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Abstract 

The temperature validation controlled by temperature indication has a vital role in the polymerase chain reaction (PCR) test 

machine or thermal cycler. However, the validation process is complicated for several types of  thermal cycler. Some PCR test 

machines must close the lid tightly while running. It makes the probe’s cable of the temperature sensor might be pinched or break 

when the thermal cycler lid is closed. Opening the lid (open-air condition) makes the measurement will not accurate. To solve this 

problem, wireless temperature measurement and validation methods for PCR machines are developed based on magnetic field 

measurements. The magnetic field of the object will respond to any changes in temperature. The hall-effect sensor, which is 

validated by gauss meter, detects any magnetic response a certain material covers even the object. This detection yields output data 

processed to find the thermal cycler's appropriate temperature wireless validation method. The experiment used a Neodymium 

magnet as a wireless probe. The position of the Neodymium magnet pole significantly affected the relation between magnetic flux 

and temperature in experimental results. The reversed pole toward sensors had better linearity (R2= 0.8062) than the unreversed 

pole (R2= 0.7794). The annealing step commonly achieved the optimum measurement uncertainty. However, the measurement 

uncertainty and signal sensitivity investigation recommended employing the beneficial combination of pole magnet position to 

design the temperature validator based on magnetic induction for a closed lid thermal cycler (PCR machine). Overall, the 

experimental yields can be used to build a wireless temperature validator for a sealed PCR machine based on magnetic induction. 
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I. INTRODUCTION 

Polymerase chain reaction (PCR) is a chemical 

reaction based on thermal cycling to detect the presence 

of specific genetic materials (RNA or DNA) from liquid 

organic material as a sample [1]. The PCR process is 

divided into 4 phases of reactions based on temperature 

level. The reactions are denaturation (94°C - 96°C), 

annealing (45°C - 60°C), extension (76°C), and finishing 

(0°C - 4°C) [2]. All reactions occur in a PCR test machine 

known as a thermal cycler. The Thermal cycler works 

based on the temperature values read by internal 

temperature sensors inside the machine.  This sensor is 

usually installed inside or on one side of the thermal 

cycler block [3]. Figure 1 shows the views of the thermal 

cycler and the composed components inside. 

The temperature sensor [4] will degenerate its 

sensitivity by nature, and this degradation makes the 

indicator value from the sensor will be drift slowly and 

less accurate over time. It also means the error value of 

measured temperature increases due to usage time [5]. 

For this reason, the thermal cycler needs to be adjusted 

or fixed based on the measurement using external 

standard [6] of measurement for certain period. In the 

case of a thermal cycler, some special measurement 

techniques needs to be applied to ensure the required heat 

is well conducted to the sample tube inside PCR machine 

for each thermal phase of the reactions [3].  

In order to reach accuracy and precision, the 

temperature measurement for thermal cycler cannot be 

occurr under open-air conditions. A small hole that 

existed makes the measurement is not accurate anymore. 

In the case of a thermal cycler, the measurement process 

needs to close the lid of the thermal cycler and then 

measures the temperature from the outside of the 

machines. However, the lid and the case of the thermal 

cycler retain the heat to the outside of the machine. This 

condition makes measurement very difficult. 

Measuring temperature based on infrared signals [7] 

might solve the problem, but infrared signals are difficult 

to penetrate through thicker casings or walls [8]. This 

makes the heat from the PCR machine not much radiated 
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further the infrared signal will be detected at lower levels 

[9]. Moreover, the infrared sensor signal will be mixed 

with the infrared signal that radiates from the surface of 

the hard case of PCR machines [7]. This mixed signal 

will make ambiguous data during the heating process, 

and this condition would make the measurement data 

received from the infrared signal is invalid [8]. 

