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Abstract—This paper presents a thyroid monitoring sensor for
Internet of Things (IoT) applications. The proposed architecture
is energy efficient and user friendly. Thyroid monitoring can
be done either by monitoring the basal body temperature or
through blood samples. In this work basal body temperature
is the quantity sensed for thyroid monitoring. The tempera-
ture acquisition is performed by a ring oscillator along with
a counter and a controller. The designed module implements
the temperature acquisition module along with the calibration
method to dynamically optimize the sensor design. A prototype of
the temperature sensor along with the controller which performs
the calibration is designed using Simulink® .

Keywords—Internet of Things (IoT), Smart Health, Thyroid
Monitoring, Sensor Design

I. INTRODUCTION

The Internet of Things (IoT) is a network of devices where
each device can be recognizable in the network [1]. In general,
an IoT node consists of a sensor or a device which obtains the
required data. Many such sensors are connected to a network
and each device can share the data obtained. These sensors are
connected to each other through different wireless technologies
including IEEE 802.15.4 and WiFi, Bluetooth Low Energy
(BTLE) [2]. When there is a way to connect sensors/devices
and make the network available in real time, smart health
monitoring is a most important application for such a network.
Current applications in health care systems include patient
monitoring, fall detection, care, and management.

Thyroid disease occurs due to imbalance in production of
triiodothyronine (T3) and thyroxine(T4) hormones which is
regulated by the Thyroid-Stimulating Hormone (TSH) in the
body. The imbalance of these hormones can affect metabolism,
muscle strength, weight and body temperature. There are two
common ways of monitoring thyroid function continuously: by
testing the thyroid hormones in the blood or to continuously
monitore the basal body temperature (BBT. In this paper
we have proposed an architecture for efficient basal body
temperature monitoring, which is the key factor for thyroid
monitoring. Since the sensor needs to operate throughout
the night, an architecture with two separate components is
designed, as shown in Fig. 1.
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Fig. 1. Sensor module to obtain Basal Body Temperature (BBT).

The rest of the paper is organized as follows: a global
picture of thyroid monitoring in smart health monitoring is
presented in Sec. II. Existing related research work for health
monitoring systems is presented in Sec. III. An overview of the
proposed architecture is given in Sec. IV. The detailed design
is discussed in Sec. V. The implementation of the designed
blocks along with simulation results is discussed in Sec. VI.
The paper concludes in Sec. VII.

II. THYROID MONITORING THROUGH IOT: A BROAD
SMART HEALTH PERSPECTIVE

A block diagram of a device involved in smart health
monitoring as shown in Fig. 2. The components of include
a sensor for data acquisition, a processor unit to obtain the
information and process it, a transmitting/receiving unit to
send/receive the data obtained, and a memory to store the
information until connected to a personal computer.

An ideal thyroid monitor needs to be portable, low power
and user friendly to make it a device that can be used by
people of all age groups. To be power efficient, the proposed
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Fig. 2. Basic architecture for smart health monitoring device.

architecture is used in the design. Wireless modules are more
power consuming, since they continuously transmit/receive
signals. By using this architecture, the temperature sensor,
which is the primary element to obtain temperature values,
is being employed for a longer period of time whereas the
power consuming modules are used only when required.

III. RELATED PRIOR RESEARCH

A power efficient architecture for Drug delivery NEMS
has been proposed in [3]. An IoT architecture for temperature
measurement using 4G health applications based on IPV6
connectivity has been demonstrated in [4]. FPGA based fall
detection has been proposed in [5]. In this work, the wireless
wearable sensor platform SHIMMER is used to detect the
fall detection. The architectures proposed here uses off-chip
memory. SHIMMER is a low power wireless sensor used for
many bio-medical applications such as temperature detection,
and fall detection [6] .The functionality of SHIMMER is
expanded by using required daughter boards. In designs where
off the shelf components are being used, SHIMMER gives a
wide range of applications. In [7] a wearable monitoring device
has been proposed for temperature and heart rate monitoring.
In [8] a wearable temperature sensor for passive and semi-
passive applications has been reported. An energy efficient
front end for wireless temperature sensor architecture has been
proposed in [9]. In [10] a passive wireless sensor module has
been proposed with an external temperature sensor and an
ADC where distilled water is used as the temperature sensing
material.

IV. THE PROPOSED NOVEL THYROID MONITORING
SENSOR: AN ARCHITECTURE PERSPECTIVE

In the proposed monitoring system, the temperature sensor
module along with the non-volatile memory is used as an
in vitro component, i.e. it is placed on the body of the
person throughout the night to obtain temperature values. The
temperature acquisition is done with the help of an oscillator
block as shown in Fig. 3. The basic block diagram involves a
control logic block, which gives the enable signal to the ring
oscillator. The control logic block is controlled by a digital
block which contains the calibration algorithm and memory.
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Fig. 3. Block diagram of proposed sensor architecture.

The digital block helps in storing the values throughout the
night and is reset when the data is extracted from memory.
This block provides the start signal to the control logic,
which initiates the temperature acquisition process. It also
contains a calibration algorithm which helps in calibrating the
temperature sensor. The temperature acquisition is done by
using the ring oscillator. The variation in oscillating frequency
is compared with the frequency of the system clock and the
temperature is analysed. The comparison of clock frequency
and oscillating frequency is done with the help of a binary
counter. The output of the counter is written to the memory of
the digital block. This information can be retrieved using the
wireless module present in the sensor design. With the help
of a wireless module, many such sensors can connected to the
sensor network.

V. DESIGN OF THE THYROID MONITORING SENSOR

A. Control Logic

The control logic operates in synchronous mode with the
binary counter and control block. When the start signal is
provided by the control block, the control logic triggers the
ring oscillator by providing enable “high”. This initiates the
temperature acquisition process.

