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DESIGN AND CONSTRUCTION OF AN INFRARED TEMPERATURE
MEASUREMENT DEVICE THAT WOULD MAKE NONCONTACT
MEASUREMENTS FROM THE BODY

ABSTRACT

In this dissertation study, a body temperature measurement device based on an IR
(Infra-Red) radiation sensor which detects incoming IR radiation and converts it into
a measurable electrical signal is designed and constructed. This device measures
body temperature without any contact with the body surface as well as in real time.
The IR radiation sensor that is used in this study is Melexis MLX9061 which is
produced by “Melexis Microelectronic Systems”. In addition, in this study,
ATmega328P microcontroller, a product of Atmel Corporation, is used as an

embedded system in the Arduino open source code electronic prototype.

The IR radiation measurement sensor is one of the most important parts of the
mechanism of the non-contact temperature measurement. These kinds of sensors
perceive any changes of temperature that is seen by the focus point or FOV (field of
view) of the sensor and produce an electrical signal proportional to the amount of the
temperature differences. Also, a temperature measurement system that is based on
this kind of sensor is more useful than digital and mercury systems, because these
kinds of measurement systems are faster and easier than the digital and mercury

types of measurement systems.

Keywords: Infrared electromagnetic radiation, infrared sensors



VUCUTTAN TEMASSIZ OLCUM YAPAN KIRMIZI-ALTI SICAKLIK
OLCUM CIHAZININ DIZAYN VE iNSASI

0z

Bu tez ¢alismasinda, gelen kirmizi-alti radyasyonu detekte eden ve olgiilebilir bir
elektrik sinyaline doniistiiren kirmizi-alti radyasyon sensorii temelli bir viicut sicaklik
Ol¢lim cihaz1 tasarlandi ve insaa edildi. Bu cihaz viicut yiizeyine higbir temasta
bulunmadan ger¢ek zamanli olarak viicut sicakligini 6lger. Bu ¢alismada kullanilan
kirmizi-alt1 radyasyon sensorii “Melexis Microelektronik Sistemleri” nin iiriinii olan
Melexis MLX906°dir. Ayrica bu ¢alismada “Atmel Corporation® 1 bir {irinii olan
ATmega328P mikro kontroldr, agik kaynak kodlu elektronik prototip olan arduinoya

gomiilii sekilde kullanilmistir.

Kirmizi-alti radyasyon 6l¢tim sensorleri temassiz sicaklik 6lglim mekanizmasinin
en 6nemli kisimlarindan biridir. Bu tip sensorler, sensoriin FOV (field of view)’ u
veya odak noktasi tarafindan goriilen herhangi sicaklik degisimini algilayip, bu
sicaklik farkinin miktartyla orantili elektrik sinyali iiretirler. Ayrica, bu cesit sensor
temelli bir sicaklik 6lgiim sistemi dijital ve civali sistemlerden daha kullanighdir,
¢ilinkii bu gesit 6l¢tim sistemleri dijital ve civali tip 6l¢iim sistemlerden daha hizli ve

daha kolaydir.

Anahtar kelimeler: Kirmizialti elektromanyetik radyasyon, kirmizialt1 algilayicilar
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CHAPTER ONE
INTRODUCTION

Human eyes can see only visible light that exists on the visible region on the
electromagnetic spectrum or radiation spectrum. Although visible range can be seen
by human eyes, on the spectrum, visible region has a small area, and the invisible
region which includes invisible lights has the rest of the spectrum. Also, all
electromagnetic waves carry information from objects or environment. For example,
in the visible region, reflected light from an object carries its vision information, and
similarly IR radiation emitted from an object carries its temperature information. In
addition, X-rays transmitted from a human body carry vision information from the
inside of the human body in radiological imaging, and y-rays are used for similar

reason in nuclear medicine imaging.

In this chapter, electromagnetic waves, electromagnetic radiation spectrum, IR
radiation and black body radiation were expressed. Also, the physical basics and
principles of the black body radiation were shown simply as theoretic information.

1.1 The Electromagnetic Radiation Spectrum

In general, light is defined as a form of energy that displays characters of both of
waves and particles. This is called duality of the light in quantum physics. Also, light
is characterized as electromagnetic radiation that has electric and magnetic field
which are perpendicular to each other. Figure 1.1 (Harvey, 2008) shows
electromagnetic radiation components that are plane-polarized in x-y coordinate

system.
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Figure 1.1 Polarized electromagnetic radiation; radiation amplitude, A and its wavelength, A
(Harvey, 2008)

Also, the amplitude of the electromagnetic waves is given by the equation shown
below;
A = Aysin(2rv + @) (1.2)
In this equation, Ay, v and ¢ symbolize maximum amplitude, frequency and phase

angle of the electromagnetic wave. And, frequency of the wave is defined with

Equation 1.2 that is shown below.

V= % c:speed of light, A: wavelength of the electromagnetic wave (1.2)
Moreover, the energy of the radiation that has wavelength as A is shown with

Equation 1.3.

E = %, E:energy of the electromagnetic wave (1.3)

h=6.626 x 10 Js

All electromagnetic radiation in the electromagnetic spectrum which is shown in
Figure 1.2 (Jones, 2010) abides by the principles of diffraction, refraction, reflection
and polarization. Also, all electromagnetic radiation expansion speed equals to the

speed of light in space (Harvey, 2008).
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Figure 1.2 Electromagnetic spectrum (Harvey, 2008)

1.2 The Infra-Red Radiation Spectrum

One of the invisible lights on the spectrum is IR (infra-red) radiation that is
emitted from objects whose temperatures are above the absolute zero. IR radiation
was defined in 1800s first by Sir William Hershel.

If an object has a temperature above absolute zero (—273.16°C (or 0 K)), all atoms
and molecules makes vibration kinetically. These vibrations create electromagnetic
waves that are released from the object at the speed of light. The energy of the
electromagnetic waves is in the thermal range between wavelength of 0.1 um and
1000 um, as shown in Figure 1.3 (Jones, 2010). This range is called thermal range,
because this wavelength range includes thermal information of an object that emits
IR radiation due to its molecular vibration kinetically. When the object temperature
is above absolute zero, its vibration produces temperature, and this temperature
spreads as thermal radiation. Owing to the fact that this thermal radiation is a kind of
electromagnetic radiation; it has ‘E’ energy, ‘v’ frequency and ‘A’ wavelength. It is
concluded from the expression, thermal range is determined by the thermal radiation

wavelength range. That’s why; this range is called the thermal range.
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Figure 1.3 Thermal range of electromagnetic spectrum (Jones, 2010)

The infrared radiation locates in a limited part of the electromagnetic spectrum: Its
boundaries starts at about 0.70 um and ends at wavelengths of nearly 1000 um. The
range of wavelength between 0.70 and 14 um are important for infrared temperature
measurement. Since outside of this wavelength range, the energy level that is
expected to sense by detectors is very low according to the detection ability of the
detectors to detect the radiation sufficiently. In other words, out of this wavelength
range, wavelength increases and it causes the decreasing of the emitted radiation
energy. In about 1900, physical basics of the electromagnetic spectrum were exactly
defined by Wien and Kirchhoff, Stefan, Boltzmann, Planck (Jones, 2010).

