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1 Executive summary

WP 2.1 details the learning materials of the Advanced Industrial Informatics Specialization
Modules (AlISM) related to the Industrial Computers Module.

The content of this package follows the guidelines presented in the UPV’s documentation of
the WP 1 (Industrial Computers Module)

e The PBL methodology was presented in WP 1.1

e The list of the module’s chapters and the temporal scheduling in WP 1.2
e The required human and material resources in WP 1.3

e The evaluation in WP 1.4

During the development of this WP a separate document has been created for each of the
chapters of the Industrial Computers Module (list of chapters in WP1.2).

In each of these documents, section 2 introduces the chapter; sections 3, 4, 5 and 6 details the
Lecture, Laboratory, Seminar and Mini-project of the chapter; section 7 lists the bibliography
and the references.

2 Introduction

This chapter describes the computer architecture from the point of view of the different units:
central processing unit, memory and input/output.

The desired approach is to address concepts from a single view and eliminating the
complexity of details and commercial models.

Moreover also addresses the use and programming of libraries with their application to
informatics industrial systems. These libraries are both addressed when they are static or
when are dynamic.

Besides is presented the formal specification of the mini-project that will be developed among
the course.

Finally some bibliography is proposed to expand and deepen concepts in this area.

3 Lecture

3.1.1 Objectives

e To know the philosophy and structure of microprocessor based systems
e To understand the different Functional Units.
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e To understand the concept of Input/Output and how to use it

3.1.2 Introduction

The Industrial Informatics Systems are based on the concept of “Programmable Machine”
that gives the flexibility for the adaptation of the system to a different industrial process and
situations. The “Programmable Machine” is a general concept which has led to other terms as
Computer or Informatics.

The great advantage of the “Programmable Machine” is the possibility that a program can manage the
device or devices and only changing the program the device can have another behavior. The physical part
is called hardware, while the program and data is called software.

Figure 1 shows a scheme for the integration of the software and hardware into the

programmable machine.

PROGRAM
tbagwarey | T DATA
(software)

Figure 1: Components of a programmable machine

3.1.3 Functional Units of the Computer

Most of the computers used in industrial informatics systems used the structure shown in
Figure 2, they are based on 4 functional units:

e Central Process Unit (CPU)
e Memory
e Input/Output
For the interconnection of the different functional units are used the buses.

The CPU is like the brain and controls the system by the interpretation of the programs that
uses the data. Both, programs and data are located into the memory. The data can enter or
leave the computer by using the input/output unit. This unit is also in charge to control the
different peripherals connected into the system. The buses are the way to circulate the
information among the different units.




Peripheral

CPU MAIN /O
TR =°| | MEMORY UNIT

Figure 2: Computer Structure

All the information processed by a computer is in a digital format using binary digits o bits.
Bit can only be “0” or “1”, thus the programs and data on which the computer is working will
be a sequence of numbers composed by a combination of “0” and “1”. The reason that
computers work with “0” and “1” is because it is easy to manufacture electronic circuits
representing different values of voltages to each of these figures. For example, can be usually
common represent with “1” the value of +5 Volts, and with “0” the value of 0 Volts (GND).

3.1.4 The Memory Unit

The memory is the unit in charge of store all the information used by the system. Inside this
unit are stored all the instructions and data necessary to control a particular process.

It can be distinguish between two of the most important memory types inside the computer:

e External or secondary memory: is permanent (keeps the information even without power) and
stores all the programs and data that are not being used at any given time. It is used to store large
amounts of programs/data those who do not need continuous access. Examples of this type of
memory are hard disks, CD-ROM, DVD, USB disc, etc.

e Central or main memory: also is called simply as "'memory", contains the programs and data that
are being used at a given time. In this section we will refer to this type of memory

The main memory is the unit to store binary information in electronic semiconductor cells.
Each cell can store the equivalent to a one bit, so the content may be exclusively “0” or “1”. It
is usual that the cells are organized in groups distinguished among them by their position or
memory address.

As indicated, the memory will be used to store information, which means that can save (write)
and retrieve (read) a binary data into a specific position of memory, and the number of bits of
this binary data corresponds with the size of each group of cells.
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To use the memory will be needed:

e The memory position (Address) to which access is needed, which is a binary number.
For example, if we have a memory with 8 positions, (with 3 bits can be addressed 8
binary numbers, 2° = 8) a number will be used between 000, and 111, to access any of
the positions.

e Indicate the memory if the operation is for read or write information. For example,
the operation of read can have associated the bit “1” and “0” for write.

e A ssignal for the activation of the memory (Chip Select, CS) to let it know we want to
work with it. In the section on buses will expand about it.

e Also the data (program instruction or data information) will be needed.

The Figure 3 shows a simplified scheme for a four positions memory and one byte of storing
capacity per position, in which there is illustrated how to read the position 1. For this it is
necessary to put “01,” (address number 1) in the address entry, indicate with “1” in the entry
of Read/Write (R/W) that we need to perform a read and activate the memory. After a time
which is called access time, the data will appear in the data input/output lines. Should be
noted that in most of the memories the data enter and exit through the same lines.

Position 0

—* 11000011

Position 1

01000000

Address (A4Ap)

00 #
2
Position 2

il 1 00001111 = 8

1 Position 3

10101010}~
& +1

l

DATA (D;...Do)

11000011

Japooa(

Figure 3: Logic scheme of a memory

The content of a memory can be represented using a memory map, for this is used a matrix
with the number of rows equivalent to the addresses and in each row containing the bits of
each memory position. For example Figure 4 shows the table for a memory of N positions
(address from 0 to N-1) and 8 bits per address.

Address | b7 b6 b5 b4 b3 b2 bl b0
0 1 0o 1 1 1 1 0 1
1 o 1 1 1 0 0 0 1

N-1 0 0 0

Figure 4: Example of a N positions Memory and 8 bits per address




The capacity of a memory usually is given in the notation PxB, where P is the number of memory
positions and B is the number of bits per position. For example, a memory of 2048x8 has 2048
positions and each has can store 8 bits. Also it is possible indicate the amount of bytes in memory
usually expressed in multiples of 2'> Table 1 summarizes the most common multiples:

1 Kbyte 1.024 bytes

1 Mbyte 1.024 Kbytes = 1.048.576 bytes

1 Gbyte 1.024 Mbytes = 1.048.576 Kbytes = 1.073.741.824 bytes

1 Thyte 1.024 Gbytes = 1.048.576 Mbytes = 1.073.741.824 Kbytes=
1.099.511.627.776 bytes

Table 1: Common multiples of the amount of memory

By the way of storing the information are two main groups of memory:

e ROM (Read Only Memory): The information only can be read and it is not possible to
modify the information because it is out of the system previously stored. The information
remains stored even if there is no power supply (Nonvolatile Memory). The programs
stored permanently in ROM are called Firmware

¢ RAM (Random Access Memory): The information can be written or read as many times as
the system may need it. The information stored is lost when the memory is no longer with
power supply (Volatile Memory)

3.1.5 The Central Process Unit

The Central Process Unit (also called CPU, Central Processor, and Microprocessor) is the real brains of
the system. It mission 1s to control, coordinate and perform all the system operations following a defined
sequence. Extracts program instructions from the memory and analyzes in order to run that the
mstruction indicates. The mstructions that can be executed by a processor are very simple. Figure 5

shows an example of what may be an instruction (in assembler language: MOV AL,12h)

In 8 bits
register Value 12h (Hexadecimal)
1011000100010010

/ In register number 1,

MOV, To save a data that is R1

Figure 5: Codification of the assembler instruction MOV AL,12h
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CLOCK RESET

I
' ' ADDRESS
BUS
CENTRALPROCESS
UNIT (CPU) m
REGISTER ARITHMETIC
EANK LoGIC DATA
UNIT
R1| 00011110 BUS
.
Rn| 00010010
pc| 01010010 CONTROL
R | 11110010 BUS

PC=Program Counter, IR=Instruction Register

Figure 6: CPU structure

Figure 6 shows the basic CPU structure with tree main parts: Control Unit, Arithmetic-Logic Unit

(ALU) and Register Bank.