 Identifying changes in the magnetic flux [9] to the 

influence of temperature can inspire the discovery of a 

better method of temperature measurement using an 

external standard of measurement on the thermal cycler 

[10]. This study aimed to investigate the relationship 

between the quantity of the magnetic induction and 

changes in temperature measurements during the closed 

lid thermal cycler while running.  The results of this study 

can contribute to the invention of a better thermal cycle 

validation method for temperature measurement in the 

closed PCR machine. Moreover, the wireless method can 

be employed to validate temperature measurement in the 

closed lid of the PCR machine. Both linearity and 

measurement uncertainty analysis [11] should be utilized 

in this work. In addition, the sensitivity of the signal 

could investigate more dept for this research.  

II. METHODOLOGY 

A. Temperature Validation Problem on Sealed 

Thermal Cycler 

Generally, the direct method [6] is employed to 

validate the temperature indicator in the thermal cycler. 

Some instruments have to be arranged into a system to 

accommodate this method. This probe is placed and 

attached to the thermal cycling block. If possible, the 

probe is not only touched the thermal cycling block but 

is also immersed in the sample hole. When the heat is 

generated by the heating systems of the thermal cycler, 

will distribute to all molecules in the thermal cycling 

block. At the same time, the sensor probes received the 

heat transferred and then changed it to the electric 

signals. This electric signal then propagates to the 

processing unit of the temperature validatsor through the 

cables. The signals are filtered from noises in the 

processing unit and amplified to gain correct temperature 

values. The results are then displayed to the monitor and 

recorded manually by the operators in the final steps. 

Some types of validators automate systems [12] to record 

the output data in real-time. In this article, the validation 

system mentioned above is also called a conventional 

validation system.  

The conventional temperature validation system puts 

the probe inside the thermal cycler.This system 

connectsthe probe and validator instruments with the 

cables. The cable propagates the electrical signal from 

the probe to the processing unit of the temperature 

validator. The wireless system in the probe might not 

work correctly inside any heating machine-like thermal 

cycler, becausethe probe is only effective by using the 

cables to connect with the validation system. For thermal 

cycler, using wires on the probe will become a problem. 

Some thermal cyclers are never working if the PCR cover 

is not closed tightly. In other words, the conventional 

validation system is not working correctly for enclosed 

thermal cyclers. 

Only open thermal cycles can use the conventional 

validation method. Apart from traditional temperature, a 

validator cable will be pinched when someone tries to 

validate the enclosed thermal cycler. Theoretically, the 

cable’s resistance value can be considered as the total 

amount resistances unit value along the cable [5]. 

Suppose we assume the cable is composed with an 

amount of a tiny components which the value of 

resistance (resistant unit) is dR and it bound with 

geometrical characteristic. In this case, the relation for all 

resistance unit can be described as (1), 

              𝑅 = ∑ 𝑅𝑖 = lim
𝑙→0

∑ 𝜌
∆𝑙𝑖⃗⃗ 

𝐴𝑖⃗⃗⃗⃗ 
= 𝜌∫

𝑑𝑙 

𝐴 

𝑙

0
𝑖=1
𝑖=0

𝑅
𝑖=0               (1) 

where R means the resistance of cables (Ohm). The 

resistivity is 𝜌 (Ohm meter), the cross-section surface is 

A and the length of wires is l, and the unit of measurement 

is assumed as dl. The sigma notation is described the unit 

of resistance as serially connected. 

Figure 1 gives a simple illustration of this condition. 

Figure 1 (a) explains how the conventional validation 

systems potentially damage the temperature validator 

cables. Figure 1 (b) shows how the pinched wires [8] will 

change the geometrical characteristics of lines as in (1). 

There is no choice but to validate the PCR machine test 

accurately using open-air conditions. A small hole that 

existed makes the validation not accurate anymore. This 

means the operator must close the top cover/ PCR plate 

cover tightly first to turn on the machine. The open-air 

condition also means when the thermal cycler is not 

really close.  The upper cover or PCR-plate cover still has 

a gap that makes the leakage of thermal energy. The heat 

can transfer to the open air like a convection current. The 

 

Figure 1. (a) Commercial thermal cycler/ PCR test machine [4]; 
(b) thermal cycler block with variant of sample tube; (c)  inside 

thermal cycler/PCR test machine 
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curl of heating air might be swiveled around the thermal 

cycler, making the lower temperature in the finishing 

phase hard to reach. Some thermal cyclers might still 

work in open-air conditions even if it causes some 

damage.  

