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ABSTRACT 

 

 

 

 In temperature measurement, the need to get accurate and stable reading is 

crucial since it play major role to what we produce. Computer-based instrumentation 

system for temperature measurement is one way that can be used to measure 

temperature where the data from measurement process can be directly use for other 

purpose, such as calculation and data monitoring. The purpose of this project is to 

study about temperature measurement as well as to develop a system to ease the 

process of doing experiment. The system developed is named as RTD’s-Temp where it 

is more focus on how to save time during experiment and get more systematic result. 

Manual method in temperature measurement is taking the data manually before finish 

the other things. The system is developed as alternative to conventional way of doing 

experiment for subject BEE4523 – Industrial Instrumentation. From the existence of 

this system, hope user can get benefits from it. RTD’s-Temp is developed in window-

based application, which can be operated in any personal computer (PC).  
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ABSTRAK 

 

 

 

Dalam pengukuran suhu, adalah sangat penting untuk mendapat bacaan yang 

stabil dan tepat kerana ia memainkan peranan yang amat penting terhadap apa yang 

akan dihasilkan. Pengukuran suhu berasaskan sistem komputer merupakan salah satu 

cara yang boleh digunakan untuk mengukat suhu dimana hasilnya boleh digunakan 

terus samada untuk tujuan pengiraan atupun tujuan pemerhatian data. Tujuan projek ini 

dijalankan adalah untuk mengkaji mengenai penyukatan suhu disamping 

membangunkan satu sistem untuk memudahkan kerja semasa eksperimen dijalankan. 

Sistem yang dibangunkan ini dinamakan RTD’s-Temp dimana ianya difokuskan 

bagaimana untuk menjimatkan masa semasa mejalani eksperimen serta memperoleh 

hasil yang sistematik. Kaedah manual yang dijalankan semasa proses pengukurn suhu 

dimana pengguna akan merekod data secara manual dan selepas itu barulah perkara 

lain seperti pengiraan dapat diselesaikan. Sistem yang dibangunkan ini adalah altenatif 

kepada kaedah kebiasaan semasa menjalani eksperimen untuk subjek BEE4523 – 

Industrial Instrumentation. Diharap dengan wujudnya sistem ini akan membawa 

manfaat yang banyak kepada mereka yang menggunakan sistem ini. RTD’s-Temp 

dibangunkan berasaskan sistem windows dan boleh digunakan di mana-mana komputer 

peribadi. 
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CHAPTER 1 

 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Overview 

Nowadays, there are many types of measurement that we could use to 

measure temperature. It is important to get accurate measurement since a wrong 

measurement could lead to massive destruction. The sensor used depends on what 

the need is, for example when we need the measurement with high accuracy, we 

should go for platinum RTD because it gives a more accurate reading. Other popular 

type of sensor such as thermocouple also can be used.  

 

This project will concentrate on the software of the system. The method that 

will be used in the task is to get the reading from instruments parts and transfer it 

directly from the hardware to the software. The reason for using the software for the 

given system is to minimize the time consumption for the students to do experiment 

in terms of calculations and study analysis. The project is based on instrumentation, 

and specifically for subject Industrial Instrumentation (BEE4523). It is an education 

purpose project which our aim is to increase the student’s interest in experiments. 

Student can refer to the guideline given by the lecturer (lab sheet) and at the same 

time, they can use the system to get better understanding. The learning station will 

include all the necessary calculation, for example to calculate uncertainty and other 

things students should know about the experiment. For plotting the graph from the 

system, it will help student to make sure they get the right graph. Student can sketch 
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the graph manually, but it takes time and therefore by using the system, the entire 

problem regarding the graph will be solved. 

 

1.2 Objective Research 

The objectives of the project are: 

(i) To understand the concept of temperature measurement 

 

There are various types of instrument that can be used in temperature 

measurement, depending on the purpose such as RTD and then we apply the 

concept in implementing the system. 

 

(ii) To interface the instrument to software using hardware 

 

Familiarize with various type of data communication to computer like USB, 

serial port and parallel port. Each of these has different configuration. This 

system will use USB as a way to connect to the computer in order to receive 

data from instrument.  

 

(iii) To develop a computer-based instrumentation system used in “Temperature 

Instrumentation” experiment using Visual Basic application 

 

The system will be known as “RTD’s-Temp”, and it will be used by student 

in order to save time instead of doing study analysis, which is calculation for 

uncertainty by their own. It takes a long time to finish the experiment, 

excluded the time they need to do all the necessary calculation and then 

finish the whole report. 
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1.3 Scope of Project 

The scopes of the project are: 

(i) RTD’s-Temp can plot the graph and for do calculation for study analysis 

 

(ii) RTD’s-Temp is able to communicate to DAQ card, Advantech USB-4716 

successfully via USB 

 

User can select what mode they want to operate, either automatic or manual 

mode. This is a crucial part since in automatic mode; the system will 

automatically get the reading from the instrument with observation from 

user, but user still needs to initialize connection to instrument and after 

successful, the system will automatically receive the data according to the 

specification of the instrument. 

 

(iii) Save time for doing all the calculation & plotting the graph 

 

The main idea here is it saves a lot of time for students who are doing 

“Temperature Measurement” using RTD. Instead of using the conventional 

step, where students get all the value from experiment, do all the calculation 

and finally plot the graph, user can use the features of RTD’s-Temp to do all 

the necessary calculation and plotting the graph, and yet user can still observe 

what happen, so they will aware about what is happening during the 

experiment. 

 

1.4 Problem Statement 
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(i) Automated system 

 

Error in taking reading from experiment can happen if user not clearly 

enough about what should he/she do. 

 

(ii) Accuracy of result 

Result for calculation use in study analysis and plotting the graph 

need to be accurate. 

 

(iii) Unclear about experiment procedure 

 

Sometime user need guidance in doing experiment, thus user need to 

do some finding by asking lecturer, etc but if lecturer is not there, 

user find it difficult to complete the experiment. 

 

 

 

1.4.1 Current Situation 

When we talk about time, people always complain about not having 

enough time to do something. So, some of them came with ideas to make our 

life easier than before. From that kind of prospective, RTD’s-Temp has been 

created to fulfil that needs. It will help user to reduce the time consumption 

by doing experiment in a shorter time. 
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1.5 Thesis Organization 

This thesis consists of five chapters. This chapter discuss about overview of 

project, objective research, project scope, problem statement and thesis organization. 

Chapter two contains a detailed description of temperature measurement 

process. It will explain about the concept of temperature measurement, the 

application of this system and the involved component in this project. 

Chapter three includes the project methodology. It will explain how the 

project is organized and the flow of process in completing this project. Also in this 

topic discusses the methodology of the hardware, instruments and software design. 

Chapter four will be discussing about the result obtained in this project and a 

discussion about the result.  

Finally, the conclusions for this project are presented in chapter five. This 

chapter also discusses about the recommendation for the project and for the future 

development. 



 

 

 

 

 

CHAPTER 2 

 

 

 

 

LITERATURE REVIEW 

 

 

 

 

2.1 Introduction 

RTD’s-Temp is a computer-based instrumentation for temperature 

measurement using resistance temperature detector. This system consists of three 

main parts which are instruments, hardware and software. Each of these parts plays 

significant roles to make the system successfully done the job. Figure 2.1 shows 

overall system of RTD’s-Temp. 

 

 

Figure 2.1: Overall System of RTD’s-Temp 

 

Instruments Hardware Software
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2.2 Introduction to Resistance Temperature Detector 

“Resistance thermometers, also called resistance temperature detectors 

(RTDs), are temperature sensors that exploit the predictable change in electrical 

resistance of some materials with changing temperature. As they are almost 

invariably made of platinum, they are often called platinum resistance thermometers 

(PRTs). They are slowly replacing the use of thermocouples in many industrial 

applications below 600°C.”  [1] 

We can categorize RTD into two different categories which are film 

thermometer type and wire-wound thermometer type. For the first one which is film 

thermometer type, it has layer of platinum on its substrate and in size approximately 

one micrometer. The advantages of this film thermometer type are relatively low 

cost and fast response. For the second one which is wire-wound thermometer type, 

the advantage is. It has a greater accuracy especially for wide temperature ranges. 

