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Task 1 – Temperature sensors research 
 
An NTC Thermistor is a temperature sensing element. NTC means “Negative Temperature 

Coefficient”, and this relates to the manner in which this type of Thermistor works. The 

resistance inside this simple device decreases as its temperature increases. This means it 

can be used in a circuit to sense temperature change by monitoring the differing resistance. 

According to (Platt and Fredrik Jansson, 2016) "Although the term thermistor suggests that it 

is a thermally sensitive resistor, in fact an NTC Thermistor is a semiconductor.” 

A Thermistor is made by heating metal oxides until they turn into a ceramic material. The 

ceramic material is then cut to size, and metal leads or legs are attached to it. The body is 

then encapsulated in an epoxy substance or glass. They commonly take the form as seen 

below:  

 

This is a very inexpensive method of production, and for this reason makes it a popular 

choice when concerned about cost. 

According to (Platt and Fredrik Jansson, 2016) common applications for the NTC Thermistor 

include “air-conditioning systems, clothes washers, refrigerators, pool and spa controls, 

dishwashers, toasters, and other domestic devices. They are also used in laser printers, 3d 

printers, industrial process controls, and medical equipment. As many as 20 thermistors may 

be found in a modern automobile, measuring temperature in locations ranging from the 

transmission to the ambient air in the passenger compartment”. 

 

The main advantages of this device are its cost to make/buy, its level of sensitivity and 

versatility due to it being manufactured in different shapes and sizes. Some of its 

disadvantages include its non-linear output and the amount of drift in its accuracy when 

dealing with the higher end of its limited temperature range. 
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Figure 1 – Available at: https://www.bapihvac.com/application_note/thermistor-vs-rtd-temperature-measurement-
accuracy-application-note/ 

 
 
To summarise, the NTC Thermocouple is a cost-effective temperature measuring device and 

is a suitable option when cost may be an issue, and for applications in a temperature range 

of -55֯C and +200֯C and where extreme accuracy is not of paramount importance. 

 

A Platinum RTD or Resistance Temperature Detector is a temperature sensing device that 

works by measuring the resistance of a material (in this case Platinum) and how that 

changes due to a temperature change. There are several reasons why Platinum is the 

choice metal for this device. Platinum is a stable metal does not oxidize very easily. It has a 

high melting point which means it has a greater measurement range – typically -200֯C to 

600֯C. These properties alone mean there are generally more applications that this type of 

sensor can be used in, when compared to the NTC Thermistor. 

 

According to (Platt and Fredrik Jansson, 2016) "High quality RTD sensors with a wide 

temperature range usually consist of platinum wire that is wound around a glass or ceramic 

core. Smaller sensors may be fabricated from a thin layer of platinum evaporated onto an 

insulating substrate. Nickel may be substituted for platinum, and has a more sensitive but 

less linear response.” 
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The RTD has a positive temperature coefficient, meaning the resistance increases with 

temperature rise. The linear response makes them far easier to work with and they are more 

stable with significantly less drift than the NTC Thermistor. 

 

 

Figure 2 – Available at: https://peaksensors.com/blog/resistance-thermometer/what-is-rtd-sensor-and-how-does-it-
work/ 

 
There are three options of RTD. The images below are 2 wire options. They work by 

connecting them to a measuring device using 2 wires. An electrical current is passed 

through the wires and RTD, the voltage drop can be measured, and this can infer the 

temperature recorded. This is a very good method for temperature measurement when the 

distance from the measuring device and the end of the RTD sensor, is small. When the 

distances get larger between the two, problems in terms of accuracy can arise. This is 

because the connecting wires actually contribute to the total resistance measured. However, 

this problem can be overcome by adding an additional wire – hence the 3 wire RTD. The 

extra wire is used to deliver the current, thus relieving the effects of increased resistance. 

This makes the 3 wire RTD more accurate than the 2 wire. Finally, the 4 wire RTD takes the 

accuracy to even higher levels because two wires carry the current, and the other two wires 

measure the voltage drop. This means the 4 wire RTD can tolerate greater distances than 

the other two, without compromising accuracy. 
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Platinum RTD’s are more commonly found in industrial applications mainly because of its 

versatility, robustness and accuracy – for example the petrochemical and nuclear industries. 

