[image: image1.wmf] 

INPUT

 

OUTPUT

 

INPUT 

TRANSDUCER

 

PROCESS

 

OUTPUT 

TRANSDUCER

 


[image: image2.wmf] 

INPUT

 

OUTPUT

 

INPUT 

TRANSDUCER

 

PROCESS

 

OUTPUT 

TRANSDUCER

 

[image: image3.emf]Programmable Control
[image: image4.wmf]Name

[image: image5.wmf]Class

[image: image6.wmf]Teacher

Learning Intentions

· Gain the ability to design and evaluate solutions to engineering problems in a range of contexts 

· I will gain knowledge and understanding of key concepts related to electronic and microcontroller-based systems, and their application 
· To know what a microcontroller is and how its used
· I will know advantages and disadvantages of microcontroller based control systems compared to a hard-wired electronic equivalent 

Success Criteria
· I can explain what a microcontroller is, how it works and can give examples of where they are used
· I can state the advantages & disadvantages of using control systems in industry.

· I can explain the following terms; RAM, ROM, ALU, EEPROM, I/O port, bus and clock. 

· I can identify and use various input and output transducer devices. 
· I can use correct symbols (start, stop, input, output, branch, loop) to construct flowcharts showing solutions to simple control programs, involving time delays, continuous and fixed loops 
· I can use suitable commands, including high, low, for…next, if…then, pause, end (or their equivalents) to construct programs to solve simple control problems, involving time delays, continuous and fixed loops 
· I can use the computer and stamp controller to test my programs

Electronic Control Systems

Many electronic devices have been developed to make life easier, safer, to help with work and for entertainment purposes.

Some devices are purely electronic devices (for example a digital watch) however many of these devices also control mechanisms (for example the eject mechanism in a video recorder) and so can be described as mechatronic devices.

Both electronic and mechatronic devices all have one thing in common they are all electronic control systems.
System diagram
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A system diagram is a more detailed block diagram that also shows the real world input signal (for example light and heat) and the real world output signals (for examples movement or sound).

Example - The system diagram for a warning device for a freezer in a restaurant would be drawn as shown below:
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Or to put it another way:
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Input transducers are electronic devices that detect changes in the ‘real world’ and send signals into the process block of the electronic system.
Output transducers are electronic devices that can be switched on and off by the process block of the electronic system.
Arduino
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Arduino is an open source Electronics prototyping platform that can sense the environment by receiving input from a variety of sensors and can affect its surroundings by controlling lights, motors, and other actuators. The microcontroller on the board is programmed using the Arduino programming language. This language is frequently used in industry today due to its simple, clear programming environment, its ability to work cross platforms, and its open source and extensible software
The Microcontroller

A micro controller is often described as a ‘computer on a chip’.   Microcontrollers have a controller and memory all built into a single chip.  As they are small, inexpensive they can easily be built into other devices to make these products more intelligent and easier to use.

Microcontrollers are usually programmed for a specific electronic product – for instance, a microwave oven may use a single microcontroller to process information for all its electronic devices. By altering the microcontroller program the same ‘brand’ of chip can do many different tasks.

Advantages of using microcontrollers in a product design are:

· Increased reliability and reduced quantity of stock (as one microcontroller replaces several parts)

· Simplified product assembly and smaller end products

· Greater product flexibility and adaptability since features are programmed into the microcontroller and not built into the electronic hardware

· Rapid product changes or development by changing the program and not the electronic hardware

Inside a Microcontroller

The ‘brain’ of the stamp controller system is the 18 pin micro controller in the centre of the board.  Although micro controllers are relatively cheap, they are very complex devices containing many thousands of transistors, resistors and other electronic components.

The main features of the micro controller are shown in the block diagram;
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ROM

The ROM (read only memory) contains the operating instructions for the micro controller.  The ROM is ‘programmed’ before the micro controller is installed in the target system, and the memory retains the information even when the power is removed.