The Control CPU Unit generates the signals necessary for the execution of instructions and from it

control and govern all the operations in an organized way according to a fixed automatic behavior such

as shown in Figure 7:

Initiate PC
PC=0

| B

Rl bring data
Addressed PC

]
PC = PC+1

¥
Analyze

Instruction

Execute
Operation

Figure 7: Instruction Execution Cycle

The Arithmetic-Logic Unit (ALU) is responsible for performing mathematical operation among data.

The basic operations that can perform are: add, subtract, multiply and divide between integer numbers
of the register size. Also, logic operations as: AND, OR, NOT, Comparisons, etc. The Control Unit is




what makes getting the data to the ALU and carries the result to their destination. Figure 8 shows a
simplified diagram of the ALU.

Input A Input B

U U

Control
Lines

y

Output

Figure 8: Arithmetic-Logic Unit

The Register Bank is a small memory that usually operates the ALU and transfer data between the Main
Memory and the CPU. Each register is identified by a special name and stores one data. Remarkable
registers are the PC register (Program Counter) that stores a data which is the number that the Control
Unit uses as the memory address in order to localize the next instruction; the IR register (Instruction
Register) that stores the instruction/data that 1s interpreting (executing). Also there are some general
purpose registers (Rn...R0).

The CPU works with a rate set by a square signal called clock (CLK). Faster clock will be higher
mstruction execution speed. As the CPU is governed by an automaton that i1s the Control Unit, it 1s
essential to ensure an nitial state of the automaton. This is achieved by the Reset signal which, among
other things, starts the PC register, for example setting it to 0.

The CPU gets the instructions and data and governs the whole system using the buses to connect to the

other functional units.

3.1.6 The Input/Output Unit

A computer without the possibility to be connected outside does not have much use. The Input/Output
(I/O) unit has the mechanism that allows the system the connection with the peripheral devices. The I/O
can receive/send information from/to the different devices as hard disks, USB disks, graphical cards,
printers, plotters, network cards, measurement instruments, oscilloscopes, data acquisition cards, etc.

From our point of view is important to know the mechanisms used to transfer information using I/O,
because through it will be accessed to the different characteristic providing such the data acquisition
cards.
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The access to the I/O devices 1s by using their address, similarly as done with the memories, called in

this case Input/Output ports. There are two forms of present this addresses to the CPU:

e To locate the devices in specific positions of the address space of the main memory, so to read
or write a device will be the same as read or write in a specific memory position.

e To have two address spaces, one for the main memory and the other one for I/O. In this case a
special signal will be needed, with this signal the CPU can know if the access 1s to the memory
or to I/O. Also the CPU needs a specific set of instructions to access I/O.

Figure 9 shows the different necessary elements to use peripheral I/O devices:

Software Hardware

Applicatio Driver

Figure 9: Elements involved in the 1/O system

A device controller is needed which 1s a hardware that really connects the peripheral. The CPU can
access to this controller using their ports, corresponding the ports with the controller registers (similar to
the CPU registers).

Because of the complexity of the devices are designed specific software called device manager or driver
and 1s in charge of the device management through the corresponding controllers. Each device has their
own driver with the main function is to be responsible for receiving requests from “higher levels” and
turn them into a series of commands to the device driver. For example, if a program requests to the disk
driver some of the information stored in the USB disk, the driver will verify that the USB disk is in

working conditions, and will start with all the commands in order to read the information.

The variety and complexity of I/O devices necessitates a number of mechanisms for management.
Considering that the devices through digital information (binary numbers) flows and the CPU 1is the
coordinator of all, there are two points to note in this transfer of information. The first one is how the
CPU knows when the information should be gathered by the I/O? This is called synchronmization. The
second question is how to perform the data transfer? This is called data transfer.




3.1.7 Input/Output Synchronization techniques

The synchronization is the technique that permits to know if a specific I/O device needs the CPU
services to send/receive information. For the synchronization there are two main techniques:

e Polling: is a status inquiry that CPU read specific I/O registers to know if there are information
ready to be transferred. This technique 1s inefficient and 1s used in slow devices that do not need
too much attention. Figure 10 shows how polling will work for the attention of tree peripheral:

Service to A

Something
A?

No
Something
B?

No

Peripheral A

Peripheral B CPU

Peripheral C

Serviceto B

|
Something Serviceto C
Cc?
No ]
i
Main
Program

Figure 10: Polling between CPU and three Peripherals

e Interruptions: When a peripheral requires the CPU service causes an interruption and the CPU
leaves the current program execution and serves the peripheral. This technique allows the CPU
only invests time on a device when requested. When an interrupt occurs, the CPU saves the
state of the current program running, and starts the execution of a program that manages the
mterrupt and called Interrupt Service Routine or Service to the Interruption. Once the service
to the interruption finish, the CPU continues with the execution of the program, Figure 11
shows this behavior
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Peripheral A CPU
Service
Main to Peripheral A
Program

Service for the interruption (handler)

Figure 11: Synchronization by interruption

3.1.8 Techniques for data transfer

For the transfer of information there are two main techniques:

e The transfer using a program, based on continuous read/write into the data registers until the
transference finish (synchronization by Polling). Normally a loop is used and not allows or
difficult for the CPU to do other tasks (busy waiting)

e The Direct Memory Access (DMA) that uses special circuits capable of transferring blocks of
data from/to memory to/from devices directly, without CPU intervention. The CPU only
programs the DMA to indicate how much data has to be transferred and where to place it.
Suitable for devices that need to transfer a lot of information in a short time. For example the
hard disk, network card, video card, etc. Figure 12 shows the relation between DMA system and
the rest of functional units in the computer.

INPUT/OUTPUT SUB-SYSTEM
©
DMA o -fl:)
MEMORY | Controller Controller <::> g
o
A A A A

ol
|

Y1lvad

SisE)-ala)
av3d
LM
vYaIoH
a’cH

CPU

Figure 12: Direct Memory Access (DMA) System




3.1.9 The Buses

In the computer the buses are not a functional unit, buses are a set of electric lines that interconnect the
different functional units (CPU with Memory and Input/Output) by transferring them parallel binary

signals according to certain protocol, being often the CPU that decides who and how used.

The Buses can by classified in tree groups:

e The Data Bus (D....Dv), along which data are transferred between the different elements. Thus,
eight electric lines allow the transfer of one byte; sixteen lines allow the transfer of a 16 bits (two
bytes) data. The higher the “bus width” (number of lines) greater amount of information can be
transfer but the complexity on the interconnection elements will be higher

e The Address Bus (A....As), along which binary numbers are transferred that represent one
memory position or an I/O port. The total number of lines of this bus indicates the maximum
number of addressable memory. For example with 16 lines (A15..A0) a total of 65.536
locations can be addressed (2= 65536=64K).

e The Control Bus, is the lines that allows the connected elements indicate among other things, if
1s needed a reading or writing, and if the memory references are made to the memory or 1/O
system, temporizations, etc. We did not see this bus as a whole, but each individual line has it
specific function. For example the lines that can be in the control bus are:

0 Clock (CLK)

Memory and I/O Control (R/W, MEMRQ, IORQ)

Interrupts (INT, NMI)

Reset (RST)

Power supply (Vee, GND)

Direct memory access (DMA, HOLD, HOLDA)

Hold (HLD)

Etc.

O O0OO0OO0O0O0O0

4 Lab

4.1 ldentification of the Functional Units

In this lab the main objective is to identify the different functional units of the PC used at laboratory.
This will allow us to apply the theoretical concepts covered n the previous section. We intend to see

general concepts that apply to any business model PC

This first thing to do is open and removes the lid of the PC using the right tools and screwdrivers. The

PC will be in advance disconnected from the power supply and all the wires removed.

Then we will see the mainboard: This is where the processor, RAM card, video card, network card,
sound card, etc. are assembled. Some mainboards have built some of the cards such as video, sound and
network. The mainboard must be compatible with the processor model that will be used, the speed of
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the RAM cards or the interface of the video card that will be used. Figure 13 shows an example of

mainboard.

Figure 13: ASUS mainboard

With the open PC and the teacher's help, we will identify the different functional units, after having

1dentified each of the functional units will take a photo that will attach to the practice bulletin.