In addition, the IR range (IR spectrum) of the electromagnetic spectrum can be
divided into three more segments inside of itself in terms of wavelength, and their
boundaries are nearly 0.8 pm to 2.0 um (near IR), 2.0 pm to 5.6 um (middle IR), 7.5
um to 15 um (far or long-wave IR) (Jones, 2010). In this study these segments are

not interested, so details of them are not expressed.

1.3 The Black Body Radiation

An ideal black body is an object that completely absorbs all incoming radiation
without showing neither transmissivity nor reflection, and it radiates in all
directions at all wavelengths. Also, the emitted radiation concentration is
independent of the angles that waves spread. The black body is momentous to find
out the basis of the physical fundamentals of non-contact temperature measurement

and to calibrate the infrared thermometers.



The most successful and classical approach to the structure of the black body is to
associate it with a cavity that takes all radiation from the environment to a hollow via
a small hole. Because of any incoming radiation would get inside the cavity via the
small hole and then a lot of time it reflects on the internal surface, and at last be
exactly absorbed by the surface layer of the cavity inside, this cavity would be
considered to behave as a near perfect absorber. The result of that the cavity inside
walls are continuously radiating and reabsorbing their own radiation, thermal
equilibrium occurs quickly between all radiations inside the cavity with the cavity,
and moreover the radiation that gets out from the cavity through the small hole
should have the same spectral dependence as all other perfect absorbers at the same

temperature.

photons
inside the
cavitv

mnteractions of
photons with
solidcanty

’

viewing and
spectrum

heat bath maintained at analysis

constant temperature

Figure 1.4 Classical representation of black body (Johnson, 2012)

“Equipartition theorem” expresses that every molecule of an object at thermal
equilibrium should save average energy equal to Equation 1.4 for every available
“degree of freedom (or “mode”). In this equation, T is the absolute temperature, and
it is the reason of kinetic energy that the every particle of the object has
(Mallinckrodt, & Pomona, 2010); (Equipartition theorem, n.d.).

1
Eavg = EkBT (14)



In this equation, T is the system’s absolute temperature and kg is the Boltzmann
constant that is given by kg=1.38x10"2J/K.

Equation 1.4 can be generalized for any systems whose degree of freedom
equals “n” that goes on discretely from 1 to infinity, and the systems that are

composed of “N” particles (Mallinckrodt, & Pomona, 2010).
1
Eavg = (n - 5) NkyT (1.5)

Using a thermal cavity that has a little hole at one end, generation of the black
body is so simple. If the cavity is heated until it reaches an absolute temperature,
inner walls of the cavity have equilibrium and the cavity spreads temperature to out
of it. And, at this temperature the hole radiates such as an ideal black body.
Depending on materials and the geometric structures, constructed black body can be
used for each temperature range and application according to appropriate purposes.
If the measuring device is pointed on the hole, it can give the information of
temperature emitting from inside of the cavity as black radiation which can be used

for calibrating the temperature measurement system.

TIAREOROEOEOESS S

Figure 1.5 Drawing of a black body: 1 - ceramic conduit, 2 - heating, 3 - conduit made from Al,O3, 4

— aperture (Optris, n.d.)
1.4 Radiation Principles of a Black Body

In this section, quantum mechanical approach is required, because of the

understanding and determination of the black body radiation spreads. The Equation



1.6, which is shown below, is the classical simple harmonic oscillator equation, and
its general solution is given by Equation 1.7.

a2 \V2mE
L= kP, k=" (1.6)
Y(x) = Asinkx + Bcos kx (1.7)

A and B are arbitrary constants of the equation and they are calculated from
boundary conditions that are given in the problem. In this case, it is assumed that the

boundary conditions of the problem are y(0)=0, and y(a)=0.

Y(0) = Asin0+ Bcos0 =B =0

PY(x) = Asinkx (1.8)
Y(a) = Asinka = A =0 (trivial, non-normalizable solution), or sin ka = 0

It means, ka = 0, +m, +2m, +3m, ...

However, k = 0 takes the Equation 1.8 to ¥(x) = 0, so it is unacceptable. Also,
since sin(-0) = - sin (8), negative solutions are absorbed in A. Thus, all acceptable

distinct solutions are shown below.

nm

kn="" n=123,.. (1.9)

Until here, the classical simple harmonic oscillator equation was solved and kj is
determined as ‘n’ dependent. In here, k symbolizes the number of waves, and n is the

degrees of freedom or resonant modes.

The Equation 1.9 shows that degrees of freedom for waves on a string of length L

have wave numbers that can be given by k, = 27" = "L—” . In a rectangular box with

volume V = L, x Ly x L, the degrees of freedom for three-dimensional waves

(acoustic, electromagnetic, etc.) have wave vectors shown below (Griffiths, 2004).



Ny T
Ly’

nym n,m
=2 and k, = =
Ly L,

k

k = kX + ke, + k7, with ke, = y

Figure 1.6 (Mallinckrodt & Pomona, 2010) shows graphical representation of
these modes in three-dimensional k-space on a lattice. Furthermore, the unit
“volume” in k-space that is determined by closest neighbors on the lattice is given by
Equation 1.10, and V is the physical volume of the rectangular cavity in this

equation.

®°

\

S

AN
e

%
-

Figure 1.6 Representation of the modes in three-dimensional k-space (Mallinckrodt & Pomona,
2010)

3 3

AV = =T (1.10)

" Lylyl,  V

T

The number of modes (degrees of freedom), Nk(k)dk, and wave vectors having
magnitudes between k and k+dk are needed to be known, so that the spectral density
of the radiation field can be found. Figure 1.7 (Mallinckrodt & Pomona, 2010) shows



one octant of a spherical shell in k-space. AV is fit in the shell, and Equation 1.11
can be written, because each AV is correlated with one resonant value of k and each

resonant value of % is correlated with two resonant modes. Here, AV is the number

of unit volume.

/

Figure 1.7 One octant of a spherical shell in three-dimensional k-space (Mallinckrodt & Pomona,
2010)

(volume of shell in k—space) _ 2 % (4mk?dk)/8 _

N (k) dk = 2 x o et

14

;kzdk (1.11)
Equation 1.12 gives, ux(k)dk, the energy per unit volume saved in degrees of

freedom and wave vectors that have magnitudes between k and k+dk. It means, each

degree of freedom of the electromagnetic field (radiation field) should be expected to

save, on average, KT of energy (%kT in electrical energy and another %kT in magnetic

energy). Furthermore, the result neither depends on the cavity dimensions, nor on the
shape of the cavity. Also, the spectral energy density in terms of wavelength can be
obtained as shown in Equation 1.13. This is a classical calculation of the spectral

energy density in the cavity radiation field (Mallinckrodt & Pomona, 2010).