RTD itself have several wiring configuration which are two-wire configuration 

(figure 2.2), three-wire configuration (figure 2.3), and four-wire configuration 

(figure 2.4). Each of the configurations has its own advantage. The simplest 

resistance thermometer configuration uses two wires. It is only used when high 

accuracy is not required as the resistance of the connecting wires is always included 

with that of the sensor leading to errors in the signal. 100 meters of cable can be use 

for this configuration. This applies equally to balanced bridge and fixed bridge 

system.  

 

http://en.wikipedia.org/wiki/Temperature
http://en.wikipedia.org/wiki/Sensor
http://en.wikipedia.org/wiki/Electrical_resistance
http://en.wikipedia.org/wiki/Electrical_resistance
http://en.wikipedia.org/wiki/Electrical_resistance
http://en.wikipedia.org/wiki/Platinum
http://en.wikipedia.org/wiki/Thermocouple
http://en.wikipedia.org/wiki/Celsius
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Figure 2.2: Two-Wire Configuration 

In order to minimize the effect of lead resistance, three-wire configuration can be 

use. The configuration allows for up to 600 meters of cable. 

 

Figure 2.3: Three-Wire Configuration 

The last configuration is four-wire configuration. It increases the accuracy and 

reliability of the resistance being measured.  

 

Figure 2.4: Four-Wire Configuration 

If compared to thermocouple in certain cases, resistance thermometer offers 

greater stability, accuracy and repeatability than thermocouples. It uses electrical 

resistance and requires a small power source to operate. The resistance ideally varies 

linearly with temperature. Usually resistance thermometers are made from platinum 

since the advantage of using platinum is linear resistance-temperature relationship. 

Resistance thermometers require a small current to be passed through in order to 

determine the resistance. In most industries, they practice of using three-wire 

configuration. The advantages of using three-wire configuration are high accuracy, 

low drift, wide operating range, and suitability for precision applications. But there 

are some limitations when using RTD. If compare to thermistors, platinum RTD are 

http://en.wikipedia.org/wiki/Electrical_resistance
http://en.wikipedia.org/wiki/Electrical_resistance
http://en.wikipedia.org/wiki/Electrical_resistance
http://en.wikipedia.org/wiki/Linear
http://en.wikipedia.org/wiki/Current_%28electricity%29
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less sensitive to small temperature changes and have a longer response time. 

However, thermistors have a smaller temperature range and stability. “The 

Resistance Temperature Detector (RTD) is an example of a sensor which can benefit 

greatly by smart transducer techniques that is, digital signal processing and 

transmission of data. The RTD is a stable sensor capable of resolving temperature 

changes to at least 0.001 "C over a temperature range of -200°C to 400°C 

continuously and over 600°C for shorter times” [1] 

In the experiment, it will be concentrated only on temperature from 50°C up 

to 200°C. The RTD are capable to detect the temperature changes to three decimal 

points (0.001°C), but in the experiment, our main concern is the temperature change 

of one decimal point (0.1°C). After get the temperature reading, that temperature 

will be converted in the form of current, in range of 4mA ~ 20mA by temperature 

transmitter. 

 

 

2.3 Description of Instrumentation 

“Instrumentation is the branch of science that deals with measurement and 

control in order to increase efficiency and safety in the workplace. An instrument is a 

device placed in the field, or in the control room, to measure or manipulate flow, 

temperature, pressure and other variables in a process. Instruments include but are 

not limited to valves, transmitters, transducers, flame detectors and analyzers. 

Instruments send either pneumatic or electronic signals to controllers which 

manipulate final control elements (a valve) in order to get the process to a set point, 

usually decided by an operator.”[2] 

These are key-point to the instrumentation: 
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(i) measurement and control  

(ii) viewed in terms of a simple input-output device 

These measurable variable commonly include; Pressure, Flow, Temperature, level, 

density, viscosity, radiation, current, voltage, inductance, capacitance and frequency.  

 

 

 

2.4  Temperature Transmitter 

“Temperature transmitters convert the RTD resistance measurement to a 

current signal, eliminating the problems inherent in RTD signal transmission via lead 

resistance. Errors in RTD circuits (especially two and three wire RTD) are often 

caused by the added resistance of the lead wire between the sensor and the 

instrument. Transmitter input, specifications, user interfaces, features, sensor 

connections, and environment are all important parameters to consider when 

searching for temperature transmitters. Transmitter input specifications to take into 

consideration when selecting temperature transmitters, RTD include reference 

materials, reference resistance, other inputs, and sensed temperature. Choices for 

reference material include platinum, nickel or nickel alloys, and copper. Platinum is 

the most common metal used for RTD - for measurement integrity platinum is the 

element of choice. Nickel and nickel alloys are very commonly used metal. They are 

economical but not as accurate as platinum. Copper is occasionally used as an RTD 

element. Its low resistively forces the element to be longer than a platinum element. 

Good linearity and economical. Upper temperature range typically less than 150 °C. 

Gold and Silver are other options available for RTD probes - however their low 

resistively and higher costs make them fairly rare, Tungsten has high resistively but 

is usually reserved for high temperature work. When matching probes with 

instruments - the reference resistance of the RTD probe must be known. The most 

standard options available include 10 ohms, 100 ohms, 120 ohms, 200 ohms, 400 
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ohms, 500 ohms, and 1000 ohms. Other inputs include analog voltage, analog 

current, and resistance input. The temperature range to be sensed and transmitted is 

important to consider.” [3] 

 

2.5 Temperature Transmitter versus Direct Wiring 

 When making temperature measurement, there are two ways been employed 

to get process reading back to monitoring and control system. One method is to 

utilize sensor extension wires to carry the low-level signals (ohm or mV) generated 

by field-mounted RTD sensors (Figure 2.5). Another way is to install temperature 

transmitters at or near the measurement point. The transmitter amplifies and 

conditions the sensor signal, and transmits it over a twisted wire pair back to the 

control room (Figure 2.6). Direct wiring strategies have generally been considered 

less expensive and sometimes easier. Transmitter use, because of cost 

considerations, was often reserved for important loops and applications where we 

must hold the signal integrity. 
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Figure 2.5: Sensor Extension Wires Carry Low-Level (Ohm or Mv) Signals 

Generated By a Field-Mounted RTD 

 

 

Figure 2.6: A Temperature Transmitter Amplifies And Conditions the Primary 

Sensor Signal, Then Carries It over a Twisted Pair Wire to the Control Room 

 

Direct wiring sensor requires the use of sensor extension wires. Not only are 

extension wires fragile, they also cost three times more than the common shielded 

copper wire used for a temperature transmitters’s 4 - 20mA signal. Using the less 

expensive wires, transmitters can pay for themselves in wire and conduit costs alone. 

Using temperature transmitters can substantially enhance measurement accuracy. 

 

 

 

 

 

2.6 Description of Data Acquisition 

Data acquisition is the sampling of the real world to generate data that can be 

manipulated by a computer. Sometimes abbreviated DAQ or DAS, data acquisition 

typically involves acquisition of signals and waveforms and processing the signals to 

obtain desired information. The components of data acquisition systems include 
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appropriate sensors that convert any measurement parameter to an electrical signal, 

which is acquired by data acquisition hardware. 

It is the processing of multiple electrical or electronic inputs from devices 

such as sensors, timers, relays, and solid-state circuits for the purpose of monitoring, 

analyzing and/or controlling systems and processes.  Data acquisition instrument 

types include computer boards, instruments or systems, data loggers or recorders, 

chart recorders, input modules, output modules, and I/O modules.  Computer boards 

are self-contained printed circuit board with full data acquisition functionality; 

typically plugs into a backplane or motherboard, or otherwise interfaces directly with 

a computer bus. Instruments or systems are fully packaged with input and output, 

user interface, communications capability. They may include integral sensors.  Data 

loggers and data recorders are data acquisition units with instrument functionality 

with specific capability for data storage.  

