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Outline

1. Introduction

2. Aims of the Industrial Computers Module, Learning Outcomes and Prerequisites
3. PBL - Case of Study

4. Learning Resources in the Laboratory




1 Introduction

Training for Technicians

A laboratory technician is required to set-up all the hardware and software tools.

Technicians will provide support on the installation and configuration of the software and hardware used to
develop the laboratories and projects.

Regarding the technicians, the training course shows how to use the necessary development tools (hardware
and software) and their installation and configuration for the laboratory and project activities.
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2 Industrial Computers Module

Goal
Development of a Controller based on Industrial Computers

Learning Outcomes
Specific Skills
e Programing Techniques and Tools
e Design, Development and Validation of an Computer-based Controller (Programming Aspects)
e Project Management and Documentation
General Skills
e Problem Solving
e Collaborative Learning — Work in Team
¢ Negotiation and Presentation

Prerequisites
e Basic C Programming
e Basic knowledge on Digital Electronics and Automatic Control




Program

Chapter 1 — Introduction to Industrial Informatics
Chapter 2 — Computer

Chapter 3 — Project Planning

Chapter 4 — Programming + Common Variables
Chapter 5 — Process Interface

Chapter 6 — User Interface

Chapter 7 — Tasks

Chapter 8 — Control

Chapter 9 — Project Integration
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3 PBL - Case of Study - The Water Tank Controller

Teaching Philosophy — Problem Based Learning

Water Tank

Water Tank Controller — Industrial Computer - based
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Specification - Functionality

e Control of two variables: Water Temperature and Level

e Control Strategies: OnOff, PID, ...

e Manual / Automatic Control

e Simulated / Real Process a T — _—Y |

Statistics  Test Help

Temperature (°C)

— Actual
-| | — Desired
| | = Heater

Stop Cantrol Loop

4734.94 liters|

" Manual Control {+ Automatic Control

Heater - Operator Desired Temperature [*C)

@ o
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Sensors (Inputs):

Water Level (Analog)

Water Temperature (Analog)
Overflow Alarm (Digital)
Empty/Overheating Alarm (Digital)

Motors (Outputs):

Water Input Flow - Pump (Analog)
Water Output Flow - Valve (Digital)
Water Heater (Analog)
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Hot Water Service

After the initialization, when user orders a new service,
the tank is filled with cold water, using the input pump,
until a predefined level, Pump

then
the water is heated, using the heather,
until a predefined temperature,

Temperature sensor .

v sensor, YRARAING

finally
the hot water is served through the output valve,
the controller waits until a new service request.

Overflow sensor

Heater

New !

Service

Output Valve
OFF

Desired InputPump
Level ON

Input Pump
OFF

Desired Heather
Temperature ON

Heather
OFF

Output Valve
ON

J
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Specification - Continuous Control

Control Alternatives

Type of Control | Type of Driving Signal
On/Off Digital (2 states)
Analog (2 states)
P-discrete Digital (N states)
Analog (N states)
P Digital PWM
Analog
PID Digital PWM
Analog




4 Learning Resources in the Laboratory

Essential Resources

The resources absolutely necessary to conduct the learning activities of the Industrial Computers Module

Optional Resources

Resources that make the learning process easier
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Essential Resources

e Physical Process — Water Tank
Real Process, Simulated Process, Simulated Process’ Signals — Symseny

¢ Industrial Computer (General Purpose Computing Platform) — Personal Computer
Operating System — Windows (XP, 7, 8)

e 1/O System — Data Acquisition Card — National Instruments USB-6008

¢ Integrated Development Environment (IDE) — Qt Creator
Programming Language / Compiler / Libraries — C++, MinGW, Qt

e Documentation
Reference Manuals, User Manuals




Optional Resources

e Third Party Libraries (Application Development)
e.g. OpenSceneGraph (3D), OpenCV (Computer Vision), ...

e Tools for Sharing and Communicating (Collaborative Learning)
Remote Desktop — Windows Remote Desktop, TeamView
Source Code Sharing - Pastebin
Versions Control - GitHub
Subject Web Site - PoliformaT (UPV Sakai System)

e Tools for Documenting
Text — MS-Office/OpenOffice
Bitmaps — GIMP
Vector Graphics — InkScape
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Physical Process - The Water Tank (or other Processes)

PBL: Control Problem

1

Real/Reduced-size Physical Processes vs Simulated

- More Expensive
- Room Needed

+ Let Address Real Issues
+ More Tangible (Motivating)

Technician Duties
e [nstallation
e Maintenance

360°
Wtist: Clockwize
and counterclockwise

4-12cm

Hand: Open and close




Simulated Process - The Water Tank (or other Processes)

Simulating at physical model level
e As part of the Project activities, students develop simulators of the physical process’ dynamics

e They use the simulators to test the controller
e The simulators run on the computer

Simulating at signal level

e SimSeny simulator

/
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SimSeny

Simulation Tool Developed by Prof. Angel Perles
e SimSeny simulates at signal level
e Re-implements the API of a data acquisition card (e.g. NI USB-6008)
¢ It can be executed anyplace in the net (on a personal computer)

SimSeny I1: Connecti x|

"OE" - if pou want to zsimulate zsignals.
"Cancel" - if you want to uze the DAL,

SimSeny IP addrezs and part:
127.0.0.1: 23456

| k. I Cancel

Web site:
http://www.disca.upv.es/aperles/simseny2/us simseny?2.html
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SimSeny - Interface
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Industrial Computer (Personal Computer)

PC Requirements
e Basic Configuration e.g. Dual Core
e USB frontal ports
e LAN and Internet Access

PCs in the laboratory
Technician Duties (installation, configuration, maintenance)

Students Laptop
Technician Duties (to provide recommendations and advice)

n z
p-. |

BoET & - |8
@ o

acer




Data Acquisition Card - NI USB-6008

The National Instruments - NI USB-6008 (and USB-6009)
are low-cost DAQ devices with easy screw connectivity and
a small form factor.