Ny (k)dk
v

kpTk?

T2

w, (k) dk = (kgT) = dk (1.12)



ks: Boltzmann constant that is given by kg=1.38x10 2J/K
k: Number of wave

dN: Number of states between k and k + dk

N: Number of vibration

V: The physical volume of the rectangular cavity

Nk(k)dk: Wave vector

w@ = ue (3) 5] =75 113

All electromagnetic waves travel at the speed of light in space, and they can be
considered energy packets carrying their energy. Equation 1.14 gives a classical
calculation of black body spectral radiance coming out from the hole, and it is known
as “The Rayleigh-Jeans Radiation Law”. At long wavelengths, the Rayleigh-Jeans
law represents the experimental data fairly well, but it cannot be possible at smaller
wavelengths regardless of the temperature. And, the failure of the Rayleigh-Jeans

law at short wavelengths (high frequencies) is called the “ultraviolet catastrophe.”

u

IA(A) = TAC

__ 2mckgT

2 (1.14)

\ Rayleigh-Jeans
<

A Experimental

A

Figure 1.8 Behavior of the Rayleigh-Jeans law (Mallinckrodt & Pomona, 2010)

As a result of the “ultraviolet catastrophe”, the equipartition theorem is disrupted
for high frequency radiation. However, Max Planck explains that the degrees of

freedom can only save integer multiples of a fundamental energy quantum which is

10



proportional to the frequency of the degree of freedom. It means the energy of a
degree of freedom can only assume values given by Equation 1.15. The average
energy calculation in a degree of freedom is obtained using another result from
classical thermodynamics that means the likelihood of a system at thermal
equilibrium saving an energy E is proportional to the “Boltzmann factor” that is
given by e E/k8T _ Also, the average energy that is saved in a degree of freedom is

shown in Equation 1.16 (Mallinckrodt & Pomona, 2010).

E =n(hv), n=10,1,2,... (1.15)
_0_ _hv _2hv
e *BT(0)+e kBT (hw)+e BT 2hv)+- T2 nee M€

(E> = 0 hv 2hv = E%oioe_ne (116)

e kBT+e¢ kBTie kBTy...

2> e =hv/kgT,
d yoo ,—ne o 4 —ne_ _
.2 o ,—ne _ _Sde20 © _ —Xo ege =Y nee e
> gdg anO e - Zgoe—ns - Zgoe—ns Zgoe—ns J
DY¥e™=1+eF+(e ¥+ ..=(1—-e5
. ] _ .4 _ _—ey-1]| _ kpTee™® _ hv
Finally; (E) = kBT[ £— In(1—e%) ] = =5 = SRolksTq (1.17)

As a result, using Equation 1.14 and 1.17, Equation 1.18 is obtained. It describes
the spectral specific radiation, I,(X), of the black body into the half space depending
on its temperature T and the wavelength A.

2mc hc/A _ 2mhc?

L) = 55 Greritgr) = ssgremigry - h = 663 X 107, (1.18)

Thus, Equation 1.18 can be written as shown below;

L) =%—F— (1.19)

215 eC2/AT _1

C, = 3.74 x 107°W.m?
C, =144 x1072K.m

11



A: Wavelength of the radiation
I,: Spectral specific radiation (or flux of radiation) of a black body

T: Absolute temperature

L)
104
| >\< 5700°C
102 \
100
1072
104 ) \
\ \
\‘
LN
10'6 2 \
-1 1 1 3
10 ! 20 10 107 10
Visible specirum Yavelength in um

Figure 1.9 Spectral specific radiation I, of the black body depending on the wavelength; 30°C =
303.16 °K, 500°C = 773.16 °K, 2700°C = 2973.16 °K, 5700°C = 5973.16 °K (Optris. n.d.)

When the temperature is increased, the maximum of the spectral specific radiation
goes to shorter wavelengths. Besides, some correlations can be derived as Equation
1.18 or 1.19. As known Stefan-Boltzmann-Law, the emitted radiation value of the
body as a whole can be obtained by integrating the spectral radiation density for all

wavelengths from 0 to infinity.

21T5k34
15c2h3

I=["L()dA = ( )T* = (5.6704 ..x 1078 —=)T* (1.20)

2 g4

12



diy _ yeY _ hc _
> =0, =5, y=5=496511..
I, = 0.T* ; (Stefan-Boltzmann-Law) (1.21)

0=5.67 x 10 Wm K™
I,: Spectral specific radiation (or flux of radiation) of a black body
o. Stefan-Boltzmann constant

T: Absolute temperature

Equation 1.21 says that spectral specific radiation (or flux of radiation) of a black
body is proportional to power of its absolute temperature.

Moreover, Equation 1.22 shows Wien’s displacement law that is derived from
Planck’s formula by differentiation. This law says that the wavelength, which
belongs to maximum radiation, changes towards the range of short wavelengths

when the temperature increases.

hc
gl = ——
max (4.96511)kp

= 2.8978 mmK (1.22)

Amax. The peak wavelength of the thermal radiation that has absolute temperature of T
(as shown in Figure 1.1)(mm)

T: The absolute temperature of the object (°K)

h: Planck constant

c: Speed of light

€ =2.99792 x 108 m/s
h =6.626 x 10-34 Js

Using this equation, it is possible to calculate the temperature of a radiation source
from a knowledge of its wavelength of emitted radiation.

IR region’s boundaries start at the visible range of about 0.70 um and ends at
wavelengths of nearly 1000 um. However, the range of wavelengths between 0.70

and 14 pm usually are important for infrared temperature measurement. Using this

13



information and Equation 1.22, the temperature range which can be detected by IR
radiation sensors is calculated as shown below. All of those theoretical parts are
important to calculate a temperature measurement range of IR radiation sensors.
Also, Table 1.1 shows some IR radiation wavelength with their corresponded

temperatures.