Additionally, we will identify the reference of each of the following devices subsequently on internet we

will look for technical characteristics that will also include to the practice report:

The Central Process Unit (CPU): The CPU is based on a chip called microprocessor is the
brain of the PC. We will identify this chip on the mainboard with their commercial reference.
This microprocessor is responsible for processing all information both program and data.
Today there are processors that have more than one processing core and this result in better
performance when performing multiple tasks at once. The processor speeds are now measured
m Gigahertz and indicate the frequency of the signal from the master of the central processing
unit clock. The faster the computer processor, the faster it will respond to any request process.
Figure 14 shows an example of a AMD microprocessor.

Figure 14: AMD Microprocessor

The Main Memory: It plays a key role in establishing the operating speed of the PC. In
the RAM are all the programs and data that are currently in use. If the computer does
not have enough RAM to store all programs that run the computer at one time, the
system starts to use the hard disk (HD) to temporarily load the programs to be run,
which results in a slower in the reaction of the programs. The amount of RAM that
can be installed into the computer is limited by the capacity that can hold the
mainboard and its use is limited by the operating system installed. The RAM comes in
different speeds which are measured in MHz. The faster the speed of the faster RAM
can change the execution between programs, i.e., someone may be using a Web
browser and quickly switch to editor images without altering its performance and
responsiveness. Figure 15 shows an example of a commercial RAM.




Figure 15: Kingston RAM

The BIOS (Basic Input-Output System): It is a small chip built into the mainboard. Its
purpose is to maintain some basic information on computer startup. This information
can be setup on your hard drive, date time of system boot priority, boot from the
network etc. When it is installed a new disk drive or CD-ROM stores the BIOS
settings charge it after in RAM at boot the computer, so in these cases it is advisable to
access the BIOS and check that it has been correctly recognized. Figure 16 shows an
example of a commercial BIOS

Figure 16: Vinbond BIOS

In the Input/Output Unit all peripherals are included. Identify the following with its
commercial model and consult its features using internet. Also include a picture in lab
report:

o Hard Disk (HD): This is where the files, programs and computer operating
system are stored. Hard drives come in different capacities; the larger capacity
hard drive has more files it can be stored. Today you can find several TB hard
drives capacity. Also, HD has different interfaces, which means that there are
hard disks with different connectors that are integrated into the mainboard,
these interfaces can be: IDE, SATA, SAS, SCSI, FC and USB. The data
transfer rate of a hard disk depends on its interface, type and speed of rotation.
There are two types of hard disk, traditional mechanicals that are made within
several discs that rotate and store information and SSDs using SSD or state
non-volatile memory such as flash memory. Figure 17 shows an example of a
commercial mechanical HD.
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Figure 17: Hitachi HD

o Video Card: Has a microchip video processing and video memory. To choose
the best video card it is necessary to know the characteristics and performance
of video chips and also know the type and amount of video memory that comes
with the card. Figure 18 shows an example of a commercial video card

=

Figure 18: NVIDIA Video Card

o Sound Card: Most mainboards now have integrated a sound card, but if it’s
needed more functionality and power always is the possibility to add an extra
sound card features. Sound cards may have different interfaces, which mean
that they can be integrated into the computer in different ways. These
interfaces include: PCI, ISA, PCMCIA or USB. Figure 19 shows an example
of a sound card

Figure 19: Sound Card

o Network Card: Currently the network card is already built into most
mainboards sold in the market. This card allows connecting a network cable
with RJ-45 to another network device such as a router. Network cards can also
be wireless and they have different kinds. These cards are known as network
cards WI-FI and the class depends on the communication standard support.
These standards are: IEEE 802.11b, IEEE 802.11g and IEEE 802.11n each
offering different data transfer rates ranging from 11Mbps, 300Mbps and
54Mpbs respectively. So also increase your range of action. Figure 20 shows
an example of a network card

Figure 20: Network Card

Power Supply: It is a metal box that goes inside the case and is responsible for
distributing the electrical power system components used. The power supply is vital as
it should have enough power, stability and reliability to power the electronic




components of the computer. Some damage to the internal components of the
computer are due to a bad power supply, so it is best to invest in a good power source
any brand recognized expertise that has enough power to support all devices that
incorporated in the system. Figure 21 shows an example of a power supply. Please,
identify the power used in the power supply of your PC lab.

Figure 21: Power Supply

e The Expansion Slots: They are the slots where the different cards are connected in the
system, such as video, audio, network. Slots are the most common:

0 ISA are ancient but nowadays not used.
o PCl are common in today's computers.
0 AGRP is for the video card.

Figure 22: Example of Expansion Slots

As noted above, laboratory activity will be to 1dentify in the PC laboratory the elements described above,
with their commercial reference and accessing the internet for its technical specifications. Also, for each
component take a picture that will be incorporated in the lab report.

4.2 Using Libraries in C

Libraries are "packages" or collections of classes and functions already defined in the language, which
provides solutions to common problems and generally require generic actions, for example, the function
sqrtin C language calculates the square root of a number this function is useful for performing
mathematical calculations and can be used according to the application being developed or the purpose
that 1s sought (hence the word generic). This function is in the library "match.fi' which has many more

useful features like: pow, sin, floor, among other.
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‘When we are programming in C language we can find static libraries that are already installed into the
programming environment itself and usually are defined in the basic language and included in standards
such as ISO C90. Some examples are:

stdio.h: Used for standard input/standard output
complex.fr. Used for complex numbers

math.fr. Contains the common mathematical functions
string.h: For manipulating strings

trme.l: For treatment and conversion between formats of date and time

A dynamic link library (/2L1) is an executable file that acts as a shared library of functions. Dynamic
linking provides a way for processes to call a function that is not part of the executable code. The
executable code for the function 1s in a DLL, which contains one or more functions that are compiled,
linked, and stored separately from the processes that use them. DLLs also facilitate the sharing of data
and resources. Different applications can simultaneously access the contents of a single copy of a DLL1n
memory.

Dynamic linking differs from static linking in that it allows an executable module (either a .dll or .exe
file) includes only the information needed to locate the executable code of a DLL function at runtime.
In static linking, the linker gets all the functions that are referenced from the static link library and places
them into executable code.

The use of dynamic linking, instead of static linking, offers several advantages. DLLs save memory,
reduce page flipping, save disk space, easy upgrades, provide post-sales support, providing a mechanism
to extend the MFC library classes, provide support multilanguage programs and facilitate the creation of

mternational versions.

As an example we will conduct a practical exercise on the use of a dynamic library in the environment of
the Qt. To do this, we are going to use the library provided by National Instruments for to use the data

acquuisition card NI USB600S

First we are going to execute Qt application and create a new project (Figure 23):
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Figure 23: New project on Qt Creator

On the next screen we are going to select in the “Applications” the “ Qt Console Application” as shown

in Figure 24:

(o

Choose a template:

New

Desktop Templates =

Projects
Applications
Libraries
Other Project
MNon-Ct Project
Import Project

Files and Classes
Ce+
BlackBerry
at
GLSL
General
Java

Python

[ ot widgets Application
7] Ot Quick Application

Ii Qt Console Application

E HTML3 Application
<] Ot Quick Ul

Creates a project containing 2 single main.cpp file
with a stub implementation.

Preselects a desktop Qt for building the application if
available.

Supported Platforms: Desktop Windows
Phone Windows Runtime Android

Cancel

Figure 24: Selection of Qt Console Application

In the next step we are going to select the name and the project location (Figure 25)

MEDIS: A Methodology for the Formation of Highly Qualified Engineers at Masters Level in the Design and Development of Advanced Industrial Informatics Systems




MEDIS: A Methodology for the Formation of Highly Qualified Engineers at Masters Level in the Design and Development of Advanced Industrial Informatics Systems

-

B Ot Console Application

Introduction and Project Location
E¥ Location

- This wizard generates a Qt Console Application project. The application derives from QCoreApplication and does not provide & GUI.

Summary

Name:  [NIDAQLbraryAppiication]

Create in: | C:\DevelopmentiQtiProjects\MEDIS\NIDAQLibraryApplication Browse...