Measured temperature determines the next thermal 

phase of the reaction generated by the program inside the 

PCR test machine. To gain precise measurement, the 

sensor has to pass the validation process. For some 

enclosed PCR types, the validation process needs to be 

modified. Some operators will open the case to help the 

validation process. This condition will not become 

effective because the validation occurs in no real state 

like PCR machines usually work. This case also does not 

include the machine's cover and closed environment, 

which might yield variations of random error. Some PCR 

machine will not generate heat unless the top surface or 

particular case is closed, that means the validation 

process will not be able to modify that the surface is 

opened. 

 Indirect measurement will need to accompany the 

methods of the testing. One of the provided methods is 

using infrared thermal measurements, which can measure 

the temperature without physical contact [13], [14]. This 

method will calculate the temperatures based on the 

emerging infrared wave [15]. The formula for black body 

radiation (L) at the wavelength (λ) and temperature (T) is 

as follows. 

                                𝐿 =
𝐶1

𝜆5(𝑒𝐶2 𝜆𝑇⁄ −1)
               (2)  

 

where, first Planck's constant (C1) is 3,74 * 10 –16 Wm2 

and second Planck's constant (C2) is 1,44 * 10 –2 Km. 

However, the cover of the PCR machine sometimes 

insulates the heat inside, because the heat generated by 

the machines needs to be isolated to make all the 

electrical systems inside the PCR machine work correctly 

[7]. This isolation is also created to make zero heat 

transfer to the environment, making the PCR machine 

high efficiency. In other words, the heat will be emitted 

in a small amount from the PCR machine surface to the 

atmosphere, and the infrared signal will exceed at a lower 

level as (2). Additionally, the infrared signal on the 

sensor will be interfered with by the signal emitted from 

the surface of the PCR machine cover. Therefore, this 

interference will cause the infrared sensor reading signal 

inaccurate, making the non-contact temperature 

measurement method unreliable with an infrared 

thermometer. 

A. Proposed Method 

The new method is provided in this attempt which 

uses Hall-effect as a critical point. The Hall-effect [16] 

can be used to determine every contactless information 

using a net of magnetic flux. This method is chosen 

because anomalous magnetic interaction can interact 

with or depict the situation inside the hard case of the 

non-magnetic absorption material, which is usually used 

in PCR test machines. The magnetic flux is related to the 

magnetization of material [17]. As a magnetic material’s 

applied temperature elevates, the magnetization will 

decline [9], because the heat will make the polarization 

in every particle from the material interfere, and finally, 

the polarization will be shifted in a random direction [18]. 

Based on this situation, we can get benefit from 

magnetization to determine the temperature of the 

material. Furthermore, the magnetization will lead to a 

novel method of contactless thermal validation on 

enclosed PCR test machines.  

Before the complete system for the thermal 

validation process based on the magnetic field is created, 

a lab-scale experiment needs to be conducted to verify 

the method. A small experiment is built to demonstrate 

this new method of the validation system. In the first step, 

the investigation is purposed to ensure that the magnetic 

induction reacts to the temperature changes in a specific 

environment. The environment is made as close as 

possible to the conditions when calibrating the enclosed 

thermal cycler. This experiment needs to provide some 

KY-024 Linear Magnetic sensor equipment, Max 6675 

as thermocouple, Arduino Uno as a microcontroller, 

neodymium as magnet medium, heating element as heat 

generator on PCR Well and hard case cover as a wall or 

casing of PCR machine. The set-up of the experiment is 

shown in Figure 3. 

