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Task 1 – Temperature Sensors Research 

Platinum RTD 
The platinum RTD is a type of temperature sensor called a Resistance Temperature Detector  

(RTD). The principle behind an RTD is the relationship between resistance and temperature with 

each material having a temperature coefficient of resistance. This coefficient refers to the change in 

resistance per degree (°C). The below equation can be used to calculate the temperature (Bird, 

2003). 

𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒, 𝜃 =
𝑅𝜃 − 𝑅0

𝛼𝑅0
 

RΘ = Resistance at Unknown Temperature 

R0 = Resistance at 0°C 

α = Temperature Coefficient of Resistance 

The Platinum RTD is very highly used within industry due to its linearity with the below figure 

demonstrating this. 

 

     Figure 1 - Platinum RTD Resistance vs Temperature (Wu, 2018) 

Another reason for its popularity is that it has a high melting point of 1786°C (Royal Society of 

Chemistry, 2025), can be calibrated to produce accurate readings to within a thousandth of a degree 

(Priest, 2004). Signal Conditioning is important with an RTD to negate the affect the wire resistance 

has on readings, to negate this a Wheatstone bridge (2 voltage dividers in parallel) and a 3-wire 

configuration is most used. The Wheatstone Bridge below allows the resistance of the RTD to be 

calculated using the below equation. 

𝑅2𝑅𝑥 =  𝑅1𝑅3 
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In Figure 2 a Galvanometer is used to measure the current but a Voltmeter can also be used as an 

alternative. The main principle is that there will be 2 fixed resistors R1 and R2 a variable resistor R3 

and then Rx the RTD. When the bridge is balanced the above equation can be used to find the 

resistance of the RTD by changing the resistance of the variable resistor until there is no current 

detected. 

 

When long leads are used to connect the RTD the wire resistance can affect the accuracy of the 

readings and to negate this a 3 and 4 wire configuration is used. The 3 wire is the most common and 

it uses a 3rd wire to ‘compensate for the impact of lead resistance’ (Gill, 2024). A 4 wire is most 

accurate but also most expensive and it ‘completely eliminates the impact of lead wire resistance’ 

(Gill, 2024). 

A few drawbacks of the RTD are the cost can be high when compared to to other forms of 

temperature detection such as a Thermocouple or Thermistor. They also have ‘a higher thermal 

mass which causes them to respond more slowly to changes in temperature than thermocouples.’ 

(Probes Unlimited, 2025) The operating range of an RTD is between -200°C and 850°C. The RTD is 

also a very sensitive probe and ‘excessive vibration or mechanical shock can cause the RTD wiring to 

break or loosen over time, resulting in intermittent connections or open circuits.’ (Peak Sensors, 

2025).  Physical damage to the probe can also cause failure or inaccurate readings. 

NTC Thermistor 
A thermistor is a semi-conductive material which can be used to measure temperature by measuring 

the resistance like an RTD. ‘The thermistor is basically a two-terminal solid state thermally sensitive 

transducer constructed using sensitive semiconductor-based metal oxides with metallised or 

sintered connecting leads formed into a ceramic disc or bead.’ (Electronics Tutorials, 2025). The NTC 

Figure 2 - Wheatstone Bridge Configuration (Bird, 2022) 

Figure 3 – 2 Wire, 3 Wire and 4 Wire RTD Configuration (Wu, 2018) 
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(Negative Temperature Coefficient) thermistor however has a ‘sharp decrease in resistance as 

temperature increases’ (TDK Corporation, 2022). The decrease in resistance with temperature is also 

non-linear, the nature of an NTC also means that an NTC thermistor is mostly used between -55°C to 

200°C as this is ‘where they give their most precise reading’ (EE Power, 2025).  As seen from the 

Figure above the semiconductor’s resistance drops dramatically with temperature.  

The curve of the semi-conductor is also an exponential curve which is characterised by B, the 

material constant. This value can be calculated using the below equation or used to calculate a 

temperature at a certain point. 

A Wheatstone bridge can be used to measure the resistance of the thermistor and then calculate the 

temperature like the RTD seen in Figure 2. An ammeter can also be used in series with the 

thermistor to calculate the temperature. Positives of a Thermistor is the quick response time to 

changes in temperature making them a good choice for where this is important, they are also 

inexpensive making them a cheap alternative to RTDs. They are most used at lower temperatures 

where they have higher resistance and also the linearity of temperature vs resistance is better 

allowing more accurate readings. A downside to these temperature detectors is that they are only 

linear for a small temperature window when compared to an RTD. They are also susceptible to a 

self-heating effect which is when the Thermistor is heated by the current flowing through, the 

amount of heating depends on the current. This can lead to inaccurate temperature readings  

Figure 4 - Temperature vs Resistance Graph (Bird, 2003) 

Figure 5- Thermistor Equation (Electronics Tutorials, 2025) 
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Task 2 – Testing The Sensors 
The PT100 and the Thermistor discussed above were compared against an integrated circuit (IC) 

temperature over a 10-minute period with heat increasing. The temperature readings were taken at 

an interval of 1s and the results collated into a graph for both sensors. 