RAM

The Ram (random access memory) is ‘temporary’ memory used for storing information whilst the program is running.  This is normally used to store mathematical answers that the micro controller comes out with as it is working.  This memory is ‘volatile’, which means that as soon as the power is disconnected the contents of the memory are lost.

ALU
The processing unit (full name arithmetic and logic unit – ALU) is the ‘control centre’ of the micro controller.  It operates by reading instructions from the ROM and then carrying out the mathematical operations for each instruction.

Clock

The clock circuit controls the speed at which these operations occur.

The clock circuit within the micro controller ‘synchronises’ all the internal blocks (ALU, ROM, RAM, etc) so that the whole system works correctly.
Buses
Information is carried between the various blocks of the micro controller along ‘groups’ of wires called buses.  The ‘data bus’ carries data between ALU and RAM and the ‘program bus’ carries the program instructions from the ROM to the ALU.
EEPROM

EEPROM (Electrically Erasable Programmable Read Only Memory) is a type of memory that can be reprogrammed when desired, but it also keeps the program when the power supply is removed. This means the stamp controller will start to run the program currently in the memory whenever the power supply is connected.

Flowcharts

Flowcharts are commonly used to explain how a program works.  As flowcharts are drawn graphically they often make programs easier to understand.  A flowchart should be drawn for each program you develop.

Start/stop symbol
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The start/stop symbol shape is a rectangle with rounded ends.  Each flow chart must contain one start and usually one stop symbol unless it is a continuous loop.

Wait symbol

[image: image31.jpg]buLZ}L 1y

® e
.o
.
EY
. e
.
.
.
.

e e 0000000000 © 0000000000000 0000a0o0
© e 0000000000 06060 060060000060000000a00
e 00000000000 © 0 0600600000000 00000o00
e 00000000000 © 0 0600000000000 0000a0e0
e 00000000000 © 0000600000000 00000a00
© e 0000000000 e 006000000000 ) .

e 060000000000 e 0060060000000 . .
e 00000000000 e e 0000000000 . .

-8 0 0000000000 © 00000000000 . .

© 00000000000 e e 0000000000 . .
o0 0 00 o o0 e o 0 00 e o 0 00 . e o0

°
48686868 S80688 SS28S

Arduino”

ANALOG Hz.




The ‘wait’ symbol is a rectangle.  The text inside the symbol explains how long the time delay is.

Outputs symbol

The ‘outputs’ symbol is a parallelogram.  The text inside the symbol explains which output pins are switched on or off at any time.


Decision Box

The Decision box is a diamond. The program uses this to check if something has been completed.

Continuous loop

Sometimes it is necessary to create programs that loop’ forever’, as is the case with traffic lights.  There is no ‘stop’ symbol because the program never ends! 

Task 1
Write out the flowchart for making a cup of tea

Task 2
Set of temporary traffic lights is required for a system of road works.


	Red
	10s

	Red and Amber
	2s

	Green
	10s

	Amber
	2s



Draw a flow chart for the lights sequence shown above by one set of traffic lights.  Use the times given in the table.

Task 3
A microwave operates with the following sequence.  

	1.
	Light on

	2.
	Turntable on

	3.
	Magnetron on 

	4.
	Wait 30s

	5.
	Magnetron off

	6.
	Wait 10s

	7.
	Turntable off

	8.
	Buzzer on

	9.
	Wait 0.5s

	10.
	Buzzer off

	11.
	Light off



Draw a flowchart for this sequence.

Task 4

A model railway uses a microcontroller to operate a barrier. The operation of the system is shown below.
· When a train is sensed the barrier should lower.

· When a limit switch is pressed the barrier will stop.

· When the train is no longer sensed, wait for ten seconds.

· Barrier will rise.

· After three seconds the barrier will stop.

· Sequence will then repeat.

Complete the flowchart for the barrier operation

Task 5
A laser cutting machine is used to cut sheet steel, as shown in the photograph below.
The laser is positioned by motors A and B which are operated by a microcontroller.