Input modules are devices (module or card) configured to accept input of 

sensors, timers, switches, amplifiers, transistors, etc. for use in the data acquisition 

system.   Output modules are devices with specific functionality for output of 

amplified, conditioned, or digitized signal.  I/O modules have both input and output 

functionality. Digital or discrete I/O includes on-off signals used in communication, 

user interface, or control. 

Considering the user interfaces available is important when searching for 

data acquisition products.  User interfaces available include no display, front panel 

and display, touch screens, hand-held or remote programmers, and computer 

programmable. The transmission rate of data is important to consider.  Many 

products are web enabled for web addressing.  Common applications for data 

acquisition products include general lab or industrial, environmental, vehicular, 

marine, aerospace or military, seismic or geotechnical, weather or meteorology, and 

medical or biomedical.  Additional specifications to consider when searching for 

data acquisition products include application software, memory and storage, network 
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specifications, filter specifications, amplifier specifications, and environmental 

parameters. 

 

 

2.7 Process of Acquiring Data from Data Acquisition Card 

Data acquisition begins with the physical phenomenon or physical property 

of an object (under investigation) to be measured. This physical property or 

phenomenon could be the temperature or temperature change of a room, the intensity 

or intensity change of a light source, the pressure inside a chamber, the force applied 

to an object, or many other things. An effective data acquisition system can measure 

all of these different properties or phenomena. 

A transducer is a device that converts a physical property or phenomenon 

into a corresponding measurable electrical signal, such as voltage, current, change in 

resistance or capacitor values. The ability of a data acquisition system to measure 

different phenomena depends on the transducers to convert the physical phenomena 

into signals measurable by the data acquisition hardware. Transducers are 

synonymous with sensors in DAQ systems. There are specific transducers for many 

different applications, such as measuring temperature, pressure, or fluid flow. DAQ 

also deploy various Signal Conditioning techniques to adequately modify various 

different electrical signals into voltage that can then be digitized using ADCs. 

Signals may be digital (also called logic signals sometimes) or analogue depending 

on the transducer used. 

Signal conditioning may be necessary if the signal from the transducer is not 

suitable for the DAQ hardware to be used. The signal may be amplified or 

deamplified, or may require filtering, or a lock-in amplifier is included to perform 
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demodulation. Various other examples of signal conditioning might be bridge 

completion, providing current or voltage excitation to the sensor, isolation, 

linearization, etc. 

Analog signals tolerate almost no cross talk and so are converted to digital 

data, before coming close to a PC or before travelling along long cables. For 

analogue data to have a high signal to noise ratio, the signal needs to be very high, 

and sending +-10 Voltages along a fast signal path with a 50 Ohm termination 

requires powerful drivers. With a slightly mismatched or no termination at all, the 

voltage along the cable rings multiple time until it is settled in the needed precision. 

Digital data can have +-0.5 Volt. 

DAQ hardware is what usually interfaces between the signal and a PC. It 

could be in the form of modules that can be connected to the computer's ports 

(parallel, serial, USB, etc) or cards connected to slots (PCI, ISA) in the mother 

board. Usually the space on the back of a PCI card is too small for all the 

connections needed, so an external breakout box is required. The cable between this 

Box and the PC is expensive due to the many wires and the required shielding. 

DAQ-cards often contain multiple components (multiplexer, ADC, DAC, TTL-IO, 

high speed timers, RAM). These are accessible via a bus by a micro controller, 

which can run small programs. The controller is more flexible than a hard wired 

logic, yet cheaper than a CPU so that it is alright to block it with simple polling 

loops. For example: Waiting for a trigger, starting the ADC, looking up the time, 

waiting for the ADC to finish, move value to RAM, switch multiplexer, get TTL 

input, let DAC proceed with voltage ramp. As 16 bit ADCs and DACs and OpAmps 

and sample and holds with equal precision as of 2007 only run at 1 MHz, even low 

cost digital controllers like the AVR32 have about 100 clock cycles for bookkeeping 

in between. Reconfigurable computing may deliver high speed for digital signals. 

Digital signal processors spend a lot of silicon on arithmetic and allow tight control 

loops or filters. The fixed connection with the PC allows for comfortable 

compilation and debugging. Using an external housing a modular design with slots 
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in a bus can grow with the needs of the user. High speed binary data needs special 

purpose hardware called Time to digital converter and high speed 8 bit ADCs are 

called oscilloscope or Digital storage oscilloscope, which are typically not connected 

to DAQ hardware, but directly to the PC. 

Driver software that usually comes with the DAQ hardware or from other 

vendors, allows the operating system to recognize the DAQ hardware and programs 

to access the signals being read by the DAQ hardware. 

 



 

 

 

 

 

CHAPTER 3 

 

 

 

METHODOLOGY 

 

 

 

 

3.1 Introduction 

For methodology, the system will be integrated with combination of three main 

component; instruments, software and hardware. This project has utilized Visual Basic 

languages and its component in creating the Graphical User Interface (GUI) to 

interfacing the hardware and the instruments. 

 

 

 

3.2 Instruments 
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Figure 3.1: Block diagram for instruments 

 

 

 

3.2.1 The Function for each Component in Instruments: 

Resistance Temperature Detector (RTD) is a sensing element that consists of a 

wire coil or deposited film of pure metal. The element's resistance increases with 

temperature in a known and repeatable manner. RTD's exhibit excellent accuracy over a 

wide temperature range and represent the fastest growing segment among industrial 

temperature sensors Digital Thermometer. Isotech Jupiter 650B is use to provide the 

heat for RTD to take the reading of the temperature, for the experiment the temperature 

reading will be take start from 50.0°C, 87.5°C, 125.0°C, 162.5°C, and 200.0°C. HART 

375 Field Communicator (Figure 3.2) is use for calibration purpose. Yokogawa 

Temperature Transmitter, PT100 (Figure 3.3), is use to change the temperature in form 

of current in the range of 4mA ~ 20mA, according to the lowest to higher range of 

temperature. 4mA will represent 50°C and the higher temperature, which is 200.0°C, 
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will represent 20mA. Other temperature reading will depend on that range. Then, 2793 

Decade Resistance Box (Figure 3.4) is use in order to get current, we need to use 

resistor to filter the voltage. Voltage Power Supply uses to supply the 24V and ammeter 

is for user to get the reading of the current. In the experiment, two RTD are use because 

the first RTD act as temperature reference. The need for using two RTD (Figure 3.5) is 

to ensure the temperature we get from experiment is almost the same with temperature 

reference. That the way we can prove that our experiment is successfully to get the 

correct data, in this case correct temperature reading. In the experiment, Yokogawa 

Manometer MT220 (Figure 3.6) replaces the function of power supply by supplying 

24V and also ammeter. 

 

Figure 3.2: HART 375 Field Communicator 

 

Figure 3.3: Yokogawa Temperature Transmitter, PT100 
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Figure 3.4: 2793 Decade Resistance Box 

 

Figure 3.5: RTD with two, three and four wires 

 

 

Figure 3.6: Yokogawa Digital Manometer MT220 

 

Refer Appendix A for full specification of each instrument. 

In order to get reading from DAQ card, need to place DAQ card into instruments. The 

connection to instruments (figure 3.7) 
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Figure 3.7: Block diagram for instruments with DAQ card 

 

DAQ card are place parallel with load 250 ohm, so we can get the DAQ reading in 

voltage form. 

 

 

 

3.3 Software 

The development of the system will use Visual Basic 2008 Professional Edition. 