[] Use as default project location

Figure 25: Introduction and Project Location

Concerning the kit selection we will choose a console application: “ Desktop Qt 5.8 MinGW 32 bit’, the

appropriate option for our operating system (Figure 26):

@ B Ot Console Application
Kit Selection
Location
Eb Kits Qt Creator can use the following kits for project StaticallyLinkedLibrary:
Modules o
D [] /% pesktop Qt 5.3 MSVC2013 OpenGL 32bit Details ¥
Sumn
[] /% pesktop Qt 5.3 MSVC2013 OpenGL 64bit Details ¥
1% pesktop Qt 5.3 MinGW 32bit Details ¥
[[] 1% qt 5.3 for Windows Phone & arm MSVC2012 32bit Details ¥
["] /% gt 5.3 for Windows Phone 8 x86 MSVC2012 32bit (Emulator) Details ¥
v
Next Cancel

Figure 26: Kit Selection

The next screen is for entering information concerning project management. In our case we select
"Noné' as shown 1n Figure 27:




Location

EP Summary

(€) B QtConsole Application

Project Management

fats Add as 3 subproject to project: | <None>

Add to version control: <Nene>

Files to be added in

C:\Developmenti{ti\Projects\MEDIS\NIDAQLI 1ication\NIDAQLI ication:

main_epp
NIDAQLibraryhpplication pro

_

Configure...

Cancel

Figure 27: Project Management

Now we have the Template generated (Figure 28):

B

4 [ NIDAQLibraryApplication

4 . Sources
B

N

Projects

1
Analyze
e
Help

NIDAQ._ation

=

File Edit Build Debug Analyze Tools

20 X «

m NIDAQLibraryApplication.pro

main.cpp - NIDAQLibraryApplication - Qt Creator
Window Help
main.cpp
1 Ikinclude <QCoreApplication>
3 4 int main(int arge, char *argv[])
4 {
- QCorelApplication a(argc, argv);

return a.exec();

| NI O Type to locate (Ctrl+K)

¥ [# Unec 1, Col-'1

[ = T 5+ 5 e S s - |

Figure 28: Template generated main.cpp

‘We can inspect the content of the “pro” (Figure 29):
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File Edit Build

NIDAQLibraryApplication.pro - NIDAQLibraryApplication - Qt Creator
Window  Help

Debug Analyze Tools

Y S

NIDAQLibraryApplication.pre

4 L, Sources

[F main.cpp

B X e NIDAQLibraryApplication.pro = Line: 1, Col: 1

 Project created by QtCreator 2014-11-10T11:05:36

7 QT += core
3 QT —= gui

11 TARGET = NIDAQLibraryApplication
12 CONFIG += console

13 CONFIG -= app bundle

15 TEMPLATE = app

© SOURCES += main.cpp

ESTIEN T T s (VT -

Figure 29: Template .pro

‘With the right button we can get the popup menu and add the library as shown i Figure 30:

(o

| File Edit

Build

Pl

NIDAQLibraryApplication.pro - NIDAQLibraryApplication - Ot Creator
Window  Help

Debug Analyze Tools

LT AR

NIDAQLibraryApplication

NIDAGLibraryApplication.pro

£ Sources
[F main.cpp

Line: 13

B X € # NIDAQLibraryApplication.pro =

K
2 #
3 # Project created by QuCreator 2014-11-10T11:05:36
%
#

7 QT += core
3 QT —= gui

11 TARGET = NIDAQLibraryApplication
12 CONFIG += console

13 CONFIG -= app bundle
Jump To File Under Cursor 2
15 THMFLATE = app [ Addvibrary..
L i Toggle Comment Selection Ctrl+/
17 SOURCES += main.cpp
d 3 Paste Ctrl+V
Paste from Clipboard History ~ Ctrl+ShiftV

£} 1ssues IR Search Res. .App«mum Comn\eou HQML[JS o HGEﬂaal we... JIES =

Figure 30: How to add a Library

In this case we are going to use an “ External Library” (Figure 31):




[ Add Library

Library Type
B> Type

Choose the type of the library to link to

) Internal library

Links to a library that is located in your build tree.
Adds the library and include paths to the .pro file.

(®) External library

Links to a library that is not located in your build tree.
Adds the library and include paths to the .pro file.

() System library
Links to a system library.
Meither the path to the library nor the path to its includes is added to the

nrn fila

Figure 31: Using External Library

Alfter that it 1s necessary to include information for the localization of the library (Figure 32):

(© B AddLibrary

External Library
Type
B> Details Specify the library to link to and the indudes path

Summ
5ur

Library file:  DAQmMx ANSI C DevYib\msvc\NIDAQM:.lib Browse...

Incude path: |ents\NI-DAQ'DAQmMx ANSI C Deviindude Browse...

Platform Linkage: Static
[ Linux () Dynamic (®) Static
[ Mac Mac: Library
Windows ® |

Windows:

de "debug” or “release” subfolder

[] Add "d” suffix for debug version

Remove “d” suffix for release version

MNext Cancel

Figure 32: External Library Information

If we select the option “Summary” the Qt will show information about the library (Figure 33):
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(€) [0 AddLibrary

Summary
Type

Details
E,'?' Summary

The following snippet will be added to the
NIDAQLibraryApplication.pro file:

win32: LIBS += -L$sPWD/._/../../../._./../Program
Files (x8€)/National Instruments/NI-DAQ/DAQmx ANSI
C Dev/lib/mawve/ -1NIDAQmu

INCLUDEPATH += $$PWD/../../../../../../Program
Files (xB€)/National Instruments/NI-DAQ/DRQmx ARNSI
€ Dev/include

DEDENDPATH += $$DWD/__/__/__/__/__/_ _/Program
Files (xB8€)/National Instruments/NI-DAQ/DREQmx ARNSI
C Dev/include

win3Z:!win32-g++ PRE_TRRGETLDEPS += $

$PWD/ .. /.. /.. /..f../../Program Files (x8&)/
National Instruments/NI-DaQ/DAQmx ANSI C Dev/lib/
msve/NIDRQm: 1ib

else:win3Z-g++: PRE_TARGETDEPS += 3

SDWD/ ../ .. /.. /.. /-./.. /Program Files (x86)/

Figure 33: Summary of the Library

Now we can see that the information related to the new library 1s included in our “.pro” template (Figure

34):

B NIDACLibrary pio - NIDAQLibrary @t Creator S

o 4 [ NIDAOUBraryAppBcation
s B o, .
Wit ALy Appheation pro

| “Emaw

5 += ~L*C:\Progzan Files (x56)\Hat. Instrumenta\NI-DAG\DRGRx ANSI © Devilibimsvc"

+= "Ci\Progrem Files [xB6)\M

iomal Instruments\NI-DRO\DAQE: ANSI C Dew\imcluge®

\ O - TR T e e

Figure 34: Template .pro

Everything is ready now to compile and build the application (Figure 35):




o NIDAQUIbraryApplication.pro - NIDAGLIbraryApplication - Ot Creator =
Fie Edn Buld Debug  Anahoe Took  Window Help

Projects

T -
B NIDAQLbrayh ppbec atice e

ke exe®

rojects /HEDIS/HICAGLibraryipplication/bulld-NIDAQL tbrar yhpplicat ton-Desktop_Qc 5_3 HinGW_33bit-

=/ gt/ Frosecta/MEDLS/ NIDAGLY YAPPLLSATAGE/ Bl la-HIDAGLY scation-Desktop_Q@s_G_3_MinGH_Jibit-

_32\bin\minguil-make.exe™ exited mormally.

P Type o tocate (Cileh I s [T s s N oo o PR

Figure 35: Compile Output

After all this, we can now develop applications that use the functions offered by the library (Figure 36)

B maincpp - NIDAQLbearyApplication - Cx Creatar =

Fie Edt Bubd Debug Andyze Toch Wisdew Help

ey

* [z MIDAQUBwaryApphc stion
T ———

Figure 36: Example using the library

5 Seminar

5.1 Computer Architecture

This seminar will be to work on business models used to develop PC-based industrial systems using
Industrial PCs. With internet we will collect the following information:

e Some companies that sell industrial PC.

e List of some business models of Industrial PCs of each of the brands

e  Main features of each proposed model (i.e.: cost, computing power, memory, interconnectivity,
cooling characteristics, insulation, etc.).

e  Web address of the corresponding datasheet of each proposed industrial PC.

o  Comparative review of each of the models.
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e  Model would be chosen as the most suitable for the realization of an industrial computer system
medium duty.