Input and output connections to the microcontroller are shown in the table below.
The cutter is required to perform the following sequence of operations:

1: Switch on the laser

2: Move right for 0·5 seconds

3: Move forward for 0·5 seconds

4: Repeat steps 2 and 3 four times

5: Switch off laser and motors

Task 5 (Continued)

(a) Complete the system flowchart below, to produce the required sequence of operations. The flowchart must include appropriate pin numbers. You may use information from the National 4/5 Data Booklet provided. 

Writing a Programme

Once a flowchart has been drawn it is necessary to convert it into the Arduino programming language. This is called a ‘sketch’
As this is your first program we will start of with a simple flowchart.

Open a new Arduino Sketch
The first thing we have top do is name the 
Sketch. This can be any name whatsoever but it 
must start with a    /*   and end with a   */    as 

seen below
*It is extremely important when writing a sketch that the syntax and spelling is exactly correct, or the program will not work!!!*
Your next step is to tell the Arduino what your output will be. We are going to hook a LED up to pin 12 so we need to use this command
int ledPin = 12;
this sets up the output, letting the Arduino know we are using an LED in pin 12.

We now have to set up 2 parts to the program that must ALWAYS be there. Even if we do not want to use one section we put it in, we just don’t put a program inside. These are the ‘void setup’ and ‘void loop’ commands

Void setup commands are ones that will run once the Arduino first switches on. This is where you tell your board what pins are to be treated as inputs, and which ones as outputs.
Void loop commands are one that will run continuously in a loop forever while the Arduino is on. This is where your main program will be written
Within the void setup we need to set our pin 12 as an output. To do this we have to initialise the pins
void setup()

{

  //initialize pins as outputs
You will then use the pinMode command to focus on our specific pin and set as output.

void setup()

{

  //initialize pins as outputs

  pinMode(ledPin, OUTPUT);

}


We now will work with the loop command of our flowchart.

It wants the LED on for 2 seconds, off for 1 second, then continue this loop forever.
To do this we need to use the DigitalWrite command. This then needs 2 pieces of information – which pin you use, and whether the pin will be HIGH or LOW.
HIGH = on

LOW = off
void loop()

{

  digitalWrite(ledPin, HIGH);
We then have to put in the delay using the delay command. This puts a pause in the program. This delay is measured in milliseconds.

e.g. 

1 second = 1000

2 seconds = 2000….etc
void loop()

{

  digitalWrite(ledPin, HIGH);

  delay(2000);

We then repeat the same process for switching the pin off and putting the next delay.
Before we test the sketch we have to hook up the LED to the breadboard, using the skills you have learned in previous units.
*One wire has to come from Pin 12, the other from the ground.
Make sure you also hook the LED properly! Long leg should be on the + side, short leg on the ground)

Task 6
A set of temporary traffic lights are required for a system of road works. Wire up the circuit as shown below, then write a program that could be used for the system. Use the times given in the table.
	Red
	10s

	Red and Amber
	2s

	Green
	10s

	Amber
	2s



Understanding the Sketch
As you have discovered when writing a program it can be confusing at times reading each line and then knowing what it does. To solve this program we can use // at the end of a line of programming. By using // it tells the Arduino software to stop reading and move onto the next line.
For example instead of just having…
void loop()

{

  digitalWrite(redledPin, HIGH);

  delay(10000);


  digitalWrite(redledPin, LOW);

we could say…

void loop()

{

  digitalWrite(redledPin, HIGH);

//  Red LED switched on

  delay(10000);



// pause 10 seconds
  digitalWrite(redledPin, LOW);

// Red LED switched off

This lets us know that the LED will be switched on and this command will stay the same for 10 seconds. After this the LED will be switched off. 
It is good practice to do this in case you make a mistake as your error will be seen easier.
If…Else
The if…else command is used when a decision box is needed in your flow chart. This is used when there should be an option of an output, depending what the input is. For Example, if a switch is pressed a light will go on; else, the light will stay off.