Wavelength range is 0.7 and 14 pm; A= 0.7 pm, A= 14 um

From Equation 1.22; T;=4139.85° K = 3866.69° C and T,=206.98° K =-66.18° C

Table 1.1 Some IR radiation wavelengths with their corresponding temperatures

Wavelength (um) | Temperature (°K)
10 2897.8
20 1448.9
100 289.78
200 144.89
1000 28.978

In this chapter, as a result of all of these calculations it is seen that the amount of
spectral specific radiation of an object which has an absolute temperature above zero
is found using Equation 1.21. In addition, the measurement ranges of detectors which
were expressed in Chapter 2 and designed Chapter 3 are determined using Equation
1.22.
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CHAPTER TWO
INFRARED THERMAL DETECTORS

In this chapter, some general information is given about detectors which are used
currently for IR temperature measurement. Besides, especially, the basic principle of
the thermopile detector which is one of the thermal detector types was expressed, due

to its used in the designed IR radiation thermometer.
2.1 General Structure and Operation of Infrared Thermometers

At the first sight of the human eye, it can be considered a kind of radiation sensor.
Electromagnetic radiation spectrum was shown in Chapter 1, and it is easy to see that
even the visible range of the spectrum is a radiation field whose wavelengths are
between 400 and 700 nm. For an object to be seen by human eyes, the radiation that
is in the visible range of the spectrum must reflect from the object and must reach to
the eyes. The eye has a lens to focus the radiation flux emitted from the source onto
the retina. The incident radiation that comes from the lens stimulates the retina and
produces a signal that is traveled to the brain. After that, this signal is processed by
the brain, in order to generate a view of the object that photons come from. This is

similar to the mechanism of the IR sensor system.

The general structure of an IR thermometer is shown in Figure 2.1 (Optris, n.d.).
The incoming radiation is focused onto the IR sensor by optic lens of the system. The
sensor produces an electrical signal which then is amplified, converted and processed
to take information from the signal. After the signal processing, processor transforms
the signal into an output value proportional to the object temperature, and it is

demonstrated in the display.

- Ifre—l
::":‘::'___.\ Amp| ADC ==t Drocessor
\__‘-—-“'R | Dizital interface
N, 4-20mA DAC

Figure 2.1 General structure of the IR thermometer

15



Consequently, measurement of an object temperature can be accomplished mainly

in three steps.

1) Receiving IR radiation from an object to the lens

2) Generation of an electrical signal from the received IR radiation

3) Signal processing, linearization and output of temperature information.
2.2 Infrared Detectors

IR radiation detectors are generally in two different forms which are called photon
(or quantum) and thermal detectors. However, all of them have the same purpose of
converting incoming photon flux into an electrical signal, in order to generate
temperature information. Figure 2.2 shows the general classification of the IR

detectors.

IR
DETECTORS

Thermal
Detectors

Quantum
Detectors

L

Bolometer
FPA (for IR
cameras)

Thermopile Pyroelectrical
detector detector

Figure 2.2 Classification of IR detectors
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2.2.1 Quantum Detectors

The process of the quantum detectors which generally consist of a semiconductor
crystal is based on converting photon energy into released energy of electrons (from
valence band to conduction band). The amount of energy that is needed to transport
an electron from the valence band to the conduction band is determined by the
bandwidth of the crystal lattice. If the energy, which is due to the incoming IR
radiation, is sufficient to rip off the electron from valence band and transport it from
the valence band to the conduction band, the electron moves back to valence band
after arriving at conduction band. This movement of the electron causes changing in
electrical properties of the crystal. These electrical property variations of the crystal
are the reason of producing an electrical voltage which is measured to determine the
amount of IR radiation that is directly related with the object temperature.

The quantum detector counts photons that can reach into detector and have
enough energy to free a bound electron. Also, owing to the fact that the quantum
detector is evenly sensitive to all photons that are able to free a bound electron, all of
these types of detectors show a quite uniform response to all incoming photons up to
a certain wavelength, and out of this specific wavelength the photon does not have
enough energy to free enough electrons for producing a signal that carries

temperature information.

In Chapter 1, it is shown that IR radiation occurs from a flux of the quantum-
mechanical elements of all electromagnetic radiation which is called photons. Also,

Equation 1.3 gives the energy (Ep) of a photon (Bronzino, 2006).
There are two types of quantum detectors that are produced;
*Photoconductive

*Photovoltaic

17



2.2.1.1 Photoconductive Detectors

In the crystal material, the photons which are sourced by IR radiation lead to
excite valence electrons and let them free from the valence band. After exciting and
getting free, these electrons move freely in the crystal. When the crystal is used in the
bias circuit having an electric field, E, increasing of the amount of these electrons
which are generated by the photon flux causes an increase in the current. This

process is based on the photoconductive detector mechanism.

D

= o
t >
-4——-—L————--/W

Figure 2.3 Photoconductive detector geometry, @,: Photon flux L: Detector element’s dimension

length W: Detector element’s width t: Detector element’s thickness (Bronzino, 2006).

2.2.1.2 Photovoltaic Detectors

In this type of detector, photo-excited carriers are aggregated by a diode junction.
This situation effectuates the basic mechanism of photovoltaic detectors which are
the most commonly used photon detectors for imaging arrays. Figure 2.5 (Bronzino,

2006) shows this type of detector structure.

All quantum detectors consist of a p-n junction. Photons that come from the object
are absorbed in the n-type layer of the detector material. Those absorbed photons
generate a pair of charge carriers called an electron and a hole. In this part of the
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detection mechanism the hole passes to the p-type side of the junction producing a
photocurrent.

2.2.2 Thermal Detectors

A thermal detector absorbs incoming radiation flux and this absorption causes an
increase in detector’s temperature which changes a measurable physical feature of
the sensitive material. The change of the feature produces electrical signal similar to
quantum detector. This signal is analyzed and used for reaching temperature

information of the object.

This type of detector generally has a special surface that is completely black in
order to be sensitive to all wavelengths. The reaction of the detector depends on the
increasing inner temperature of itself, naturally it responds slowly compared to the
quantum detectors.

2.2.2.1 Thermopile Detectors

A thermopile which consists of a few serially connected thermocouples junction
pairs can be used as a measurement sensor for temperature. Each thermocouple
junction pair has two junctions that are named the active junction (or hot junction)
and the reference junction (or cold junction). The active junction of the thermocouple
absorbs the thermal radiation, and increases its temperature depending on the
incoming IR radiation. The temperature difference between the active junction and
the reference junction produces an electromotive force directly proportional to the
temperature differences. The thermoelectric effect which can be expressed as a
phenomenon involving an inter-conversion of heat and electrical energy is based on
thermocouple mechanism. A voltage that is proportional to the temperature
difference between the active and reference junctions is generated. Actually, the
active and reference junctions are affiliated by alternating n-type and p-type
materials, called “Arms” which is the Seebeck effect occurring between the

junctions.

19



In the second decade of the 19" century, Thomas Johann Seebeck (1770-1831),
discovered that when the temperature difference of the junctions of a closed circuit
that consists of two different conductors A and B can be kept, a small electric current
flows in this circuit depending on the magnitude of the temperature difference. A
thermocouple is created by these two different conductor materials connected in
series. Seebeck’s experimental results showed that the temperature difference AT
between the junctions is proportional to the output voltage. Figure 2.7, (Wang & Li,
2011), shows general representation of an elementary thermocouple structure. In this
figure, Ty and T, represent temperature of the “hot” point and the stable reference

temperature of the “cold” point, respectively.

mmmmmm - Material B mmmm

Material A

Figure 2.4 Schematic showing an elementary thermocouple (Wang & Li, 2011)

In a thermocouple, the charge carriers of the materials pass to opposite sides when
a temperature difference occurs. Hot carriers which exist on the hot junction side
diffuse from the hot side to the cold side, because there is a lower intensity of hot
carriers at the cold side of the material. The cold carriers which exist on the cold
junction sides diffuse from the cold side to the hot side due to the same reason
(Weckmann, 1997; Wang & Li, 2011).