5.2 C Programming (3). Libraries

In this part of the seminar we are going to work on the programation and use of an example of static
library in the Qt environment. We will use the Qt environment to develop a library that allows us to
read a generic sensor. The sensor works by providing a proportional voltage to the measured physical
magnitude. The sensor shall have a transfer function that allows us to obtain the value of the physical
magnitude in terms of volts delivered by the sensor itself. An example of the generated c++ code to
create this static library in Qt for a given generic sensor can be:

#include <math.h>

#include "staticallylinkedlibrary.h"

StaticallyLinkedLibrary: :StaticallyLinkedLibrary()

{
NumberOfBits = 12;
MinVoltage = 0.0;
MaxVoltage = 5.0;
MinMagnitude = 10.0;
MaxMagnitude = 60.0;
}

bool StaticallyLinkedLibrary::SetNumberOfBits(unsigned char num_bits)

{
iF((num_bits < MIN_NUM_BITS) || (num_bits > MAX_NUM_BITS))

{
return false;
}
NumberOfBits = num_bits;
return true;

}

bool StaticallyLinkedLibrary::SetVoltage(double min_voltage, double
max_voltage)

{




if(min_voltage > (max_voltage - MIN_DIFF_VOLTAGE))

{
return false;
¥
MinVoltage = min_voltage;
MaxVoltage = max_voltage;

return true;

}
bool StaticallyLinkedLibrary::SetMinVoltage(double min_voltage)

{
if(nin_voltage > (MaxVoltage - MIN_DIFF_VOLTAGE))

{

return false;
}
MinVoltage = min_voltage;
return true;

}
bool StaticallyLinkedLibrary::SetMaxVoltage(double max_voltage)

{
if(max_voltage < (MinvVoltage + MIN_DIFF_VOLTAGE))

{

return false;
}
MaxVoltage = max_voltage;
return true;

}

bool StaticallyLinkedLibrary::SetMagnitude(double min_magnitude, double
max_magnitude)

{
if(min_magnitude > (max_magnitude - MIN_DIFF_MAGNITUDE))
{
return false;
}
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MinMagnitude = min_magnitude;

max_magnitude;

MaxMagnitude
return true;

}
bool StaticallyLinkedLibrary::SetMinMagnitude(double min_magnitude)

{
if(min_magnitude > (MaxVoltage - MIN _DIFF_MAGNITUDE))

{

return false;
}
MinMagnitude = min_magnitude;
return true;

}
bool StaticallyLinkedLibrary::SetMaxMagnitude(double max_magnitude)

{
if(max_magnitude < (MinVoltage + MIN_DIFF_MAGNITUDE))
{
return false;
}
MaxMagnitude = max_magnitude;
return true;

}
unsigned int StaticallyLinkedLibrary::GetNumBits(void)

{

return NumberOfBits;

}
double StaticallyLinkedLibrary::GetMinVoltage(void)

{

return MinVoltage;

double StaticallyLinkedLibrary::GetMaxVoltage(void)

{




return MaxVoltage;

}
double StaticallyLinkedLibrary::GetMinMagnitude(void)
{
return MinMagnitude;
}
double StaticallyLinkedLibrary::GetMaxMagnitude(void)
{
return MaxMagnitude;
}

double StaticallyLinkedLibrary::MagnitudeForQuantification(unsigned int
quantification)

{

return MinMagnitude + (MaxMagnitude - MinMagnitude) *
(VoltageForQuantification(quantification) - MinVoltage) / (MaxVoltage -
MinVoltage);

}
double StaticallyLinkedLibrary::MagnitudeForVoltage(double voltage)

{

return MinMagnitude + (MaxMagnitude - MinMagnitude) * (voltage -
MinVoltage) / (MaxVoltage - MinVoltage);

}

double StaticallyLinkedLibrary::VoltageForQuantification(unsigned int
quantification)

{

return MinVoltage + (MaxVoltage - MinVoltage) * quantification / pow(2,
NumberOfBits);

}
double StaticallyLinkedLibrary::VoltageForMagnitude(double magnitude)

{

return MinVoltage + (MaxVoltage - MinVoltage) * (magnitude -
MinMagnitude) / (MaxMagnitude - MinMagnitude);

}

unsigned int StaticallylLinkedLibrary::QuantificationForVoltage(double
voltage)

{
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return (voltage - MinVoltage) * pow(2, NumberOfBits) / (MaxVoltage -

MinVoltage);
}

unsigned int StaticallyLinkedLibrary::QuantificationForMagnitude(double

magnitude)

{

return(VoltageForMagnitude(magnitude)-
MinVoltage)*pow(2,NumberOfBits)/(MaxVoltage-MinVoltage);

Concerning the code that will be included on the header file (.h):

#ifndef STATICALLYLINKEDLIBRARY_|
#define STATICALLYLINKEDLIBRARY_|

#define MIN_NUM_BITS 1
#define MAX_NUM_BITS 16
#define MIN_DIFF_VOLTAGE 0.1

#define MIN_DIFF_MAGNITUDE 0.1
class StaticallyLinkedLibrary
{

public:

StaticallyLinkedLibrary();

H

H

bool SetNumberOfBits(unsigned char num bits);

bool SetVoltage (double
bool SetMinVoltage (double
bool SetMaxVoltage (double
bool SetMagnitude (double
bool SetMinMagnitude(double

bool SetMaxMagnitude(double

unsigned Int GetNumBits

min_voltage, double max_voltage);
min_voltage);

max_voltage);

min_magnitude, double max_magnitude);
min_magnitude);

max_magnitude);

(void);




double GetMinVoltage (void);

double GetMaxVoltage (void);
double GetMinMagnitude(void);
double GetMaxMagnitude(void);

double MagnitudeForQuantification(unsigned int quantification);

double MagnitudeForVoltage (double voltage);

double VoltageForQuantification(unsigned int quantification);

double VoltageForMagnitude (double magnitude);

unsigned iInt QuantificationForVoltage (double voltage);

unsigned int QuantificationForMagnitude(double magnitude);

private:

unsigned char NumberOfBits;

double MinVoltage, MaxVoltage, MinMagnitude, MaxMagnitude;

};

#endift // STATICALLYLINKEDLIBRARY_H

To better understand the operation of creating static libraries, then first we propose to analyze the
sample of library code (.¢pp and ./) shown and to understand its functionality and second to proceed

with the implementation in Qt.

First, execute Qt application and create a new project as shown in Figure 37 (File -> New File or

Project...):
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Figure 37: New Project in Qt

Then choose option Libraries with C ++ Library as shown in Figure 38:

B New

Choose a template: Desktop Templates E
Gipiects ‘ ‘ Ce+ Library Creates a C++ library based on gmake. This can be
Applications @ Ot Quick 1 Extension Plugin used o create:
Libraries ‘ Ct Quick 2 Extension Plugin * 3 shared C++library for use with
{PluginLoader and runtime (Plugins)
Other Project m‘ s Ct Creator Plugin * & shared or static C++ library for use with

another project at linktime
Non-Qt Project

Import Project
Supported Platforms: Desktop Windows

Files and Classes Phone Windows Runtime Android

Ce+
BlackBerry
at

GLSL
General
Java

Python

Figure 38: The Project is to develop a Static C++ Library

‘With regard to the location we choose "Statically Linked Library" also the Name that we want for the
library and the directory to store it, as is shown in Figure 39:




W e Libeary

Introduction and Praject Location
i Lecation

Thes winsrd generates & C++ Libvary project.

Tyne Staticaly Linked Lbrary x
Mame: StatcalyUniedLbrary
Create i | C=\Develnpment it Prapee MEDTE] Brewme...