Where the decision box is we use the digitalRead command. This means the program starts to read the inputs and see what they are doing allowing them to complete the program if the desired input has been achieved, else, it does the other option

Task 7
Write this sketch into Arduino and build the circuit as shown
/*

If Else Command

*/

int switchPin = 2;

int ledPin = 13;

void setup()

{

  pinMode(switchPin, INPUT);

  pinMode(ledPin, OUTPUT);

}

void loop()

{

  if (digitalRead(switchPin) = = HIGH)

  {

    digitalWrite(ledPin, HIGH);

  }

  Else
  {

    digitalWrite(ledPin, LOW);

  }

}
What happens to the circuit?
Task 8
A circuit is needed to be designed for a queuing system for a theme park. They want a system that when they press one switch a Green LED lights up telling the people to walk on the ride, but when another switch is pressed a Red LED lights up telling people to stop.
a) Draw a flowchart for this system
Task 8 (Continued)
b) Write the program for this system and copy below.
c) Take a photo of your circuit and stick below
Counter
It is often useful to repeat the same part of a program a number of times, for instance when flashing an LED. Instead of constantly pressing it, we could press it once and it would follow a sequence to flash a certain amount of times.

Task 9
a) Build up the circuit as shown below.



Task 9 (continued)

As you can see the switch is set up to pin 2, and the LED is set up to pin 13.  

b) Write down how we would write the beginning of this program, assigning these pins to the components and telling the Arduino board if they are inputs or outputs.
As you can see in the flowchart we want the LED to flash 10 times when the button is pressed.

What we have to do first is set up the program and use the if…else command to see if the switch is pressed. 
void loop() 

{

  if (digitalRead(switchPin) == HIGH)
This ‘reads’ your circuit to see if the button has been pressed, or in other words, if switch pin = 1
Later we will add the else part of this command to see what will happen if it has not been pressed.
Uur next block of code is setting up the counter as shown below.
{ for (int counter = 1 ; counter <= 10; counter = counter +1)
There are three separate statements in this command that are separated by a semicolon. The first statement is the initialization of the counter variable 
int counter = 1
This tells the Arduino board to start at 1 when completing counting. This is important as it gives the Board a starting point for the counter. This may seem obvious, but firstly a computer does not have common sense like we do – it only knows EXACTLY what we tell it. Secondly, it may have an old counter program still in the EEPROM so this makes sure it does not use that.
The next part of the command tells the computer the number of times it has to repeat this process. In this case it has to count to 10.
counter <= 10
The final command in this line of programming tells the computer how much to add to the value of the pin each time it repeats. In other words, every time it the program completes a loop it will continue to do it 1 more time until it reaches the set maximum.
counter = counter +1
After this command is written the 10x flashing LED aspect of the program can be written. This has to be contained in { } brackets. The reason for this is that the Arduino reads the program one line at a time. Without the brackets to tell it that this is a block of code, it will only do the next line.  If the brackets are there is recognises there is a block of code to read and will continue to complete the actions until the end of brackets.
void loop() 

{

  if (digitalRead(switchPin) == HIGH)

    { for (int counter = 1 ; counter <= 10; counter = counter +1)

      {  digitalWrite(ledPin, HIGH);

         delay (250);

         digitalWrite( ledPin, LOW);

         delay (250);}

  }
We now have to add the else part of the command from our first decision box. According to our flowchart this switches off the LED and loops back to the beginning.
  else

    {

    digitalWrite( ledPin, LOW);

    }

}

Our finished program should now look like this.

/*

Counter Sketch

*/

int ledPin = 13;

int switchPin = 2;

void setup() 

{ 

  pinMode(ledPin, OUTPUT);    // initialize the LED pin as an output

  pinMode(switchPin, INPUT);  // initialize the pushbutton pin as an input

}

void loop() 

{

  if (digitalRead(switchPin) == HIGH)

    { for (int counter = 1 ; counter <= 10; counter = counter +1)

      {  digitalWrite(ledPin, HIGH);

         delay (250);

         digitalWrite( ledPin, LOW);

         delay (250);}

  }

  else

    {

    digitalWrite( ledPin, LOW);

    }

}
Upload your completed sketch to the Arduino and see if it works.
Error Checking
As we are getting more complex in our commands it might be necessary to check our sketch to see if there are any errors within it. 

