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ABSTRACT

A computer- based instrumentation system has been developed for
temperature measurement. The measurement is using thermocouple type K.
Thermocouple will detect temperature then send the input to temperature
transmitter. Temperature transmitter will accept the input from thermocouple
or dc milivolt input and convert it to a 4 to 20mA signal for transmission.
Then, the temperature transmitter connected to data acquisition (PC11710HG)
that used to read data from the temperature transmitter. SIMULINK model is
use to interface DAQ with MATLAB. Analog input from DAQ will transfer
to MATLAB Workspace. The system is developed with MATLAB
Graphical User Interface (GUI). GUI will capture data from workspace and
then calculated average of actual output and output error. The process is
continued by plotting five point temperature calibrations and error curve. The
system also can do the evaluation of the uncertainty of temperature
measurement. Uncertainty of measurement is the doubt that exists about the
result of any measurement. The system allowed the user to save the plot and
key in the data in excel. By implementing this system in Industrial
Instrumentation class, the improvement and continuity of learning process

will be achieved.
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ABSTRAK

Sistem instrumentasi berasaskan sistem komputer telah dibangunkan
untuk digunakan dalam pengukuran suhu. Pengukuran suhu adalah dengan
menggunakan thermocouple jenis K. Thermocouple akan mengesan suhu dan
seterusnya akan menghantar bacaan tersebut kepada pemancar suhu.
Pemancar suhu akan akan menerima bacaan yang dihantar daripada
thermocouple dan seterusnya menukar input yang diterima ke dalam bentuk
arus iaitu 4 — 20 mA bagi memudahkan penghantaran data.kemudian,
kesemua alat-alat yang digunaka dalam pengukuran suhu akan disambungkan
dengan PCI1710HG iaitu satu alat yang digunakan untuk menerima data dan
membaca data daripada alat pengukuran suhu. Model SIMULINK digunakan
untuk menghubugkan PCI1710HG dengan MATLAB. Seterusnya, input
analog akan dihantar ke MATLAB workspace. Sistem ini telah dibangunkan
dengan menggunakan MATLAB Graphical User Interface (GUI). GUI akan
menyalin data dari WORKSPACE kemudian data tersebut akan digunakan
bagi pengiraan purata untuk bacaan sebenar dan peratusan ralat. Proses
seterusnya adalah melakar graf untuk graf lima titik pengujian alat
pengukuran suhu dan graf untuk lengkungan ralat bacaan. System ini juga
turut memuatkan atau digunakan untuk evaluasi untuk ketidakpastian bacaan
bagi pengukuran suhu. Sistem ini turut membolehkan pengguna menyimpan
graf yang sudah dilakar dan kemudian memasukkan kesemua bacaan dan
pengiraan ke dalam EXCEL. Ringkasnya pengunaan system ini dalam
pembelajaran bagi matapelajaran  Industrial  Instrumentation akan
menyebabkan peningkatan dan kelancaran dalam process pembelajaran dapat

dicapai.
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CHAPTER 1

INTRODUCTION

1.1 Project Overview

Computer-based measurement systems are used in a wide variety of
applications. Computer-based instrumentation for temperature is measure
system that place the instrument’s intelligence and measurement circuitry of
temperature inside the computer. Instrument that use are digital thermometer
7563, ISOTECH Jupiter 650B,Yokogawa Temperature Transmitter
(PT100),HART 375 Field Communicator and two thermocouples type k ( one

thermocouple as a reference and other one as a measured value ).

Generally, thermocouple is a sensor for measuring temperature.
Thermocouple operation is based on the physical principles that if two
dissimilar metal wires are joined together and the point of joining is heated
(or cooled), a voltage difference appears across the two unheated end. Type K
thermocouples are made up of a positive Chromel wire and a negative
Alumel wire. They are the most popular thermocouple type and offer a wide
measurement range with good temperature precision. Thermocouple type k can
read temperature in range -200 °C to +1200°C and develops approximately 0.04
mV/°C.



Data acquisition (DAQ) is the sampling of the real world to generate data
that can be manipulated by a computer. In order to take measurements with
computer-based DAQ hardware, temperature transmitter, signal conditioning
equipment and software such as MATLAB is needed. DAQ typically involves
acquisition of signals and waveforms and processing the signal to obtain desired
information. In this project, PCI 1710HG will be use. The PCI-1710 Series are
multifunction cards for the PCI bus. Their advanced circuit design provides
higher quality and more functions, including the five most desired
measurement and control functions: 12-bit A/D conversion, D/A conversion,

digital input, digital output, and counter/timer [1].

MATLAB GUI is a high-level language and interactive environment
that enables you to perform computationally intensive tasks faster than with
traditional programming languages such as C, C++, and FORTRAN.
MATLAB is a numerical computing environment and programming
language. Created by Te Math Work, MATLAB allows, plotting of function
and data, implementation of algorithms, creation of user interfaces, and
interfacing with programs in other languages [2].

1.2 Problem Statement

The problem statement is to do the improvement or continuity of learning
process. Before this student only do the experiment at lab and then insert the data
and draw the graph manually. This will cause inaccurate results. So to solve this
problem, we need to create a system using MATLAB which will produce high
accuracy result. This system can use data for uncertainty evolution and plot five
point temperature calibrations. It also uses to compare and measure temperature
value and actual value and automatically calculate the output error and graphing for

output error curve. So that, in future this system can be use for learning process.
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1.3 Objectives

This project has three objectives. The first objective is to understand
the basic measurement principles of temperature transmitter using
thermocouple type k. This is very important to make more understand the

basic of temperature measurement so that the project can do smoothly.

Second objective is to develop a hardware that can use to integrate
signal from instrument to software. DAQ model PCI1710HG Advantech is
used in this project. The basic operation of DAQ card is also need to be
studied.

The third objective is to develop the system using MATLAB GUI for
student to use in the future. The application software such as MATLAB GUI
is the brain of DAQ system. The application of MATLAB GUI controls the
DAQ hardware for acquiring data. Once the data is acquired, the MATLAB

GUI can use to analyze and present the data.

Scopes

There are several scopes that need to be proposing in this project. First
scope is to do the basic temperature measurement such as five point
calibration of temperature transmitter. Calibrations are the process of
determining the relation between the output of measuring instrument and the

value of the input quantity or attribute a measurement standard.

The second scope is to integrate the signal from instrument to
software, so the hardware is needed to be developed. Hardware that will be
use is DAQ card which is a basic A/D converter coupled with an interface
that allows a personal computer to control the actions of the A/D, as well as
to capture the digital output information from the converter. A DAQ card is

designed to plug directly into a personal computer's bus.



All the power required for the A/D converter and associated interface

components is obtained directly from the PC bus.

Then the third scope is to create a program using MATLAB that can
interface with the hardware component. The PC will read the data
(temperature reading) from the Thermocouple reading using real time
application. Then, the program that creates using MATLAB will do the

evaluation of uncertainty of the measurement.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

The literature on fundamentals and applications of data acquisition,
instrumentation, and control to engineering and technology is very extensive.
Today in any type of computer aided manufacturing project work and
laboratory tests, precision and reliability of instrumentation and data
acquisition techniques may cause major impacts on results and outcomes.
Therefore, students in technology programs must gain knowledge and skills
pertinent to their curriculum and job requirements when they need to obtain
any type of physical or virtual data on manufacturing, testing, measurement,

and protection areas [1].

2.2 MATLAB GUI Based Instrumentation System

At the simplest level, data acquisition can be accomplished manually
using paper and pencil, recording readings from a multimeter or any other
instrument. For some applications this form of data acquisition may be
adequate. However, data recording applications that require large number of
data readings where very frequent recordings are necessary must include

instruments or microcontrollers to acquire and record data precisely [2].



After more than 20 years of development, MATLAB has evolved
from a powerful matrix calculation application into a universal programming
tool used extensively within scientific and engineering communities both
commercial and academic. MATLAB versions 6.0 and 7.0 include
functionality for developing advanced graphical user interfaces, GUIs, and
real-time animation and graphics. GUI applications offer many advantages
for users who wish to solve complex problems by providing interactivity and
visual feedback. GUI development can apply in instrumentation and data

Acquisition interfaces [3].

2.3 Graphical User Interface

The graphical user interface (GUI) is intended to give a view of the
status of the data acquisition system and its sub-systems (e.g. Event Transfer,
Event filter, Event builder, Back End, etc.) and to allow the user to control its
operation. The GUI was developed not only for general users, such as shift
operators, but also to provide DAQ experts the ability to control and debug
the DAQ system. The run control system can have many GUIs associated
with a particular experiment. However, only one GUI can be a master,
capable of controlling the DAQ system. The rest of the GUIs will visualize
the monitored information. In the run control environment the GUI is
considered to be a software component and will have an associated agent in

the platform to interact with the DAQ/control component agents [4].
2.4  Temperature calibration and measurement
2.41 Fundamental of Temperature Calibration
Temperature is one of the most frequently measured parameters in
industrial processes. Wide varieties of mechanical and electrical

thermometers are used to sense and control process temperatures. Regular

calibration of these thermometers is critical to ensuring consistent quality of



product manufactured, as well as providing regulatory compliance for some

industries [5].

Most simply stated, temperature calibration consists of placing a
thermometer under test into a known, stable temperature environment. A
comparison is made between the actual temperature and the reading indicated
by the thermometer under test and the difference is noted.

Adjustments can then be made either directly to the thermometer or to
its readout. Electrical thermometers are adjusted by mathematically re-
creating the coefficients used by SMART transmitters or other readout

devices to translate their electrical output to temperature.

In industrial applications, the temperature environment is usually
provided by a drywell, or "dry-block” calibrator, or a micro-bath. Both offer
portability and a wide range of temperatures. Drywells use high stability
metal blocks with drilled wells to accept the reference and UUT. Drywells
typically cover ranges from -45°C to 1200°C and micro-baths cover ranges
from -25°C to 200°C. Micro-baths are similar in size to drywells but use a
small tank of stirred fluid instead of a metal block. Micro-baths offer

significant advantages when calibrating short or odd shaped probes.

2.42 External and Internal Reference

Micro-baths and dry-wells have a built-in sensor to provide a
feedback loop to the unit's controller and to provide a temperature reading to
the user. The manufacturer of the heat source can calibrate this sensor so the

unit displays a traceable temperature within a stated uncertainty.

The reference system, however, should be more accurate than the
process system being calibrated. As a general rule, temperature uncertainties

are larger at higher temperature. Using an internal reference is sometimes



preferred because it requires fewer instruments and enhances portability for

field applications. This block diagram is illustrated in Figure 2.1.

Sensor and

Readout
t
Heated Comparison
Block ‘
Insert 100.00 C)

Thermometer/Controller

Figure 2.1: Heat source as reference standard

Uncertainty requirements are more rigorous, external references
thermometers help improve system uncertainty (see Figure 2.2). Because
external thermometers are more accurate, they increase the relative
significance of other components of calibrations uncertainty, such as
uniformity and stability. It is, of course, critical in any calibration to account
for all sources of uncertainty in the process.

N
- »

Sensor and
External

Readout
Reference
Thermometer

igcg.0c C

Thermometer/Controller

Figure 2.2: External preference standard



2.43 Component Calibrations

Most temperature sensors used in processes are read by transmitters,
which send a 4 to 20 mA signal to a control panel, which then displays the
temperature for process monitoring. Several calibration methodologies are
used in the process plant and the most representative method being to
calibrate the complete measurement system from sensor through transmitter
to indicator or controller; alternatively each component of the measurement

system can be individually calibrated.

The temperature sensor can be individually calibrated using a drywell
or micro-bath heat source to simulate the process temperature. If the

temperature sensor is electrical, a readout device measures its output.