With plug-and-play USB connectivity, these devices are
simple enough for quick measurements but versatile enough
for more complex measurement applications.

Web Site
http://sine.ni.com/nips/cds/view/p/lang/en/nid/201986

Operating System
Mac OS X, Windows 2000/XP, 7, 8, CE, Mobile, Vista

Driver
NI-DAQmMX
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NI USB-6008 - Characteristics

8 analog inputs
at 12 or 14 bits
up to 48 KSamples/s

2 analog outputs
at 12 bits
software-timed

12 TTL/CMOS digital 1/O lines

One 32-bit, 5 MHz counter

External
Power

Supply

b

+5 V/200 mA

Full-Speed USB Interface

<

USB Microcontroller

PFI O

P1.<0..3>

8 Channel
12/14b ADC

+2.5 V/ICAL

12b DAC

i

12b DAC

1l

NS

Digital I/0 Terminal Block

Analog I/O Terminal Block

<




NI USB-6008 vs NI USB-6009

Comparison Tables

Praduct) Anaiog nputs Input Max Sampling Rate Analog

Resolution (kS/s) Outputs
USB-6008 8_5|ng|e-lendedl4 12 10 5
differential
USB-6009 8.smgle-lended!4 14 49 5
differential

Output
Resolution

12

12

Output Rate Digital /O

150

150

(Hz)

12

12

Lines

32-Bit
Counter

Triggering

Digital

Digital
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3 Signal Label
4 USB Cable

Overlay Label with Pin Orientation Guides

2 Screw Terminal Connector Plug

1

NI USB-6008 - Components
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NI USB-6008 - Labels

GND| +AI0- |GND| +Al1- |GND| +AI2- [GND| +AI3- |GND|AQO|AO1|GND

GND AIO Al4d GND Al1 AIS GND Al2 Al6 GND AI3 Al7 GND AQD AOD1GND

12 3 45 6 7 8 910 11121314 1516

08

— Or

ANALOG T J DIGITAL

32 313029 28 27 26 25 24 23 22 21 2019 18 17

GND +5V +2.5V PFI0 P1.3 P1.2 P11 P1.0 PO.7 P06 P05 P04 P0.3 P0.2 P01 P00

0

1 User-Defined Custom Label
2 Terminal Number Label
3 Digital I/O Label

4  Analog Input Differential Signal Name Label
5 Analog Input Single-Ended Signal Name Label
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NI USB-6008 - Digital Input/Output
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NI USB-6008 - Extensions - Simulators of Signals
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2 buttons
simulate sensors — digital inputs

2 LEDs
simulate motors — digital outputs

1 LM-335
temperature sensor — analog input

-
8 Inputs, 1

2-bit, 10 kS/s Multifunction 110 o




IDE - Qt Creator

Web site:
https://www.qat.io/

1l
e

Qtis the leading independent |
technology for cross-platform
development

Create connected devices, Uls and applications that run anywhere
orany device, on any operating system at any.time.

5of Top 10
Fortune 500 companies are powered by Qt.
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Qt Framework

Reasons for Qt

Open Software
Multiplatform

C++ Native Code

Big Community

Many Success Applications

Doe, Johnny M.
211258
MED

Blood Pressure Meter

14 (5 SYS
| | L mmHg

Insulin Pump

Basal Rate FastBolus Slow Bolus Glucose

Spirometry

Pulse Oximeter

81

%Sp02

ECG

68




Optional Resources

e Third Party Libraries (Application Development)
e.g. OpenSceneGraph (3D), OpenCV (Computer Vision), ...

Videojuego - Qt Creator - 8

o document= &

n Vista 2D - o IES

Videojuego SIl 2015 - B 5 .

. . -
Remo Numero Conexion: B 5 LR
®* -9 ¥ o
vISimn t = 35, ® -+ .
o .
Veloddad Juego = x10 ® - i ..- i
lueva Vista 2 | evo Control Persc ® ®
lueva Vista 30 uevo Control Rob:
dueva Esfer: omar Esfera . u | Mostrar Esfi
Nueva Caja Sorrar Cajas | «'| Mostrar Caj
ueva Persor| irrar Person 1T Escen .‘ . L | Mostrar Per
duevo Robo'  omrar Robot | Mostrar Rot
. ) Remo 127.0.0.1
b L Al
Open Documents ®- . 5 TextLa

Videojuego B

SR T, D P T T e T i e W
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Optional Resources

e Tools for Sharing and Communicating (Collaborative Learning)
Remote Desktop — Windows Remote Desktop, TeamView - https://www.teamviewer.com/
Source Code Sharing — Pastebin - http://pastebin.com/
Versions Control — GitHub - https://github.com/
Subject Web Site - PoliformaT (UPV Sakai System)

e Tools for Documenting
Text — MS-Office/OpenOffice
Bitmaps — GIMP - http://www.gimp.org/
Vector Graphics — InkScape - https://inkscape.org/