] U 2 defudt project lacation

Figure 39: Introduction and Project Location

Regarding the Kit Selection, the appropriate option for our operating system will be to choose "Desktop

Qt 5.3 MinGW 32 bit', as shown in Figure 40

(€) @ Ce+Library

Kit Selection
Location
2 ki Qt Creator can use the following kits for project StaticallyLinkedLibrary:
| ~
[ 1% Desktop Qt 5.3 MSVC2013 OpenGL 32bit Details ¥
[T /8 Desktop Qt 5.3 MSVC2013 OpenGL 64bit Details ¥
18 pesktop Qt 5.3 MinGW 32bit Details ~
[] 1% Qt 5.3 for Windows Phone & arm MSVC2012 32bit Details ¥
[T /% qt 5.3 for Windows Phone & x86 MSVC2012 32bit (Emulator) Details ¥
v

Figure 40: Kit Selection

On the next screen we will choose the modules that we need to integrate in our library, must choose

"QtCore" as shown n Figure 41:
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(€) @ Ce Library

Select Required Modules

L;;mn Select the modules you want to include in your project. The recommended modules for this project are selected by default,
B> Modules
P QtCore [] QtSaiptTools
O a6 O atsvg
[] Qtwidgets [] Qtwebkit
[] Qtbedarative [] Qtwebkitwidgets
[ qtomi [ qtxmi
[ QtQuick [] QixmlPatterns
[] QtNetwork [] Phonon
[] QtopenGL [ Qtmuiltimedia
[] QtPrintsuppart [] Qt3support
[ atsg [ qtrest
[ qtseript [ qtosus

Figure 41: Selection of Required Modules

Now we select the information to the class (“Class Information”). We will introduce the class name and
the name of the files "/A" and ".cpp', as shown in Figure 42:

(€) @ Cerlibrary

Class Information

Location
i Spedify basic information about the dasses for which you want to generate skeleton source cods files.

Modules
> Detals Class name: |StaticallylinkedLibrary|

Header flle: | staticallylinkedibrary.h

Source file: | statcalylinkedibrary.cop

Figure 42: Class Information

The next screen is for entering information concerning project management. In our case we select

"None' as shown in Figure 43:




@ @ Ce+ Library

Project Management

Location
Kits Add as 3 subproject to project: | <Mone> &
Modules
Details Add to version control: <MNone> ~ | | configure...
B Summary

Files to be added in
C:\Devalopment\Qt\Projects\MEDIS\StaticallyLinkedLibrary:
staticallylinkedlibrary.cpp

staticallylinkedlibrazy.h
StaticallylinkedLibrary pro

Figure 43: Project Management

Once completed the information and finish Qt will create the Template to enter the ct++ code of the

library as we have presented above.

Template format is shown in Figure 44:

| B staticaliylinkedlibrary.cpp - StabicallybinkedUibrary - Qt Creator m ‘_—"“
| fde [dt Duid Debug Anahze Tools Window Help

Trchude Herarchy

4 Staricallylinkedlibrazy::Staticellylinkedlibzary()
IE '
|| Edit H
-
s
[
Doty

Anatyze No indhude hierarchy avalabie

U e | I [P 5 [ e e s s - |

Figure 44: Template format

You can check the contents included in the "StaticallylLinkedLibrary.pro', as shown in Figure 45:
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File Edit Build Debug Analyze

Tools

StaticallyLinkedLibrary.pro - StaticallylinkedLibrary - Qt Creator

Window  Help

[ | 4 [ StaticallylinkedLibrary
StaticallyLinkedLibrary.pro
4 |y, Headers
[El staticallylinkedlibrary.h

Deb:
= 4 &, Sources
G [ staticallylinkedlibrary.cop
Analyze
Help

g}

[ B ©- Typeto locate (Ctrl+K)

callylinkedLibrary.pro ¥

k
F
#
5 # Project created by QtCreator 2014-11-06T17:28:12
¥
¥

ot -= gui

? TARGET = StaticallyLinkedLibrary

TEMPLATE = 1ib
CONFIG += staticlib

SOURCES += staticallylinkedlibrary.cpp

HEADERS += staticallylinkedlibrary.h
unix {

target.path = fusr/lib

INSTALLS += target

| Search P.esuhs Application 0. n Compile Outpuu QML/IS Cons... H General Mess..._

In the section of "Sources' we can write the code in ¢ ++ of the library as shown above. In Figure 46 you

can see the illustration:

Figure 45: .pro Code

o staticallylinkedlibrary.cpp - StaticallyLinkedLibrary - Qt Creator = =
File Edit Buid Debug Analyze Tools Window Help
jects v B X '¢ staticallylinkediibrary.cpp 3 v | # Line: 1, Col: 1 B X
4 [ StaticallyLinkedLibrary 1 finclude <math.h> A
[ staticallyLinkedLibrarypro 2 #include "staricallylinkedlibrazy.h”
4 [J& Headers 3
[ staticallylinkedlibrary.h ¢ 4 StaticallylinkedLibrary::Staticallylinkedlibrary()
4 (B Sources 5 e -
= E umberOfBits = 12;
2 staticallylinkedlibrary.cpp ¥ Minvelrage - g.0;
b A MaxVoltage = 5.0;
' 3 MinMagnitude = 10.0:
10 MaxMagnitude = 60.0;
® B
e 4 StaticallyLinkedLibrary::SetNumberCfBits (unsigned char num bits)
'lﬂ P 1f((num bits < MIN_NUM BITS) || (num bits > MAX_NUM_BITS))
Projects
return ralse;
m )
Aadiyin HumberOfBits = num bits:
return true;
(2] !
Hel,
. i 1 StaticallyLinkedLibrary::SetVoltage (double min_voltage, double max_voltas
4
P if (min_voltage > (max_voltage - MIN_DIFF_VOLTAGE))
{
ralse;
}
MinVoltage = min voltage:
MaxVoltage = max_voltage;
return tr
3
4 bool StaticallyLinkedLibrary::SetMinVoltages (double min veltage)
¢
P if(min voltage > (MaxVoltage - MIN DIFF VOLTAGE))
¢
return false;
}
MinVoltage = min_voltage;
ret
> )
)\ 4 bool StaticallyLinkedLibrary::SetMaxVoltage (double max voltage)
Lo { o
| >
L CERRITE e el T T

In the section "Headers" we enter code in ¢ ++ of the header file ".A" as shown above. In Figure 47 you

can see the illustration:

Figure 46: Library c++ code




The next step will consist in compile and built the library and geting the relevant files as shown n Figure

48

®

File Edit

staticallylinkedlibrary.h - StaticallyLinkedLibrary - Qt Creator

Build Debug Analyze Tools Window Help

4 [ StaticallylinkedLibrary
[ staticallyLinkedLibrary.pro
4 | Headers
5 staticallylinkedlibrary.h
&\ Seurces

[ staticallylinkedlibrary.cpp

a

staticallylinkediibrary.h ymbal > -

Li

ine: 1, Col:

1 [pifnder STATICALLYLINKEDLIBRARY H
#define STATICALLYLINKEDLIBRARY H
4 #define MIN NUM BITS 1
5 #define MAX NUM BITS 16
6  #define MIN DIFF VOLTAGE 0.1
#define MIN DIFF_MAGNITUDE 0.1
4 class StaticallyLinkedLibrary
{
publ
StaticallylinkedLibrary():
SetNumberOfBits (unsigned char num bits):
SetVoltage min voltage, double max voltage);
SetMinVoltage e min_voltage);
SetMaxVoltage e max_voltage);
SetMagnitude e min magnitude, double max magnitude);
b SetMinMagnitude (d e min_magnitude);
bool SetMaxMagnitude (double max magnitude);
igned int GetNumBits
GetMinVoltage
GetMaxVoltage
GetMinMagnitude (vo
GetMaxMagnitude (
ou MagnitudeForQuantification (unsigned int quantification);
double MagnitudeForVoltage (do! voltage);
VoltageForQuantification (un d int gquantification);
= VoltageForMagnitude (do magnitude) ;
QuantificationForVoltage (do voltage);
QuantificationForMagnitude (do magnitude) ;
private:
4 ed char NumberOfBits;
MinVoltage, MaxVoltage, MinMagnitude, MaxMagnitude;
rr
#endif // STATICALLYLINKEDLIERARY H

LAl o- Type o locate (Curl+K)

[search ngltsAppumnun ) ..HCumpda Cutpu

QML/3S Cons, .HGenEral Mess.