Linear Hall-effect sensor KY-024 has initial flux 

magnetic. This flux will interact with another magnetic 

flux emitted from a neodymium magnet. Furthermore, 

the Neodymium magnet is utilized as a vector that sends 

the fluctuated signal for KY-024 based on temperature 

changes. This fluctuation occurred due to the heat 

absorbed from the heating element as a heat generator in 

the PCR machine. The electric current will induce the 

change of flux magnet, which will read as analog signals 

in the microcontroller. Then, it will  convert the 

temperature change into electrical potential different in 

MAX6675 [19]. The electric current will create this 

potential difference which will transport to the 

ATmega328P microcontroller of the Arduino Uno board. 

Both signals are then displayed as a numerical value in 

PC that will be data of the experiment. 

 

Figure 2. Thermal validation process based on magnetic field 

detection 
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Figure 3. Electronics schematic experiment of temperature validation for enclosed PCR machine using linear Hall-effect sensor 
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Figure 4. Flow chart of algorithm 

 

The PCR test machine has a graphical user 

interface (GUI) program. The program is customized 

and created using the basic visual program to control 

the simulation and analysis of enclosed-PCR Machine 

and Thermal Phase Validator Machine or temperature 

validator. The process begins with turning on the 

validator machine, and then the GUI program is 

displayed. The Program will display several forms. 

For the first step, the users have to set configuration 

forms. The users must set serial port, baud rate, 

interval, Sample size, and Mode. In the experiments, 

the baud rate is set to 9600, the interval is set to 10 

seconds, the sample size is set to 10 data, and the mode 

is average. This machine provides several modes to 

retrieve the data. But the most recommended is using 

the intermediate mode, so the mean value of several 

data will be calculated and displayed on the screen as 

a single piece of information. The next step is 

configuring the phase indicator. In this step, the users 

must determine what PCR Phase they want to validate 

further for analysis. The denaturation phase is the first 

phase in the thermal cycler process which is the default 
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configuration in the phase indicators form. In phase 

indicators configuration form, the users must also 

configure the time span for a specific phase in the PCR 

process, the initial temperature, and the final 

temperature for each phase. The program also 

provided a custom mode that uses custom temperature 

ranges. If the users use custom modes, so the users 

have to arrange maximum temperature (𝑇𝑀𝑎𝑥) and 

minimum temperature (𝑇𝑀𝑖𝑛) in the configuration 

form. The next step after the configuration is finished 

is to run the program by pushing the run button. If 

there is any mistake in configuration, the program will 

not run, and the user is directed back to the 

configuration menu. If there is no problem in 

configuration, the program will start the thermal cycler 

and start the temperature controller program. At the 

same time, the program will start the timer and read 

data by using a serial connection. 

The thermal cycler will check the initial phase 

when the validator program starts to monitor the 

thermal cycler and get the phase of the thermal cycler 

at nearly the same time. The program will check the 

current temperature (𝑇𝑐) every second. In the 

denaturation and extension phase, if the temperature is 

less than or equal to the initial temperature, the cooler 

will be off, and the heater will be on, so the heating 

process starts. In the annealing phase and final phase, 

the heater will be off and the cooler on, so the cooling 

system starts. The program always checks the current 

temperature during the heating and heating process, 

and this process will run until the configured final 

temperature (𝑇𝑓𝑖𝑛) on the current phase has been 

reached.  

In a thermal cycler, there is a steady state in every 

phase when the temperature reaches the configured 

final temperature. This condition will hold for a 

specific time depending on the time configuration of 

the phase that the user has set. The steady-state 

maintains the current temperature at a nearly constant 

value by checking the temperature and controlling the 

heater and cooler consecutively every second. The 

current temperature (𝑇𝑐) must be equal to the Final 

temperature (𝑇𝐹𝑖𝑛) or has a very small difference (δ) 

which so-called as the tolerance value. The tolerance 

must be set on the configuration form before running 

the thermal cycler.  