 

 

  

Figure 6 - Comparison of IC and PT100 

Figure 7 - Comparison of IC and Thermistor 
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The percentage error was also calculated for both the PT100 and the Thermistor which can be seen 

in Figure 8.  

From the data presented above the RTD is seen to be slightly inaccurate at the start of the test 

measuring below the IC value but as the temperature increased it began to follow a similar curve to 

that of the IC with improved accuracy. The readings itself fluctuate a lot due to the sensitivity of the 

RTD and the sampling time being 1s. If a smoother temperature curve where response time isn’t of 

importance is required increasing the sampling frequency from 1s to 10s would smoothen the curve.  

The Thermistor is inaccurate when compared to the IC as it is reading a lower temperature than the 

IC across the whole range of temperatures. This inaccuracy could be resolved using an offset if found 

that the temperature was a constant value below the IC temperature. However, in this case the 

inaccuracy increases as the temperature increases and is therefore not an option. The sensitivity of 

the Thermistor is also less than that of the RTD as can be seen by the smoothness of the curve. 

When comparing both and looking at the percentage error compared to IC excluding the first part of 

the experiment the RTD’s percentage error fluctuates from around -8% to +8% with the fluctuation 

due to the sensitivity of the instrument. The Thermistor however has a roughly 19% error to begin 

and this then increased to approximately 30% by the end of the 10-minute period which is a 

significant percentage error. Therefore, when choosing a sensor from the two options above the RTD 

is the preferred option as although it fluctuates a lot due to sensitivity overall the performance is 

much greater than that of the Thermistor producing much more accurate results when compared to 

the IC.  

  

Figure 8 - Comparison of Percentage Error between PT100 and Thermistor 
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Task 3 – Temperature Circuit Design 

Following on from Task 2 where the RTD was selected as the most appropriate sensor a measuring 

circuit was designed which converts the resistance into a corresponding Voltage which can then be 

used to transfer the signal. As explained above in Task 1 a Wheatstone Bridge will be used to 

measure the resistance of the RTD with a Voltmeter used instead of the Galvanometer in Figure 2 

and then an operational amplifier will then amplify the signal ready to be transmitted. ‘An 

operational amplifier is an integrated circuit that can amplify weak electric signals.’ (ABLIC, 2025). In 

this case it will allow the voltage measured within the Wheatstone Bridge to be amplified to a value 

readable by a microcontroller or programmable logic controller.  

To calculate the Vout the below equation is used. 

𝑉𝑂𝑢𝑡 =  𝑉𝑆 (
𝑅2

𝑅1 +  𝑅2
−  

𝑅4

𝑅3 + 𝑅4
 ) 

In the circuit designed for this task both R1 and R3 are resistors of 270Ω, R2 is 100Ω and R4 is the 

PT100 RTD. R2 is 100Ω so as when the temperature is 0°C the Bridge will be balanced and the Vout will 

be 0 V. Below is a table of temperature, the resistance of the PT100 probe, Vout of the Wheatstone 

Bridge and the Voltage Output of the operational amplifier.  

Figure 9 - Assignment Brief Task 3 

Figure 10 - Wheatstone Bridge (Electronics Tutorial, 
2025) 
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The resistance at each temperature was calculated using the below equation. 

By knowing that a PT100 has a resistance of 100 Ω at 0°C and that platinum has a temperature 

coefficient of 0.00385 Ω / °C as per the DIN 43760 standard (Omega, 2025). The resistance at each 

temperature can be calculated using the above equation an example for 30 °C is shown below. 

𝑅Θ = 100 (1 + 0.00385 𝑥 30) 

𝑅Θ = 111.55 

This was done for all temperatures from 0 - 100°C at a 10 °C interval and can be seen in the above 

figure. The voltage output was calculated using the previous equation and the results seen in the 

below table. 

For the output of the operational amplifier the below calculations were performed. Firstly, the 

voltage gain (AV) was calculated using the below equation and the highest values for Vout and Vin 

were used which in this case is 10 V and 0.688 V respectively.  

𝐴𝑉 =  
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
=  

10

0.688
= 14.53 

To calculate the resistor needed for the Operational Amplifier the below equation was used, the gain 

resistor (RGain) in this operational amplifier is 2.2 kΩ.  