These attributes are the main advantages of the RTD, however there are some 

disadvantages. The first and most obvious is the cost, and this is because of the Platinum. 

That makes this type of sensor one of the most expensive on the market. Whilst the RTD 

has a better response time and temperature range than the NTC Thermistor, Thermocouples 

outperform RTD’s in this area. RTD’s can also be more susceptible to shock and vibration 

than thermocouples, therefore understanding the application and environment is so 

important when choosing a suitable temperature measuring device. See figure 2 for a side 

by side technical comparison from RS Components. 

 

Below (Figure 3) is a comparison datasheet from RS Electrical supplies to aid customers in 

selecting the correct temperature measurement device for their projects. The RTD is a solid 

performer across the board, and is therefore a common choice for a whole host of 

applications. The Thermocouple tends to lend itself to more specialist environments due to 

its greater temperature range. 

 

 

 
     Figure 3 – Available at: https://docs.rs-online.com/24d5/0900766b815e5304.pdf 
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Task 2 – Testing the sensors 
 
A data acquisition system was used to conduct a ten minute experiment, recording 

temperature using an IC (Integrate Circuit) Temperature sensor and an RTD. The results of 

this experiment can be found in the appendix, however the following graphs have been 

produced from the dataset, and the findings discussed below. 

 

Figure 4 (below) shows the temperature recorded in degrees Celsius over a 10 minute 

period (600 seconds) for the IC Temperature sensor (blue) and the RTD (red). Both have 

produced very different lines on the graph. The construction of the sensors plays a part in 

this because the RTD element is normally located at the base of the sensor or probe. This 

means the RTD is able to get closer to the heat emitting object, whereas the IC sensor is 

located in the connector of the electrical component. This means that the ambient air 

temperature can also impact the accuracy of the temperature recorded. Both of these 

explanations are clearly exhibited on the graph. The final temperature recorded from the 

RTD is roughly 78 ֯C, and the IC sensor 62 ֯C – a discrepancy of 16 ֯C. The IC sensor is also 

clearly much slower at reading the change in temperature when compared to the RTD, 

hence the smooth line of the IC plot and the ever-changing plot of the RTD. It is also worth 

noting that the sample time was every second. If this was reduced to every 5 seconds, the 

plot for the RTD would appear a lot smoother. 

  

 

 
Figure 4 
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A second dataset was obtained using the same system, to test a Thermistor. The results of 

this experiment can be found in the appendix, however the following graphs have been 

produced from the dataset, and the findings discussed below. 

 

Figure 5 (below) shows the temperature recorded in degrees Celsius over a 10 minute 

period (600 seconds) for the IC Temperature sensor (blue) and the Thermistor (red). This 

graph does not produce a set of results I was expecting. The IC sensor in both tests has 

recorded a final temperature of approximately 60 ֯C. However, the Thermistor, a highly 

sensitive device, should be able to detect the temperature with excellent accuracy. On this 

occasion it has only recorded a final value of approximately 43 ֯C – a difference of 17 ֯C, and 

a difference of 35 ֯C against the RTD. There could be several reasons for this. Just like any 

electronic device they are subject to errors or damage. Drift errors can occur in old or aging 

equipment, meaning the thermistors resistance has changed over time. Interference errors 

can occur when electromagnetic fields from other devices interfere with the thermistor’s 

signals. 
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In figure 6 (below) the percentage error characteristic has been plotted for the RTD (Series 1 

– red) vs. the Thermistor (Series 1 - blue). From the graph we can see that, the RTD is 

holding closer to zero than the Thermistor. Therefore we can infer from this data that the 

RTD has a better percentage error characteristic than the Thermistor, and for this reason, in 

conjunction with the other benefits outlined above, I have chosen the RTD to be the most 

suitable temperature sensor for our application. 

 

 
Figure 6 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-80.00

-60.00

-40.00

-20.00

0.00

20.00

40.00

0 100 200 300 400 500 600 700

RTD % Error vs Thermistor % Error

Series1 Series2



8 | P a g e   Robert Day       
 

Task 3 – Temperature circuit design 
 
For the purpose of this task, the following variables were assigned: R1 = 560Ω, R2 = 560Ω, 

R3 = 100Ω, and a supply voltage of 10v. 