As Im sure you have already noticed if you made a mistake in your syntax the Arduino program tells you (as above) and even tells you where the mistake is. For example above it says 

HelloBlinky:35: error: expected ‘;’ before ‘case;

This says the error is in line 35 and what the problem is – in this case you have not put a ; at the end of the previous line.

Another thing we can do is check that the computer is understanding what we are asking it to do, and get it to tell us what it is doing. We do this with the Serial.Print Command.

By putting ‘ Serial.begin(9600); ‘ in to our void setup() loop this tells the microcontroller to open the serial port. After this we can use the Serial.Print command within the void loop() after a command.
For example if we want to check an LED has went on we would put the serial.begin(9600); into our void setup and insert lines into our viod loop. For example to flash and LED instead of writing..
void loop()

{

  digitalWrite(ledPin, HIGH);

  delay(2000);

  digitalWrite(ledPin, LOW);
  delay(5000);

}
You could write 
void loop()

{

  digitalWrite(ledPin, HIGH);
 
serial.print(“switch on LED”)
  delay(2000); 

digitalWrite(ledPin, LOW);

serial.print(“switch off LED”)

  delay(5000);

}

When it has uploaded I can press the Serial monitor button, which opens a new dialogue box and “prints” what I put in the serial print boxes once it has completed

Task 10

Alter your counter program to have serial print commands within it to check it is doing what you want it to do.

Task 11
A microwave oven is operated by a microcontroller. The program makes use of a sub-procedure ‘quick cook’.
Within this sub procedure it will check if the button has been pressed. If it has the magnetron goes on for 10 seconds and switches off. After that the buzzer will go off 5 times, going for 0.2 seconds and off for 0.1 second. It will then return to the main program.

a) Write the flowchart for this sub procedure



Task 11 (Continued)
b) Pin connections to the microcontroller are shown in the table below.

	Button
	Pin 2

	Buzzer
	Pin 7

	Magnetron
	Pin 13


Complete the program for sub-procedure ‘quick cook’. Make reference to the flowchart, Data Booklet, and the input/output connections.

/*

Quick Cook
*/

Task 11 (continued)
c) Build the circuit for this program and test. Replace the Magnetron when building with a LED. Take a photograph of your circuit and stick below.


Task 12
An “effects pedal” can be attached to a guitar to change the sound produced. The effects pedal uses complex electronic circuitry.

State two reasons why a microcontroller might be used in place of a hard wired circuit.

Motor Control
As you have discovered we can hook any output device to the Arduino board and programme it to do whatever we want. So far though we have only used LEDs with variations of it switching on and off. This could have been ANY output device, but it still would have only been on or off.

When dealing with motors we can use a type of IC Chip called a ‘SN754410 motor driver IC Chip’ that we can use to create something called an H-Bridge. An H bridge is an electronic circuit that enables a voltage to be applied across a load in either direction. These circuits are often used in robotics and other applications to allow DC motors to run forwards and backwards. In essence it can act as a DPST switch.

Task 13
Connect the Arduino board as seen below.

Task 13 (Continued) 
Run the following program.

/*

motor driver control.

*/

int motor1APin = 6; 
// H-bridge leg 1

int motor2APin = 7; 
// H-bridge leg 2

void setup() 

{

pinMode(motor1APin, OUTPUT);

pinMode(motor2APin, OUTPUT);

}

void loop() 

{

digitalWrite(motor1APin, LOW); // set leg 1 of the H-bridge low

digitalWrite(motor2APin, HIGH); // set leg 2 of the H-bridge high

delay (5000);

digitalWrite(motor1APin, LOW); // set leg 1 of the H-bridge low

digitalWrite(motor2APin, LOW); // set leg 2 of the H-bridge low
delay (1000);

digitalWrite(motor1APin, HIGH); // set leg 1 of the H-bridge low

digitalWrite(motor2APin, LOW); // set leg 2 of the H-bridge high

delay (5000);

digitalWrite(motor1APin, LOW); // set leg 1 of the H-bridge low

digitalWrite(motor2APin, LOW); // set leg 2 of the H-bridge low

delay (3000);

}

Describe what this program does.
What could I do to make the program only run through this sketch once?
Task 14
Design a program that could be used to power the drive control of a remote control car. The motor will need 3 functions – drive forward, drive backward and stop. Use a switch to control each command

Write your program below.
Task 14 (continued)
Build the circuit and test the program. Does it work as expected?
How could the circuit be improved to better suit the real world?