Figure 47: C++ Code in .h

t Masters Level in the Design and Development of Advanced Industrial Informatics Systems

Iineers a

f Highly Qualified Engi

Ioh O

A Methodology for the Format

MEDIS




t Masters Level in the Design and Development of Advanced Industrial Informatics Systems

ineers a

f Highly Qualified Engi

Ioh O

A Methodology for the Format

MEDIS

o

4 |y Headers

4 k), Sources

File Ecit Build Debug Analyze

ATl ==t il e
4 f7 StaticallylinkedLibrary 1
[ staticallylinkedLibrary.pro >

2l staticallylinkedlibrary.h

2 staticallylinkedlibrary.cpp

staticallylinkedlibrary.cpp - StaticallyLinkedLibrary - Qt Creator
Tools Window Help

staticallylinkediibrary.cop

Einclude <math.n>
#include "stavicallylinkedlibrary.h®

StaticallyLinkedLibrary::StaticallyLinkedLibrary ()

{
NumberOfBits = 12:
MinVoltage = 0.0;
MaxVoltage = 5.0:

MinMagnitude = 10.0;
MaxMagnitude = 60.0;

bool StaticallylinkedLibrary::SetNumberOfBits(unsigned char num bits)
{

if{(num bits < MIN NUM BITS) || (num bits > MAX NUM BITS))

false;

MNumberOfBits = num bits;:

true;

ng steps for project StaticallylinkedLibrary...

\MEDIS\StaticallylinkedLibrary\StaticallylinkedLibrary.pro -r —spec win32-g++
"CONFIG+=debug”

17:35:43: The process "C:\Qt\5.3\mingw482_32\bin\gmake.exe" exited normally.
17:35:43: Starting: "C:\@t\Tools\mingw482_32\bin\mingw32-make.exe"
C:/Qt/Tools/mingw482_32/bin/mingw32-make -f Makefile.Debug

mingw32-make[1]: Entering directory 'C:/Development/Qt/Projects/MEDIS/build-
StaticallyLinkedLibrary-Desktop Qt 5 3 MinGW_32bit-Debug'

g++ -c -pipe -fno-keep-inline-dllexport -g -frtti -Wall -Wextra -fexceptions —
mthreads -DUNICODE -DQT_CORE_LIB -I..\StaticallyLinkedLibrary -I"C:\Qt

I"C:\@t\5.3\mingw482_32\mkspecs\win32-g++" -o debugistaticallylinkedlibrary.o ..
\StaticallyLinkedLibrary\staticallylinkedlibrary.cpp

ar -ru debug\libStaticallylinkedLibrary.a debug/staticallylinkedlibrary.o

ar: creating debug\libStaticallyLinkedLibrary.a

mingw32-make[1]: Leaving directory 'C:/Development/Qt/Projects/MEDIS/build-
StaticallyLinkedLibrary-Desktop_Qt_5_3_MinGW_32bit-Debug’

17:35:44: The process "C:\Qt\TDElS\mingwé52732\bin\m_ingw327make.EXE" exited
normally.

17:35:44: Elapsed time: 00:01.

[ B ©- Type to locate (Ctrl+K)

17:35:43: Starcing: "C:\@t\5.3\mingw482_32\bin\gmake.exe" C:\Development\Qt\Projects

\5.3\mingw482_ 32\include™ -I"C:\Qt\5.3\mingw482_ 32\include\QtCore" -I"debug" -I"." -

-2 search Rasu\ls.ApplimﬁoﬂD 2| Compile Output [5 E L (& =

Figure 48: Compile Output

In Figure 49 is shown the directories generated:

MNombre

./ build-StaticallyLinkedLibrary-Desktop_Ot_3_3_MinGW_32bit-Debug

./ StaticallyLinkedLibrary

Fecha de modificacian Tipo

06/11/2014 17:35
06/11/20141

Figure 49: Directories generated

The source files are shown in Figure 50:

Mombre

=

E staticallylinkedlibrary.cpp
[Z] staticallylinkedlibrary.h
[ StaticallyLinkedLibrary.pro

=

=

{3 StaticallyLinkedLibrary.pro.user

Fecha de modificacion Tipo Tamarfio
30/10/2014 19 Archive CPP 4KB
0/10/2014 19:08 Archive H 2KB
06/11/201417:28 Cit Project file 1KB
06/11/2014 17:28 Visual Studic Project User Options file 12 KB

Carpeta de archivos

7:31 Carpeta de archivos

Tamafio




Figure 50: Source files

The building directories are shown in Figure 51:

-~

Mombre Fecha de medificacion Tipo Tamarfio

| debug 06/11/2014 17:35 Carpeta de archivos

| release 06/11/2014 17:35 Carpeta de archivos
|| Makefile 06/11/2014 17:35 Archiveo 17 KB
|| Makefile.Debug 06/11/2014 17:35 Archivo DEBUG 11 KB
|| Makefile.Release 06/11/2014 17:35 Archivo RELEASE 11 KB

Figure 51: Building directories

The files with the generated library are shown in Figure 52:

Mombre Fecha de modificacion Tipo Tamafio
|| libStaticallyLinkedLibrary.a 06/11/2014 17:35 Archivo A 11 KE
|| staticallylinkedlibrary.o 06/11,/2014 17:35 Archive O 10 KB

Figure 52: Generated Library

To finish the activity we propose the design of a console application that makes use of the static library
created. In this case the program asks to the user to enter the value obtained by the sensor for example
can be n volts and then using the transfer function calculation will provide the value of the physical

quantity (degrees, liters, meters, pressure, humidity etc.). The ¢++ code can be:

#include <QCoreApplication>
#include <stdio.h>

#include "staticallylinkedlibrary.h"

int main(int argc, char *argv[])
{
QCoreApplication a(argc, argv);

StaticallyLinkedLibrary Converter;
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unsigned int quantification;

printf('StaticallyLinkedLibrary\n\nquantification? ');

scanf("'%u",&quantification);
printf('magnitude=%1f",Converter._MagnitudeForQuantification(quantification)

);

return a.exec();

To run this application in Qt, we need to select in the main menu:

File -> New File or Project...-> Aplications -> Qt Console Aplication

As 1s shown 1n Figure 53:

[t widges Loplestion
08 Chck Applcation
[ 01 Comicie dgpictin

Agpbuation

Figure 53: Using the Library with a Console Application

Next will be to select the project localization and the kit selection of “DeskTop Qt 5.3MinGW 32bit” as
1s shown 1n Figure 54:
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B Conwle Apphcation

Introduiction and Praject Location
> Lonen

“) M O Conole Applcnton

Kit Selection

R TR T ———

Crewte | £ Drvopment I Prapeca MIDES

e et priect incatens

-, it s et e 8 LT » o N o et
& Draking G 5.3 MSVCIOLY Opentl 120t
15 Doy 8 5.3 MSVEIOED Opasatil, bt
] 8 Dexbion 8 53 P L300

Nt 5.3 far Wimchowes Phoma B s HSVCI0ET 1308

8.8 5.3 bor ives Pl § 86 HESVEI0LE 320 (Tmvulabinr]

= Carest st

Figure 54: Project Location and Kit Selection

The next screen is for entering information concerning project management. In our case we select

"Noné' as shown 1n Figure 55:

Location
Kits
B} Summary

Ot Console Application
ppl

Project Management

Add a5 & subproject to project: | <Mone> &

Add to version control: <Mone> - | | configure...

Files to be added in
C:\Development\Qt\Projects\MEDIS\StaticallylLinkedLibraryhpplication:

main.cpp
StaticallylLinkedLibraryhpplication.pro

Figure 55: Project Management

After to press the “Finish” button we can see the generated template (Figure 56):

() main.cpp - StaticallylinkedLibraryApplication - Qt Creator = = n
File Edit Build Debug Analyze Tools Window Help
Projects e B X ¢ main.cpp ~# lne:f, Col:1 B+ X
Welcome ‘ [ StaticallylinkedLibraryApplication 1  #include <QCoreApplicatien>
[ StaticallyLinkedLibraryApplication.pro
5 4 ., Sources 3 4 int main(int arge, char *argv[])
50 ©
main.cj
e QCoreipplication a(arge, argv):
Projects
it return a.exee();
Help '
Static..cation
Ly,
Debug.
| 5
S
| B £- Typetolocate (Ctrl+K) Esearm Resu\snhwﬁmnmD...ncomulaouwuaqmmscms Haenera\ Mess..._
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Figure 56: .cpp Template

You can check the contents included in the "StaticallvLinkedLibraryApplication.pro', as shown in Figure

b7:

@
File Edit Build Debug

Projects

“ R

[E main.cpp

Analyze  Tools

4 [7 StaticallyLinkedLibraryApplication
iR StaticallyLinkedLibraryApplication.pro