The maintenance process starts by checking the 

time phase time (𝑡𝑃). When the steady-state starts, the 

program will begin counting the time until zero 

seconds are left. After the times up, the program will 

check whether the current phase in the thermal cycler 

is the final phase or not. If the phase is the final phase, 

the Program will end the running process of the 

thermal cycler and the serial monitoring process. If the 

thermal cycler has yet reached the final phase, the 

thermal cycler is set to the next phase. 

In the validator machine, after the raw data is 

retrieved, the raw data will split until the temperature 

value is obtained. The remains will indicate the 

magnetic data. Both of these values determine the 

current phase is running, and the machine will get the 

timing phase information. The data will display on the 

user interface screen and stored on the device. The 

program must check the range if stored data is received 

using the custom mode. If the current temperature  

data just had a slight difference value (δ) from the 

maximum temperature, the program will end the data 

acquisition process. If not, so the program will 

continue to retrieve the data. 

Sensors and measuring instruments must be 

validated to a precise measurement standard to 

determine their initial values. Furthermore, the 

program algorithm for measuring temperature and 

magnetic induction on the PCR machine's thermal 

cycler can first be made a flow chart in Figure 4.  

The code from the flow chart program will be 

uploaded in Arduino Uno during the experiment 

process as a data acquisition controller. Analog signal 

from magnet sensor is acquired to the internal 

microcontroller Analog to Digital Conversion (ADC). 

In addition, the temperature sensor employs Serial 

Peripheral Interface (SPI) communication. The 

temperature control is applied by an electronic relay 

through a digital pin of a microcontroller. The code is 

arranged for the system to take the data and display it 

on a PC (Personal Computer) every second. The time 

indication, temperature value, and magnetic flux data 

are recorded simultaneously. The temperature will 

hold this process until the temperature reaches the 

maximum value required for the denaturation process 

(94°C - 96°C). 

B. Calculation Analysis 

The measured magnetic induction, B, relates to 

the temperature  measurement, T,  as (3). 

                                         𝐵 ∝ 𝑇                 (3) 

International standard usually applies 

measurement uncertainty [20], [21] calculation on 

calibration [22], [23] and testing report to evaluate 

stability and repeatability from experimental data. The 

measured magnetic induction and temperature 

between probe sensors data as (3) would be assessed 

its measurement uncertainty to investigate the quality 

of sensor accuracy following these equations below:  

   �̅� =
∑𝑥𝑖

𝑛
                             (4) 

   𝑠 = √
∑(𝑥𝑖−�̅�)2

𝑛−1
                              (5) 

   𝑢𝑖−𝑛 =
𝑠

√𝑛
=

√∑(𝑥𝑖−�̅�)
2

𝑛−1

√𝑛
                (6) 

                     𝑐𝑖 =
𝛿𝐵

𝛿�̅�
                                         (7) 

 

𝑢𝑐 = √∑𝑐𝑖
2. 𝑢𝑖

2                           (8) 

  

              𝑈𝑒𝑥 = 𝑘. 𝑢𝑐                                  (9) 

 

where �̅� being measurement uncertainty data-i from 

repeatability; 𝑢𝑖−𝑛 being measurement uncertainty 
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data-i from repeatability; s being standard deviation; xi   

being data of i-th value; n being number of data; ui 

being standard measurement uncertainty; uc being 

combined uncertainty; ci being sensitivity coefficient; 

s   being standard deviation; xi   being data of i-th 

value; n   being number of data; k being coverage 

factor; Uex being expanded uncertainty. 

Linearity of digital signal due to (3) can be 

modeled as (10) below. The output (y) signal of the 

measured voltage is caused by the temperature as input 

(x), in which a and b are constant. 

              𝑦 = 𝑎 + 𝑏 × 𝑥 => 𝑇 = 𝑎 + 𝑏 × 𝐵            (10)             

 

The coefficient of determination (R2) is 

implemented to assess the quality of signal linearity. 