The transmitter is calibrated using a precision simulator to generate
the resistance or voltage output from the temperature sensor and input to the
transmitter. The simulator also measures the resulting transmitter current or
voltage output. The transmitter is adjusted to ensure that the output follows
the input, e.g. for a 4 to 20 mA transmitter with a range of 50°C to 200°C, 4
mA corresponds to 50°C and 20 mA corresponds to 200°C. The simulator
provides a wide range of input and output ranges to cover all resistance
thermometer and thermocouple types.

The indicator or controller is also calibrated using a precision
simulator to generate simulate the resistance or current input from the
transmitter. The indicator or controller is adjusted so that the display variable

matches the simulated input.
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2.5  Software Interfacing

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 appropriate sensors that convert any
measurement parameter to an electrical signal, which is acquired by data

acquisition hardware.

Acquired data is displayed, analyzed, and stored on a computer, either
using vendor supplied software, or custom displays and control can be
developed using various text-based programming languages such as BASIC,
C, Fortran, Java, Lisp, Pascal. It is a standard programming method to access
data acquisition hardware. MATLAB provides a programming language but

also built-in graphical tools and libraries for data acquisition and analysis.

2.51 Data Acquisition

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 or current. 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.


http://www.answers.com/topic/programming-language
http://www.answers.com/topic/basic-simple-programming-language
http://www.answers.com/topic/c-programming-language
http://www.answers.com/topic/fortran
http://www.answers.com/topic/java-programming-language
http://www.answers.com/topic/lisp
http://www.answers.com/topic/pascal-programming-language-1
http://www.answers.com/topic/matlab
http://www.answers.com/topic/phenomenon
http://www.answers.com/topic/physical-property-2
http://www.answers.com/topic/physical-property-2
http://www.answers.com/topic/transducer
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2.52 DAQ Hardware

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 and because it is exotic. DAQ-cards
often contain multiple components (multiplexer, ADC, DAC, TTL-10, high
speed timers, RAM).


http://www.answers.com/topic/parallel-port
http://www.answers.com/topic/serial-port
http://www.answers.com/topic/universal-serial-bus
http://www.answers.com/topic/motherboard

CHAPTER 3

HARDWARE DESIGN

3.1 Instrument

The process of create computer-based instrumentation for temperature
can be divided in to three main parts. There are instruments, hardware and
software. The instruments are digital thermometer 7563, ISOTECH Jupiter
650B, Yokogawa Temperature Transmitter (PT100), Yokogawa digital
manometer MT 220, HART 375 Field Communicator and two thermocouples

type k (one thermocouple as a reference and other one as a measured value).

3.1.1 Digital Thermometer 7563

The 7563 Digital Thermometer has 16 ranges of temperature sensors
and DC, V, and Ohm measuring functions. Yokogawa-original A/D converter
(feedback pulse width modulation method) features superior noise immunity,
stability and high-speed sampling. In addition, versatile functions are suitable
for system use and cover a wide variety of applications from test to R&D.

Figure 3.1 shows the digital thermometer 7563.
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Figure 3.1: Digital Thermometer 7563

3.1.2 ISOTECH Jupiter 650B

The Isotech Jupiter 650 B offers industry-leading performance in an
easy-to-use portable package. With its wide temperature range, the Isotech
Jupiter 650 dry block calibrator will reach that important 1200°F mark
making it ideal for the calibration of thermocouples as well as platinum
resistance thermometers. The Isotech Jupiter 650 dry block calibrator has
been designed for fast heating and cooling for convenient field use. For
flexibility, surface sensor and infrared thermometer accessories can be added.

Linear Process Inputs including 4-20mA current transmitters to be
displayed on the built-in indicator. The Isotech Jupiter 650 dry block
calibrator's SITE indicator is commonly used to display an external standard
thermometer giving greater accuracy by eliminating temperature gradient and
loading errors. Figure 3.2 shows the ISOTECH Jupiter 650B.

Figure 3.2: ISOTECH Jupiter 650B
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3.1.3 Yokogawa Temperature Transmitter (PT100)

Temperature Transmitter use to convert thermocouple input to analog
signals for direct interface with computer- based system. Temperature
transmitter will accept the input from thermocouple and convert it to a 4 to
20mA signal for transmission. Signal from the thermocouple are very weak
and can be easily affected by RFI and EMI interferences. These transmitters
are robust and immune to RFI and EMI interferences. It also allows upscale
and downscale temperature setting. User can set error correction and sensor
failure detection if desire with ease. Figure 3.3 shows the Yokogawa
Temperature Transmitter (PT100).

Figure 3.3: Yokogawa Temperature Transmitter (PT100)

3.1.4 Yokogawa digital manometer MT 220

The MT220 can measure temperature with outstanding accuracy, high
resolution and excellent stability. It offers a wealth of functions for field
calibration, including transmitter output measurement (DCV/DCA functions),
24-V DC output, percent error readout, measurement data memory, and Ni-
Cd battery operation. Figure 3.4 shows the Yokogawa digital manometer
MT220.

Figure 3.4: Yokogawa digital manometer MT 220
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3.1.5 HART 375 Field Communicator

375 Field Communicator is the new standard in handheld
communicators. It was universal HART® and Foundation TM field bus,
intrinsically safe, rugged and reliable. Figure 3.5 shows HART 375 Field

Communicator.

Figure 3.5: HART 375 Field Communicator

3.1.6 2793 Decade Resistance Box

Model 2793 is high-accuracy, stable DC variable resistor with 6
dials and is available in two styles: 279301 for medium resistance from 0.1
to 1,111.210 Q in 1 mQ steps (best suited for calibration of resistance
thermometers or bridges); 279303 for high resistance from 0 to 111.1110
MQ in 100 Q steps (suitable for calibration of insulation resistance testers

or bridges).Figure 3.6 shows 2793 Decade Resistance Box.

Figure 3.6: 2793 Decade Resistance Box



3.2 Thermocouple Type K

Thermocouple is a temperature sensor that measure temperature by
generating a small voltage signal proportional to the temperature difference
between the junctions of two dissimilar metals. One junction (the hot
junction) is typically encased in a sensor probe at the point of measurement;
the other junction (the cold junction) is connected to the measuring
instrument. The measurement instrument measures the voltage signal and the

cold junction temperature then computes the temperature.

Type K is made from Chromel (Nickel-Chromium Alloy) for positive
lead and  Alumel (Nickel-Aluminium Alloy) for negative lead. This is the
most commonly used “general purpose” thermocouples. They are available in
the ~ -200 °C to +1200 °C range. Thermocouple type K shows by Figure 3.7.

Figure 3.7: Thermocouple Type K

3.3 Data Acquisition

Data acquisition cards are those cards that are used as interfaces
between an instrument and a computer in order to capture data for
temperature instrumentation. The 1710HG features 16 channels of analog
input, two channels of analog output, a 68-pin connector and eight lines of
digital 1/0.
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The PCI-1710 Series are multifunction cards for the PCI bus. Their
advanced circuit design provides higher quality and more functions, including
the five most desired measurement and control functions: 12-bit A/D
conversion, D/A conversion, digital input, digital output, and counter/timer.
Figure 3.8 shows PCI-1710HG.

Figure 3.8: PCI-1710 HG

3.4  Equipment Connection

24V power supply is connected to 4-20mA ammeter with series
connection. Then negative side of power supply is connected to 2793 decade
resistance box (250 ohm). Ammeter also connected to positive temperature
transmitter while 2793 decade resistance box is connected to negative
temperature transmitter. Next, HART 375 field communicator is connected

parallel with temperature transmitter.

Meanwhile, Thermocouple type K is connected to temperature
transmitter where positive thermocouple (red wire) is connected to pin
number 2 of temperature transmitter, while white wire (-) of thermocouple is
connected to pin number 1. The other one of thermocouple is functioned as
reference. It connected to pin number 6 (for positive wire) and pin 5(for

negative wire).
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Temperature will detected by thermocouple and then thermocouple
will send the input to temperature transmitter. The input from thermocouple
will accepted by temperature transmitter and converted to a 4 to 20mA signal

for transmission.

Then, the instrument is connected with the data acquisition (DAQ).
DAQ that used in this project is PIC1710 HG which is the sampling of the
real world to generate data that can be manipulated by a computer. The
connection is show in figure 3.9.

Yokogawa Digital
Manometer MTZ00
2793 Decade
4-20mA 24y Resistance Box
‘/ \I e
DIGITAL THERMOMETER A I | AN —
7563 U
9 250 ohm
Q
Yokogawa Temparature
Transmitter, PT 100
E L
X
ui
E w
i jf 1 2
" Pir 1
g
g
w
[=%
2 Pin 2
2
=
TC TG
+ "
HART 375 Field
ISOTECH Jupiter 650B Communicator

Figure 3.9: Equipment Connection
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3.5 Block Diagram of the System

Refer to figure 3.10; DAQ (PCI1710HG) is used to interface the
instrument with the system that has developed using MATLAB. SIMULINK
model is used to run the DAQ and then data from instrument was transferred
to MATLAB WORKSPACE. Data that transferred into workspace is
captured and displayed at MATLAB GUI. Data that captures is used for
calculation of average of actual output and output error. Meanwhile graph for
five point calibration of temperature transmitter and output error versus MSU
applied value are plotted and saved. Afterward, the data also used for

uncertainty evaluation.

INSTRUMENT
ﬂ MATLAB
DAQ SIMULINK WORKSPACE
(PCI1710HG) MODEL

1l

Get Data Calculate Average and
Output Error
Plot Graph

Uncertainty Save Plot
Evaluation

Figure 3.10: Block diagram of the system
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3.6 Experiment procedures

Figure 3.11 shows the procedures of temperature instrumentation;

START

A 4
Connect the equipment as shown in figure 1

A 4

Adjust the MSU such as that UUT reads the
first point. In the case of the temperature

transmitter the first point on the output is 4

mA which corresponds to an input of 0° C.

A 4

Then check the next point, that is 25C C and
adjust the MSU so that the UUT gives this
reading. Similarly proceeds till the maximum
value of the fifth point that is 100°C is

A 4
Plot the five point calibration output curve

for the EJX110A temperature transmitter
against the MSU applied value. Then plot the
output error curve for the EJX110A

A 4
Calibrate the temperature transmitter using

the HART 375 Field Communicator.

Figure 3.11: Flow diagram of experiment procedures
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3.7 DAQ Configuration

3.7.1 Real Time Window Target Setup

Real time window Target enables to run Simulink and Stateflow
models in real time on desktop or laptop PC for rapid prototyping or
hardware-in-the-loop simulation of control system and signal processing
algorithms. A real-time execution can be created and controlled entirely
through Simulink. Using Real-Time Workshop, C code can be generated,
compiled, and started real-time execution on Windows PC while interfacing
to real hardware using PC 1/0 board (PCI-1710HG). I/O device drivers are
included to support an extensive selection of 1/0 boards, enabling to interface
to sensors, actuators, and other devices for experimentation, development,
and testing real-time systems. Simulink block diagram can be edited and
Real-Time Workshop can be used to create a new real-time binary file. This
integrated environment would implement any designs quickly without
lengthy hand coding and debugging. Figure 3.12 shows the required product
of Real Time Window Target.

REAL TIME WINDOW
TARGET
/SIMULINK \
\/ﬁ L \ Environment to model /REAL TIME
1d-line interface for the WORKSHOP

~

ne Window Target

\_

physical systems and
controller using block
diagrams

N

/

J

Convert simulink
blocks and code from
stateflow Coder into C

code
- /

Figure 3.12: Required Products of Real Time Window Target
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Real —Time Window Target includes a set of 1/0 blocks that provide
connection between the physical 1/0 board and real —time model. Hardware —
in-the-loop simulations can be ran quickly observed how simulink model
responds to real-world behavior. 1/0 signals can be connected using the block

library for operation with numerous 1/0 boards.