𝑅 =  
𝑅𝐺𝑎𝑖𝑛 (𝐴𝑣−1)

2
 = 

2200 (14.53−1)

2
= 14883 

The closest resistor to this calculated value is rate 15 kΩ and therefore a 15 kΩ was used for the 

operational amplifier. Finally, to calculate the voltage produced by the Operational Amplifier the 

below equation was used.  

𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝐴𝑚𝑝𝑙𝑖𝑓𝑖𝑒𝑟 𝑂𝑢𝑡𝑝𝑢𝑡 (𝑉) =  

𝑉𝑜𝑢𝑡 𝑜𝑓 𝑊ℎ𝑒𝑎𝑡𝑠𝑡𝑜𝑛𝑒 𝐵𝑟𝑖𝑑𝑔𝑒 (𝑚𝑉) 𝑥 (1 + 2 (
𝑅

𝑅𝐺𝑎𝑖𝑛
))

1000
  

For 30 °C the below output is calculated for the operational amplifier. 

𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝐴𝑚𝑝𝑙𝑖𝑓𝑖𝑒𝑟 𝑂𝑢𝑡𝑝𝑢𝑡 (𝑉) =  220.898 𝑥 (1 + 2 (
15000

2200
)) = 3.23 𝑉 

  

Figure 11 - Resistance and Temperature Coefficient Equation (Bird, 
2022) 
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The results can be seen below. 

The operational amplifier was then built on Multisim and the values for the PT100 probe varied to 

provide the outputs at each temperature. The below examples show 10 °C, 40 °C and 90°C. 

 

  

Temperature 

(°C) PT 100 (Ω)

Wheatstone 

Bridge V out 

(mV)

Ampifier 

Output 

Voltage 

0 100.00 0.000 0.00

10 103.85 75.149 1.10

20 107.70 148.767 2.18

30 111.55 220.898 3.23

40 115.40 291.589 4.27

50 119.25 360.881 5.28

60 123.10 428.816 6.28

70 126.95 495.433 7.25

80 130.80 560.770 8.21

90 134.65 624.864 9.15

100 138.50 687.750 10.07

Figure 12 - Data for the Operational Amplifier (Theoretical) 

Figure 13 - Operational Amplifier with PT100 set at 10°C 
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Figure 14 - Operational Amplifier with PT100 set at 40°C 

Figure 15 - Operational Amplifier with PT100 set at 90°C 
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The Wheatstone Bridge outputs, and the operational amplifier outputs are shown in the table 

below. 

As you can see when comparing both the simulated data and the theoretical data for the operational 

amplifier there are some discrepancies albeit small ones with the largest difference in output being 

0.01 V. The differences between the theoretical and simulated values can be as ‘characteristics may 

drift with age and temperature’ (All About Circuits, 2025). Another reason for the difference is the 

potential for input offset which equates to not correctly zeroing an analogue meter. The resistance 

of the wires could also play a role in altering the output of the Wheatstone bridge with any small 

difference in the output of the Wheatstone Bridge magnified by the operational amplifier. 

Depending on the tolerance of the resistors used within the circuit this could also introduce error to 

the simulated results as they could have an error of ± 5%.   

Temperature 

(°C) PT 100 (Ω)

Wheatstone Bridge 

V out (mV)

Ampifier Output 

Voltage (V)

0 100.00 0.000 0.00

10 103.85 75.149 1.10

20 107.70 148.766 2.18

30 111.55 220.898 3.23

40 115.40 291.588 4.27

50 119.25 360.880 5.28

60 123.10 428.815 6.27

70 126.95 495.432 7.25

80 130.80 560.769 8.20

90 134.65 624.863 9.14

100 138.50 687.749 10.06

Figure 16 - Data for the Operational Amplifier (Simulated) 
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Task 4 – Signal Transmission 

Fieldbus Foundation 
‘Fieldbus is a bidirectional communication protocol that provides real-time, closed-loop control 

between intelligent field instruments and host systems.’ (FieldComm, 2025).  This system is 

completely digital, and communication can occur not only between the device and the PLC but 

between each device if they are compatible with Fieldbus. 

There are 2 different types of Fieldbuses, H1 and HSE. H1 operates at a speed of 31.25 Kbit/sec and 

can be transmitted over a standard twisted pair wire. This is used to communicate between the field 

devices and is the most used. HSE (High-Speed Ethernet) operates at a much faster speed of 100 

Mbit / sec and is generally used to connect field devices to the PLC or Control network and uses 

standard Ethernet cables. Advantages of using Fieldbus as a communication protocol including 

considerably less wiring allowing money to be saved. A company in Alaska found that a reduction of 

98% in wiring was achieved using Fieldbus, time taken to install each transmitter was roughly 20 

minutes compared to 2 hours using non Fieldbus technology (Instrumentation Tools, 2025). More 

data can also be transmitted when compared to analog systems. 