RTD’s-Temp is window-based applications which can be operating in any personal 

computer. The advantages of using Visual Studio are easy to understand the program 
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structure and well-documented. “Microsoft Visual Studio is the main Integrated 

Development Environment (IDE) from Microsoft. It can be used to develop console and 

Graphical user interface applications along with Windows Forms applications, web 

sites, web applications, and web services in both native code as well as managed code 

for all platforms supported by Microsoft Windows, Windows Mobile, .NET Framework, 

.NET Compact Framework and Microsoft Silverlight. Visual Studio includes a code 

editor supporting IntelliSense as well as code refactoring. The integrated debugger 

works both as a source-level debugger and a machine-level debugger. Visual Basic was 

derived from BASIC and enables the rapid application development (RAD) of graphical 

user interface (GUI) applications, access to databases using DAO, RDO, or ADO, and 

creation of ActiveX controls and objects. Scripting languages such as VBA and 

VBScript are syntactically similar to Visual Basic, but perform differently. Visual Basic 

was designed to be easy to learn and use. The language not only allows programmers to 

create simple GUI applications, but can also develop complex applications as well. “[4] 

A few components of Microsoft Visual Basic such as SQL Server, Report 

Viewer, and non-microsoft component like Zedgraph that are implemented in this 

project has greatly improved the function of software. The other reference software is 

Microsoft Studio Network (MSDN) Library Visual Studio. The MSDN library is an 

essential recourse for developers using Microsoft tools, products and technologies. It 

contains a lot of technical programming information, including sample code, 

documentation, technical articles and reference guide. 

 

 

Figure 3.8: Logo Microsoft Visual Studio 
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3.3.1. Control Components 

Microsoft Visual Basic 2008 provides many controls to be used by programmer 

for various purposes. There are also many company and individual who create their own 

ActiveX control to enrich the Visual Basic 2008 capabilities.  

There are components used in this project: 

(i) SQL Server 2008 

(ii) Zedgraph 

(iii) Microsoft Report Viewer 

(iv) Advantech ActiveDAQ Pro 

 

 

3.3.1.1 SQL Server 2008 

SQL Server 2008 enables data to be consumed from custom applications 

developed using Microsoft .NET and Visual Studio. SQL Server 2008 delivers on 

Microsoft’s Data Platform vision by helping manage data and store that data such as text 

and image directly to the database. SQL Server 2008 delivers a rich set of integrated 

services that enable you to do more with your data such as query, search, synchronize, 

report, and analyze. 
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Figure 3.9: Microsoft Data Platform Vision 

 

Using the SELECT statement 

SELECT Username FROM Students2 WHERE Username = '" & Username & " ' 

AND ID ='" & ID & " ' 

To select the specific column in database named = Students2 where Username 

and ID is key-in by user. Afer that, the selected column will be selected and 

storing data will continue. 

 

Using the UPDATE statement 

UPDATE Students2 SET AutoDataDAQ1 = '" & AutoDataDAQ1 & "WHERE 

Username = '" & Username & "'" 

To select the specific column in database named = Students2 where Username is 

key-in by user. Afer that, the selected column will be selected and storing data 

will contine in selected column to update data in that column. 
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3.3.1.2 Zedgraph 

“ZedGraph is a set of classes, written in C#, for creating 2D line and bar graphs 

of arbitrary datasets. The classes provide a high degree of flexibility -- almost every 

aspect of the graph can be user-modified. At the same time, usage of the classes is kept 

simple by providing default values for all of the graph attributes. The classes include 

code for choosing appropriate scale ranges and step sizes based on the range of data 

values being plotted. ZedGraph also includes a User Control interface, allowing drag 

and drop editing within the Visual Studio forms editor, plus access from other languages 

such as C++ and VB.” [5] 

 

3.3.1.3 Microsoft Report Viewer 

The Report Viewer control offers the following features: 

(i) Adds visual appeal. You can specify fonts, colors, border styles, background 

images to make report visually appealing. 

(ii) Enables interactivity in reports. 

(iii) Supports conditional formatting and embed expressions in the report to change 

display style dynamically based on data values. 

(iv) Supports printing and print preview. 

(v) Supports export to Excel and PDF. 

 

 

3.3.1.4 Advantech ActiveDAQ Pro 
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ActiveDAQ Pro is a collection of ActiveX controls for performing I/O 

operations within any compatible ActiveX control container. Easily perform the I/O 

operations through properties, events and methods. Specific information about the 

properties, methods, and events of the individual ActiveX controls can be found in 

manual. ActiveX used is Advantech ActiveDAQ Pro AI Control which its function to 

retrieve data from ADVANTECH AI device.  

To initialize connection between Advantech DAQ card and instruments, use the 

following coding: 

AdvAI1.SelectDevice 

AdvAI1 is a name for Advantech ActiveDAQ Pro AI Control where 

“SelectDevice” command to display dialog to select an AI device  

 

 

 

3.3.2 Program flow 

In this section, there are three types of program flow which are program flow for 

overall system, program flow for RTD’s-Temp operate in automatic mode and program 

flow for RTD’s-Temp operate in manual mode. For testing purpose, user can fill in data 

in username and ID field with “test” to start using the system or simply can register with 

own username. For RTD’s-Temp to operate in automatic mode, user needs to install first 

Advantech Device Manager, otherwise there is no demo device or actual DAQ card can 

be used. 

mk:@MSITStore:C:\Program%20Files\Advantech\ActiveDAQ%20Pro\Device%20Controls\Help\EN\ActiveDAQ%20Pro%20Device%20Controls%20Manual.chm::/ActiveDAQ%20Pro%20Reference/AIControl/AIControl.htm
mk:@MSITStore:C:\Program%20Files\Advantech\ActiveDAQ%20Pro\Device%20Controls\Help\EN\ActiveDAQ%20Pro%20Device%20Controls%20Manual.chm::/ActiveDAQ%20Pro%20Reference/AIControl/AIControl.htm
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3.3.2.1 Program Flow of the overall system  

 

Figure 3.10: Overall Program Flow for RTD’s-Temp 
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3.3.2.2 Program flow for RTD’s-Temp operate in automatic mode 
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Figure 3.11: Program Flow for RTD’s-Temp operate in automatic mode 
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3.3.2.3 Program flow for RTD’s-Temp operate in manual mode 
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Figure 3.12: Program Flow for RTD’s-Temp operate in manual mode 



30 
 
 

3.3 Hardware 

RTD’s-Temp use DAQ card, manufactured by Advantech to connect to the 

software made in visual basic. The model is USB-4716. It offers 16SE/8Diff. Inputs 

with 16-bit resolution, up to 200 kS/s throughput, 16 digital I/O lines and one user 

counter, and 16-bit analog outputs. 

 

 

Figure 3.13: Advantech’s DAQ card model USB-4716 

 

 It is usually interfaces between the signal and a PC. It could be in the form of 

modules that can be connected to the computer's ports (parallel, serial, USB) or cards 

connected to slots (PCI, ISA) in the mother board. The hardware features of a general 

data-acquisition system (Figure 3.14) although there is variation from manufacturer to 

manufacturer, demonstrate the essential features of it. [6] 
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Figure 3.14: Typical layout of a data-acquisition board 

 

3.4.1 ADC and S/H 

The DAS (data acquisition system) typically has a high-speed, successive 

approximation-type ADC and a fast S/H circuit. Whenever the DAS is requested to 

obtain data sample, the S/H is automatically incorporated into a process. The ADC 

conversion time constitute the major part of the data sample acquisition time, but the 

S/H acquisition time must also be considered to establish maximum throughput. 

 

3.4.2 Analog Multiplexer 

The analog multiplexer (MUX) allows the DAS to select data from a number of 

different sources. The MUX has a number of input channels, each of which is connected 
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to a different analog input voltage source. The MUX acts like a multiple set of switches 

(Figure 3.15), arranged in such a faction that any one of the input channels can be 

selected to provide its voltage to the S/H and ADC. In some cases, the DAS can be 

programmed to take channel sample sequentially. 

 

Figure 3.15: An analog multiplexer acts as a multiposition switch for selecting inputs to 

the ADC 

 

 

3.4.3 Address Decoder / Command Processor 

The computer can select to input a sample from a given channel by sending an 

appropriate selection on the address lines and control lines of a computer bus. These are 

decoded to initiate the proper sequence of command to the MUX, ADC, and S/H. 