The following types of blocks are included:

> Digital input blocks: connect digital input signal to simulink block
diagram to provide logical inputs.

> Digital output blocks: connect logical signals from Simulink block
diagram to control external hardware.

> Analog input blocks: enable to use A/D converters that digitalize
analog signals for us as inputs to simulinks block diagrams.

> Analog output blocks: enable simulinks block diagram to use D/A
converters to output analog signals from simulink model using 1/0 board(s).
> Counter Input Blocks: enable to count pulses or measure frequency
using hardware counters on 1/0 board(s).

> Encoder Input blocks. Enable to include feedback from optical

encoders.
3.7.2 Installation and Configuration

The Real-Time Window Target is a self- targeting system where the
host and the targeting computer are the same computer. It can be installed on

a PC-compatible computer running Window NT 4.0, Windows 2000, or
Windows XP.
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3.7.2.1 C Compiler

The Real-Time Windows Target requires one of the following C
compilers which are not included in with the Real-Time Windows Target:
> Microsoft Visual C/C++ compiler- Version 5.0, 6.0, 7.0.
> Watcom C/C++ compiler- version 10.6, and 11.0. During installation
of watcom C/C++ compiler, a DOS target is specified in addition to windows

target to have the necessary libraries available for linking.

After installation, the MEX utility is run to select compiler as the default

compiler for building real-time applications.

Real-Time Workshop uses the default C compiler to generate
executable code, and the MEX utility uses this compiler to create MEX-files.
This procedure is executed in order to select either a Microsoft Visual C/C++
compiler before build an application. Note, the LCC compiler is not
supported:

1. mex- setup is typed in the MATLAB window

MATLAB will display the following message:

Please choose your compiler for building external interface

(MEX) files. Would you like mex to locate installed compilers? ([y]/n):
Then a letter “y” is typed

MATLAB will display the following message:
Select compiler:
[1]: WATCOM compiler in c:\watcom
[2]: Microsoft compiler in c:\visual
[0]: None
Compiler:
Next, a number is typed. For example, number 2 is typed to select the

Microsoft compiler.
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MATLAB will display the following message:
Please verify your choices:
Compiler: Microsoft 5.0
Location: c:\visual
Avre these correct? ([y]/n)
Finally, a letter “y” is typed
MATLAB will reset the default compiler and display the message:
The default options file:
“c:\WINNT\Profiles\username\Application

Data\MathWorks\MATLAB\mexopts.bat” is being updated.

3.7.2.2 Installing the kernel

During installation, all software for the Real-Time Window target is
copied onto hard drive. The kernel is not automatically installed. Installing
the kernel sets up the kernel to start running in the background each time
when computer is started. The kernel can be installed just after the Real-Time
Windows Target has been installed. The installation of the kernel is necessary
before a Real-Time Windows Target can be executed:

1. rtwintgt-install is typed in the MATLAB window.
MATLAB will display the following message
You are going to install the Real-Time Windows

Target kernel.

Do you want to proceed? [y]:
2. The kernel installation is continued by typing a letter “y”.
MATLAB will install the kernel and display the following message

The Real-Time Windows Target kernel has Dbeen
successfully installed.

The computer has to be restart if a “restart” message being displayed.

3. The kernel should be checked whether it was correctly installed. Then,

rtwho is typed.
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MATLAB would display a message similar to

Real-Time Windows Target version 2.5.0 (c) The
Mathworks, inc.1994-2003

MATLAB performance = 100.0%

Kernel timeslice period = 1lms

After the kernel being installed, it remains idle, which allows
windows to control the execution of any standard Windows application.
Standard Windows applications include internet browsers, word processors,
MATLAB, and so on. It only during real-time execution of model that the
kernel intervenes to ensure that the model is given priority to use the CPU to
execute each model updating at the prescribed sample intervals. Once the
model update at a particular sample interval completed, the kernel releases

the CPU to run any other Windows application might need servicing.

3.7.2.3 Testing the installation

The installation can be tested by running the model rtvdp.mdl. This
model does not have any I/O blocks, so that this model can be run regardless
of the 1/0 boards in computer. Running this model would test the installation
by executing Real-Time Workshop, the Real —Time Window Target, and the
Real-Time Windows Target kernel. After the Real-Time Windows Target
kernel being installed, the entire installation can be tested by building and
running a Real-Time application. The Real-Time Window Target includes the
model rtvdp.mdl, which already has the correct Real-Time Workshop options

selected for users:
1. rtvdp is typed in the MATLAB window

The simulink model rtvdp.mdl window will be opened as shown in Figure
3.13.
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Figure 3.13: Simulink Model rtvdp.mdl

2. From the Tools menu, it should be pointed to Real-Time Workshop
and then clicked Build Model. The MATLAB window display the following

messages:

# # # starting Real-Time Workshop build for model: rtvdp

# # # Invoking Target Language Compiler on rtvdp.rtw
# # # Compiling rtvdp.c

# # # Create Real-Time Windows Target module rtvdp.rwd.
# # # Successful completion of Real-Time Workshop build

procedure for model:rtvdp

3. From the Simulation menu, External should be clicked and followed
by clicking Connect to target.
The MATLAB window displayed the following message:

Model rtvdp loaded
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4. Start Real-Time Code is clicked from Simulation menu.
The scope window will display the output signals. After the Real-
Time application has been run, Scope Window should indicate such a

figure as shown in figure 3.23.

Figure 3.14: Output Signals of rtvdp.mdl

5. From the Simulation menu, after the Stop Real time Code is clicked,
the real-time application will stop running and then the Scope window will

stop displaying the output signals.

3.7.3 Procedures of Creating Real Time Applications

3.7.3.1 Creating a Simulink Model

This procedure explains how to create a simple Simulink model. This
model is used as an example to learn other procedures in the Real-Time
windows Target. A Simulink model has to be created before it can be run as
simulation or create a real-time application:
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1. Simulink is typed in the MATLAB Command Window.

The simulink Library browser window is opened as shown in Figure 3.13.

2. From the toolbar, the Create a new model button is clicked.

[ Simulink Library Browser,
File Edit Wiew Help

(= - 3 |
O c%te 4 new model fEontingaus

= Tgh| simnulink - -
— || commonl —
3] Commonly Used Blocks uz=d b|DCES Commonly Used Blocks
m Continuaus -
2 Discontinuities Contirwaus
#| Discrete e

Figure 3.15: create a new model

An empty Simulink window is opened. With the toolbar and status bar
disabled, the window looks like the following figure (Figure 3.16).

=1 untitled

File Edit Wiew Simulation Formak Tools  Help

O = H &S 10.0 Mormal - 223 =
Ready 100%: ode45

Figure 3.16: Empty simulink model
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3. In the simulink Library Browser window, Simulink is double-clicked,
and then Sources is also double clicked. Next, signal Genarator is clicked and
dragged to the Simulink window.

Sinks is clicked. Scope is clicked and dragged to the Simulink window. Real-
Time window Target is clicked. Analog input is clicked and dragged to the

Simulink window.

4. The Signal Generator output is connected to the scope input by
clicking-and —dragging a line between the blocks. Likewise, the Analog
Input input is connected to the connection between Scope and Signal

Generator.

5. The Signal Generator block is double clicked. The Block Parameters
dialog box opens. From the Wave form list, square is selected.

In the Amplitude text box , 0.25 is entered.

In the frequency text box. 2.5 are entered.

From the Units list, hertz is selected.

The Block Parameters dialog box is shown in the Figure 3.17.

=1 Block Parameters: Signal Generator,

Signal Generator

Cutput wanous wave forms:
¥[t] = Amp™wf aveform(Freq, t)

Farameters

" ave farm: | square

L] L

Time [t): | Use simulation time

Amplitude;
0,25

Freguency:
125

itz | Hertz ﬂ

|nterpret wector parameters az 1-0

1] Cancel Help | Apply |

Figure 3.17: Block Parameters of Signal Generator
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10.

11.
12.

OKis clicked.

The analog input block is double clicked

The Block Parameters dialog box will open

The Install new baoard button is clicked a board name.

For  example, it should be pointed to Advantech and then clicked
PCL1710HG.

one of the following is selected:

For an ISA bus board, a base address is entered. This value must
match the base address switches or jumpers set on the physical board.
For example, to enter a base address of 0x300 in the address box, 300
is typed. The base address also could be selected by selecting check
boxes A9 through A3.

For a PCI bus board, the PCI slot is entered or the Auto-detect check

box is selected.

The Test button is clicked.

The Real-Time window Target tries to connect to the selected board
and the following message would display if successful. It can be seen
in Figure 3.18.

) Board test OK

V The board presence at the selected address was verified.

Figure 3.18: Board Test OK

On the message box, OK is clicked.
The same value as entered in the Fixed step size box from the
Configuration Parameters dialog box is entered in the Sample time

box. For example, 0.001 is entered.
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13.

14.

15.

16.

A channel vector that select the analog input channels that are using on

this board is entered in the output Channels box. the vector can be
any valid MATLAB vector form. For example, to select analog output
channel on PCI1710HG board.

The input range for all the analog input channels that have been
entered in the input channels box is chosen from the Output range
list. For example, with the PCI1710HG, 0 to 5 V is chosen.

From the block input signal list, the following options is chosen:

Volt - expects a value equal to the analog output voltage.

Normalized unipolar — expects a value between 0 to +1 that is
converted to the full range of the output voltage regardless of the
output range. For example, an analog output range of 0 to +5 volts and

-5 volt would both be converted from values between 0 to +1.

Normalized bipolar - expects a value between -1 and +1 that is
converted to the full range of the output voltage regardless of the

output voltage range.

Raw — Expects a value of 0 to 2n-1. For example, a bit A/D converter
would expect a value between 0 to 212-1(0 to 4095).

The advantage of this method is expected value is always an integer

with no round errors.

The initial value is entered for each analog output channel that has
been entered in the Output channels box. For example, if 1 is entered
in the Output Channels Box, and an initial value of O volts is needed,

0 in entered.
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17.

The final value is entered for each analog channel that has been

entered in the Output channels box. For example, if 1 is entered in the

Output Channels box, and a final value is needed, 0 is entered. The dialog

box would look similar to the figure 3.19 if Volts is chosen.

18.

19.

20.

J Block Parameters: Analog Input

- RTwin Analog Input (mask) Clink)

Real-Time Windows Target analog input unit .

I Data acquisition board

[ Inztall newy board ] [ Delete current board ]
|Advanteu:h PCI-1 71 0HG [auta] j | Board setup |
|- Parameters
Sample time:
0.001 |

Input channels:

|1

Inpt range: |I:| to 105

L bl [ |

Block output =signal: |V|:|rts

[ ik ][ Cancel ][ Help ][ Apply ]

Figure 3.19: Block Parameters of Analog Output

One of the following is executed:

Apply is clicked to apply the changes to the model and the dialog box
is left open

OK is clicked to apply the changes to the model and the Block

Parameters: Analog Output dialog box will close.

Parameters dialog box is closed, and the parameter values are saved

with the Simulink model.

In the Simulink window, the Scope block is double clicked.

A Scope window will open
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21.

22.

23.

The Parameters button is clicked.

A Scope parameters dialog box will open

The General tab is clicked. The number of graphs that is needed in
one Scope window is entered in the Number of axes box. For
example, 1 is entered for a single graph. Do not select the floating
scope check box. In the Time range box, the upper value for the time
range is entered. For example, 1 second is entered. From the Tick
labels list, bottom axis only is chosen.

From the Sampling list, decimation is chosen and 1 is entered in the
text box.

The Scope parameters dialog box would look like such a figure 3.20

as shown.