The important point is the electromotive force (emf (V)) that is seen in an open
circuit is obtained from the measuring junction (active junction) by the thermocouple
to cut the flow of electric current. If the circuit is opened, Eag (emf), is called the
relative Seebeck emf (RSE) (or Seebeck voltage). For an ideal thermocouple, the
emf, Eag (V), is proportional to the temperature difference that is given by AT (K)
between the two junctions. Equation 2.4 shown below gives the relation between

20



Seebeck voltage, Eas, and temperature difference, AT. Also, Seebeck effect is
illustrated in Figure 2.8 (Weckmann, 1997).

EAB = SABAT y (24)

Sag: Seebeck coefficient.

Metal A
"Cold "Hot Junction"
Junction " T+AT
T
Metal B Esn Metal B

Figure 2.5 Seebeck effect (Weckmann, 1997)

Furthermore, the description of the Seebeck coefficient is the potential difference
per unit temperature difference, and it can be given by Equation 2.5. Also, this
coefficient depends on the temperature, and the materials that form the
thermocouple. Thus, the Seebeck coefficient is calculated using the absolute
difference in the coefficients of the two conductors that create the thermocouple, as

shown in Equation 2.6.

AV 1%
Sap =50 (5 (2.5)
Sap = |SA - SBl (2-6)

Sas: Absolute difference between Seebeck coefficient of the A and B matters
AV: Potential difference between A and B matters

AT: Temperature difference between A and B matters

Sa: Seebeck coefficient of the A

Sg: Seebeck coefficient of the B
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To sum up, the amount of generated voltage can be interpolated as a measure of
temperature difference. The relationship between the emf and the temperature
difference is given by the Seebeck coefficient as shown before. Also, temperature-

emf characteristics of the thermocouples are nearly linear.

In a circuit, when a current flows across a junction of two different conductive
materials, heat is released or absorbed depending on the direction of the current on
the contrary the Seebeck current. This effect is called Peltier effect. It was discovered
by Jean Charles Athanase Peltier in 1834. The thermoelectric refrigeration or heating
is based on this effect that is illustrated in Figure 2.9 (Weckmann, 1997).

P="Pyl [W] (2.7)

P: The rate of heat released or absorbed
I: electric current flowing in the conductor

Pas (V): The relative Peltier coefficient

Metal A

"Cold
Junction *
Heat is
liberated

“"Hot Junction™
Heat Is
absorbed

Metal B Metal B

Figure 2.6 Peltier effect (Weckmann, 1997)

At last, when a temperature gradient occurs in the conductor, and if current flows
through a single conductor, depending on the relative direction of the gradient and
the current, an energy interaction occurs and power is either absorbed or released.
Thus, heat is absorbed when an electric current flows in the opposite direction as the
heat flows; otherwise it is released. This is called Thomson effect that is discovered

in 1852 by Thomson. Equation 2.8 shows the power P’ absorbed or rejected per unit
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length (W/m) is proportional to the product of the electric current I (A) and the
temperature gradient dT/dx (K/m).

Heat Liberated

I1irt

\ Electric current
Conductor <|7:">
T b T+AT
Heat flow
Figure 2.7 Thomson effect (Weckmann, 1997)
"= ar
P'=a(T)I— (2.8)

P’ power that is absorbed or released per unit length (W/m)
o. The Thomson coefficient that depends on the temperature, T

As a result of all these mechanisms, owing to a temperature difference occurring
between the two junctions of the thermocouple junction pair, when the

thermocouples are connected in series; they can be used as a sensor of IR radiation.

In a thermocouple, when the process that causes voltage production is fulfilled,
the amount of generated voltage usually is on the order of a tenth of a microvolt per
degree Celsius of temperature difference for a single junction pair. Surely, this is not
sufficient for getting an electrical signal. In order to increase this output voltage, a lot
of junction pairs are connected in series. Such a device is named a thermopile. If ‘n’
thermocouple junction pairs are added in series for increasing output voltage, the
gain is given by Equation 2.9. Figure 2.11 (Weckmann, 1997) shows an illustration
of a thermopile (Weckmann, 1997).

AV = nS(T)AT (2.9)

AV: Potential difference between A and B matters
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AT: Temperature difference between A and B matters
S: Seebeck coefficient

n: Number of thermocouple junction pairs

Heat NMow

Active junction

Material A

Reference junction

Heat sink

Figure 2.8 An illustration of a thermopile (Weckmann, 1997)

2.2.2.2 Pyroelectric Detectors

Pyroelectricity (from the Greek Pyr, fire, and electricity) is the ability of some
specific crystals which produce a temporary voltage when they are heated or cooled.
It can also be described as temperature variation dependence of the inherent
polarization in specific anisotropic crystals. The materials that have such features are
named pyroelectric materials, and the unit cells of this kind of materials have a
dipole moment naturally. The spontaneous polarization (Ps) of pyroelectric crystals
is determined as the dipole moment per unit volume of the material, and these
crystals are permanently polarized within stable temperature.

/ l o @/Ions
e o l /
P T S S T T
T Dipoles
R
® © #
F oo\ e

Figure 2.9 A pyroelectric crystal with an intrinsic dipole moment (Lang, 2005)
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When the temperature of a pyroelectric crystal is kept constant, any occurring
current flows through the circuit because no change can be seen in Ps. However, if
the temperature of the crystal is increased, it causes the decreasing of the net dipole
moment and the spontaneous polarization, Ps. As a result of this, the number of
bound charges decreases, and to compensate for the change in bound charge, the
redistribution of free charges creates a current flow that is named the pyroelectric
current in the circuit. On the contrary to this event, if the temperature of the crystal is
decreased instead of increasing, it causes the same result on crystal, but the current’s
sign is reversed. All of these steps define the pyroelectric effect. Besides, the
important point here is that the pyroelectric effect can only be seen during the period
in which the temperature changes. Otherwise, in an open circuit, the free charges of
the crystal are expected to remain on the electrodes, so any voltage cannot be

measured (Aggarwal, et. al., 2010; Pyroelectricity, n.d.).
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Figure 2.10 The pyroelectric effect (Lang, 2005)

Electrodes

When a temperature variation, AT, is uniformly applied to the crystal that shows
a pyroelectric feature, the variation of the electric polarization, AP, is given by
Equation 2.10.