Take a photo of your model and stick below.
Defining Commands
When you are going to do something in our sketch that involves a few lines of instructions and it will be used several times throughout a program a useful command to use is #DEFINE.

For example when rotating a motor instead of constantly repeating

digitalWrite(motor1APin, LOW); 

digitalWrite(motor2APin, HIGH);

within my beginning initialisation I could write

#DEFINE MOTOR_LEFT digitalWrite (Motor1APin, LOW); 
  digitalWrite(Motor2APin, HIGH)

And then within my void Loop Command I would just have to write the command

MOTOR_LEFT


Task 15
Change your program for the Remote control car to involve define commands.
Task 16

Part of a washing machine is decided to be controlled by programmable control.

The sequence begins when a start button is pressed.

· if the door is open a warning light will flash every second

· a light will continue to flash until the door is closed

· a valve will then open for ten seconds

(a)
Complete a flowchart to perform the desired function. 

Start
Task 16 (Continued)

A program is also required to perform the same function.

Input and output connections to the microcontroller are shown in the table below.

	Input connection
	Pin
	Output connection

	
	7
	Warning light

	
	6
	Valve

	
	5
	

	
	4
	

	
	3
	

	
	2
	

	Door sensor
	1
	

	Start button
	0
	


b) Write a program to perform the required function.  Print this out and attach below.
Task 16 (Continued)
c) Test your control sequence on a microcontroller system. 

d)
Describe how you tested the system and how it performed.

e)
Comment on how well your solution performed and how it could be adapted or changed to work better. 

The While Command
Our program for the remote control car still does not work as well as it could do, because the commands only work when we have our finger on the button – as soon as it’s released it stops that command.

The way to resolve this is using the While command. The While command created loops within the program that will loop continuously, and infinitely, until the command inside its brackets () becomes false. 

For example, within my program I may have set up a define command that will turn my car left.
MOTOR_LEFT;           
//right  motor turns anticlockwise to make car drive left

    while (!END1_HIT)     
// wait here until right switch is pressed

    
{

   
 delay(10);          
 // do nothing, just delay a very tiny amount

    
}

There is also a delay of 10ms inserted after this – this command does nothing except create a slight pause between it changing directions with a new command. This is good practice to stop it damaging the motor.
Task 17

Codona’s Amusement Park in Aberdeen are building a new rollercoaster called the ‘King Cobra’.


To help advertise this, throughout Aberdeen and Aberdeenshire they want large interactive models of cobras that eyes glow and stick its tongue out 3 times whenever someone stands near it.

To achieve this, a pressure pad will be in front of it that will send a high signal to a microcontroller whenever a person stands on it. The microcontroller must then operate a motor forward then backward for three sweeps that will be attached to a rack and pinion gearing system.

Limit switches, positioned on the rack, will send a high signal to the microcontroller which will then reverse the motor’s direction. 

Your task is to analyse this problem, then design, construct and test a solution.
Task 17 (Continued)
a) Write a Specification for this problem.
Task 17 (Continued)
b) Draw a universal system diagram for this problem.
c) Draw a Sub-System Diagram for this problem.
Task 17 (Continued)
d) Create a flowchart for this problem

Task 17 (Continued)
e) Using Yenka, create a mechanical solution to this problem.

     Attach a print screen below.

Task 17 (Continued)
f) Write a program for this solution using Arduino.

     * You will need to upload the program to the board BEFORE you build it *
Task 17 (Continued)
 g) Describe how you tested the system and how it performed.

Task 17 (Continued)
h) Comment on how well your solution performed and how it could be adapted or changed to work better. 
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