) 'Scope’ parameters

General || Data history | T try right clicking on axes

Axes

Mumber of axes: [ [ ] floating scope

Tirme range: |auto
Tick labels:  |bottom axis only j

Sarmpling
Decirnation j 1

(o | [cance | [voe | [y |

Figure 3.20: Scope parameters Dialog Box

One of the following done:

Apply is clicked to apply the changes to the model and the dialog box
is left open.

OK is clicked to apply the changes to the model and the Scope

parameters: dialog box is close.
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24,

25.

26.

217.

In the Scope window, it should be pointed to the y-axis as shown in
the Figure 3.21, and then right-clicked.

Axes Properties is clicked from the pop-up menu.

The Scope Properties: axis 1 dialog box is opened. In the Y-min and
Y-max text boxes, the range for the y-axis is entered in the Scope
window. For example, -2 and 2 are entered as shown in the Figure
3.21.

J 'Scope’ properties: axis 1 g|§|@

Title ("¥=Signallabel=' replaced by signal name):

|%~:SignalLabel:~ |

[ Ok ][ Cancel ][ Apply ]

Figure 3.21: Scope Properties: axis 1

One of the following is done:

Apply is clicked to apply the changes to the model and the dialog box
is left open.

OK is clicked to apply the changes to the model and the Axes

Parameters: dialog box is closed.

The completed Simulink block diagram is shown in figure 3.22.

35



5] untitled *

File Edit “iew Smulation Format Tools  Help
LeE& L J |1D.EI |N|:urrnal j
Analog ]
Input I simout
Analog Input To fotkspace
Fdvantech
PCI-ATI0HG [auta]
SN
Scope
Ready 100% oded5

Figure 3.22: Completed Simulink Block Diagram

Save As is clicked from the File menu. The Save As dialog box is opened. In
the file name text box, a filename for the Simulink model is entered and Save
is clicked. For example, rtwin_model is typed

Simulink saved the model in the file , rtwin_model.mdl.

3.7.3.2 Entering Configuration Parameters for Simulink

The configuration parameters give information to Simulink for
running a simulation. After created a Simulink model, the configuration

parameters could be entered for Simulink.

1. In the Simulink window, Configuration Parameters is clicked from
the Simulation menu. In the Configuration Parameters dialog box,
the Solver tab is clicked.

The Solver pane will open.
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2. In the Start Time box, 0.0 is entered. In the Stop time box, the amount
of time that model needs to run is entered. For example, 99999

seconds is entered.

3. From the Type list, Fixed-step is chosen. Real-Time Workshop does

not support variable step solvers.

4. From the Solver list, a solver is chosen. For example, the general

purpose solver ode5 (Dormand-Prince) is chosen.

5. In the Fixed step size box, a sample time is entered. For example,

0.001 seconds is entered for a sample rate of 1000 samples/second.

6. From the Tasking Mode list, singleTasking is chosen. Multitasking is
chosen for models with blocks that have different sample times.

The Solver pane would look similar to the Figure 3.23.

cl Configuration Parameters: untitled/Configuration

Select: Simulation time
Sallvy Start time: [0.0 Stop time: [39399
Drata Import/E sport
Dptlmlzat_lon Salver options
=I- Diagnostics
Sample Time Type: | Fixed-step * | Salver | odeh [Dormand-Prince)
Data Yalidty . Periodic sample time constraint: Unconstrained w
Type Conversion . . i
Conmectivity Fixed-step size [fundamental zample time]; |0.001
Cornpatibility Tasking mode for periodic zample times: | SingleT azking v
Model Referencing [] Higher pricrity value indicates higher task priority

Hardware Implementation
Model Referencing
=I- Real-Time Workshop
Comments
Symbolz
Custom Code
Debug
Interface

[] Automatically handle data transfers between tasks

[ QK l ’ Cancel ] ’ Help ] ’ Apply

Figure 3.23: Configuration Parameter-Solver
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7. One of the following is done:

> Apply is clicked to apply the changes to the model and the dialog box

is left open.

> OK is clicked to apply the changes to the model and the Configuration

Parameters dialog box is closed.

3.7.3.3 Entering Simulation Parameters for Real-Time Workshop

The simulation parameters are used by Real-Time Workshop for generating C

code and building a real-time application.

1. In the Simulink window, Configuration Parameters is clicked from

the Simulation menu as shown in Figure 3.24.

2. The Hardware Implementation node is clicked.

3. From the Device type list, 32-bit Real-Time Windows Target is

chosen.

c Configuration Parameters: rtwin_model/Configuration

Select:
Solver
[Data Import/Export
Optirization
= Diagnostics
Sample Time
Data Validity
Type Conversion
Connectivity
Compatibility
Model Referencing
Hardware Implementation
Model Referencing
= Real-Time ‘Waorkshop
Comments
Symbols
Custom Code
Diebug

Fieal-Time Wwindaws...

Embedded hardware [zimulation and code generation)

Device type: | 32-bit Real-Time Windows T arget v
Number of bits: char. g shart: 16 int: 32

lana: 32 hative word size: 32
Byte ordering: Little Endian
Signed integer division rounds ta;| Zero

Shift right on & signed integer a5 arithmetic shift
Ernulation hardware [code generation orly]
[ 0K l l Canicel ] l Help ] l Apply ]

Figure 3.24: Configuration Parameters — Hardware Implementation
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4. The Real-Time Workshop node is clicked.
The Real-Time Workshop pane will open.

5. In the Target selection section, the Browse button is clicked at the
RTW system target file list. The System Target File Browser will

open as shown in Figure 3.25.

6. The system target file is selected for the Real-Time Window Target
and OK is clicked.

r=im.tlc Hapid Simulation large
rtwin.tlc Feal-Time Windows Tar
rtw=fcn. tlc S—function Target

Figure 3.25: System Target File Browser

The system target file rtwin.tlc, the template makefile rtwin.tmf, and the
make command make_rtw are automatically entered into the Real-Time

Workshop pane.

Although not visible in the Real-Time Workshop pane, the external
target interface MEX file rtwinext is also configured after OK is clicked. This
allows external mode to pass new parameters to the real-time application and
to return signal data from the real-time application. The data is displayed in
Scope blocks or saved with signal logging.

The Real-Time Workshop pane would look similar to the Figure 3.26
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Figure 3.26: Configuration Parameters — Real-Time Workshop

7. After one of the following is done:

> Apply is clicked to apply the changes to the model and the dialog box
is left open.

> OK is clicked to apply the changes to the model and the

Configuration Parameters dialog box is closed.

3.7.3.4 Creating a Real-Time Application

Real-Time Workshop generates C code from the Simulink model, and
then the Microsoft Visual Basic C++ compiler and links that C code into a
real-time application. After parameters are entered into the Configuration
Parameters dialog box for Real-Time Workshop, a real-time application
could be built.
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1. In the Simulink window, and from the Tools menu, it should be
pointed to Real-Time Workshop, and then clicked Build Model. The
build process does the following:

> Real-Time Workshop creates the C code files

rtwin_model.c and rtwin_model.h

> The make utility make_rtw.exe creates the makefile rtwin_model.mk
from the template makefile rtwin.tmf.

> The make utility make_rtw.exe builds the real-time application
rtwin_model.rwd using the makefile rtwin_model.mk created above.
The file rtwin_model.rwd is binary files that refer to as the real-time
application. The real-time application could be run with the Real-

Time Windows Target kernel.

2. The Simulink model is connected to the real-time application
After the real-time application is created, MATLAB could be closed
and started again later, and then executable is connected and run

without having to rebuild.

3.7.3.5 Running a Real-Time Application

The real-time application is run to observe the behavior of the model
in real time with the generated code.
The process of connecting consists of
> Establishing a connection between your Simulink model and the
kernel to allow exchange of commands, parameters, and logged data.

> Running the application in real time.

After the real-time application is built, the model could be run in real time.

1. From the Simulation menu, External is clicked, and then Connect

To Target is connected from the Simulation menu. Also, it could be
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=
connected to the target from the toolbar by clicking ¥ . It can be seen in
figure 3.27.
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Figure 3.27: Connect to Target from the Simulation menu

MATLAB will display the message
Model rtwin model loaded

2. In the Simulation window, and from the Simulation menu, Start Real-

Time Code is clicked. The execution also could be started from the

toolbar by clicking > | It can be seen in Figure 3.28.
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EBX

File Edt View BEpUEGGN Format  Tools  Help
0O E é Start Real-Time Code ChHT %.— |1EI.EI |E:-:tema| -
Connect To Target
Configuration Parameters, .. ChrHE
Marmal
Accelerator
v External
Analeg .
Input Pe{ zimout
Analog Input To Wothspace
Advantech
PCITIOHG [auto]
N
Scope
Start the real-time code 100% 0deds

Figure 3.28: Start Real-Time Code from Simulation menu

Simulink runs the execution and plots the signal data in the Scope window.

In the model, the Scope window displays 1000 samples in 1 second, increases
the time offset, and then displays the samples for the next 1 second.

Note:

Transfer of data is less critical than calculating the signal outputs at the
selected sample interval. Therefore, data transfer runs at lower priority in the
remaining CPU time after real-time application computations are perform
while waiting for another interrupt to trigger the next real-time application
update. The result may be a loss of data points displayed in the Scope

window.
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3. One of the following is done:
> The executable is let to be run until it reaches the stop time.
> Stop Real-time Code is clicked from the Simulation menu.

The real-time application is stopped.

4. In the Simulation window, Disconnect From Target is clicked from

the Simulation menu.

5. From the Simulation menu, external is clicked
MATLAB will display the message

Model rtwin model unloaded



CHAPTER 4

TEMPERATURE MEASUREMENT SOFTWARE

4.1 Overview

The software that use is MATLAB GUI (Graphical User Interface).
MATLAB® is a software environment for data acquisition, data analysis, and
application development. MATLAB supports the data acquisition and
analysis process along with interfacing with data acquisition devices and
instruments, analyzing and visualizing the data. It also produces presentation-

quality reports to share results with others.

The system that can interface with the component hardware is created.
The program can do the evaluation of the uncertainty of temperature
measurement. Uncertainty of measurement is the doubt that exists about the
result of any measurement. By quantifying the possible spread of
measurements, we can say how confident we are about the result. The
uncertainty derives from measuring device and from the skill of the person

doing measuring.

The system also will able to plot the five point temperature
calibrations. Calibration is the process of determining the relation between
the output of measuring instrument and the value of the input quantity or

attribute, a measurement standard.
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Beside that, the system also uses to compare and measure temperature
value and actual value and automatically calculate the output error and

graphing for output error curve.

4.2 Five Point Calibration Of Temperature Transmitter

For five point calibration, the program is used to calculate the average
value of actual UUT output. To get the average, the experiment run for 3
times but the 1% and 2" run are already set and 3™ run get the data online
from the PC. When all the reading is already set in the data, the program will
calculate average and plot the five point temperature calibrations versus MSU
applied value. By using the average value, output error percentage is
calculated automatically. Then by clicking the output error button in
MATLAB GUI, the output error curve against MSU applied value is plotted.

Below are formula to calculate the average value and output error percentage;

i) Average value = Tem 1% run + Tem 2" run + Tem 3™ run (4.1)
3
ii) Output error = desired UUT output - actual UUT output x 100% 4.2)
Desired UUT output

4.3  Uncertainty Evaluation

The uncertainty of a measurement is stated by giving a range of
values which are likely to enclose the true value. The uncertainty of a
measurement is found by repeating the measurement enough times to get a
good estimate of the standard deviation of the values. Then, any single value
has an uncertainty equal to the standard deviation. However, if the values are
averaged, then the mean measurement value has a much smaller uncertainty,
equal to the standard error of the mean, which is the standard deviation

divided by the square root of the number of measurements.
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Standard deviation can be calculated by using the formula;

Std deviation = sqrt(sum((value - mean) 2) / N) or

o = XL (xi - %) (4.3)

Mean = sum (value) / N or x = %Z?’_lxi

Uncertainty Due to Repeatability of The Experiment

For determining the uncertainty contribution due to repeatability

experiment, the worst case standard deviation is chosen. The

uncertainty is equal with the experimental standard deviation of mean

s (x). This s (x) is the estimation of the spread of the distribution of

the means. For a sample size n=3 the formula for the standard

deviation of the mean is given by;

S(2)=s(x)+ Vn (4.4)
=5(X)+3

Thus, uncertainty, Ul equal to S (x) with a degree of freedom y1 = 3-1=2.