The downside of having all devices connected on a loop using a ‘T’ connection is if one device were 

to short-circuit or encounter problems the whole system could potentially be disrupted or taken 

offline. To solve this issue the junction boxes designed for Fieldbus can be used as an alternative. 

Troubleshooting also required specialized tools. This can add to the cost of using Fieldbus 

Foundation. 

Hart Protocol 
‘HART is a bi-directional communication protocol that provides data access between intelligent field 

instruments and host systems’ (FieldComm, 2025). Hart stands for Highway Addressable Remote 

Transducer and is used in many factories. It uses a 4-20 mA loop and is a hybrid of digital and analog 

using the 4-20 mA to communicate a single variable whilst also sending digital information on a 

superimposed digital system.  

Figure 17 - FOUNDATION Fieldbus diagram (Emerson, 2002) 
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This figure shows the two signals transferred simultaneously. The main signal is the analog one 

which carries the primary variable for example temperature or pressure which is converted at the 

host from a current into the correct variable. An example could be 6 mA converted at the host to 

34°C. The other signal transmitted is a digital one ‘carried by a low-level modulation superimposed 

on the standard 4-to-20 mA current loop.’ (Emerson, 2002). This signal does not affect the analog 

signal which is removed by standard filtering techniques. 

Due to the HART protocol allowing a signal to be imposed over the analog current signal the existing 

wiring within a factory could be re-purposed and used for HART. This would save a lot of money on 

re-wiring as it would not be required. The only requirement would be to ensure the device is 

compatible with the HART protocol. The system works with a request-response system with the PLC 

or microcontroller initiating a request of information from the instrument such as temperature. 

The above Figure shows the several types of Hart commands ranging from the universal ones down 

to the ones only used by the manufacturer. A downside to HART communications is the speed which 

compared to modern standards is slow at 1200 bits per second and it can only accommodate up to 

16 devices on a loop. The HART protocol is a Master Slave protocol like Profibus and uses the same 

system as explained in Figure 20. 

As seen above a handheld terminal can be used to access the data being transmitted by acting as a 

master whilst connected. This is commonly used for calibration and diagnostics of the various 

connected devices.   

Figure 18 - Hart Communication (FieldComm, 2025) 

Figure 19 – Connection of HART devices (SAMSON, 2025) 



13 
 

Profibus 
As a communications protocol Profibus (Process Field Bus) was developed as an upgrade to HART 

discussed previously and was created in 1989 but was upgraded in 1993. Profibus communication 

uses a physical layer of RS-485 wiring. Using a master - slave protocol with the PLC being the master 

and all field devices slaves the master then requests data such as pressure form the slave when 

required and the slave then sends the requested data back to the master. This usually occurs with 

one slave at a time meaning ‘that a master sends a message and the slave gives a response. After 

receiving the response, the master directs itself to the next slave.’ (PROCENTEC, 2025). This data can 

be exchanged regularly (cyclically) or when requested (acyclically). The below diagram shows a 

PROFIBUS setup with 2 masters that can both request information by sending tokens to each other 

granting access to request from any slave. 

There are two types of PROFIBUS available PA (Process Automation), DP (Decentralized peripherals) 

and FMS (Fieldbus Message Specification). FMS was an earlier variant used to communicate 

between devices however this is less used compared to the other two. PA is an intrinsically safe and 

is used in environments such as oil refinery where explosion protection is essential. DP is described 

above and involves the master - slave interactions and can typically have up to 32 devices connected 

to the system. PROFIBUS DP can operate at speeds of between 9.6 kbit/s and 12 Mbit/s depending 

on factors such as the configuration of the system whereas PA operates at a fixed speed of 31.25 

kbit/s the same as Fieldbus Foundation and uses ‘two-wire technology based on the (international 

standard (IEC) 1158-2.’ (El - Pro - Cus, 2025). Some positives of PROFIBUS are they are generally low 

cost and the ability to be intrinsically safe is very important for some industries. However it may not 

be able to meet the speed demands of some applications and the length of cable depends on the 

speed required with faster speeds limiting the length of cable, 12 Mbit/s limited to 100m of cable. 

This is a limitation when compared to other communication systems such as PROFINET which has a 

much higher bandwidth and can transfer large amounts of data it has limitations.  

Figure 20 - PROFIBUS Diagram (Worth, 2023) 
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