 
Figure 7 below shows the signal processing circuit containing a Wheatstone bridge and 

instrumentation amplifier that I have designed on MultiSim. The circuit shows 2 multimeters 

connected at the Wheatstone bridge output, and the amplifier output.  

 

The PT100 RTD should always read 100Ω at 0 ֯C, and from the bridge multimeter we have a 

value very close to 0 being displayed (-923.782nV). The corresponding voltage recorded at 

the amplifier output is also a value very close to 0 (2.672mV). 

 

 
Figure 7 

A calculation was required to determine the resistance values for the resistors used in the 

amplifier section of the circuit. The formula for an instrument amplifier is: 

 

Av = ( 1 +
2R

Rgain
 ) 

‘Av’, the voltage gain, can be calculated using the following formula: 

Av = 
Vout

Vin
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The voltage out (Vout) in this system at 100 ֯C, in an ideal world, would be 10V. The voltage 

in recorded (see table of results below) at 100 ֯C was 467.67mV or 0.46767V. Therefore: 

Av = 
10

0.46767
  = 21.38 

Now we can insert 21.38 back into the formula: 

21.38 = ( 1 +
2R

Rgain
 )  

This can be rearranged so that we can find R. 

21.38 – 1 = ( 
2R

Rgain
 ) therefore: 2R = Rgain x (21.38 – 1)  

Therefore: R = ( 
Rgain x 21.38−1

2
 ) 

Let Rgain = 2.2kΩ, therefore: R = ( 
2.2 x (21.38−1)

2
 ) = 22.418kΩ 

The nearest value resistor available to this figure is a 22kΩ, therefore this was the value 

used in the MultiSim circuit as seen in Figures 7,8 and 9.  

 
Figure 8 (below) shows the multimeter outputs at 50 ֯C. 

 

 
Figure 8 
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Figure 9 (below) shows the multimeter outputs at 100 ֯C. 

 

 
Figure 9 

The data was recorded in the table below from 0 to 100 ֯C in the table below in 10 ֯C 

increments. 

 
Temperature 

(°C) 
PT 100 
(Ω) 

Bridge Output 
Voltage (mV) 

Amplifier Output 
Voltage (V) 

Amplifier Output Recorded 
Data Voltage (V) 

0 100 0.00 0.00 0.002672 

10 103.85 49.21 1.03 1.036 

20 107.7 97.85 2.05 2.057 

30 111.55 145.93 3.06 3.067 

40 115.4 193.47 4.06 4.065 

50 119.25 240.46 5.05 5.051 

60 123.1 286.93 6.03 6.027 

70 126.95 332.87 6.99 6.992 

80 130.8 378.31 7.94 7.945 

90 134.65 423.23 8.89 8.888 

100 138.5 467.67 9.82 9.821 

 
It is clear from the data that this circuit has performed very well, providing amplifier output 

voltages very close to what we would expect, notably 0V, 5V and 10V. There is only a very 

small discrepancy which in part is down to the fact we could not choose a resistor of the 

value calculated in our formulas. The use of a variable resistor could have easily overcome 

this, and would allow us to fine tune the system to give exact voltages. 
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Task 4 – Signal transmission 
 
Foundation Fieldbus 
 
Foundation Fieldbus is a protocol (set of rules that govern how data is transmitted between 

devices) that was developed by FieldComm Group in 1996. It is essentially a ground level 

network that all instruments and devices can connect to for power, and communication. 

 

According to (Verhappen and Pereira, 2008) “Fieldbus is a bi-directional digital 

communication network that enables the connection of multiple field instruments and 

processes and operator stations (HMI). They carry out control functions and enable 

monitoring by means of supervision software. The foundation Fieldbus protocol was based 

on the ISO/OSI seven-layer communications model, although it does not include all layers. It 

can be divided into the Physical layer (dealing with instrument connection techniques) and 

the Communication Stack (dealing with the digital communication among the devices).” 

Devices that are connected to the Fieldbus can communicate with each other and other host 

systems. According to (www.fieldcommgroup.org, n.d.)  “A host can be any software 

application: from a technician's handheld device or laptop, to a plant's process control, 

asset management, or safety system.” 