Uncertainty Contribution Due to MSU Error

The MSU used in this calibration is the Model: MT220, digital
manometer standard. For the 700 kPa range, the accuracy
specification for this instrument provided by the manufacturer is the
following:

+(0.01% + 0.005% range)

For a maximum reading of 200 kPa and range of 700kPa. Hence the error in
MSU =_+((0.0001 x 200) + (0.00005 x 700) V. Therefore the maximum error,
a=0.035 kPa.

The uncertainty contribution due to MSU error, U2 is given by;

U2 = a/v3=0.035/v3 = 0.020207 kPa with a degree of freedom y2 = =G
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4.4

i)

Considering the worst case scenario the maximum resolution is 0.06
kPa. The uncertainty U3 is calculated as;
U3= 0.06v3 =0.034641 kPa with y3=2C

Combined Standard Uncertainty, Uc
The combination standard uncertainty, Uc is determined from the

individual uncertainties U1, U2, U3, by the following formula;

Uc =+U1* + U22 + U3? (4.5)

The effective degrees of freedom, Ve is given by;

. (UCZ)Z
Ve = U2

Vi

(4.6)

The total uncertainty, U at any confidence level is determined using
student’s t distribution. The coverage factor K is determined from the
student table.

The confidence limits are obtain by formula,

U=UcxK (4.7)

Procedures to Run MATLAB GUI for Plotting Graph

The first step to open the MATLAB GUI is to type ‘guide’ in the

MATLAB command window as shown in figure 4.1

_ioix]

File Edit Debug Deskbop window Help u

> guide

R i

Figure 4.1: Command window (guide)
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i) Choose to open the sample GUI by clicking on “Open Existing GUI”.

Click on “Browse” to locate where you saved the GUI files.(Figure
4.2)

R IeTS
Create Mew GLI Cpen Existing GLI |

Recenty opened files:

J} ChADocuments and Settingsi00AZ7 1510 eskiopwintitled fig

J} CADocuments and Settings\00AZ27 150 eskiopimatiablisavePlot_tutarial fig

i\. GARF FROMNT EMD GUNRF_FRONT_EMD_GULfig

i\ CAProgram Files\WMATLABWR 2007 athelpitechdocicreating_guistexamplesilhox2 fig

Browse.. |

Open | Cancel | Help |

Figure 4.2: Guide Quick Start

iii) To execute the GUI, open the file for five point Calibration of
Temperature Transmitter. The figure below will appear. (Figure 4.3)
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s platpraph. fig

Fie Edt Vew Layout Took Help
oo Bl EEe -

COMPUTER-BASED METREUMENTATION SYSTEM FOR TEMPLRATURE MEASUREMINT US38G THERMOCOUPLE ‘

pesel |ovcsecu| o |

18t nn Zred run Finn  Sate COMVERT{mMA)

o em [ w] [ =
s oamum wf [
e [ ) [
s e [

average and ouput ermor Calculation ol en

AVERAGE (ma) | QUTRUT ERFOR %) |

B PLOT 2

q angs

<cAINCERTAINTY EVALIATION>> |

Figure 4.3: GUI for Plot Graph

iv) Then click the green button L at the top of GUI design to run the
program. (Figure 4.4)
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i -/ plotgraph

DEeHE K RAO® € 0B 80

N l COMPUTER-BASED INSTRUMENTATION SYSTEM FOR TEMPERATURE MEASUREMENT USIHG THERMOCOUPLE l
[ reser Jcroseeu]( eume |

— Actual UUT Output

I

Itn Zndnn Sdnn st [COMVERT(mA)| | | P
toeeem [l [ ]|
2 7.998 SAVE PLOT 1

7980 ‘ ‘ | ‘ . -
31200 11339 04
4 1598 15988 | ‘ | ‘ =
0 .
0 02 0.4 06 08 1
5 19995 19676
i average ahd output error calculation [ : plk axes 2
| AVERAGE (1A) ] IOUTPUT ERROR (%) ]
:
1
06
2
0.4
3
02
4
0 ‘
El 0 0z 0.4 06 0s 1

[ <<UNCERTAINTY EVALUATION=> ]

Figure 4.4 Plot Graph GUI

V) There is Guide for a new user about the procedures or step that needs

to know to use the system. Click the button to read the

procedures before starting. The dialog box would look similar to the
figure 4.5.
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Vi)

J procedure

GUIDE OR PROCEDURES TO FOR USER

2. Click "AVERAGE" button to get the value for average value that
calculate automatically by the program.

3. Then, click "Plot Axes 1'to get the graph of five point calibration
of temperature transmitter.

4. To SAVE the plot, click "SAVE PLOT 1°, then change file name
and save as type: bitmap[*.bmp] then locate the folder to save it.

5. Click "Output Error” button.

6. To SAVE the plot, click "SAVE PLOT 2, then change file nanme
and save as type: bitmap[*.bmp] then locate the folder to save it.

7. To reset the program, click "RESET" button. All data will be reset.

8. click "Uncertainty Evaluation' button if user want to proceed with
uncertainty Evaluation.

9. Iif user don't want to proceed, click "CLOSE GUI' then click "YES".

1. Click "simulate® button to capture data fromn MATLAB workspace.

Figure 4.5: Procedures to Use Program

After run the GUI, click RYM putton to get the data from SIMULINK.

The value of actual UUT output that taken from experiment will

display at the edit text.(Figure 4.6)
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) plotgraph

Ded8 k RANE ¢ DH O

At T OM (LICK HERE TO SIMULATETHE — _ B

[ COMPUTER-BASED INSTRUMEHTATION SYSTEM FOR TEMPERATURE MEASUREMENT USING THERMOCOUPLE l

[ reser Jerosecu [ oo |

=
mnmiﬂwﬂ]mmb | [
= @,
o= wn [ [

average and output eror calculstion
3 C q piat 585 2

)
SAVEPLOT 2

06

I AVERAGE (md)

I OUTRUT ERROR (%) l

0.4

02

D 1 1 1 Il 1
0 0.2 0.4 06 0.8 1

[ <<UNCERTAINTY EVALUATION:> ]

vii)

viii)

Figure 4.6: Simulate Button

The reading that simulate from DAQ is in voltage, so click the
[convertanay 1y tton to change the reading to current.

After finished simulate the actual value, click the *¥&=*=Etm2 hytton
to get the value for the average value that calculated automatically by
the program. Follow by clicking the =-TF-TEFR=F23 [htton to get the
value for the output error that calculated automatically by the program
(Figure 4.7)
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average and output errar calculation

AYVERAGE (ma) k )UTF‘UT ERROR (%)

CLICK HERE

sy

Figure 4.7: Average Button

plot axes

iX) Next, click " lbutton to get the graph of five point calibration

of temperature transmitter vs. MSU applied Value.(Figure 4.8)

Tr -Iot anes
08¢ p
6l SAVE PLOT 1
CLICK PLOT AXES |
04} (GRAPH WILL APPEAR
ol AT THE S
DD D.I2 D.If-l D.IE D.IB 1I

Figure 4.8: Plot axes 1 Button

SAVE PLOT 1

X) After the graph appear, click button to save the graph. The
dialog box will look similar to the figure 4.9. Change the file name

and save as bitmap (*.bmp) then save at any folder by click “save”.
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Save picture as

Save in: | [T =oftware pam latest LATEST -~ | = B

re= pic

File narne: |graph fivve pont calibration. brap
Sawve as twper | = =0 == Cancel

Figure 4.9: Save Picture as

plot axes 2

Xxi) Next, click the button to get the graph of output error curve

against MSU  applied value. (figure 4.10)

Tr i plot aces 2

08

04} CLICK HERE TO
Ll GET QUTRUT
ERROR GRAPH
0

0 0.2 0.4 0.6 0.8 1 ‘ ‘

Figure 4.10 Plot axes 2 Button

xii)  Then save the graph by clicking3#EFLOTZ The step to save is similar

with step (viii).

xiii)  If the users want to repeat back the experiment, click the

RESET  |putton. This will reset or clear all the data and graph.

xiv)  If the user wants to leave the system, click “L==E GUl | the dialog box
as figure 4.11 will appear. Click ‘YES’ to close. But if the user wants

to continue  with  the uncertainty evaluation, click

[ <<UHCERTAINTY EVALUATION:>

]at the bottom of the GUI.
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Close Request Function E

Do you want to close the GUIT

| ves | [ o |

Figure 4.11: Close Request Function
45  Procedures to Run MATLAB GUI for Uncertainty

)} To run the GUI for uncertainty evaluation clicked

the ““UHCERTAINTY EVALUATION=>1 1tton - at the buttom of the figure 4.12

to open the separate gui file. This allowed the user sharing data

between to separate GUI.

 plotgraph |ZHE|E|
DxEES aRaNs (€ 0B 8O0

l COMPUTER-BASED INSTRUMENTATION 5YSTEM FOR TEMPERATURE MEASUREMENT USING THERMOCOQUPLE

— Actual UUT Cutput

[ reser Jclosecu [ eume |

Tstrun 2nd run Fdrun  simuste [COMVERTmaY]| | [ B
toam am [ ] *
08
o m @ L |,
3 12.00 11.909 | | | | 04
02
4 15898 15,099 | | ‘ |
0 ‘
i 02 04 0B 08 1
5 10005 19875 | | ‘ |
average and output error calculation q e
AVERAGE (ma) ] I OUTPUT ERROR (%) l
;
1
06
2
. 04
. 02 CLICK HERE TO OPEN THE aUI FOR
/ UNCERTAINTY EVALUATION
5 " 02 2 06 0s 1

<<UHCERTAINTY EVALUATIOH:> ]

Figure 4.12 Uncertainty Evaluation Button
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i) Figure as below appeared (refer Figure 4.13).

) untitled1

UNCERTAINTY EVALUATION e

—MSU reading PLEASE CLICK BUTTOM X FOR THE LOWEST STANDARD DEYIATION

o 1=t run 2nd run 3rd run Dispay Here
) (] [ I x
1 §

: ul =
2 [rss] [7sr] [ (x|
s (ow] [nss] [ |
o [mes| s (X
s [12m05 | [12ame | | | _

c
(3]
1l

1

-

Confident Interval, K
t distribution takle Plesse Refer to the T-Distribution Takle to get the Value of K by Clicking any BUTTOM to Choose K.

fraction pin percent () ] ‘ Value of K that Chosen display here K _ - e
v =

68.27 | 9000 [ 9500 | 95.45 | ss00 | o973 |

[ so | 101 | 188 | 201 | 205 | 288 [ 316 |

ESEIEAEE AR

Tatal Uncertainty at ary confident Level;

INFO U =

100

EENEA I EEI DR

Figure 4.13: Uncertainty Evaluation GUI

i)  Click to capture data from the Plot Graph GUI. Data for
MSU reading will automatically transfer to this GUI. This is use
application of sharing data between two separate GUIs. After finished
capturing data, click the AYERAGE | Then click ~STANDARD DEVIATION

(Figure 4.14).