AP = yAT (2.10)
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v: the pyroelectric coefficient at constant stress

r=5 |l (211)

The pyroelectric effect is a result of a migration of positive and negative charges
(establishment of electric polarization) to opposite sides of the crystal's polar axis,
because of the temperature variation. This can be represented by Equation 2.12.
Also, the relation between produced charges and polarization is given by Equation
2.13.

AQ = ySAT (2.12)

AQ: charges generated on the crystal surface
S: surface of the crystal

Q=sap |5 (2.13)

All of these equations and the concept of the pyroelectric effect denote that if the
temperature of the crystal is kept constant at its new value, the pyroelectric voltage

gradually decreases owing to leakage current.

Moreover, the thermodynamic description of pyroelectricity can be explained as

shown below.
P = P (T,nij, Ei) s mij = i (T, oy, Ep)

nij: Deformation
Ei: Electric field

oim: Mechanical stresses

If E= 0, then changes of polarization and deformation can be written as
Equation 2.14.

Py,

are = (57),

6Pk

ij
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dn;; = (‘”‘”)G dT + (&)T oy, (2.15)

oT m 00 1m

If the stresses are uniform, (o1, is constant), then, the total pyroelectric effect can
be given by Equation 2.16 (Aggarwal, et. al., 2010); (Pyroelectricity, n.d.).

(), = G, + G, (), G, o

(ﬂ) : y7 - the total pyroelectric coefficient
or Olm

(%) : Y,? - the primary pyroelectric coefficient
Nij

op , ,
( £ ) : dy),.. - the piezoelectric module
601m nij

d : : -
(;}m) : Clmi; - elastic compliance coefficients
ij T

(—;T” ) - af; - coefficients of thermal expansion
Oim

Thus, Equation 2.16 can also be written as follows;

Yk = V;? + dzlmCleija?j (2.17)

The crystal of the pyroelectric thermal detector must be as thin as possible in
order to sense the temperature changes rapidly. If the crystal is heated sufficiently,
the electrical signal that has temperature information can be obtained faster, if the
crystal has a smaller thermal time constant value. The thin pyroelectric crystals of the
detectors are coated with appropriate ‘black’ absorber layers defined by an IR filter,
to enhance the absorption rate of the incoming IR radiation. With the help of this IR
filter, the IR radiation, which has a transmission rate ur comes to the pyroelectric

element. Then, the absorbed radiation flux, @ changes the temperature of the
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crystal, AT. As can be seen, the pyroelectric effect causes thermal to electrical
conversion that is because of the temperature change, AT which, varies the intensity
of the charge AQ on the electrodes. At last, this electrical conversion allows to
produce an electrical signal, Aus Figure 2.14 (Detector basics, n.d.) shows this

conversion steps schematically (Detector basics. n.d.).

Thermal to
electrical
conversion

Thermal
conversion

Electrical
conversion

T AD, AT, AQ, Aug

Figure 2.11 Conversion steps (Detector basics, n.d.)

In this chapter, currently used IR temperature measurement detector types were
expressed simply. However, although general information about quantum detectors
were given briefly for supplying theoretical information, the basic principles of the
pyroelectric detectors and thermopile detectors were expressed in this chapter. Since,
in this study, the detector that was used in designing the IR thermometer is a kind of
thermopile thermal detector. Furthermore, the fundamental principles of pyroelectric
detectors were clearly explained, owing to being a type of thermal detectors like
thermopile detectors. The reason for using thermopile thermal detector in this study

is that it can be obtained much more easily than pyroelectric detector.
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CHAPTER THREE
DESIGN AND CONSTRUCTION

In this chapter, an IR body temperature measurement device that is illustrated in
Figure 3.1 and Figure 3.2 is designed and constructed. In addition, this device can be
used either connected or non-connected to a PC. This means the device can give
temperature information via LCD or LCD and the computer’s monitor as shown in
Figure 3.4 (a) and (b). An important point of this situation is if the device is not
connected to the PC, it must feed with a battery as shown in Figure 3.2.

Figure 3.1 Constructed device connected to PC
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Figure 3.2 Constructed device is not connected to PC

Figure 3.3 Block diagram of the constructed and designed device
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Temperature: 34.50 ~
Temperature: 34.50
Temperature: 34.52
Temperature: 34.62
Temperature: 34.54
Temperature: 34.82
Temperature: 34.32
Temperature: 35.12
Temperature: 35.04
Temperature: 35.08
Temperature: 35.12
Temperature: 35.34
Temperature: 35.46
Temperature: 35.44
Temperature: 35.28
Temperature: 35.22
Temperature: 35.36
Temperature: 35.42
Temperature: 35.44
Temperature: 35.50
Temperature: 35.46
Temperature: 28.42
W

Autoscroll Mo line ending  » | |9600baud o

(b)

Figure 3.4 (a) Illustration of the sensor measurement on the PC monitor, and (b) illustration of the

sensor measurement on the LCD
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The main components of this constructed device have been shown and expressed
below. These main components are the Microcontroller (Arduino; ATmega328P
Microcontroller), IR radiation sensor (Melexis MLX9061), and LCD display module
(WH 2004 A—TMI—CT#).

3.1 Microcontroller

The microcontroller that was used to construct the device is ATmega328P
microcontroller which is embedded in the arduino. The ardunio which has an open
source code is an electronic prototype that has a hardware and software structure, and
it includes all required components on its board that as shown in Figure 3.5. It uses a
distinctive programming language that is based on wiring. Because a “Bootloader”
has been already loaded in its microcontroller, it does not need an external
programmer. The bootloader is a general name of the software which was written on
the EEPROM of the microcontroller of the arduino, and allows direct loading of
commands that are written via serial communication into the microcontroller without

using an external programming card.

Digital Ground
Digital I'O Pins (2-13) Serial out (TX)

Analog Reference Pin

Serial In (RX)

Reset Button

_ R s
USB Plug v, iU DXGITAL (PWM~) F § |

s

In-circuit
Serial Programmer

ATmega328
Microcontroller

External Power
Supply

Reset Pin
3.3V Power Pin

5 V Power Pin VoltageIn  Analog In Pins (0-5)

Ground Pins

Figure 3.5 Arduino UNO R3
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Figure 3.6 Pinout ATmega328P (Atmel Corporation (2009))

3.2 IR Radiation Sensor

In the constructed device, “Melexis MLX9061” IR sensor that is shown in Figure
3.7 (Melexis Microelectronic Systems, 2013) is used. The MLX90614 is an IR
sensor to measure temperature of an object or environment as non-contact. In the
MLX90614, a thermopile detector for perceiving the temperature difference of the
object or the environment and a signal conditioning ASSP (Application Specific
Standard Product) that is designed to process the output of the sensor are embedded
in the same TO-39 can which is a kind of metal can package as shown in Figure 3.8
(Melexis Microelectronic Systems, 2013). A functional diagram of the sensor is also

shown in Figure 3.9 (Melexis Microelectronic Systems, 2013).

