Modelling, Control & Simulation
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Key points
Model – when a real-life situation is represented by computer software.  Models are useful for making predictions – calculations based on rules and data.

Advantages of using Models – much cheaper than using real items, results can be obtained more quickly than in real-life, dangerous experiments can be simulated.

Disadvantages of using Models – it is rare for the exact rules and data to be perfectly known.  Predictions based on models are only approximations i.e. they can go wrong!

Examples – flight simulators, games, science experiments, weather forecasting, economic models and virtual reality.

Modelling software – software written for very specific modelling purposes such as for monitoring Formula 1 racing cars.

Data-Logging – using a computer to collect data – ideal for scientific experiments

Examples – climatic data over a long period, temperature changes during a chemical process, radiation output from a star, gases produced during photosynthesis.

Data-logging is useful because is it automated, accurate, allows for data to be collected over long or short periods of time, allows data to be stored for later analysis and graphs can be plotted automatically.

Sensors – input devices in both data logging and control applications. Convert physical quantities into electrical voltages.


Examples – pressure, infra-red, thermistors, pH sensors and many more…

Sampling intervals – the time the computer is set to collect data.  The time interval is the time between each collection of data.  It is important to select a sensible time interval.

Computer control – computers can be connected to output devices that carry out actions.  The computer software makes decisions based on the inputs from sensors.

Real-time Processing – where processing of incoming data is immediate.  For example: Traffic lights – input = car passes over wires buried in road, action = lights change.


Modelling

[From BBC Bitesize - www.bbc.co.uk/schools/gcsebitesize/ict/modelling/]

Spreadsheets

A spreadsheet is an application that allows the user to enter numbers and text into a table with rows and columns and perform calculations on them.  

Computer modelling software enables the user to enter data and a set of rules, and then see what happens if bits of data are changed. A computer model of a school's budget, for example, might show that if an extra teacher is hired, the school will run out of money before the end of the term.  

Computers models of mathematical data such as budgets are usually done using a spreadsheet a program that processes data and performs calculations.  
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Computer simulation

A computer simulation is a program designed to imitate a real-life situation. A good example is software which simulates the experience of piloting a plane.
Flight simulation software

Simple simulation software running on a PC offers the user entertainment and practice in simple controls and navigation. A real-life flight simulator - used for training pilots - is far more sophisticated, and is very expensive.  

The pilot sits inside a specially designed cockpit on hydraulically controlled struts which move the cockpit to give the feel of the pitch and roll of a real plane. Sensors detect the actions of the pilot and move the cockpit accordingly. The view from the cockpit window is replaced with computer generated images.  

This sort of computer simulation gives many benefits:  

· different flying conditions can be presented to the pilot e.g. poor weather, night flying

· emergency situations can be simulated without danger e.g. frozen runways, fog, engine failure

· the landing procedures at different airports can be simulated

· cost effective - no fuel is needed and there is no risk to plane or crew

However, computer simulation can never be the real thing. In this example, you can never account for the human factor. The pilot's reaction to a real-life crisis is never going to be the same as sitting in front of a computer. It is difficult to design simulation software to cover every eventuality such as extreme and unexpected conditions.  
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Other applications

· Nuclear power stations use simulation to improve output by looking at temperature, pressure and gas flow in the plant.

· Scientific experiments (for example plant growth) can be observed in varying conditions.

· Coastal erosion (the effect of the sea on the coastline) can be studied to anticipate possible flooding, so that defences can be best positioned etc.

· Traffic flow can be simulated in major cities to investigate the need for new roads and/or traffic lights.

· The aerodynamic effect on the shape of cars can be investigated by simulating air flow over different body shapes.

Virtual Reality  

Virtual Reality (VR) is a computer simulation which allows the user to interact with the system. Special interfaces give the user the feel, sound and view of the virtual system. The user wears a head-mounted display through which the virtual world can be seen. 

Pros and cons of simulation

Pros  

· It can avoid danger and loss of life.

· Conditions can be varied and outcomes investigated.

· Critical situations can be investigated without risk.

· It is cost effective.

· The simulation can be operated more quickly than the actual system, so behaviour can be studied easily over a long period of time.

· Likewise, if the system occurs very quickly in real life, the simulation can be slowed down to study behaviour more easily.

Cons  

· It can be expensive to measure how one thing affects another to take the initial measurements to create the model (such as aerodynamic wind tunnels).

· Some things cannot be effectively simulated because we do not know enough about them, for example, earthquakes.
Measurement and Control
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Computer Control
A control system typically comprises:  
· a computer or microprocessor

· a control program which handles data from sensors and sends signals to output devices

· an interface box to convert signals between the sensors and processor
Role of computers in control

· Computers can respond very rapidly to change.

· Systems can run 24 hours a day, 365 days a year.

· Control systems can operate in places that humans would find dangerous or awkward.

· Outputs are consistent and error free.

· Computers can process data quickly and machines can operate faster than humans.

Computers are now used to control many types of devices such as:  

· Air conditioning and central heating systems in large buildings

· Security systems and burglar alarms

· Manufacturing processes

· Traffic lights and pedestrian crossings
The role of sensors in control

Sensors are used to measure physical quantities such as temperature, light, pressure, sound, and humidity. They send signals to the processor. For example:  

· A security alarm system may have an infra-red sensor which sends a signal when the beam is broken.

· A heat sensitive sensor in the corner of a room may detect the presence of a person.

· Temperature sensors could be used to control the heating in a large building.

· Magnetic sensors are inductive loops in the tarmac to detect metal above them and could detect traffic.


Analogue-to-digital conversion  

An interface box is needed to convert the data from the sensors into computer data.  

Data such as pressure, light and temperature is analogue data. Computers can only work with digital data. An ADC (analogue to digital converter) converts analogue data from the sensors into digital data.
The feedback cycle

The diagram below shows a control program for maintaining the water level in a fish tank  

Data from a water level sensor is continually sent to the processor. The computer has a control program which usually stores the required water level settings. When the water level gets too high a valve is opened to let water out, and similarly, when it drops too low a valve is opened to let water in. The control program stores the details of the water level and the action it must take.  

This continuous process repeats itself and is called a feedback cycle.   