B. Thermal Sensor

The temperature acquisition is done by using a ring oscilla-
tor. Ring oscillators have been widely used as thermal sensors
[11], [12]. In [13] a ring oscillator architecture is proposed for
human body temperature monitoring. In [14] a ring oscillator is
designed using an odd number of inverters.In order to achieve
oscillation the ring should provide a 2π phase shift and have
unity voltage gain at the oscillating frequency. The oscillation
frequency is given by the following:

fosc =
1

Nstage(Tpd,LH + Tpd,HL)
, (1)



where Nstage is the number of stages in the ring oscillator and
the propagation delays Tpd, LH and Tpd, HL are given by:

Tpd,LH =
−2CLVTh,p

Kp(VDD − VTh,p)2
+

CL

Kp(VDD − VTh,p)
ln

1.5VDD + 2VTh,p

0.5VDD
(2)

Tpd,LH =
2CLVTh,n

Kp(VDD − VTh,n)2
+

CL

Kp(VDD − VTh,n)
ln

1.5VDD + 2VTh,n

0.5VDD
, (3)

where VDD is the supply voltage, CL is the load capacitance
and VTh,n and VTh,p are the n and p transistor threshold volt-
ages, respectively. The threshold voltage VTh is very sensitive
to temperature fluctuations. Thus as temperature increases the
oscillating frequency decreases and the time period increases.
This is used to analyze the variation of temperature based on
the oscillating frequency.

C. Counter

The oscillating frequency produced by the ring oscillator
is compared with the system clock with the help of a counter.
A 10-bit counter is designed with the help of JK flip flops.
The oscillating frequency is given by the clock pulse and the
system clock is given as an input to the counter.

D. Control Block

The control block in Fig. 4 is responsible for processing
the information obtained from the user. The output of the
counter is given as an input to the calibration block, where
the temperature linearity is checked. If the inaccuracy in the
temperature value is very high, the oscillator is switched ON
through the enable signal. If the inaccuracy is in a tolerable
range, then the information obtained is written in memory.
Once the information is written, a “done” flag is given to
the decision block. As the basal body temperature need not
to be monitored during the whole night, the regular interval
at which it is taken is given by the clock. When the flags
from the clock and memory are both “high”, the start signal
is generated to enable the oscillator block. This is achieved by
using a MATLAB® function in the subsystem.

VI. IMPLEMENTATION AND VALIDATION OF THE
THYROID MONITORING SENSOR

The operational flow of the thyroid monitoring system is
shown in Fig. 5. The 13 stage ring oscillator was implemented
using circuit components available in the Simulink® library.
The first inverter is replaced with a NAND gate. One of the
inputs for the NAND gate is by default given as a HIGH
input in order to feed back the output into the oscillator. In
the complete architecture, this input is given as an enable
signal, which would start the oscillator whenever the Enable
signal goes HIGH. The temperature dependence feature is
modeled for performing temperature analysis. The prototype
of the sensor with all subsystems integrated is shown in Fig.
6. The temperature measured is 28 °C. The ring oscillator
starts sensing the temperature and the output is fed to the
counter with the clock. The output of the counter and the
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Fig. 4. Block diagram for the control block.

output of the ring oscillator are sent as inputs to the controller,
where the bit count is interpreted in terms of temperature
values. The enable signal is triggered whenever the error in
calibration is less than or equal to the tolerance level. Since
this helps in obtaining accurate temperature values for lower
range of temperature, it proves to be efficient for basal body
temperature monitoring which helps in thyroid monitoring.
Since the human basal body temperature value is of very small
range, the temperature values are varied for a smaller range and
corresponding variations are observed. In the ring oscillator,
by varying the temperature values, the corresponding variation
in frequency is observed by using the “bilevel measurement”
feature in the scope block. Due to the switching activity of
each transistor, it is required to have simulation time as low
as possible.

The temperature values along with frequency and time
period values are listed in Table I. The values obtained are
plotted and it iss observed that as the temperature increases,
the oscillating frequency decreases and the propagation delay
increases. The graph obtained for variation in frequency with
respect to temperature is shown in Fig. 7. The characterization
of the sensor design is listed in Table II. It can be observed that
the power dissipation is in the range of nW for the proposed
system.

TABLE I. FREQUENCY AND TIME PERIOD VALUES FOR VARIOUS
TEMPERATURES.

Temperature (C) Frequency (MHz) Time Period (ns)
1. 25 42.906 23.307
2. 28 42.942 23.287
3. 30 42.967 23.274
4. 32 42.991 23.261
5. 34 43.013 23.249
6. 36 43.035 23.237
7. 36.5 43.043 23.233
8. 37.2 43.05 23.229
9. 38 43.059 23.224

VII. CONCLUSIONS AND FUTURE RESEARCH

A prototype of a temperature sensor which can be used
for thyroid monitoring is implemented in Simulink® using a
bottom-up approach [15]. The architecture proposed is proved
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Fig. 5. Design flow of the Thyroid Monitoring Sensor.

Fig. 6. Prototype of the sensor in Simulink® .
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Fig. 7. Temperature versus frequency plot.

TABLE II. CHARACTERIZATION OF THYROID MONITORING SENSOR.

Characteristics Values
1. Temperature range 25°C to 40°C
2. Power Supply 4 V
3. Accuracy +0.1°C
4. Power dissipation 28.65e−6 W
5. Frequency range 42.906 - 43.5 MHz

to be energy efficient and an accuracy of +0.1°C is achieved
in the range of 25°C to 40°C . Future research involves im-
plementing this architecture in real time and further integrating
many such blocks for IoT applications.
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