Figure 3.7 MLX90614 (Melexis Microelectronic Systems, 2013)
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The reason for choosing this sensor for the construction was to achieve a high
accuracy and resolution, due to its low noise amplifier, 17-bit ADC and a powerful
DSP unit. Besides, the MLX90614 sensor does not need calibration since it comes
factory calibrated in wide temperature ranges between -40 and 125°C for the
environment temperature, and between -70 and 380°C for the object temperature
with an output resolution of 0.14°C for both cases. That’s why; it was not needed to

calibrate the sensor during measurements.
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Figure 3.8 MLX90614 package (all dimensions are in mm) (Melexis Microelectronic Systems, 2013)

In the field of view (FOV) of the sensor, the temperature measurement that is read
from the LCD of the device (or monitor of the computer) is an average value of the
measured object. The standard accuracy of MLX90614 is about +0.5°C for room
temperatures, and for medical applications, the accuracy is about +0.2°C in around
the human body temperature. However, there is an important point that these
accuracies are only available when the sensor is in thermal equilibrium and under
isothermal conditions that means without any temperature difference across the
sensor package. The temperature differences in the package can be a result of the hot
electronics around the sensor, heaters/coolers neighboring of the sensor or a hot/cold
object very near to the sensor. This effect can be minimized by choosing a smaller
FOV or separating the sensor from the electronic parts of the system. FOV of this
sensor is given 90° by datasheet of the sensor.
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Figure 3.9 Functional diagram of the MLX90614 (Melexis Microelectronic Systems, 2013)
3.3 LCD Display Module

In the constructed device, WH 2004 A—TMI—CT# that is shown in Figure 3.10
is used as the LCD display module which is built in a LSI controller. The LSI
controller has two 8-bit registers that are called an instruction register (IR) and a data
register (DR).

The IR that can only be written from the MPU keeps the memory directive codes,
such as cleaning display codes, and cursor shift, and directs information for the
character generator (CGRAM) and display data RAM (DDRAM) that is used to store
the display data represented in 8-bit character codes. On the other hand, the DR
keeps data in the memory to be read or written from CGRAM or DDRAM
temporarily. At first, the direction information is written into the IR, and after that,
data is saved into the DR from CGRAM or DDRAM.

Figure 3.10 WH 2004 A—TMI—CT# LCD Module
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Figure 3.11 Block diagram of the WH 2004 A—TMI—CT# LCD module (Winstar Display Co., Itd.,
2008)

Moreover, some features of IR measurement thermometers that can be found in

the market are shown in Table 3.1.

Table 3.1 Some features of IR measurement thermometers in the market

IR Thermometer Temperature Accuracy Temperature Spectral
range work range measurement
range
Fluke 566 -40°C- 650 °C | <0°C(32°F): £ (1.0 | 0°C-50°C (32°F- | 8 um- 14 um
°C (+ 2.0 °F) 122 °F)
>0°C(32°F): £%1
TFA 31.1114 -33°C -250°C +1,0°C 0°C-50°C
Extech 23°C-45°C +/- 0,3°C
Instruments -
IR200
Optris - Mini -32°C -760°C +1% 0°C-50°C 8 um - 14 pm
Sight Pro
Flash 111 -55°C - 250°C +2°C
PCE-MF 1 -35°C - 250 °C +2 °C 0°C-50°C
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CHAPTER FOUR
MEASUREMENTS AND COMPARISONS

In this study, a non-contact body temperature measurement device has been
designed and constructed. After completing design and construction, two points of
the body (axilla and palms) were selected and the body temperatures from these
points of ten different people were measured. Furthermore, these measurements were
repeated using a mercury thermometer, and a digital thermometer, and all values

were compared.

Table 4.1 Temperature measurement values and standard deviations using three different measuring
systems; measured temperature of palms (Tp), measured temperature of axilla (Ta), difference
between mercury thermometer measurements and IR thermometer measurements for palms (D1y,),
difference between digital thermometer measurements and IR thermometer measurements for palms
(D2, difference between mercury thermometer measurements and IR thermometer measurements
for axilla (D1,), difference between digital thermometer measurements and IR thermometer
measurements for axilla (D2 )

Device (Tp) (Ta) D1, D2, D1l D2,
1-Mercury 36.3°C 35.6°C 0.6 0 0.14 0.14
Thermometer

1-IR Thermometer 35.70°C 35.74°C

1-Digital Thermometer 35.7°C 35.6°C

2-Mercury 35.9°C 36.8°C 0.06 0.16 0.08 0.08
Thermometer

2-IR Thermometer 35.84°C 36.88°C

2-Digital Thermometer 36.0°C 36.8°C

3-Mercury 35.3°C 36.6°C 0.06 0.06 0.28 0.02
Thermometer

3-IR Thermometer 35.36°C 36.32°C

3-Digital Thermometer 35.3°C 36.3°C

4-Mercury 36.3°C 36.0°C 0.16 0.34 0.2 0.3
Thermometer

4-IR Thermometer 36.14°C 36.20°C

4-Digital Thermometer 35.8°C 35.9°C
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Table 4.1 (Continue)

5-Mercury 36.0°C 36.2°C 0.12 0.12 0.04 0.04

Thermometer

5-IR 36.12°C 36.24°C

Thermometer

5-Digital 36.0°C 36.2°C

Thermometer

6-Mercury 35.2°C 36.5°C 0.08 0.02 0.06 0.06

Thermometer

6-IR 35.12°C 36.44°C

Thermometer

6-Digital 35.1°C 36.5°C

Thermometer

7-Mercury 36.0°C 36.3°C 0.08 0.08 0.08 0.08

Thermometer

7-IR 36.08°C 36.38°C

Thermometer

7-Digital 36.0°C 36.3°C

Thermometer

8-Mercury 35.4°C 36.7°C 0.08 0.08 0.03 0.07

Thermometer

8-IR 35.48°C 36.67°C

Thermometer

8-Digital 35.4°C 36.6°C

Thermometer

9-Mercury 35.2°C 36.2°C 0.02 0.12 0.12 0.07

Thermometer

9-IR 35.18°C 36.32°C

Thermometer

9-Digital 35.3°C 36.3°C

Thermometer

10-Mercury 34.2°C 35.5°C 0.13 0.03 0.02 0.02

Thermometer

10-IR 34.33°C 35.48°C

Thermometer

10-Digital 34.3°C 35.5°C

Thermometer
Mean 0.139 0.0101 0.105 0.083
Standard Deviation 0.167 0.098 0.083 0.085
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All measurements were performed under the following conditions: at 25°C room
temperature and in a room with a size of 20m?. Also, all measurements were taken at
nearly 0.5 mm distance from the sensor. Measured values are listed as shown in
Table 4.1. Using MATLABR2014a, their means and standard deviations are
calculated as well. Table 4.1 shows that there are small differences between
measurement values of the different measurement systems. However, it can be seen
that the measurement from the axilla is more accurate than the measurement from the
palms because of the environmental effects. In addition, measurement times of the
systems are 1 second for IR thermometer, 60 seconds for a digital thermometer, and
minimum 5 minutes for mercury thermometer. As a result, it is easy to see that some
features of the IR thermometer make it more useful than the mercury thermometer,
for instance, faster and easier measurement, quick repeatability, real time monitoring

etc.