FLEASE INSERT THE LOAWYEST o2

[ avERacE | [ sTanDarD DEVIATIGRL ]

™

B < axx

-- HERE 1 =
e T
- )
e [ < ]

b —

[

Figure 4.14: Average and Standard Deviation Button
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iv) Then choose the lowest case standard deviation by clicking the E
button. (Figure 4.15)

PLEASE CLICK BUTTOMN X FOR THE LOWEST STAMDARD DEYIATION

Dizpay Here
[ STAMNDARD DEWIATION

FOR DETAIL
-

(HOOSE THELOWEST [

STANDARD DEVIATION BY
CLICKING BUTTON X FOR
THE LARGEST std.

e =

-] = I

Figure 4.15: Lowest Standard Deviation

V) Then user can see the value that have select will appear at the empty
white button as in figure below. (Figure 4.16)

PLEASE CLICK BUTTOM X FOR THE LOWEST STAMDARD DEYIATION

Dispay Here 0,01 35909
IDARD DEVIATION ]

=
5Taiil‘1IDai|II?l[')I DEYIATION _

THAT CHOOSEN WILL _
APPEAR HERE

N — I

X

Figure 4.16: Lowest standard Deviation
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Vi)

Now, click the [M button to get the value of Uncertainty
Due to Repeatability of The Experiment (ul), U2 (Uncertainty
Contribution Due to MSU Error), U3 (Uncertainty Due to UUT
Resolution / MSU resolution), Uc (Combined Standard Uncertainty)
and Ve (The effective degrees of freedom). (Figure 4.17)

PLEASE CLICK BUTTOM X FOR THE LOWEST STAMDARD DEVIATION

[ STANDARD DEVIATICN ]

Dizpay Here 0.01:35909

_ X CALCULATE FOR DETAIL

I | X

I GwER Wil

vii)

ul

(LCKHERETD w2
GET ul uZ u3.uc
AND Ye. THE u3

APPEAR uc
SIMULTANEQUS

Ve

Figure 4.17: Calculate Button

The total uncertainty at any confidence level is determined using t-
Distribution table. Thus to choose the value of K, user must choose
the value that lower than Ve value (k< Ve). For Ve than greater than
100, choose K for v=100.User can choose by click any K value that
suitable at t-Distribution table. Then it will appear as below. (Figure

4.18)

59



1 distriaution table

’ fraction pin percent (K)
Y

662r | 9000 | 500 | 955 |

EIEEEIE _dm VALUF OF

EEIEaE

100

1o | a5 | 1900 | 2o | 297 | o |

| S—

refer to the t-distributin table and choose k

4 (ALATHSTRITIN
m T BTIONTOCHOg

[OTAL UNCERTANT,

VALLE OF K ThaT
— (HOSEN APPEARHERE!

U

Figure 4.18: T-Distribution Button

viii)  Lastly, click U button to get total uncertainty. (Figure 4.19)

Total Uncertainty at any confident Level;

INFO U {

click here to get tofal
uncertainty

Figure 4.19: Total uncertainty
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iX) After complete all of the calculation, user can save the result in
EXCEL .click button and MATLAB GUI will link to excel.
Excel booklet will appear as in Figure 4.20. This will allow user to
key in all the data.

w'/.n\\, d N Microsoft Excel - 7 X

E ] =
—/ Home Insert Page Layout Formulas Data Review View (7]

”@..‘ = General v ij}l ﬁ gdl S ;“ W lﬁ

jéﬁ Arial o AR E=
- o Sort & Find &
jrad = | s - ﬂk 0] ”(' = onditional orma (4 Lo 0 . FIn *
7 = 90 >8]l Formatting - as Table = Styles - | (&1 Format || (2~ Fitter~ Select~

Clipboard 1 Font ] Alignment & Number 7 Styles Cells Editing

| 810 - 5|
TR KLSREADTESt [Compatibiity Moge] - = 3
A B c D E F G H \ J K L M N

Desired output (mA)  Actual UUT output (mA)

Mo % MSU Applied value 1st Run  2nd Run 3rd Run  AVERAGE  Output Error

0 50 4 3.889 3798

25 875 3 7.995 7.997

50 125 12 12 11.998

75 162.5 16 15.989 15.997

100 200 20 19.995 19.876

Paste

2w ||~ o | o[ [Lo|ro =

:-I

1

12

13 FOR UNCERTAINTY EVALUATION
14 Standart Deviation

15
16
17
18
19

[EIFSPRIY N,

il Lowest standard Deviation =

22

23 Experimental standard Deviation (u1) =

24

25 Uncertainty Contribution Due to MSU Eror (u2) =

26

2 Uncertainty Due to UUT Resolution/MSU resolution {u3) =
28

29 Combined Standard Uncertainty (Uc) =

30

Ready EEE =N e

0!

@

Figure 4.20: Excel Link



CHAPTER 5

RESULT AND ANALYSIS

5.1 Result For Five — Point Calibration Of Temperature

Transmitter

Table 5.1 shows the average of actual UUT output and output error
from the manual calculation. As the reading of 1% run and 2™ run is fixed,
that mean the value of average and output error was depend on 3rd run
reading. As the actual UUT outputs reading get closer to the desired UUT

output, the output error decreased.

Table 5.1: Five — Point Calibration of Temperature Transmitter

NO | MSU | Desire | Actual UUT output (mA) Output
% applie |d error
d UuT (%)
Value |output | 1%run [2™run |[3“run | average
(°C) | (mA)
0 50 4 3.889 | 3.798 3.996 3.894 2.6500
25 87.5 8 7.998 | 7.999 7.994 7.997 0.0375
50 P2 125C 12 [12.000 | 11.999 | 11.997 | 11.998 0.0167
75 #1716 | 15.999 | 15999 |15.998 | 15.999 0.0313
162.5 !
100 100°| 20 |19.995 | 19.876 | 19.857 | 19.909 0.4550
u
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5.2  Calculation For Five — Point Calibration Of Temperature

Transmitter

I. The desired output for 4-20 mA range is calculated based on the

50-100°C range using below equation:
X
Desired ouput = 100 (URV — LRV) + LRV

Where; X=ith point
URV= Upper range value

LRV= Lower range value

Thus;

Forx = 0,

Desire output = x/100(URV — LRV) + LRV
= 0/100(20mA —4mA) + 4mA
=4mA

For x = 25;

Desire output = x /100(URV - LRV) + LRV
=25/100(20mA —4mA) + 4mA
=8mA

Forx = 50

Desire output = x /100(URV — LRV) + LRV
= 50/100(20mA — 4mA) + 4mA
=12mA

Forx =75

Desire output = x /100(URV - LRV) + LRV
=75/100(20mA —4mA) + 4mA
=16mA
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Forx = 100

Desire output = x /100(URV - LRV) + LRV
=100/100(20mA — 4mA) + 4mA
=20mA

ii. The average actual UTT output can calculated based on the equation

below;

Average value = tem 1% run + tem 2™ run + temp 3" run
3

Forx = 0;
Average value = 3.889+ 3.798+ 3.996
3
=3.894 mA

For x = 25;
Average value = 7.998+ 7.999+ 7.997
3
=7.997 mA

For x = 50;
Average value = 12.000+ 11.998+ 11.997
3
=11.998 mA

Forx = 75;
Average value = 15.999+ 15.999+ 15.998
3
=15.999 mA
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Forx = 100;
Average value = 19.995+ 19.876+ 19.857
3
=19.909 mA

iil. The output error can calculated based on the equation below:

Output Error = desired UUT output - average UUT output x 100%
Desired UUT output

Thus for 50°C;
Output Error = (4-3.894)/\/4 % 100%
=2.65%

For 87.5°C,;
Output Error = (8 - 7.995) /& %100%
=0.0625%

For 125.0°C;
Output Error = (12 - 11.998)/+/12 %x100%
=0.0167%

For 162.5°C;
Output Error = (16-15.995)/+/16 %100%
=0.0313%

For 200.0°C;
Output Error = (20-19.909)/+/20 x100%
=0.455%
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5.3 Result using Software

5.31 The average actual UTT output can show below. (Figure 5.1)

BVERAGE (ma)
Actual UJT output far 3rd run
] 4996 3.89433
5 7 a4 7097
5 11.2a7 11.99583
4 15,998 15,9987
19.9033
5 19.857

Figure 5.1: Average actual UUT Output

5.3.2 The graph for five point calibration of temperature against MSU applied

value from GUI.

Figure 5.2 shown the graph for five point calibration of temperature
transmitter or average output versus MSU applied Value. Average output is
proportionally with MSU applied value. As the MSU value is constant, when

MSU applied value increase the value of average output also increased.
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Graph For Five Point Calibration OF Temperature Transmitter
20

—_
m

Actual Qutput ()
=]

m

50 100 150 200
ML Applied Yalue (degree Celsius)

Figure 5.2: Graph for Five Point Calibration of Temperature Transmitter

5.3.3 The output error calculated using GUI (Figure 5.3)

[ DUTPUT ERROR (9%) l

1 2 64167
2 00455333

0.01 35559
3

0.0333333
4

0453333

Figure 5.3: Output Error
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5.3.4 The graph for output error curve against MSU applied value from GUI

Figure 5.4 shows the graph for output error versus MSU applied value. The
shape of the graph is curved because the output error is depending on the reading

from the experiment. Less error of the reading means more precision the experiment.

Cutput Error %5 MSU Applied Yalue

Cutput Error (%)
i

_________________________________________________________

q

100 150
WS Applied Yalue (degree Celsius)

Figure 5.4: Graph Output Error Versus MSU applied Value

5.4 Comparison between manual calculation and by using software

Table 5.2 shown the comparison between manual calculation and
calculation using the system that have been developed. The value of actual
and output error from the manual calculation is almost same with the
calculation using system. So that, it proved that the system are done the

correct calculation.

Table 5.2: Comparison between manual and Software
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Manual software
No Actual UUT | Output Error | Actual UUT | Output
output  average( | (%) output Error
mA) average (%)
(mA)
1 3.894 2.65 3.89433 2.64167
2 7.997 0.0375 7.997 0.045833
3 11.998 0.0167 11.9983 0.013889
4 15.999 0.0313 15.9983 0.033333
5 19.909 0.4550 19.9093 0.4550

5.5  Result For Uncertainty Evaluation

Table 5.3 shows the result for uncertainty from the manual
calculation. Using average output, standard deviation is calculated for each
run. The highest value of standard deviation will use to calculate the
uncertainty. Refer to the Table 5.3; the highest value of standard deviation is
1.3890x 1072,

Table 5.3: uncertainty due to repeatability of the experiment

No Desired | Actual UUT output (mA) Standard
UuUT deviation
output

st nd rd
56(mA)C run |27 run |37 run | average
4

1 3 3.889 3.798 3.996 3.894 1.3890e-2
2 8 7.995 7.997 7.994 7.995 3.5355e-6
3 o 12 12.000 | 11.998 | 11.997 | 11.998 3.5355e-6
4 4 16 15989 |15.997 | 15.999 | 15.995 3.9598e-5
5 | 20 19.995 | 19.876 |19.857 | 19.909 6.7663e-3
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5.6 Calculation for Uncertainty Evaluation

I. Calculation for standard deviation Refer to equation (4.3)

For desired UUT =4mA;
S (¥) =v/0.5 x (3.889-3.894)2 + (3.798-3.895)2 + (3.996-3.895)?]
=0.01389 =1.3890e-2

For desired UUT = 8mA;
S (¥) =+/0.5 % [(7.995- 7.997)2 + (7.998-7.995)2 + (7.994-7.995)]
=3.5355e-6

For desired UUT = 12mA;
S (¥) =+/0.5 % [(12.00-11.998)2 + (11.998-11.998)? + (11.997-11.998)7]
=3.5355e-6

For desired UUT = 16mA;
S () =+/0.5 % [(15.989-15.995)2 + (15.997-15.995)2 + (15.999-15.995)]
=3.9598e-5

For desired UUT = 20mA,;

S (%) =+/0.5 % [(19.995-19.909)2 + (19.876-19.909)2 + (19.857-19.909)]
=6.7663e-3

ii. Uncertainty Due to Repeatability of The Experiment

Choose the lowest standard deviation s(x) or the highest value of standard

deviation.