Another common feature is the ability to program the DAS to take a number of samples 

from a channel with a specified time between samples. In this case, the computer is 

notified by interrupt when a sample is ready for input. 
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3.4.4 DAC and latch 

For output purposes, the DAS often include a latch and DAC. The address 

decoder/command processor is used to latch data written to the DAS, which is then 

converted to an appropriate analog signal by the DAC.  



 

 

 

 

 

CHAPTER 4 

 

 

 

 

RESULT AND DISCUSSION 

 

 

 

 

4.1 Introduction 

This chapter consists of the result and discussion about temperature 

measurement using RTD in Visual Basic application. All the calculations related are 

below. 

 

4.2 Manual Mode for RTD’s-Temp 
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For manual mode using RTD’s-Temp, all the calculation related is shown below. To 

get the desire output for 4 - 20mA range is calculated based on the 50°C - 200°C range 

using below equation: 

 

Figure 4.1: Formula to find desired output 

 

Where:  x = i
th

 point 

   URV = Upper range value 

   LRV = Lower range value 

 

Result:  

 

Table 4.1: Result for one experiment 

No 

% 

MSU applied 

value, °C 

Desired UUT output, 

mA 

Actual UUT 

output, mA 

Output 

error, % 

0 50.0 4 3.8 -5.26316 

25 87.5 8 7.9 -1.26582 

50 125.0 12 12.0 0 

75 162.5 16 15.9 -0.62893 

100 200.0 20 20.0 0 

 

After calculation Table 4.1, there are two types of graph we can get. The first one is 

“Five Point Calibration of Temperature Transmitter for experiment number one” (Figure 

4.3) and the second one is “Error Curve for Temperature Transmitter for experiment 

number one” (Figure 4.4). 
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To find calculation error, use the following formula: 

 

𝒐𝒖𝒕𝒑𝒖𝒕 𝒆𝒓𝒓𝒐𝒓, % =
(𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 − 𝒅𝒆𝒔𝒊𝒓𝒆𝒅 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕)

𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕
 𝑿 𝟏𝟎𝟎 

Figure 4.2: Formula to find output error 

 

Table 4.2: Calculation to find output error for experiment number one 

Reading 

of UUT 

Output Error 

50  

=
 𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 − 𝒅𝒆𝒔𝒊𝒓𝒆𝒅 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 

𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕
 𝑿 𝟏𝟎𝟎 

=
 𝟑. 𝟖 − 𝟒 

𝟑. 𝟖
 𝑿 𝟏𝟎𝟎 

= −𝟓.𝟐𝟔𝟑𝟏𝟔 

87.5  

=
 𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 − 𝒅𝒆𝒔𝒊𝒓𝒆𝒅 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 

𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕
 𝑿 𝟏𝟎𝟎 

=
 𝟕. 𝟗 − 𝟖 

𝟕. 𝟗
 𝑿 𝟏𝟎𝟎 

= −𝟏.𝟐𝟔𝟓𝟖𝟐 

125.0  

=
 𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 − 𝒅𝒆𝒔𝒊𝒓𝒆𝒅 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 

𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕
 𝑿 𝟏𝟎𝟎 

=
 𝟏𝟐. 𝟎 − 𝟏𝟐. 𝟎 

𝟏𝟐. 𝟎
 𝑿 𝟏𝟎𝟎 

= 𝟎 

162.5  

=
 𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 − 𝒅𝒆𝒔𝒊𝒓𝒆𝒅 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 

𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕
 𝑿 𝟏𝟎𝟎 

=
 𝟏𝟓. 𝟗 − 𝟏𝟔 

𝟏𝟓. 𝟗
 𝑿 𝟏𝟎𝟎 

= −𝟎.𝟔𝟐𝟖𝟗𝟑 

200  

=
 𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 − 𝒅𝒆𝒔𝒊𝒓𝒆𝒅 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 

𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕
 𝑿 𝟏𝟎𝟎 

=
 𝟐𝟎. 𝟎 − 𝟐𝟎. 𝟎 

𝟐𝟎. 𝟎
 𝑿 𝟏𝟎𝟎 

= 𝟎 

 



37 
 

 

Figure 4.3: Graph for “Five Point Calibration of Temperature Transmitter” for 

experiment number one 

 

 

Figure 4.4: Graph for “Error Curve for Temperature Transmitter” for experiment 

number one 
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If user choose with two experiments, there are need to find average value of actual UUT 

output and standard deviation. 

 

Result:  

Table 4.3: Result for two experiments with average and standard deviation values 

No % 

MSU 

applied 

value, 

°C 

Desired 

UUT 

output, 

mA 

Actual 

UUT 

output, 

mA 

Output 

error, % 

Second 

actual 

UUT 

output, 

mA 

Average 
Standard 

deviation 

0 50.0 4 3.8 -5.26316 3.9 3.85 0.005 

25 87.5 8 7.9 -1.26582 8 7.95 0.005 

50 125.0 12 12 0 11.9 11.95 0.005 

75 162.5 16 15.9 -0.62893 15.9 15.9 0 

100 200.0 20 20 0 20 20 0 

 

After calculation Table 4.3, there are four types of graph we can get. The first and 

second one can refer figure 4.2 and figure 4.3. The third one is “Five Point Calibration 

of Temperature Transmitter for experiment number two” (Figure 4.7) and the last one is 

“Error Curve for Temperature Transmitter for experiment number two” (Figure 4.8). 
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Figure 4.5: Graph for “Five Point Calibration of Temperature Transmitter” for 

experiment number two 

 

 

Figure 4.6: Graph for “Error Curve for Temperature Transmitter” for experiment 

number two 
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Table 4.4: Calculation to find average 

Reading 

of UUT 

Average 

50  

=
 𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 + 𝒔𝒆𝒄𝒐𝒏𝒅 𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 

𝟐
 

=
 𝟑. 𝟖 + 𝟑. 𝟗 

𝟐
 

= 𝟑. 𝟖𝟓 

87.5  

=
 𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 + 𝒔𝒆𝒄𝒐𝒏𝒅 𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 

𝟐
 

=
 𝟕. 𝟗 + 𝟖. 𝟎 

𝟐
 

= 𝟕. 𝟗𝟓 

125.0  

=
 𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 + 𝒔𝒆𝒄𝒐𝒏𝒅 𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 

𝟐
 

=
 𝟏𝟐. 𝟎 + 𝟏𝟏. 𝟗 

𝟐
 

= 𝟏𝟏. 𝟗𝟓 

162.5  

=
 𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 + 𝒔𝒆𝒄𝒐𝒏𝒅 𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 

𝟐
 

=
 𝟏𝟓. 𝟗 + 𝟏𝟓. 𝟗 

𝟐
 

= 𝟏𝟓. 𝟗 

200  

=
 𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 + 𝒔𝒆𝒄𝒐𝒏𝒅 𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 

𝟐
 

=
 𝟐𝟎. 𝟎 + 𝟐𝟎. 𝟎 

𝟐
 

= 𝟐𝟎. 𝟎 
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4.3 Uncertainty Calculation 

 

 

4.3.1 Uncertainty Due To Repeatability of the Experiment 

 

 

To find standard deviation value, use the following equation: 

 

𝑠 𝑥𝑘 =  
1

(𝑛 − 1)
  (𝑥𝑘 − x )2

𝑘

𝑗=1

 

Figure 4.7: Formula to find standard deviation 

 

Table 4.5: Calculation of standard deviation 

Reading 

of UUT 

Standard Deviation 

50 
 

22

1

22 )(
)12(

1







j

xxxs  

         =     2

2

2

1
)12(

1
xxxx 
















 

         =     22
85.39.385.38.3

)12(

1

















 

         = 005.0  

87.5 
 

22

1

22 )(
)12(

1







j

xxxs  

         =     2

2

2

1
)12(

1
xxxx 
















 

         =     22
95.7895.79.7

)12(

1

















 

         = 005.0  
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125.0 
 

22

1

22 )(
)12(

1







j

xxxs  

         =     2

2

2

1
)12(

1
xxxx 
















 

         =     22
95.119.1195.1112

)12(

1

















 

         = 005.0  

162.5 
 

22

1

22 )(
)12(

1







j

xxxs  

         =     2

2

2

1
)12(

1
xxxx 
















 

         =     22
9.159.159.159.15

)12(

1

















 

         = 0  

200 
 

22

1

22 )(
)12(

1


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j
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         =     2

2

2

1
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1
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














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20202020

)12(

1

















 

         = 0  

 

The worst case standard deviation is 0.005. To find the value of uncertainty, we should 

look for experimental standard deviation of the mean s(x). s(x) is the estimation of the 

spread of the distribution of the mean. By using figure 4.8, we should get the value. 