R2 represents the fit a linear function model (fi) on (11) 

to the experimental data. The value by 1 stated that the 

signal has perfect linearity. On the other hand, the R-

squared value has the worse linearity at 0.  

             𝑅2 = 1 −
∑ (𝑦𝑖−�̅�)2𝑖

∑ (𝑦𝑖−𝑓𝑖)
2

𝑖
                     (11)          

The excellent linearity tends to have uniform 

sensitivity (ς) for every measuring point. The ratio 

between output and input (Δy/Δx) indicates its sensor 

sensitivity. 

         𝜍 =
Δ𝑇

Δ𝐵
                              (12) 

  

III. RESULTS AND DISCUSSION 

The gauss meter was used to validate the voltage 

input from the ADC of a microcontroller. The distance 

variation between the Neodymium magnet and the 

sensor is applied to produce different magnetic 

induction measuring points. Furthermore, the gauss 

meter is utilized to ensure the actual value of magnetic 

induction, which is read by a microcontroller.  

Interestingly, the voltage input of microcontroller 

achieved excellent linearity (R2=0.9779) with the 

magnetic flux so it can support our experiment. 

The validation experiment used two pieces of 

neodymium magnets (20 x 5 x 1.5 mm) which were 

similar to each other. The distance is set around 0.5 

cm. The experiment yielded the data depicted as 

graphics in Figure 7. 

The experimental results in the graph in Figure 7 

prove that temperature changes affect the quantity of 

the magnetic induction accordingly. The greater the 

increase in temperature in the PCR machine, the 

greater the magnetic flux value, which shows a 

proportional relationship in (3). The coefficient of 

determination (R) on (11) is 0.7794 from the result of 

the linear function modelled accordingly (10). The 

mean values in (4) and the expanded uncertainty in (9) 

were estimated to investigate the measurement results 

in depth in Table 1. In addition, sensitivity analyzes 

were calculated accordingly (12) to observe the 

linearity. 

Table 1 showed the mean value of magnetic flux 

increases with rising temperature. The smallest 

 

Figure 5. Magnetic sensor measurement validation by gauss 
meter 

 

Figure 6. Temperature value vs magnetic flux 

 

Figure 7. Temperature value vs magnetic flux 

TABLE 1 

MAGNETIC FLUX RESULTS OF NORMAL POLE 

Thermal Phase 

Normal Pole (repelled each other) 

B (mG) 
Uex 

(mG) 
ς (°C /mG) 

Annealing 

(45°C - 60°C) 
524.5 0.1 0.0649 

Extension 76°C 526 0 0.0255 

Denaturation 

(94°C - 96°C) 
526.5 0.7 - 
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measurement uncertainty value by 0 mG occurred at a 

temperature of 76°C. However, the denaturation 

thermal phase had the largest expanded uncertainty of 

0.7 mG. Furthermore, the measurement uncertainty at 

a temperature from 45°C to 60°C happened at 0.1 mG. 

The difference in sensitivity also illustrated that the 

relationship between magnetic induction and 

temperature was not precisely linear by 0.0649 and 

0.0255 °C /mG, respectively. 

Table 1 showed the mean value of magnetic flux 

increases with rising temperature. The smallest 

measurement uncertainty value by 0 mG occurred at a 

temperature of 76°C. However, the denaturation 

thermal phase had the largest expanded uncertainty of 

0.7 mG. Furthermore, the measurement uncertainty at 

a temperature from 45°C to 60°C happened at 0.1 mG. 

The difference in sensitivity also illustrated that the 

relationship between magnetic induction and 

temperature was not precisely linear by 0.0649 and 

0.0255 °C /mG, respectively.  

At the initial, flux magnetic emitted from two 

objects, KY-024 and neodymium magnets, repelling 

each other. When the temperature applied in the 

heating element is increased, the flux of the 

neodymium magnet attached above the heating 

element decreases. This also means the neodymium 

magnet vanished its magnetization slowly. In the 65°C 

- 94 °C, the sensor displayed the value of flux 

magnetic around 527-528 mG. This wide range will 

make it challenging to determine representative 

magnetic flux value as a standard validation value on 

a certain phase of PCR. 

