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This section of workpackage WP 1.2 details the learning activities of the module of Industrial
computers for the Advanced Industrial Informatics Specialization Module (AIISM).
The AIISM is conveniently structured in different activities of progressive complexity
culminating in a final mini-project where the students will use the new knowledge acquired to
develop a complete industrial control application. The learning sessions are organized in these
activities: lectures, seminars, laboratories, mini-project and tutorship.
In this deliverable, the structure, learning activities, prerequisites and schedule for Industrial
Computers module are provided.

2 Introduction
The developed methodology is mainly based on problem based learning (PBL) and other
accepted active learning techniques with the intention of creating a realistic working
environment which the student will experience in his future career. This model is based on the
educational goals proposed by the Accreditation Board for Engineering and Technology
(ABET) [1] and different experiences [2-5]. The general aims of the approach are:


To guarantee that the student acquires knowledge regarding the fundamentals of the
specialization.



To encourage the students to work as part of a team in solving industrial problems.



To encourage students to apply practical skills in order to improve their problem
solving abilities in the situations they will meet in their working environment.



Due to the rapid advances in this area, to develop the capacity to adapt to any new
computer based systems that may appear in the future.
Taking into account this methodology, all the learning activities are driven around a reference
project. The example project for this module will be the control of a liquids tank.
The AIISM is conveniently structured in different activities, with progressive complexity to
facilitate the development of projects along the course.
It is necessary to establish for each activity a prerequisites list in order to provide the
background and required skills in order to take profit of the activity.

3 Pre-requisites
These are the pre-requisites for this module:


Basic C programming



Basic digital electronics and algebra



Basic analog electronics
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4 The liquids tank model
The specification, design, implementation and validation of II systems are taught using a
simplified real process: the liquids tank. The size and complexity of this process adequate to
support the explanation of the essential concepts.
The process consists on a liquid tank that must be regulated at a reference temperature to
provide the fluid through a valve. A heater is responsible for heating the liquid and a pump to
supply liquid to the tank. Level and temperature sensors allow knowing the current amount of
liquid and temperature in the tank.
To sense physical magnitudes, the tank is instrumented with the following sensors:


An analog temperature sensor



An analog level sensor



A digital overflow sensor

 A digital overheat sensor
To actuate on the physics of the tank, and close the control loop, the following actuators are
provided:


A digital heater



A digital valve

 An analog driver for the pump
Figure 1(a) show a diagram of the different element of the tank model.

F IGURE 1- A D IAGRAM OF

THE SCALE MODEL .
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1- B R EAL

TANK DEVELOPED MODEL

The figure 1-b shows a real tank model that implements the characteristics of this proposal.

Signal

Direction

Type

Values/Range

Valve

Output

Digital

TTL, “0”->closed, “1”->open

Pump

Output

Analog

linear, -5v = 0%, 5v = 100%

Heater

Output

Digital

TTL, “0” ->off, “1”->on

Overheat

Input

Digital

Ttl, “0”->Overheat!

Overflow

Input

Digital

Ttl, “0”->Overflow!

Liquid temperature

Analog

Input

linear, -5v = 0º, 5v = 100º

Liquid level

Analog

Input

linear, -5v = 0 liters, 5v = 8000 liters

For example, we can use a National Instruments USB-6008 DAQ because it is low copst and
can handle these signal. Figure 2 shows the aspect of this card.

F IGURE 2 A SPECT OF

A

N ATIONAL I NSTRUMENTS USB-6008 DAQ

An example of final GUI for the proposed project is showed in figure 3.
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Sensors and actuators of the process are connected to a given Data Adquisition Card (DAQ)
and follow this description.
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F IGURE 2. E XAMPLE