𝒔 𝒙 =
𝒔 𝒙𝒌 

 𝟐
 

Figure 4.8: Formula to find experimental standard deviation of the mean 

 

𝒔 𝒙 =
𝒔 𝒙𝒌 

 𝟐
=

𝟎. 𝟎𝟎𝟓

 𝟐
= 𝟎. 𝟎𝟎𝟑𝟓𝟑𝟓𝟓 
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We shall call this uncertainty as 1u  = 0.0028868 with degree of freedom 𝛾1 = 1 

 

 

 

4.3.2 Uncertainty Contribution Due To MSU Error 

Range of the accuracy specification for this instrument provided by the manufacturer is 

the following: 

range) % 0.005   reading of % 0.01 (   

Figure 4.9: Accuracy specification provided by manufacturer 

For a maximum reading of 200V and a range of 700V, hence the error in MSU, a 

=  ± ((0.0001 x 200) + (0.00005 x 700)) 

  0.055 

To find uncertainty contribution due to MSU error, u2, as below: 

2u   = 
2

a    

= 0.055/ √2 

= 0.0388909 

The degree of freedom 𝛾2for this uncertainty is assumed to be   since the manufacturer 

is expected to provide the error data after a large number of tests. 

Therefore, 

2u  = 0.0388909 

𝛾2 =   
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4.3.3 Uncertainty Due To UUT Resolution/MSU Resolution 

The resolution of the UUT model UR1000 Universal Recorder = 0.1 

3u  = The resolution of the UUT model UR1000 Universal Recorder / √2 

= 0.1 / √2 

= 0.0707107 

 

We can consider the degree of freedom as   

Therefore, 

3u  = 0.0707107 

𝛾3=   

 

 

 

 

 

4.3.4 Combined Standard Uncertainty 

The combined standard uncertainty cu  is determined from the individual 

uncertainties  1u , 2u  and 3u  by the following formula: 

2

3

2

2

2

1 uuuuc 
 

Figure 4.10: Combined standard uncertainty
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2

3

2

2

2

1 uuuuc   

          222 0.0707107 0.03889090.0035355   

     0.0807775  

 

The effective degrees of freedom ev  is given by, 

 
1

4
1

v

u

4

cµ
ev

 

Figure 4.11: Formula to find effective degrees of freedom 

 

 
1

4
1

v

u

4

cµ
ev

 

      

  
1

0.005

4

4

0.0472581


 

       

= 7980.41 

Since we get large value of ev , we should refer T-Distribution Table (Appendix D) to 

proceed and choose value from there. 

 

The total uncertainty at any confidence level is determined using the Student's t 

distribution. The coverage factor k is determined from student table. 

Referring to Appendix D for a value of v = 7980 and 95.45% confidence interval k = 

2.025 
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The confidence limit is obtained by the formula: 

.000)2(0.0807775)( kuU c  

= .000)2(0.0807775)(  

=  0.161555 

The confidence limit in a measurement is determined by the use of calibration 

techniques together with the statistical principles. 

 

Table 4.6: Summary of all uncertainty values and degree of freedom 

Type of Uncertainty Symbol Degree of 

freedom 

(𝜸) 

Uncertainty 

Value 

Uncertainty Due To Repeatability of 

the Experiment 
1u  1 0.0035355 

Uncertainty Contribution Due To 

MSU Error 
2u    0.0388909 

Uncertainty Due To UUT 

Resolution/MSU Resolution 
3u    0.0707107 

Combined Standard Uncertainty 
cu  ev = 

272494.8291635 

 0.161555 

 

 

 

4.4 Automatic Mode for RTD’s-Temp 

The calculations for automatic mode are typically the same with manual mode 

but there is some limitation such as there is no section for uncertainty calculation since 

to do uncertainty calculation, we need two or more reading. For automatic mode using 

RTD’s-Temp, all the calculation related is shown below. To get the desire output for 4 - 

20mA range is calculated based on the 50°C - 200°C range using figure 4.1. 
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Result: 

Table 4.7: Result for Desired UUT output and MSU applied value 

No % MSU applied value, °C Desired UUT output, mA 

0 50.0 4 

25 87.5 8 

50 125.0 12 

75 162.5 16 

100 200.0 20 

 

We develop linear equation between temperature and current. We can define the 

equation (figure 4.12). 

𝐼 = 𝑚𝑇 + 𝐼𝑜  

Figure 4.12: Formula for linear equation 

Where T = temperature, I = current 

From figure 4.12, we have two equations in two unknown: 

𝐸𝑞𝑛. 1 ∶ 4 𝑚𝐴 =  50°C 𝑚 + 𝐼𝑜  

𝐸𝑞𝑛. 2 ∶ 20 𝑚𝐴 =  200°C 𝑚 + 𝐼𝑜  

Eqn. 1 – Eqn. 2: 

16 𝑚𝐴 =  150°C 𝑚 

We need to find value of m: 

𝑚 = 1.06667 𝑥 10−4 

We insert m in Eqn. 1: 

𝐼𝑜 = −1.33335 𝑥 10−3 
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From Eqn. 1: 

𝐼 = 𝑇 1.06667 𝑥 10−4 − 1.33335 𝑥 10−3 

From figure 4.13, DAQ card is placed parallel with load of 250 ohm.  

 

Figure 4.13: DAQ card connected parallel to load 

Table 4.8: Result for data from DAQ card 

Current from 

temperature 

transmitter, mA 

DAQ card reading, V 

4.01024 4.01024 x 250 = 1.00256 

8.0026 8.0026 x 250 = 2.00065 

11.95044 11.95044 x 250 = 2.98761 

16.40392 16.40392 x 250 = 4.10098 

19.58636 19.58636 x 250 = 4.89659 

 

After five times user clicks the necessary button to capture data from DAQ to RTD’s-

Temp, the results are below. 

Result: 

Table 4.9: Result for data from DAQ card 

Reading Data from DAQ, V Actual UUT output, mA 
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1 1.00256 4.01024 

2 2.00065 8.0026 

3 2.98761 11.95044 

4 4.10098 16.40392 

5 4.89659 19.58636 

 

Table 4.10: Calculation to find output error for automatic mode 

Reading of 

UUT 

Output Error 

50  

=
 𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 − 𝒅𝒆𝒔𝒊𝒓𝒆𝒅 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 

𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕
 𝑿 𝟏𝟎𝟎 

=
 𝟒. 𝟎𝟏𝟎𝟐𝟒 − 𝟒 

𝟒. 𝟎𝟏𝟎𝟐𝟒
 𝑿 𝟏𝟎𝟎 

= 𝟎. 𝟐𝟓𝟓𝟑𝟓 

87.5  

=
 𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 − 𝒅𝒆𝒔𝒊𝒓𝒆𝒅 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 

𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕
 𝑿 𝟏𝟎𝟎 

=
 𝟖. 𝟎𝟎𝟐𝟔 − 𝟖 

𝟖. 𝟎𝟎𝟐𝟔
 𝑿 𝟏𝟎𝟎 

= 𝟎. 𝟎𝟑𝟐𝟒𝟗 

125.0  

=
 𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 − 𝒅𝒆𝒔𝒊𝒓𝒆𝒅 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 

𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕
 𝑿 𝟏𝟎𝟎 

=
 𝟏𝟏. 𝟗𝟓𝟎𝟒𝟒 − 𝟏𝟐. 𝟎 

𝟏𝟏. 𝟗𝟓𝟎𝟒𝟒
 𝑿 𝟏𝟎𝟎 

= −𝟎. 𝟒𝟏𝟒𝟕𝟏 

162.5  

=
 𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 − 𝒅𝒆𝒔𝒊𝒓𝒆𝒅 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 

𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕
 𝑿 𝟏𝟎𝟎 

=
 𝟏𝟔. 𝟒𝟎𝟑𝟗𝟐 − 𝟏𝟔 

𝟏𝟔. 𝟒𝟎𝟑𝟗𝟐
 𝑿 𝟏𝟎𝟎 

= 𝟐. 𝟒𝟔𝟐𝟑𝟒 

200  

=
 𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 − 𝒅𝒆𝒔𝒊𝒓𝒆𝒅 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕 

𝒂𝒄𝒕𝒖𝒂𝒍 𝑼𝑼𝑻 𝒐𝒖𝒕𝒑𝒖𝒕
 𝑿 𝟏𝟎𝟎 

=
 𝟏𝟗. 𝟓𝟖𝟔𝟑𝟔 − 𝟐𝟎. 𝟎 

𝟏𝟗. 𝟓𝟖𝟔𝟑𝟔
 𝑿 𝟏𝟎𝟎 

= −𝟐. 𝟏𝟏𝟏𝟖𝟖 
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Result: 

Table 4.11: Summary for automatic mode in RTD’s-Temp 

No 

% 

MSU applied 

value, °C 

Desired UUT output, 

mA 

Actual UUT 

output, mA 

Output 

error, % 

0 50.0 4 4.01024 0.25535 

25 87.5 8 8.0026 0.03249 

50 125.0 12 12.09424 -0.41471 

75 162.5 16 16.40392 2.46234 

100 200.0 20 19.58636 -2.11188 

 

There are two types of graph can be produce from this experiment which is Five Point 

Calibration of Temperature Transmitter and Error Curve of Temperature Transmitter 

 

Figure 4.14: Graph for “Five Point Calibration of Temperature Transmitter for 

automatic mode” 
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Figure 4.15: Graph for “Error Curve for Temperature Transmitter for automatic mode” 

 

 

 

4.5 Result of entire program 

There are two ways to operate RTD’s-Temp. First one is by manual mode and 

second one is by automatic mode. The reason by having both of them is because 

sometime user does the experiment by automatic mode. In order to get to uncertainty 

calculation, user needs two or more reading to proceed. By having this manual mode, 

user can do the experiment, maybe two times under same the condition. After get two or 

more reading, user can proceed with uncertainty calculation section. Data from the 

calculation is automatically saved to the database, and user can get preview of that data 

then save it to file. But there is some limitation for the data to be displayed in the report. 

After finish using RTD’s-Temp, in order to get report for the latest data recorded to the 

database, user need to close RTD’s-Temp and then open it again. After that, all the latest 

data can be view.  



 

 

 

 

 

 

CHAPTER 5 

 

 

 

 

CONCLUSION AND FUTURE DEVELOPMENT 

 

 

 

 

1.1 Introduction 

This thesis has discussed on development of RTD’s-Temp. This project is 

implemented using resistance temperature detector (RTD) and interface between the 

hardware and instruments through universal serial bus (USB) port with a 

development program using Microsoft Visual Basic 2008. 

This project has been able to achieve its objectives. RTD’s-Temp is 

produced. This chapter will discuss about the problem faced during development of 

this project. Then, conclusion will be made. Lastly, planning for future work will be 

discussed. 
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1.2 Problem And Solution 

Some of the problem encountered during development of the system: 

(i) Difficult to interface between RTD’s-Temp and instrument using DAQ card 

 Solution 

Refer guideline given by manufacturer 

 

(ii) Reading from instrument easily disturbed in slight movement 

 Solution: 

Properly place the instruments and try to avoid making movement to 

the wires connected to instruments 

(iii) Some of the instrument are not in good condition 

 Solution: 

Need to do calibration process in order to make sure the data is valid 

(iv) Data from DAQ card are not the same with data in RTD’s-Temp 

 Solution: 

Make sure time samplings in both DAQ card and software are the 

same 

(v) Reading data not accurate 

 Solution: 

In RTD’s-Temp, most of the calculations are using five decimal 

places  

(vi) To verify the temperature reading 

 Solution: 

Get reference temperature by connecting RTD directly to Digital 

Thermometer form heater (ISOTECH Jupiter) 
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1.3 Conclusion 

The development of RTD’s-Temp with RTD has been presented in this 

project. This project achieved all the objectives and the results of the output are 

similar to the one stated in reference studied. RTD’s-Temp can be use in laboratory 

session for temperature measurement for Industrial Instrumentation (BEE4523) 

subject. Data for temperature measurement laboratory session can be obtained by 

connecting DAQ card with instrument but user still need to carefully connect the 

instrument in order to get reasonable result. 

 

 

1.4 Future Recommendation 

Even though this project is successful, however there are some enhancements 

can be applied to the system. These suggested steps can be implemented to improve 

performance of the system. Below are some suggestions for the future development: 

(i) RTD’s-Temp can be operated in other types of temperature reading such as 

Kelvin and Fahrenheit, so that the system can handle more than one type of 

temperature reading. 

 

(ii) RTD’s-Temp can be used for other type of temperature sensor such as 

thermocouple. This addition can make this system compatible when using 

with other type of temperature sensor. 

 

(iii) Produce more users friendly GUI, so user does not face difficulties when 

handling the system and yet user can still refers to user manual if he faces 

any problem. 
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(iv) More feature available for RTD’s-Temp such as save and load options, user 

can retrieve data from internet, and complete report for the experiment. This 

addition has been suggested since there is no time to make that feature 

possible. 

 

 

 

1.4.1 Costing and Commercialization 

RTD’s-Temp has been produced with no cost at all since this is educational 

purpose project where the instrument and hardware are available at university’s 

laboratory. For Microsoft Visual Basic 2008 Express Edition software, the software 

is available and can be downloaded as express edition at 

www.microsoft.com/express/vb/ 

RTD’s-Temp can be commercialized among other educational institution in 

Malaysia like universities and polytechnic if there is laboratory session for 

temperature measurement using RTD, with using the same types of instrument and 

hardware since the system developed based on that.  

 

 

 

 

 

 

 

 

http://www.microsoft.com/express/vb/
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APPENDIX A 

DATASHEETS 

Digital Thermometer 7563 

Yokogawa Digital Manometer MT220 

Advantech USB-4716 

Yokogawa Temperature Transmitter, YTA 110 

HART 375 Field Communicator 
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Digital Thermometer 7563 – page one (1) 
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Digital Thermometer 7563 – page two (2) 
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Digital Thermometer 7563 – page three (3) 
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Yokogawa Digital Manometer MT220 – page one (1) 
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Yokogawa Digital Manometer MT220 – page two (2) 
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Advantech USB-4716 
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Yokogawa Temperature Transmitter, YTA 110 – page one (1) 
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Yokogawa Temperature Transmitter, YTA 110 – page two (2) 
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Yokogawa Temperature Transmitter, YTA 110 – page three (3) 
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Yokogawa Temperature Transmitter, YTA 110 – page four (4) 
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Yokogawa Temperature Transmitter, YTA 110 – page five (5) 
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Yokogawa Temperature Transmitter, YTA 110 – page six (6) 
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HART 375 Field Communicator 

 

 

 

 

 

 

 



  71 

 

APPENDIX B 

INSTRUMENTS CONNECTION 
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APPENDIX C 