From the table the, choose 1.3890e-2 as lowest case. (Refer to equation (4.4)).
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Where S (#) =s(x.)= vn
=s(x)=43
=0.01389++73
=8.0194x 107®

Thus, uncertainty, Ul equal to S (¥) =8.0194e-3 kPa with a degree of
freedom y1 = 3-1=2.

Uncertainty Contribution Due to MSU Error
U2 = a/y/3 = 0.035/+/3 = 0.020207 kPa with a degree of freedom y2 =

=0

Uncertainty Due to UUT Resolution / MSU resolution.
U3=0.06+/3 =0.034641 kPa with y3= 00

Combined Standard Uncertainty, Uc
When U1=8.0194e-3 kPa, U2= 0.020207 kPa, U3= 0.034641 kPa.
Refer to equation (4.5).

Ue = ,/(8.0194¢ — 3)2 + (0.02027) % + (0.034641)°
=0.040898 kPa

The effective degrees of freedom, Ve is given by;

(we*)*
(U12)*
Vi

Ve =

Ve — (0.040898%)°
€ = {(8.0194e—3)"
2

= 1352.9158 = 1353
The confidence limits are obtain by formula,
U=Uc xK
Referring to the Table of student’s t distribution. #(note: for the Ve
than greater than 100, use v=100)
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Let k = 2.025

Thus; U=Uc x K
= 0.040898 2.025
=0.08281 kPa

5.7  Result using Software for uncertainty evaluation

5.7.1 The average of MSU reading and standard deviation using GUI is
as below. (Figure 5.5)

Figure 5.5 shows the value of standard deviation that calculated using
the system. The value are 0.138909, 3.29983x107% 3.29983x107°,
3.9598x 107%, and 0.00711 which almost same with manual calculation. It

was proved the system is calculated the value correctly.

MEU Reading
e Tst run 2nd run Sdrn | AVERAGE | | STANDARD DEVIATION |
1 ESRECIREEIE _
7.99533
5 | 7ees || 7eer | | 7ss | _
3 1200 | 11898 | | 11997 | 19953 _
4 (smes | (15997 | [ 150 | 15.995 _
5 (19995 | [1se7e | [1gmsr | 19909 ~ ooositss

Figure 5.5: Result for Average and Standard Deviation
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5.7.2 Uncertainty Due to Repeatability of The Experiment (U1l),
Uncertainty Contribution Due to MSU Error (U2), Uncertainty Due to UUT
Resolution / MSU resolution (U3), Combined Standard Uncertainty (Uc) and
The effective degrees of freedom (Ve) (Figure 5.6)

FLEASE INMSERT THE LOWWEST CASE STAMDARD DEWIATION HERE!

001359

ul —

u2 —

u —_—

Lc =

Ve —

I

Figure 5.6 U1, U2, U3, Uc, and Ve value
5.7.3 The Total Uncertainty (U) calculated using GUI (figure 5.7)
The total uncertainty is the reading that represented the doubt that exists
about the result of any measurement. Therefore 0.0828184 is the uncertainty of this

system. So, lower value of uncertainty more precise the reading. Figure 5.7 shows

the total uncertainty using the system.
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refer to the t-distributin table and choose k

2025

TOTAL UMCERTAINTY

U — 0.0528154

Figure 5.7 Total uncertainty

5.8 Costing and Commercialization

This project do not have any cost because it more to the system development
using software. All the instruments and DAQ card is provided at Lab. As this system
is use for the learning process for Industrial Instrumentation subject, so it not suit to
commercialize.



CHAPTER 6

CONCLUSION AND RECOMMENDATION

6.1 Conclusion

The objectives of the project are successfully achieved. After finished
this project, the basic of temperature instrumentation were able to be
understand such as the theory of temperature measurement, thermocouple

connection and skills of handle experimental instruments.

Then, the PCI 1710HG is used to integrate the instrument and
software for user easily interfaces with the system. The basic operation of
DAQ card is also has been studied included DAQ configuration using real
time window target. Beside that SIMULINK model are also studied for
running DAQ and transferring data to MATLAB WORKSPACE. Method for
displayed data to MATLAB GUI from WORKSPACE also has been success
implemented to the system.

The system was able to calculate the average and output error of
actual reading, plot five point calibration and error curve. Besides,
uncertainty evaluation also developed. This system can be implementing in

Industrial Instrumentation class.
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6.2 Recommendation

There are some future research to be considered in improving and
searching for the details of this project. First is by using Excel link. Although,
excel link was success implemented in the system but the user still need to
key in the data manually. Therefore in the future this system can be improved
by implement excel link that can automatically save all the graph and result
of all calculation so that user no need to key in it manually. This excel link

would make user easily do their lab report.
Besides that, to make the user easily simulate the data using DAQ, in

future use one pushbutton and program it to be able to capture data for each

temperature that required automatically.
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APPENDIX A

Choice of Master Standard Units

The units under test (UUT) will be a the Temperature Recorder , Model
UR1000. Master Standard Units for thermocouple will be the Digital
Thermometer Md: 7563 with the 4 wire PT100 into the Isotech Jupiter.
Master Standard Units for RTD calibration will be the Digital Thermometer
Md: 7563 with the 4 wire PT100 into the Isotech Jupiter Model: CA100 or
Decade Resistance Box, Model: 279301. The specified accuracies of
these instruments are as follows.

Table 3. Accuracy Specifications

UUT SPECIFICATIONS
Instrument Range Span Accuracy
TC Wire Type K Type K +22°C
0-1000°C 0-200°C
Type T Type T $22°C
0-200 °C 0-200°C
lateratRIC- | £05°C
Universal TC Type K TCType K | Referto Appendix A2
Recorder -200.0 0 1370.0 °C |-0-400.0°C
UR1000 ksl €
RTPT100 LRTD PT100
-200.0t0 550.0°C | 0-100.0°C
DC Volt DC Volt
0t0 200mV 0.0-200.0m V
RTD probe PT100 PT100 Class B-£0.012%
0-400°C 0-200°C

Class A: £0.15°C
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Table 3. Cont

MSU SPECIFICATIONS
Instrument Range Span Accuracy
Digital TC Type K TC Type K Refer to Appendix
Thermometer | -200t0 1370.0°C | 0-200.0 °C
756301 RTD PT100 RTD PT100
-200t0650.0°C | 0-100.0°C
DC Volt DC Volt
0to 200mV 0.0- 199.9999 mV

Ohms Range Ohms Range

0-200Q 0- 199.9999Q
Decade Box | 0.100 Q- 0.01% +2mQ
279301 1,111.210Q @23£2°C
Dry Bath 30-650°C 30-250°C +002°C
Jupiter 650
Ice Point 0°C 0°C +0.03°C
6.5 digit DC 0-10mV 0-10mv +(0.025% of setting
Source +5uV)
7651 0-100mV 0-100mV +(0.025% of setting

+10 V)

From the data given above the proper MSU can be chosen on the basis of
the Test Uncertainty Ratio (TUR).

Recognized rules-of-thumb are greater than or equal to 4:1 (US Mil-Std
45662A and latterly ANSI/NCSL-Z540) or 3:1 (1ISO10012).



TABLE A3-1 Type K Thermocouple Thermal E.M.F. Table

APPENDIX B

Thermocouple Reference

This is the reference thermal e.m.f. table defined in JIS C1602-1995.