OF USER INTERFACE FOR THE TANK PROJECT

5 Module decomposition
Industrial informatics systems are usually complex. To develop an industrial computer system
with sufficient guarantees of success is important to follow a validated methodology. It is
necessary to keep bounded the complexity of the problem in each of the phases of the project:
planning, design, development, validation, deployment and exploitation.
The experience of the software developers’ community over the past 50 years has identified
important issues to be taken into account in industrial informatics projects. The
recommendations are similar to those proposed for problem solving in other areas, although
adapted to the particularities of industrial informatics systems.
Mainly, the basic and permanent recommendation consists of dividing the complicated
problems in smaller or simpler pieces that can be addressed separately, based on the basics
principles of the structured programming.
Since people are the key element in the project organization and their attention capacities are
limited, it is necessary to make an abstraction process, keeping apart the irrelevant parts of a
problem and focusing on the important things. This is also ideal for the students work.
We can use some basic design methods and programming techniques that allow this
abstraction. The design and development recommendations proposed are based on concepts
such as: top/down design approaches, modeling the problem before start coding, modular
decomposition of the program, and minimizing interfaces between the modules.
These are proposals of interest to ensure the success of the project:


To mix different design approaches has advantages if tailored specifically to each part
of the project. For example, top-down approach is recommended in the design of the
tasks. The main control task can be decomposed in a set of more specific collaborating
tasks: “observe the actual situation”, “desire a new situation”, “decide the action”,
“act” and “report to user”. The bottom-up approach is recommended however for
developing some of the basic utilities and services, such as the input / output
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Formal modeling during the design phase has advantages, because it allows a
systematic codification from the model and then it is also easy to verify the program
using the model. For example to formally design a state machine and then to easily
code it using a “switch” sentence in C language.



The modular decomposition based on divide and conquer algorithms has advantages
too, because it allows address a complex problem into simpler parts by abstraction and
concealment. You can delegate the development of each part to different team
members, and it accelerates the edit-compile cycle cause of the smaller translation
units.



The minimization of interfaces between the modules, through the “common data
module”, has advantages, because it improves the consistency of information,
avoiding duplication of variables, and simplifies the use of the variables by using a
common interface. Additionally a centralized policy management and protection of the
variables can be developed with the use of the blackboard access functions.
To apply this idea, we arrive to a decomposition of any industrial process using the diagram
of figure 4. It is important to note that this decomposition is referred to a simplified problem
focused to the learning needs of the students.

F IGURE 3. P ROPOSED

MODULAR DECOMPOSITION OF AN INDUSTRIAL CONTROL APPLICATION

6 Learning activities
Based in the previous proposals, it is necessary to provide an adequate set of chapters to group
different topics. The following set of chapters is proposed:

1 Introduction to industrial informatics
2 Computer architecture
3 Project management
4 Software development
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operations to sense and manipulates the external process, or the reading / writing
operations on the blackboard system.

5 Process interface
6 Graphical user interface
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7 Task scheduling
8 Regulation strategies
9 Integration and validation

Chapters 1 and 2 introduce basics about computer architecture and the applicability of computers to
industry.
Another basic of an engineer is the correct management of a project. This is the objective of the chapter
3 that is spread along the course. This is also an horizontal content of the module, so it is spread along
the course and in a position where student understands its implications.
Chapter 4 develops skills on C programming to be applied on the application creation. This is a
horizontal requirement of the module.
Chapter 5 deals with the connection of the computer to the real world, the so called “process interface”.
This is set tends to motivate the student because he/she sees the interaction with physical reality.
Taking into consideration that the actual student’s generation is accustomed to stunning visual user
interfaces. Chapter 6 is in place for introducing another motivating set of activities related to this aspect.
At this point, it is necessary to start coordinating actions inside the application. So chapter 7 introduces
the very basics around task coordination/scheduling.
And, finally, the student needs to see that your development works. From the point of view of the
teacher, it is adequate to introduce here the regulation problem according to chapter 8.
A serious project of industrial informatics needs an investing on testing of echa piece and integration.
This important task is in chapter 9.
This proposal should be considered as a first approach, and the definitive distribution must be adjusted
according pilot experiences and the curricula of the Universities.

7 Scheduling
In this section, we propose the scheduling distribution of chapters in weeks, including some highlights
about he contents.
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