Table 4.2 Ages and genders of the people that provided the experimental measurements as volunteers

Age Gender
25 Male
23 Male
22 Male
25 Male
24 Male
26 Female
23 Female
19 Female
22 Female
23 Female

Furthermore, a few objects’ temperatures were measured from different distances
to see the effect of distance on the measurement results. All measurements for all
objects (ice cubes, a glass of tea, and a human hand) were repeated at five different
distances (1cm, 2cm, 3cm, 5¢cm, and 10cm) from the IR sensor and all results are
listed in Table 4.3. All measurement assemblies are shown in Figure 4.1, Figure 4.2
and Figure 4.3 for ice cubes, a glass of tea and a human hand respectively. In

addition, in temperature measurement of the glass of tea, the temperature of tea was

39



not measured directly to prevent effect of the tea vapor. As it is shown in the
measurement results the measurement distance is quite important for accuracy of
measurement. If the distance is farther than 1cm it is seen as a meaningful difference
between measurements. So, measurements should be taken from nearer than 1cm for
accuracy of the measurement. However, due to the FOV of this sensor is 90°, if the
measurement region is point, the chosen distance should be shorter than the 1cm.

Table 4.3 Measurements in different distances; Ti..: temperature of ice cubes, Ty,: temperature of a
glass of tea, Thang: temperature of a human hand
Tice Ttea Thand

lcm | 0.66 °C | 64.48°C | 35.18°C

2cm | 3.74°C | 60.86°C | 33.78°C

3cm | 10.56°C | 50.62°C | 32.90°C

5cm | 15.20°C | 45.58°C | 32.16°C
10cm | 21.32°C | 33.26°C | 29.82°C

Figure 4.1 Setup of IR temperature measurement of an ice cube
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Figure 4.2 Setup of IR temperature measurement of a glass of tea

Figure 4.3 Setup of IR temperature measurement of a human hand
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CHAPTER FIVE
CONCLUSIONS

IR radiation sensors are used widely in different fields such as electronics
industry, machinery industry, and defense industry. In addition, nowadays, IR
radiation sensors have started to be used in the medical industry day by day. In the
medical industry, fast, easy and accurate temperature measurements are vital in terms
of saving time. However, using the common body temperature measurement

methods needs considerable time and effort.

In this study, designing and constructing an IR radiation thermometer has been
purposed to measure body temperature using Melexis MLX90614 that is an IR
radiation sensor based on thermopiles. Furthermore, in the design and construction
steps, Arduino electronic prototype has been used with ATmega328P embedded
microprocessor. Surely, it was needed to write a code to run this system, so it was
written in the programming language that is based on wiring in Arduino.

As a result, the construction of the device has been completed and it has been used
to measure body temperature as detailed in Chapter 3. When the device is compared
to other measurement systems as it is seen in Chapter 4, it can be noticed that this
device is more useful than the others owing to its speed, fast repeatability, easy
usage, sensitivity, and real time monitoring. In addition, it measures the body
temperature in a non-contact manner. This last feature provides a hygienic
measurement that prevents infections between patients. Due to all of these
advantages of the IR body temperature measurement device, it could be the most

common method to measure body temperature in the near future.
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APPENDICES
Arduino Code of the Constructed Device

To run this designed and constructed temperature measurement device, the
Arduino code given below is written and two libraries (i2cmaster.h and

LiquidCrystal) that are presented by Arduino are used.
#include <LiquidCrystal.h>

#include <i2cmaster.h>

LiquidCrystal Icd(12, 14, 11, 7, 8, 9, 10);

void setup()

Serial.begin(9600);
Serial.printIn("Setup...");
i2c_init(); //Initialise the i2c bus
PORTC = (1 << PORTC4) | (1 << PORTC5);//enable pullups
Icd.begin(20, 4);
Icd.setCursor(1,0);
Icd.print("Temperature Display™);
Icd.setCursor(5,1);
Icd.print(“*from sensor");

Icd.setCursor(8,2);
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Icd.print("™);

Icd.setCursor(6,3);

Icd.print("measuring™);

void loop()

int dev = Ox5A<<1;

int data_low = 0;

int data_high = 0;

int pec = 0;

i2c_start_wait(dev+12C_WRITE);

i2c_write(0x07);

i2c_rep_start(dev+I12C_READ);

data_low = i2c_readAck();

data_high = i2c_readAck();

pec = i2c_readNak();

i2¢c_stop();

double tempFactor = 0.02;

double tempData = 0x0000;
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int frac;

tempData = (double)(((data_high & 0x007F) << 8) + data_low);

tempData = (tempData * tempFactor)-0.01;

float celcius = tempData - 273.15;

Serial.print("Temperature: ");

Serial.printin(celcius);

Icd.setCursor(1,0);

Icd.print("Temperature Display");

Icd.setCursor(5,1);

Icd.print(“from sensor");

Icd.setCursor(8,2);

Icd.print(celcius);

Icd.setCursor(6,3);

lcd.print("measuring™);

delay(1000);
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Maximum Ratings

Table 1. Absolute maximum ratings for MLX90614

Parameter MLX90614xAA
Supply Voltage, VDD (over voltage) 1A
Supply Voltage, VDD (operating) 55V
Reverse Voltage -40...+85C
Operating Temperature Range, TA -40...+1 25C
Storage Temperature Range, TS 2kV
ESD Sensitivity (AEC Q1 00 002) 2mA
DC current into SCL / Vz (Vz mode) 25 mA
DC sink current, SDA / PWM pin 25 mA
DC source current, SDA / PWM pin 25 mA
DC clamp current, SDA / PWM pin 25 mA
DC clamp current, SCL pin 25 mA
Field of View (FOV)
Point heat source Sensitivity
5': 100% A
;: ‘ 50% < >
{ Field Of View
Rotated Angle of incidence

Figure 1 Field Of View measurement (Melexis Microelectronic Systems, 2013)

Table 2. FOV summary (Melexis Microelectronic Systems, 2013)

Parameter MLX90614xAA
Peak Zone 1 +0°

Width Zone 1 90°

Peak Zone 2 Not applicable
Width Zone 2
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Figure 2 Zones of the sensor (Melexis Microelectronic Systems, 2013)
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Figure 3. Typical FOV of MLX90614xAA (Melexis Microelectronic Systems, 2013)
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