When the pole of the magnet is reversed (Initial 

magnetic flux in the same direction with KY-024 

initial magnetic flux), the data experiment shown that 

the increase of temperature decreases the magnetic 

induction. On the other hand, this result is inversely 

symmetrical to the previous magnetic pole pattern 

results. This data is represented in the graphic Figure 

8. 

Fascinatingly in Figure 8, the results of magnetic 

flux measurements at the reversed pole position had a 

decreasing trend with growing temperatures, diverse 

from the previous magnetic pole pattern in Figure 8. 

The R2 value was better than the last position by 

0.8062. The coefficient of determination indicated the 

linearity of the relationship between magnetic 

induction and temperature was more suitable at the 

reserved pole position. Figure 8 verified previous 

research on Neodymium magnets in [9]. 

The reversed magnetic pole experiment 

demonstrated more uncertainty in the extension of the 

thermal phase by 0.7 mG. However, denaturation had 

better measurement uncertainty. Furthermore, the 

sensitivity and gradient of the curve had negative 

values. Nevertheless, this position has slightly more 

linearity according to the coefficient of determination.   

Each magnetic pole position had its advantages 

according to the thermal phase. Table 3 described the 

proposed magnetic pole position for validating 

temperature measurements on a closed thermal cycler 

of the PCR machine. 

The experimental data in Figure 7 and Figure 8 

can be manipulated to develop a prototype temperature 

TABLE 2 

MAGNETIC FLUX RESULTS OF REVERSED POLE 

Thermal Phase 

Normal Pole (repelled each other) 

B (mG) 
Uex 

(mG) 
ς (°C /mG) 

Annealing 
(45°C - 60°C) 

529.3 0.1 -0.0769 

Extension 76°C 527.5 0.7 -0.0130 

Denaturation 

(94°C - 96°C) 
527.3 0.3 - 

 

 
Figure 8. Temperature value vs magnetic flux in reversed 

magnetic pole 

 

TABLE  3 

PROPOSED MAGNETIC POLE POSITION 

Thermal Phase 
The best magnetic pole 

position 

Annealing (45°C - 60°C) Reserved pole 

Extension 76°C Normal pole 

Denaturation (94°C - 96°C) Reserved pole 

 

 
Figure 9. prototype of temperature validator for closed PCR 

machine based on magnetic induction 
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validator [24] on a sealed thermal cycler of PCR 

machine according to the influence of the magnetic 

induction relationship in Figure 9. Furthermore, the 

electronic circuit in Figure 3 was realized on the 

temperature validator in retrieving experimental data. 

Hence, the proposed non-contact validator for 

temperature measurement in a sealed PCR machine by 

magnetic flux technique could be a solution for 

problems in (1) and (2) before through wireless 

technique. The relationship between temperature [25] 

and magnetic induction can inspire application  in 

other research fields. 

IV. CONCLUSION 

 

The results of the investigation of magnetic 

induction measurements on temperature, which was 

successfully verified by gauss meter, on a closed 

thermal cycler of PCR machine showed a relationship 

between the two which depends on the position of the 

magnetic poles. For the normal pole or magnetic 

conditions repelled each other, the greater the 

temperature, the larger the magnetic flux measured. 

On the other hand, the inverse relationship between 

magnetic induction and temperature occurred at the 

reversed pole position, which is in the same direction. 

The best measurement uncertainty generally occurred 

in the annealing process by 0.1 mG. 

Therefore, the experimental results can develop a 

wireless temperature validator for a closed PCR 

machine based on magnetic flux. From the 

measurement uncertainty analysis and signal 

sensitivity results, the position of the reversed pole 

magnet is recommended at the annealing stage. In 

comparison, the thermal phase extension can use the 

normal pole position. Furthermore, the denaturation 

stage should take advantage of the reversed pole 

position. 
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