Unit: pv
C 0 -1 -2 -3 -4 -5 -6 -1 -8 -9 °C
~20 | —648 =50
—260 | —6M1 | 644k | —6Mb | —6448 | —640 | 6452 | 6453 | —6455 | 6456 | —6457 | =260
—250 | 6404 | —6408 | —6413 | —6417 | —6421 | —6425 | —6429 | —6432 | 64 | —648 | =0
—240 | 6344 | —6351 | —6358 | —636h | —6570 | —6377 | —6382 | —6388 | —6393 | 630 | =20
—230 | 6262 | —6211 | —6280 | —6289 | —6297 | —6306 | -6314 | —6322 | —639 | —6337 | =230
—220 | —6158 | —6170 | —6181 | —6192 | —6202 | —6213 | —-6223 | —6233 | —6288 | —6252 | —220
—210 | —6035 | ~6048 | —6061 | —6074 | —6087 | —60% | —6111 | —6123 | —6135 | —6147 | —210
—200 | -5891 | —5907 | —5922 | —5936 | ~5951 | —595 | —5980 | —599 | —6007 | —6021 | —200
—190 | —5730 | —5741 | 5763 | —5780 | —5797 | —5813 | —5820 | —5845 | —5861 | —5876 | =19
—100 | —5550 | —5569 | —5588 | —5606 | —5624 | —5642 | 5660 | ~5678 | —5605 | ~5713 | <180
TN | 5354 | <5074 | —5395 | —5415 | 5435 | —5454 | —5478 | —5493 | 5512 | <5531 [ <170
—160 | —5141 | —5163 | —5185 | ~5207 | —5228 | —5250 | 5271 | 5202 | ~5313 | —5333 | =160
150 | ~4913 | —4.93 | —49%0 | —4983 | -5006 | -5029 | —5052 | —5074 | -5007 | —519 | —150
180 | —4660 | —4694 | —4710 | —4744 | —4768 | —4793 | —48I7 | 4841 | —4865 | —4880 | —140
180 | 4411 | —4437 | —4463 | —44%0 | —4516 | —4542 | —4567 | —4503 | —4618 | 464 | —130
120 | -4138 | —4166 | —4196 | —4221 | <4249 | —4216 | —4303 | —-4330 | —4357 | 438 | =120
110 | -3852 | —3882 | —3911 | —3939 | —3968 | —3997 | —4025 | 4054 | —4082 | —4110 | =110
100 | 3554 | —358 | —3614 | —3645 | —3675 | —3705 | —-3734 | —3764 | —3704 | —363 | =100
00 | —3243 | —3274 | —3306 | -3337 | —3368 | —3400 | —3431 | —3462 | —3492 | —3583 | =%
80 | -2920 | —2953 | -298 | 3018 | —3050 | —3083 | <3115 | —3147 | ~3119 | —3211 | =80
=70 | 2587 | -2620 | —265 | —2688 | -272, | —2755 | 2788 | -2821 | 2854 | —2887 | =70
<60 | -223 | -2%8 | —2812 | —2047 | 2382 | 2416 | -24%0 | -2485 | -2519 | -258 | -6
=S50 | -Teey | 1925 | 1961 | —19% | -2032 | —2067 | 2103 | 213 | —2118 | —2208 | —50
—40 | ~1527 | —1564 | —1600 | 1637 | —1613 | ~1709 | 1745 | —1782 | —1818 | —185 | —40
=30 | 115 | —119% | —1231 | -1268 | —-1305 | —1343 | —1800 | —1417 | 1453 | —14%0 | -3
=% —T18 | 816 | 854 | 892 | 930 | 968 | —1006 | —TO43 | 1081 | 1100 | -20
~10 3% | 431 | 470 | 508 | -S4 | 586 | —624 | 663 | —701| -19| -10
0 0 =39 —79 | <18 | <—157 | =197 | -2% | -2151 314 | -358 0
C 0 1 2 3 4 5 6 1 8 9 C
0 R E) i3 9 158 9% | 238 M T |85 0
10 397 @1 | e 517 557 597 637 617 718 758 10
20 798 838 879 919 %0 | 1000 | 1041 | 1081 | 112 | 116 20
30 1208 | 1266 | 128 | 18% | 1366 | 1407 | 1448 | 1489 | 1530 | 1571 30
@ 1612 | 1653 | 1694 | 1785 | 176 | 1817 | 188 | 189 | 1941 | 1982 0
50 202 | 2064 | 2106 | 2147 | 218 | 2230 | 2211 | 2312 | 2358 | 2395 50
@ | 24% | 2478 | 2519 | 2561 | 2602 | 268 | 268 | 2721 | 2768 | 2810 ]
70 2851 | 2893 | 2034 | 2976 | 8017 | 3059 | 8100 | 3142 | 318 | 3255 70
B0 | 3267 | 3308 | 3350 | 9391 | 5438 | 347 | 3516 | 3557 | 359 | 360 8
90 | 8682 | 8728 | 3765 | 3806 | 3848 | 3889 | 3931 | 3972 | 4013 | 4055 %
357
100 | 40% | 4138 | 4179 | 4220 | 4262 | 4303 | 434 | 4385 | 4477 | 4468 100
10 | 4509 | 4550 | 4591 | 4633 | 4614 | 4715 | 4756 | 4797 | 4838 | 4819 | 110
120 4920 | 4961 | 5002 | S04 | 5084 | 5124 | 5165 | 5206 | 5247 | 528 120
190 | 5828 | 5360 | 5410 | 5450 | 5491 | 5582 | 5512 | 5613 | 5653 | 5694 130
140 5735 | 5715 | 5815 | 58% | 589 | 5937 | 5977 | 6OI7 | 6058 | 609 140
357
10 | 6138 | 6119 | 6219 | 6259 | 629 | 6339 | 6380 | 6420 | 6460 | 650 150
160 | 6540 | 6580 | 6620 | 6660 | 6701 | 6741 | 6781 | 6821 | 681 | 6901 160
10 | 69%1 | 691 | 7021 | 7060 | 7100 | 7040 | 7180 | 7220 | 7260 | 7300 170
180 7340 | 7380 | 7420 | 7460 | 7500 | 7500 | 7509 | 7619 | 769 | 769 180
190 7139 | 1709 | 7819 | 789 | 789 | 7939 | 7979 °| 8019 | 8059 | 8099 19
357
200 8138 | 8178 | 8218 | 8258 | 829 | 8338 | 8378 | 8418 | 8458 8499 20
210 | 8539 | 8519 | 8619 | 8659 | 869 | 879 | 8709 | 8819 | 880 | 8%0 210
220 | 8940 | 8980 | 9020 | 9061 | 9101 | 9141 | 9181 | 9222 | 922 | 9302 220
230 | 9348 | 0983 | 9423 | 9464 | 9504 | 958 | 9585 | 9626 | 9666 | 9707 230
70 9747 | 9788 | 9628 | 9869 | 999 | 9950 | 991 | 10031 | 10072 | 1013 240
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Unit: pV
c 0 1 2 3 4 5 6 7 8 9 C
="=750 ] 10158 | 10194 | 10235 | 10276 | 10316 | 10357 | 10398 | 10439 | 10480 | 10520 B0
260 10561 | 10602 | 10643 | 10684 | 10725 | 10766 | 10807 | 10848 | 10889 | 10930 260
770 | 10971 | 11012 | 11053 | 11094 | 11185 | 11176 | 11217 | 11259 | 11300 | 11341 270
280 | 11382 | 11423 | 11465 | 11506 | 11547 |- 11588 | 11630 | 11671 | 11712 | 11758 280
290 11795 | 11836 | 1877 | 11919 | 11960 | 12001 | 12043 | 12084 | 12126 | 12167 290
300 | 12209 | 12250 | 12291 | 12833 | 12874 | 12416 | 12457 | 12499 | 12540 | 12582 300
30 | 12624 | 12665 | 12707 | 12748 | 127% | 12831 | 12873 | 12015 | 12956 | 12998 310
320 | 13040 | 13081 | 13123 | 13165 | 13206 | 13248 | 13200 | 13331 | 13373 | 13415 320
330 | 13457 | 13498 | 13540 | 13582 | 13624 | 13665 | 13707 | 13749 | 13791 | 13838 330
380 | 13874 | 13916 | 13058 | 14000 | 14042 | 1408% | 14126 | 14167 | 14209 | 14251 340
350 | 14298 | 14335 | 14377 | 14419 | 14461 | 14508 | 14545 | 14587 | 14629 | 14671 350
30 | 14713 | 14755 | 14797 | 14839 | 14881 | 14923 | 14965 | 15007 | 15049 | 15091 360
30 | 15133 | 15175 | 15217 | 15259 | 15801 | 15843 | 15385 | 15427 | 15469 | 15511 370
380 | 15554 | 155% | 15638 | 15680 | 15722 | 15764 | 15806 | 15849 | 15691 | 15933 380
30 | 15975 | 16017 | 16059 | 16102 | 16144 | 16186 | 16228 | 16270 | 16313 | 16355 390
%00 | 16397 | 16439 | 16482 | 16524 | 16566 | 16608 | 16651 | 16693 | 16735 | 16778 00
30 | 16820 | 16862 | 16904 | 16947 | 16989 | 17081 | 1707 | 17116 | 17158 | 17201 310
20 | 17243 | 17285 | 17328 | 17870 | 17418 | 17455 | 17497 | 17540 | 17582 | 1762 20
%0 | 17667 | 17709 | 17752 | 1779 | 17637 | 17879 | 17921 | 17964 | 18006 | 18049 430
%0 | 18091 | 18134 | 18176 | 18218 | 18261 | 18303 | 18346 | 18383. | 18431 | 18473 W
%50 | 18516 | 185s8 | 18601 | 18643 | 18686 | 18728 | 18711 | 18813 | 1885 | 188% 450
%60 | 18941 | 18983 | 19026 | 19068 | 19111 | 19154 | 19196 | 19239 | 19281 | 1932 %60
390 | 19366 | 19409 | 19451 | 19494 | 19537 | 19579 | 19622 | 19664 | 19707 | 19750 [0
%0 | 19792 | 19835 | 19877 | 19920 | 19962 | 20005 | 20048 | 2009 | 20133 | 20175 480
90 | 20218 | 20261 | 20303 | 20346 | 20389 | 20431 | 20474 | 20516 | 20559 | 20602 90
S0 | 206W | 20687 | 2070 | 2072 | 20815 | 2085 | 20000 | 20043 | 20085 | 21028 500
510 | 21071 | 21013 | 21156 | 21199 | 21241 | 21284 | 2132 | 21369 | 21412 | 21454 510
520 | 2ra97 |. 310 | 21582 | 21625 | 21668 | 21710 | 21753 | 2179 | 21838 | 21881 520
530 | 21926 | 21966 | 22000 | 22052 | 22094 | 22137 | 22179 | 22202 | 22265 | 22307 530
580 | 22550 | 22398 | 22435 | 22478 | 22521 | 22563 | 22606 | 22649 | 22691 | 22734 540
550 | 22776 | 22819 | 22862 | 22904 | 22947 | 22990 | 23032 | 23075 | 23117 | 23160 550
560 | 23203 | 23245 | 23288 | 23331 | 28373 | 23416 | 23458 | 23501 | 23544 | 23586 560
570 | 23620 | 28671 | 23714 | 23757 | 23799 | 23842 | 23884 | 23927 | 23970 | 24012 570
580 | 24055 | 24097 | 24140 | 26182 | 24225 | 24267 | 24810 | 24353 | 24395 | 24438 580
500 | 24480 | 20528 | 24565 | 24608 | 24650 | 24693 | 24735 | 24718 | 24820 | 24863 590
B0 | 24905 | 24948 | 24990 | 25038 | 25075 | 25118 | 25160 | 25208 | 25245 | 25288 600
610 | 25330 | 25378 | 25415 | 25458 | 25500 | 25543 | 25585 | 25627 | 25670 | 25712 610
620 | 25755 | 25797 | 25640 | 25882 | 25924 | 2597 | 26000 | 26052 | 26094 | 26136 620
630 | 26170 | 26221 | 26263 | 26306 | 26348 | 26390 | 26433 | 26475 | 26517 | 26560 630
640 | 26602 | 2664 | 26687 | 26720 | 26771 | 26814 | 2685 | 26898 | 26940 | 26983 640
S0 | 27025 | 27067 | 27109 | 27152 | 27104 | 21236 | 27218 | 27820 | 27363 | 27405 650
S0 | 4T | 27489 | 27531 | 21574 | 21616 | 27658 | 27700 | 27742 | 21784 | 21826 660
60 | 21869 | 27911 | 27958 | 2799 | 28037 | 28079 | 28121 | 28163 | 28205 | 28247 670
680 | 28289 | 28932 | 28974 | 28416 | 28458 | 28500 | 28542 | 28584 | 28626 | 28668 680
0 | 28710 | 28752 | 2879 | 28835 | 28677 | 28919 | 28961 | 29008 | 20045 | 29087 690
700 | 29129 | 2171 | 9213 | 29255 | 29297 | 29338 | 29380 | 29422 | 29464 | -29506 700
710 | 29588 | 20589 | 29631 | 29613 | 29715 | 29757 | 29798 | 29840 | 29882 | 29924 710
T30 | 29965 | 30007 | 30049 | 30090 | 30132 | 30174 | 30216 | 30257 | 30299 | 30341 720
T30 | 30382 | 30424 | 30466 | 30507 | 30549 | 3059 | 30632 | 30674 | 30715 | 30757 730
780 | 30798 | 30840 | 30881 | 30923 | 80964 | 81006 | 31047 | 31089 | 31130 | 31172 740
750 | 31213 | 31255 | 3129 | 31338 | 31379 | 31421 | 31462 | 31504 | 31545 | 31586 750
760 | 31628 | 31669 | 31710 | 31752 | 31793 | 81834 | 31876 | 31917 | 31958 | 32000 760
70| 32041 | 32082 | 32124 | 32165 | 82206 | 82247 | 32289 | 32330 | 32571 | 32412 770
T80 | 32458 | 32495 | 32536 | 32577 | 32618 | 82650 | 82700 | 32742 | 32783 | 32824 780
790 | 32865 | 32906 | 32947 | 32988 | 33029 | 33070 | 33111 | 33152 | 33193 | 33234 790
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APPENDIX C

T- Distribution Table

Value of ¢, (v) from the t-distribution for degree of freedom V that defines an
Interval-t, (v) to +¢, (v) that encompasses the fraction p of the distribution.

Degree of Fraction p in percent
Freedom
v 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 5.84 922
4 1.14 2.13 2.78 2.87 4.60 6.62
5 1.11 2.02 257 2.65 4.03 5.51
6 1.09 1.94 245 2.52 3.7 490
7 1.08 1.89 2.36 243 3.50 4.53
8 1.07 1.86 2.31 2.37 3.36 428
9 1.06 1.83 2.26 232 3.25 409
10 1.05 1.81 223 228 3.17 3.96
11 1.05 1.80 2.20 225 3.11 3.85
12 1.04 1.78 2.18 223 3.05 3.76
13 1.04 1.77 2.16 221 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 2.12 217 292 3.54
17 1.03 1.74 2.11 2.16 290 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 2.85 342
25 1.02 1.71 2.06 2.11 2.79 3.33
30 1.02 1.70 2.04 2.09 2.75 327
35 1.01 1.70 2.03 2.07 2.72 323
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 2.626 3.077
1.000 1.645 1.960 2.000 2.576 3.000

*For a quantity Z described by a normal distribution with expectation p, and standard
deviation o, the interval v, + ko encompasses p = 68.27, 95.45 AND 99.73 percent of
the distribution for k=1, 2 and 3 respectively.




APPENDIX D

PCI-1710HG DATA SHEET