Fieldbus offers many advantages over a traditional 4...20mA (2 wire) field installations, by 

massively reducing cabling, the need for multiple I/O cards, marshalling cabinets, cable 

trays etc. Devices can be connected in a variety of ways (see figure 10). This lends itself to 

faster installations, and once connected to the network, the host software or supervisory 

system benefits from closed-loop control, device to device communication, enhanced 

diagnostic facilities and remote firmware updates. 

 
Figure 10 – Available at: https://www.researchgate.net/figure/Foundation-Fieldbus-H1-Topologies_fig1_340453361 
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In theory, Foundation Fieldbus can support up to 32 devices on a single pair of wires. This is 

called “Multidrop”, a method in which devices can be “daisy-chained” together. This 

eliminates the need for each device to be singularly wired back to a control room, I/O card, 

or marshalling cabinet. According to (Introduction to FOUNDATION fieldbus, n.d.) “if you 

have 1000 devices, which would require 1000 wire pairs with traditional Technology, you 

only need 60 to 250 wire pairs with FOUNDATION fieldbus. That's a lot of savings in wiring 

(and wiring installation).”  

Fieldbus is used in nearly all major industrial process industries from oil and gas, chemical 

plants, the water industry, and power generation, for providing full measurement and control 

of instrumented systems.  
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Profibus 
 
Profibus is another protocol that was developed in 1989 by a company called Profibus & 

Profinet International, so it actually predates Foundation Fieldbus. Like Fieldbus, it provides 

a means for multiple devices to communicate with each other. Both protocols are widely 

used in similar industries, and practices. In many ways they are extremely similar, but the 

biggest difference probably comes by the way of Profibus’ decentralised architecture. Field 

devices are able to communicate with a central controller over a single bus. There is no 

requirement for intermediary input/output modules, which reduces unnecessary cabling. 

 

According to (instrumentationtools.com, 2023) “Profibus employs a ‘Master-Slave’ 

communication architecture. In this setup, one or more devices act as masters, controlling 

communication on the bus, while other devices act as slaves, responding to requests from 

the master.” 

 

There are two Profibus protocols; Profibus-DP and Profibus-PA. Both protocols utilise RS-

485 serial data communication on the physical layer. RS-485 is an excellent choice because 

it can cover long distances, is resistant to electrical noise and can support multiple devices 

on a single bus. It has a maximum transfer rate of 12 Mbps which is generally sufficient for 

fast and reliable communication between devices, although could be problematic for 

applications that generate large amounts of data.  

 

Profibus-PA (process automation) is a version of the protocol which was developed for use 

with processes that operate in potentially explosive atmospheres. The architecture allows 

for devices to be powered and communicate over 1 cable, whilst also be intrinsically safe 

because the amount of power transmitted to the field is limited to below the ignition 

threshold of any flammable atmospheres. 

 

 

Figure 11 Available at: https://instrumentationtools.com/profibus/ 
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HART 
 
HART (Highway Addressable Remote Transducer) is another protocol. It was developed by 

Rosemount in the 1980’s. It is known as a hybrid protocol because it bridges analogue and 

digital technologies. 

Instruments that have HART continue to use the conventional 4-20mA analogue signal to 

transmit the measurement variable, but the addition of HART provides other possibilities. 

According to (Powell and Powell, 2020) “Its design mandate was to use the same wiring as 

4-20mA and provide a path forward for more advanced features that would only be possible 

with two-way digital communications. 

Later on, some considered the protocol as a transition from the 4-20mA technology that 

dominated the industry to the fully digital protocols like PROFIBUS PA and Foundation 

Fieldbus.” 

HART’s main benefits are the ability for remote configuration and diagnostics. Hart 

instruments can send and receive information via control systems and hand held field 

devices. HART achieves this by superimposing a digital signal onto the 4-20mA signal using 

what’s called Frequency Shift Keying (FSK). According to (Waite, 2024) “In essence, FSK 

assigns distinct frequencies to the binary digits 0 and 1. This technique is a form of 

frequency modulation, which involves varying the frequency of a carrier wave to encode 

information. FSK is widely used due to its simplicity and effectiveness in noisy 

environments.” 

 

 

Figure 12 – Available at: https://instrumentationtools.com/brief-notes-on-hart-communication-protocol/ 

 

HART is used is in many industrial applications, including oil and gas, water treatment, 

manufacturing, and mining. 
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