Student’s T-Distribution Table 
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Degree 

of 

Freedom 

v 

Fraction ρ in percent 

68.27* 90.00 95.00 95.45 99.00 99.73* 

1 1.84 6.31 12.71 13.97 63.66 235.8 

2 1.32 2.92 4.30 4.53 9.92 19.21 

3 1.20 2.35 3.18 3.31 5.84 9.92 

4 1.14 2.13 2.78 2.87 4.60 6.62 

5 1.11 2.02 2.57 2.65 4.03 5.51 

6 1.09 1.94 2.45 2.52 3.71 4.90 

7 1.08 1.89 2.36 2.43 3.50 4.53 

8 1.07 1.86 2.31 2.37 3.36 4.28 

9 1.06 1.83 2.26 2.32 3.25 4.09 

10 1.05 1.81 2.23 2.28 3.17 3.96 

       

11 1.05 1.80 2.20 2.25 3.11 3.85 

12 1.04 1.78 2.18 2.23 3.05 3.76 

13 1.04 1.77 2.16 2.21 3.01 3.69 

14 1.04 1.76 2.14 2.20 2.98 3.64 

15 1.03 1.75 2.13 2.18 2.95 3.59 

       

16 1.03 1.75 2.12 2.17 2.92 3.54 

17 1.03 1.74 2.11 2.16 2.90 3.51 

18 1.03 1.73 2.10 2.15 2.88 3.48 

19 1.03 1.73 2.09 2.14 2.86 3.45 

20 1.03 1.72 2.09 2.13 2.85 3.42 

       

25 1.02 1.71 2.06 2.11 2.79 3.33 

30 1.02 1.70 2.04 2.09 2.75 3.27 

35 1.01 1.70 2.03 2.07 2.72 3.23 

40 1.01 1.68 2.02 2.06 2.70 3.20 

45 1.01 1.68 2.01 2.06 2.69 3.18 

       

50 1.01 1.68 2.01 2.05 2.68 3.16 

100 1.005 1.660 1.984 2.025 2.262 3.077 

 1.000 1.645 1.960 2.000 2.576 3.000 

*For a quality Z described by a normal distribution with expectation µz 

and standard deviation σ, the interval υz ± kσ encompasses ρ = 68.27, 

95.45 AND 99.73 percent of the distribution for k = 1, 2 and 3 

respectively. 
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APPENDIX D 

RTD’s-Temp User Manual 

 

 

 

 

 

 

 

 

 

RTD’s-Temp 

User Manual 

 

 

 
Author: Muhammad Hasbullah Bin Rais 

Version: 1.0.0.1 
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1.  Basic Connection and Setup Guide 

1.1 Connection to Advantech Device Manager 

In order to communicate with DAQ card, we need to initialize connection to 

DAQ itself via Advantech Device Manager. 

Start > All Programs > Advantech Automation > Device Manager > 

Advantech Device Manager 

 

After plug-in the DAQ card into USB module located at computer, in 

“Installed Devices:” section will have the type of DAQ card inserted. 

 

1.2 Installing RTD’s-Temp 

 

Installer of this program has been publishing under Microsoft Visual Basic 

(ClickOnce deployment). To install RTD’s-Temp, double-click setup.exe from 

installation folder. If there is any component which is not available at computer, 
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prerequisite page will appear. To proceed, just follow instruction. After double-click 

setup.exe, following page appear. 

 

To continue installing RTD’s-Temp, click “Install” button. To cancel the 

installation, click “Don’t Install” button. 

Installation page: 

 

After installation process finish, the following page appears. It means you are 

successful install RTD’s-Temp. 
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1.3 Opening RTD’s-Temp 

RTD’s-Temp now is successfully installed, which mean it can be launch 

from your computer. To open RTD’s-Temp: 

Start > All Programs > Temperature Measurement using RTD > RTD’s-

Temp 

 

1.4 Uninstalling RTD’s-Temp 

RTD’s-Temp can be uninstalled from computer by following this instruction: 

(i) Go to Control Panel 

Start > Control Panel 

(ii) Double-click Add or Remove Program 

(iii) Find RTD’s-Temp, click Change/Remove button 

(iv) RTD’s-Temp successfully uninstalled 

 

1.5 Register User 
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In order to use RTD’s-Temp, user needs to register username or can use 

“test” in username and ID field to proceed. 

To register a new username, click Register Here. To proceed, key-in data to 

username and ID field. 

 

 

 

*this program is still in beta stage. If user entered the same username which 

already in database, the following message will appear. To proceed, just 

click continue button and key-in another username. 

 

 

After key-in another data in username and ID field, the conformation about 

data has been saved appear. 
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1.6 Select Operating Mode 

There are two types of operating RTD’s-Temp. 

 

(i) Automatic Mode 

(ii) Manual Mode 

2 Automatic Mode 
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The interfaced for automatic mode. There are four categories tab pages; 

DAQ Card, Data, Calculation, Graphing 

To start, click Select Device button to select device. 

 

After that, key-in data for minimum and maximum temperature reading in 

degree Celsius (°C). The default values are 50°C for minimum value and 200°C for 

maximum value. Click set button to proceed. To start get data from DAQ card, click 

Start get reading button. By using demo device provided by Advantech, the 

following data has been capture by pressing button Get at Data from DAQ Card 

section. 

 

After finished taking data, go to Calculation tab page. Press Convert & 

Transfer button to continue. The data will be transferred to summary table and press 

Calculate Output Error to finish. 
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To save data to database, click Save Data button. To view graph of “5 Point 

calibration”, press Show Graph “5 Point Calibration”. To view graph of “Error 

Curve”, press Show Graph “Error Curve”. 

 

 

 

3. Manual Mode 
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Open RTD’s Temp software 

Start > All Programs > Temperature Measurement using RTD > RTD’s-

Temp 

For manual mode, user needs to tick “Manual” in select mode section and 

select number of experiments before press button “Go” to proceed. 

 

After that, user needs to fill in the transmitter temperature range in 

correspond location and press button “Go”. E.g. temperature transmitter has range 

50°C – 200° 

 

User has choices to key in data in three different kind of temperature reading, 

Celsius, Kelvin and Fahrenheit. By default, choice for Celsius is selected. 
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After that, the section that contains all the necessary information about 

experiment is appear, user need to key in data to the correspond location. 

 

E.g. user need to key in data to “Actual UUT output” field, and press button 

“Calculate Output Error” to get result 

 

If user chooses with two experiments, user needs to follow step above 

because it contains the same step. 

To display graph, user has choice to display either graph for “5 Point 

Calibration of PT100 for experiment number one” or graph for “Error Curve for 

PT100 for experiment number one”. To continue, select type of graph in types of 

graph section and press button “Display Graph”. If user selects to display graph for 

“5 Point Calibration of PT100 for experiment number one”, the graph will show as 

below: 
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If user selects to display graph for “Error Curve for PT100 for experiment number 

one”, the graph will show as below: 

 

The graphs above only valid with one experiment, since with two 

experiments, the result will look quite same with one experiment. 

User can save image, print, show point values by mouse right-click on graph 

and select desired action. 
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To proceed for uncertainty calculation, press button “Show Summary” and 

table of summary will display. This applied only with two experiments since need to 

find average values of actual UUT output and standard deviation. 

 

 

For uncertainty calculation section, user need to press button “Display 

Uncertainty Calculation Section” and new window will appear. 

There are four element of uncertainty that need to calculate, that is 

Uncertainty Due To Repeatability of the Experiment, Uncertainty Contribution Due 

To MSU Error, Uncertainty Due To UUT Resolution/MSU Resolution, and 

Combined Standard Uncertainty. In this section, user can choose either want to use 

Direct Mode or Detail Mode. In direct mode, user just needs to press some button in 

order to get uncertainty values. But in detail mode, user needs to key-in data to 

correspond textbox. 

 

3.1.1 Uncertainty Due To Repeatability of the Experiment 
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3.1.2 Uncertainty Contribution Due To MSU Error 

 

 

3.1.3 Uncertainty Due To UUT Resolution/MSU Resolution 
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3.1.4 Combined Standard Uncertainty 

 

 

 

4 Report Viewer 

 

User can use report viewer to preview data or save the data to the file. Data 

can be save in form of excel (.xls) format and acrobat file (.pdf) format. User also 

can search text within the document and print it. 
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4.1 For Automatic Mode 

 

 

4.2 For Manual Mode 

 

 

 

 