StaticallyLinkedLibraryApplication.pro - StaticallyLinkedLibraryApplication - Qt Creator

Window  Help
- emx +

StaticallyLinkedLbraryAppl... ~

¥
*

3 # Project created by QtCreator 2014-11-06T17:44:58
%
*

+= core
slor —= gui

11| TARGET = StaticallyLinkedLibraryApplication
12|CONFIG  += console

15| CONFIG  -= app bundle

15| TEMPLATE = app

SOURCES += main.cpp

21| unix|win32:

LIBS += -L§$PWD/ -1StaticallyLinkedLibrary

25| INCLUDEPATH += $$PWD/
24| DEPENDPATH += $$PWD/

25

Line: 25, Cal: 1

| I - Type to locate (Ctrl+K)

ol O - -

Figure 57: .pro Template

The directories and source files are (Figure 58):

build-StaticallyLinkedLibraryApplication-Desktep_Ct_5 3 MinGW _32bit-Debug

Build-StaticallyLinkedLabrary- Desktop_01_5_3 MinGW_32bit-Debug
Staticaltylankedlabrary
Staticallylinkedlibrarhpplication

Inside the template generated we can write the code of the console application described above as

shown in Figure 59:

Tamadio Mombee

| libSeaticallyl inkedl drary.a
T maincpp
() staticallylnkedibrary.h

Statically inkedLibrary&palicatian.pra
1 StaticaliyLinkedLibrarydpplicstion.pro.user 0%

Figure 58: Directories and Source Files

Tamafo
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File Edit Build Debug Analyze Tools

P

main.cpp - StaticallyLinkedLibraryApplication - Qt Creator = = -
Window  Help |
2 X * # main.cpp ymbol >
‘Welcome | 4 | StaticallylinkedLibraryApplication 1 kincmde <QCoreApplication>

| steticallyLinkedLibraryApplication.pre 2 #include <stdic.h>

4 . Sources
5 main.cpp

#include "staticallylinkedlibrary.h"
4 int main(int arge, char *argv[])
QCoreapplication alarge, argv):

StaticallyLinkedLibrary Converter:

unsigned int guantification;
printf("StaticallyLinkedLibrary\n\nguantification? "):
scanf ("%u", squantification);

printf("magnitude = %1f", Converter.MagnitudeForQuantification(guantification)):

return a.exec();

| B O~ Type to locate (Ctrl+K)

Issuesﬂ! Search R.Esult:! Application DutputCompdE DumutHQML,lJS ConsoleHGeneral Messages-

Figure 59: Code of the Console Application

Next step will be compiling and building the application (Figure 60):

B

File Edit Build Debug Analyze Tools

{2 | 4 (@ StaticallyLinkedLibraryApplication
[ staticallyLinkedLibraryApplication.pro

4 | Sources
main.cpp

| Rl O Type to locate (Ctrl+K) b Issues

main.cpp - StaticallyLinkedLibraryApplication - Qt Creator = = -
Window Help |

main.cpp

1 [Jinclude <QCorehpplicacion>
#include <stdio.h>

pile Qutput 2% ¥ W

:54:55: Running steps for project StaticallyLinkedLibraryApplication...
54:55: Configuration unchanged, skipping gmake step.

54:55: Starting: "C:\Qt\Tools\mingw482_32\bin\mingw32-make.exe"
:/Qt/Tools/mingw482_32/bin/mingw32-make —f Makefile.Debug

mingw32-make[1]: Entering directory 'C:/Development/Qt/Projects/MEDIS/build-
StaticallyLinkedLibraryhpplication-Desktop_Qt_5 3 MinGW_32bit-Debug'

g++ -W1,-subsystem,console -mcthreads -o debug\StaticallylinkedLibraryApplication.exe debug/
main.o -LC:/Development/Qt/Projects/MEDIS/StaticallylinkedLibraryApplication/ -
15StaticallyLinkedLibrary -LC:/Qt/5.3/mingw482_32/1ib -1Qt5Cored

mingw3z-make[1]: Leaving directory 'C:/Development/Qt/Projects/MEDIS/build-
StaticallyLinkedLibraryhpplication-Desktop_Qt 5 3 MinGW 32bit-Debug’

17:54:55: The process "C:\Qt\Tools\mingw482_ 32\bin\mingw32-make.exe" exited normally.
17:54:55: Elapsed time: 00:00.

Al search Results i3 Application Output JIEIE T I NE

e e

Figure 60: Compile Output

The Figure 61 shows an example of the execution screen generated by the program:
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[N D:\Qt\Tools\QtCreator\bin\gtcreator_process_stub.exe

StaticallyLinkedLibrary

gquantification? 18
magnitude = 18.122878_

Figure 61: Screen after the execution of the application

6 Mini-project: Formal specification

6.1 Problem Definition

The proposed process 1s a level and temperature control system of a liquid tank. The Figure 62 shows a
diagram of the process to be managed.

Pump Overflow sensor
| - |
I I
Level sensor
-
Valve
Temperature sensor .

Heater

Figure 62: Diagram of the process
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The computer system should control the process so that the level and temperature are maintained at
desired values at all imes. These desired values and ways of behaving the deposit will be decision of the
working group of students.

The deposit is instrumented with a different sensors and actuators that allow controlling it.

An overflow TTL digital sensor lets us know if there is danger of overflow liquid. A "0" indicates a
danger of overflow.

A TTL digital overheat sensor lets us know if there 1s danger of overheating. A "1" indicates that danger.

By a digital electro valve can dispense the liquid contained in the tank. A "1" opens the valve.

The temperature of the liquid is known by a linear sensor that provides a voltage of 10 volts (equivalent
to 100 ° C) to 0 Volts (equivalent to 0 ° C).

The volume (level) of the liquid is obtained by a linear sensor for the height of liquid which gives a
voltage of 6 volts to a height equivalent to 0 liters in the tank and 0 volts to a height equivalent to 3800
liters.

A pump allows introducing liquid into the tank. The pump power can be controlled with analog voltage
from 5 V (1009 power) and 0 volts (0% power).

The signals are connected to a National Instruments NI USB-6008 data acquisition board and the
mandatory assignment of signals connections within the card are shown in Table 2:

Signal NI USB-6008 Connection

Overflow P0.0
Overtemperature P0.1
Electrovalve P1.0
Heater P11

Temperature ai0, GND reference

Level ail, GND reference
Pump ao0

Table 2: Signals connections between process and data acquisition board
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6.2 Some important aspects to be assessed

6.2.1 System design and development

It 1s the software developed in the mini-project. The following will be assessed:

o [Effectiveness
0  Minimum Functional Requirements
0 [Extra Functionality

e Sturdiness
0 Reliability
0 Testing

e  Modularity

e  (Clarity and Maintainability of Source Code
0 Choosing Identifiers

0 Indenting Text
0 Comment
0 Etc.

6.2.2 Report

The final report will contain information obtained from the laboratory notebook, should be properly

presented. The following content will be assessed:

e Problem Description and Objectives (Requirements document)
e Identification and Modeling of Process (Specifications document)

e  Program Design
0 Modules that make up the program
0 List of functions at each module (prototype) and committed
e Program Operations Manual (User Manual).
e Annexes:
0 Full Source Code (in Courler New 10pt font).
0 Calculations (obtaining the equations of transformation of input and output)

o Frc.

It is important to properly present the report (front, indexes, page numbers, etc.).

6.2.3 Remarks

During the course the student must develop:

e Lab Notebook




e Design and development of the system
e The working report

The clarity, completeness and brevity in all aspects of the work will be taken into consideration.

At the end will be given:

¢  Report
¢ The developed software (source and executable).
*  Exposure in computerized form.

Prior to the session final defense of the project will be compulsorily delivered the above materials in a
compressed file in compressed format (zip, rar or tar.gz) should have the following structure:

Filename: gNNN_alias_of_grup.zip

For example: g223_cactusland.zip

Inside the zip file there will be 4 directories:

\report. report with original format and in PDF format.
\sources: the source code of the application.

\program: the application executable.

\presentation: the Powerpoint presentation in electronic format.

6.2.4 Laboratory book

During the semester project progress will be documented in a written book. The teacher will review the
booklet and evaluate continuously during the semester.
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