensor with an
Atmega328 microcontroller, LM35 IC
temperature  sensor, FTO-coated glass
electric heater and digital multimeter.
Temperature versus resistance graph of the
thermistor is shown in Figure 6. The
thermistor was calibrated using the p-
coefficient model of thermistors with the
characteristic results. The value of Ryis
1.02 MQ and the B-coefficient value is
5520K. The thermistor model is found to be
as shown in equation(2).

1 1 1 ( R

Ty 30818 T

Embedded system development and testing

Development of BBT monitoring system

1.02MQ) @
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An Atmega328 microcontroller, a 2X16
LCD, the Arduino IDE, a basic voltage
divider circuit for signal conditioning, and a
ready-made temperature sensor are used in
the development of the embedded system for
BBT monitoring. A straightforward voltage
divider electric circuit is used to condition
the thermistor-sensed signal so that the
microcontroller may use it. The ADC output
of the microcontroller in voltage is
converted to resistance value. The obtained
resistance values are transformed to
temperature value of Fahrenheit scale using
the p-coefficient model of thermistors
equation as given in equation (2). The
thermistor is improved in sugf?)a way that
temperature can be easily measured. The
diagram of the embedded structure is given
in Figure 7.
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Figure 7. Developed embedded system in block diagram

Figure 8. Prototype of the developed thermometer

The devised device can measure in the 20—
50°C range with a precision of roughly four
digits. The system's digital reading on the
prototype is displayed in Figure 8.

Development of an IoT system for BBT
monitoring

The BBT monitoring system has been
designed using NodeMCU (ESP8266),
ThingSpeak, an open-source platform, and
0T technology. Wi-Fi modules have been
used instead of an external Wi-Fi module
along with Atmega 328 microcontroller and
programmed in Arduino IDE. ThingSpeak
aids the creation of channels, collection and
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storing of the sensor data in the cloud and
also provides applications that assist in the
analysis and visualization of the obtained
data.

The block diagram of the NodeMCU,
thermistor and signal conditioning circuit is
displayed in Figure 9. The thermistor that
was made with a signal conditioning circuit
is interfaced with NodeMCU and connected
to the ThingSpeak server via a Wi-Fi
connection, the sensed values are
transmitted and stored in the ThingSpeak
cloud in real time. The sensor values stored
are accessible to the users in real time via
smartphones and computers.
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Figure 9. Block diagram of NodeMCU interfaced BBT monitoring system

Figure 10. Prototype of NodeMCU interfacing with the fabricated thermistor

The resultant prototype of the developed loT
system for BBT monitoring using a signal-
containing circuit, NodeMCU and the
fabricated sensor is shown in Figure 10.

BBT measurement

Readings from the developed thermometer
have been taken during testing at the same
time every day in the morning, between 4
and 5 am. A channel is constructed to
submit the measured values to ThingSpeak.
Read and write keys for an API are
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produced automatically once it has been
created. Programming has made use of an
API read key to update sensor data in real
time in the channel with a certain API key.
Through the use of a Wi-Fi connection that
matches the program's specified SSID and
password, the measured data is uploaded to
ThingSpeak. The flow chart in Figure 11
explains how to use the Arduino IDE to post
sensor values to the ThingSpeak cloud.
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Define ThingSpeak API write key, SSID,
Password, Server address.

If network connection of defined
SID and Password exists

Print “WiFi is
connected to “SSID™

Resistance 1s calculated from the average of thermustor sensed voltage.

Print “WiF1 15 not
connected”

Calculated resistance 15 converted to temperature on °F scale.

Print “Waiting to uploy

Print the temperature véluc uploaded to cloud of
ThingSpeak

Yes

If WiFi connection exists

=

Figure 11. Sensor data uploading to ThingSpeak flowchart
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Figure 12. Biphasic pattern of women's BBT readings uploaded to ThingSpeak

Additionally, the thingSpeak platform
allows uploaded data to be drawn with the
date displayed in Figure 12. Examining this
graph in the picture, we can see that the
BBT is modest before ovulation and
significant following owvulation, The BBT
sharply rises to 98.91°F after falling by
98.08°F during the cycle's 15-17 days.
Therefore, ovulation can be predicted to
occur between January 26 and 28.
ThingSpeak allows the exporting of the
stored sensor data in the cloud in .json, .xml,
or .csv formats, which can be further helpful
in the detailed processing and analysis of
sensor data in MATLAB or Excel
spreadsheets to draw accurate conclusions.

4. Conclusion

Herein we report the NiMn,0O, nanoceramic
powder-based thermometer was developed
for the BBT monitoring system to estimate
the ovulation period in human beings. The
nanoceramic material which is NiMn,O4 has
been prepared using a modified solution
route technique. The thermistor has been
fabricated by pressing the powder into an
insulated cylindrical tube with aluminium
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electrodes. The variation of BBT throughout
the menstrual cycle is not more than 0.5 -
1°C, therefore more precision and
knowledge are needed for the estimation of
ovulation. The resulting thermometer output
shows about four-digit precision with a
temperature range of 20-50°C. Furthermore,
the fabricated embedded system enables the
loT to honour the involvement of health
professionals for the correct detection of the
ovulation period in real time. Thus, the
symptothermal method of predicting
ovulation in women is more accurate and
enhances the efficiency and effectiveness of
NFP. It is also possible to fabricate the
resulting thermistor on a flexible substrate as
a thin film to design and develop a wearable
electronic system. Wearable electronic
systems are flexible, easy and comfortable
to install and use in real time with loT
devices.
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